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1. INTRODUCTION

CALINE4 is the last in a series of line source air quality
models deve]opéd by the California Department of Transpor-
tation (Caltrans). It is based on the Gaussian diffusion
equation and employs a mixing zone concept to characterize
pollutant dispersion over the roadway.

The purpose of the model is to assess air quality impacts
near transportation facilities. Given source strength,
meteorology and site geometry, CALINE4 can predict pollu-
tant concentrations for receptors lJocated within 500 meters
of the roadway. In addition to predicting concentrations
of relatively inert pollutants such as carbon monoxide
(co), the model can predict nitrogen dioxide (NO2) and
suspendéd particle concentrations. It also has specia1
options for modeling air quality near jntersections, street
canyons and parking facilities.

Historically, the CALINE series ofjmodels required rela-
tively minimal input from the user. Spatial and temporal
arrays of wind direction, wind speed and diffusivity were
not needed by the models. - While CALINE4 uses more input
parameters than its predecessors, it must stilllbe'con-
sidered an extremely easy model to implement. For most
applications, optional inputs can be bypassed and many
other inputs can be assigned assumed worst-case values.

More complex approaches to dispersion modeling are unneces-
sary for most applications because of the uncertainties in
estimating emission factors and traffic volumes for future
years. CALINE4's accuracy is well balanced with the accu-
racy of state of the art predictive models for emissions



and traffic. The new model also possesses greater flexi-
bility than earlier versions at little cost to the user in
terms of input complexity.

This report is meant to help the potential user of CALINEA4
‘understand and apply the model. The user should become
thoroughly familiar with the workings of the model and,
particularly, its limitations. This knowledge will help
one decide when and how to use CALINE4. The user should
also 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. A model verification analysis using data from five
separate field studies is also summarized in the report.
User instructions have been added along with several
examples of CALINE4 applications illustrating use of the
model in a variety of situations. A companion report
containing recommended worst-case meteorological input
.parameters for CALINE4 will be jssued soon.



2. BACKGROUND

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

available was inconclusive.

In 1975, the original model was replaced by a second
generation 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,
and CALINE2 proved 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 com-
plete verification of the model was undertaken by Caltrans
using the 1974-75 Caltrans Los Angeles Data Base(3), the
1975 General Motors Sulfate Experiment Data Base(4), and
the 1974-75 Stanford Research Institute Data Base(5). Com-
parison of predicted and measured results showed that the
predicted concentrations near the roadway were two to five
times greater than measured values for stable, parallel
wind conditions(6). An independent study by Noll concluded
that CALINE2 overpredicted for parallel winds by an average
of 66% for all stabilities(7).

Overpredictions by CALINEZ2 for the stable, parallel wind
case were particularly significant. This configuration was
usually selected as the worst-case condition for predicting
highway impacts on air quality in the microscale region.
Beneficial highway projects could be delayed or even
cancelled on the basis of inaccurate results from CALINEZ.



Additional inadequacies in the CALINE2 model also needed
rectification. The inability to specify line source length
and surface roughness severly limited the number of situa-
tions in which the model could be properly applied. Also,
to predict impacts from multiple sources, a series of runs
with varying receptor distances were required. Such an
unwieldy procedure was time consuming and could lead to
erroneous results.

A federa]ly-fuhded research project entitled, “Distribution
of Air Pollutants Within the Freeway Corridor", was initi-
ated by Caltrans in 1978 to correct these deficiencies. As
part of this project, an interim report was issued in 1979
implementing a completely new version of the model,
CALINE3(8). The new model retained the basic Gaussian dis-
persion methodology, but used new vertical and horizontal
dispersion curves modified for the effects of surface
roughness, averaging time and vehicle-induced turbulence.
It also replaced the virtual point source formulation used
in CALINEZ with an equivalent finite line source formula-
tion, and added multiple link capab111t1es to the model
format.

A second interim report issued in 1980 gave a detailed
account of the background and development of CALINE3(9).
It also contained a thorough literature review on appli-
cations of the Gaussian method to line source modeling.
Most of this background material is still relevant to the
CALINE4 model.

This document repreSents the final report for the research
project initiated in 1978. It contains background and user
documentation for the CALINE4 model, as well as a descrip-
tion of the two field studies undertaken as part of the



research project. Results from one of these field studies
are summarized in tabular form at the back of the report.
The data base for the second study is available on request
from Caltrans.

CALINE4 should be thought of as an updated and expanded
version of CALINE3. While the models use different methods
for developing their vertical and horizontal dispersion
curves,‘the final results differ very little by air quality
modeling standards. For the most part, the technical
differences between the two models represent "fine tuning”
of the Gaussian method (as applied to line source modeling)
and the mixing zone model. The real differences between
the two models are in the areas of improved input/output
flexibility and expanded cababilities; These improved and
expanded features of CALINE4 are described in detail in the
body of this report. -



3. CONCLUSIONS AND RECOMMENDATIONS

The comparisons of CALINE3 and CALINE4 made in the verifi-
cation analysis portion of this report demonstrate improved
performahce by the new model. It is concluded that the
technical refinements contained in CALINEA4 bétter describe
thé dispersion process near roadways. In éddition, the
greater flexibility and extended capabilities of the new
model make it adaptable to many modeling applications not
appropriate for CALINE3. For these reasons, it is recom-
mended that CALINE4 replace CALINE3 as the official line
source air quality model used by Caltrans.



4. IMPLCMENTATION

1. The CALINE4 program described in this report is opera-
tional and available to all Caltrans personnel through the
California statewide VM/CMS timesharing computer systenm.

It may be accessed via the Caltrans library disk (TRCLIB).

2. An air quality training course covering CALINE4 and -
other new assessment procedures is available for state
perSonne]. In addition, this report will be disfribufed
statewide to the Districts.

3. A report containing recommended worst-case meteorolog-
ical scenarios is in preparatibn. It should be available
some three to six months after issuance of this report.
The scenarios will help the user determine appropriate
input values for CALINE4 based on geography, land use and
time of day. '




5. MODEL DESCRIPTION

5.1 Link-Element Algorithm

CALINE4 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 (Figure 1). The receptor
distance is measured along a perpendicular from the recep-
tor to the link centerline. The first element, gq, IS
formed as a square with sides equal to the highway width.
Its location is determined by the roadway-wind angle, PHI.
For PHI>45°, the center of the first element is located
directly upwind of the receptor. For PHI<45°, the location
of ¢, remains constant and equal to its postion at

PHI=45°. This positional adjustment for ¢, helps achieve
smooth model response for receptors very near the link. .
The positions and lengths of subsequent elements are
determined by the fol]owing formula:

EL = W*BASENE, (5-1)
where EL = Element Length
W = Highway Width
NE = Element Number
BASE = Element Growth Factor
and
BASE = 1.1 + PALL (5-2)
2.5x10

with PHI in degrees.

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



W = LINK WIDTH
W2 = LINK HALF WIDTH
D = RECEPTOR DISTANCE
NE = ELEMENT NUMBER
EL = ELEMENT LENGTH

» / ECLD = ELEMENT CENTERLINE
% / ~ DISTANCE
/ BASE = ELEMENT GROWTH FACTOR
(FUNCTION OF WIND ANGLE )
PHI = ROADWAY — WIND ANGLE
o .
\0

ELEMENT SERIES USED BY CALINE 4

FIGURE 1

9



As element resolution becomes less important at greater
distances from the receptor, elements become large in
accordance with Equation 5-1. The element growth factor,
described by Equation 5-2, represents a compromise between
accuracy and computational efficiency. Any inaccuracies
generated by this approximation fall well below the level
of significance reported by the model. The square shape of
the initial element is tonsistent with the vertical disper-
sion curves used in CALINE4. These have been calibrated
for an initial distance equal to the link half-width (W2).

Each element is modeled as an “"equivalent" finite line
source (FLS) positioned normal to the wind direction and
centered at the element midpoint (Figure 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 FLS representing the
element. The emissions are then assumed to disperse in a
Gaussian manner downwind from the element. The length and
orientation of the FLS are functions of the element size
and roadway-wind angle (Fiqure 3).

In order to distribute emissions in an equitab]e'manner,
each element is divided into three sub-elements: a central
sub-element and two peripheral sub-elements (Figure 4).
These are referred to as ZON1l, ZON2 and ZON3 in the com-
puter program. The geometry of the sub-elements is a
function of element size and roadway-wind angle. A lineal
source strength (QE) for the central sub-element is com-
puted using the geometry shown in Figure 5. The emission
rate is assumed to be uniform throughout the element for
purposes of this computation. Emissions for the peripheral
sub-elements are modeled as decreasing linearly to zero at
the ends of the FLS.

10
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NEAR PARALLEL WIND .

a

NEAR CROSSWIND

N

EQUIVALENT FINITE LINE SOURCE REPRESENTATION FOR VARIOUS
ELEMENT SIZES AND WIND ANGLES

FIGURE 3
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Downwind concentrations from the elemeht are modeled using
the crosswind FLS Gaussian formulation., Consider the
receptor concentration attributable to an infinitesimal FLS
segment, dy, shown in Figure 6: |

ady ~z-H)? -(z+H)

dc T e—— — e + ex ) 5"3
A [exp (za_,z)] xp\: 202 P 0.t (5-3)
where dC = Incremental Concentration

= Lineal Source Strength
Wwind Speed
= Source Height

o, = Horizontal and Vertical Dispersion

T £ a
]

Oy,
parameters.

Since o, is constant with respect to y, let

“2-i?] | [~ztm®
A= ex + ex . (5-4)
p[ 20,2 ] p[ za',!]

Integrating over the FLS length yields

Y2
c:_—Al-— exp ::!f— dy (5-5)
2muoy0; 20,2 ¢
N

15
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and gz are functions of X, not y.

Note that oy
and dp=dy/oy gives

Substituting p=y/Oy

Y2/0y
Agq -p2
— —_— -6
C* 37u0,0; exp( =) Oy dp - (5-6)
/0y

Backsubstituting for A and removing Oy from the jntegral

leaves
Y2 /0y
q -] | [Fane® -p2
Cag=rn (OXP ™72 + ox oxp { —— -
2o pLZO’zz] 9[—'1“.1] P( ) )dP. (5-7)
¥,/
This can be rewritten as
q ~z-H)2 ~(z+H)%
Cs e | 4 : .
NZRO “p[zaf} °"P[—z'a.'z'i] PD, (5-8)
where
Yo /0y

. =t -p . Norma! Probability
PO or °"P( 2 ) dP *  pensity Function (5-9)

¥1/0y
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CALINE4 computes receptor concentrations as a series of
incremental contributions from each element FLS. The FLS
is divided into segments of length equal to oy Or a
fraction thereof (Figure 7). The source strength for each
segment is determined by multiplying QE by a weighting
factor (WT). This factor accounts for the linear decrease
of emissions across the peripheral sub-elements. The
effect of horizontal dispersion is quantified by Equation
5-9. This integral represents a portion of the area under
the unit normal curve with standard deviation equal to y
as pictured in Figure 7.- The model computes FLS contribu-
tions for a maximum of six segments within *30, of the _
receptor. Results beyond this range are insignificant and
would add appreciably to computation time. The total
receptor concentration (C) from a particular roadway 1link
is computed as follows: '

2
Re—CNT 28 36Q2, 25862, ot

crlged ﬁ_;?' S [..,(ﬂ—"m“—"#);u;(w')].im,. ot » m,p%, (5-10)

Total number of elements

CNT = Number of multiple reflections
required for convergence

U = Wind speed
L = Mixing height (MIXH in coding)
- SGZ; = o, as f(x) for ith element

QE; Central sub-element lineal source
strength for ith element

WT; = Source strength weighting factor
for jth FLS segment

where

=1
n
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Yi+1
SGYi

PDii'v%;' exp ( .zpz) dp

AR

SGY;

Yj. Yj+1 = Offset distances for jth FLS segmént

SGY; = Oy as f(x) for ith element.

In the computer coding, the offset distances, Yj, are
expressed in increments of oy. PDij is calculated by

use of a fifth order polynomial(lg). Equation 5-10 is
computed in the program as three separate factors: FACl,
FAC2 and FAC5. FACl accounts for dilution and vertical
dispersion by including the effects of wind speed and 0.
FAC2 accounts for the horizontal dispersion of the FLS
plume. FAC5 contains multiple reflection terms which
account for restricted mixing height. These terms are
represented in Equation 5-10 by non-zero k indices.

The element summation of the FLS equation is actually
initiated twice for each link (Figure 8). The computation
takes place first in an upwind direction beginning with
€g. It ends when the element limits go beyond the upwind
length (UWL), or when the element contributions fall out-
side the horizontal dispersion limit of 3cy. In the
former case, the length of the last element is modified to
conform with the link endpoint. The program then procéeds
in the downwind direction starting with an initial square
element immediately downwind of €5, and proceeding until
the downwind length (DWL) is exceeded. As soon as a
negative receptor fetch (FET, Figure 2) is encountered,
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the program automatically concludes the downwind loop com-
putations. If a receptor js 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.
A11 distances along the link, including UWL and DWL, are
measured from the intersection of the link centerline and a
perpendicular line drawn from the receptor to the link.

5.2 Mixing Zone Model

CALINE4 treats the region directly over the highway as a
zone of uniform emissions and turbulence. This is desig-
nated 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 (Figure 9). " The addi-
tional width accounts for the initial horizonal dispersion
imparted to pollutants by the vehicle wake.

Within the mixing zone, the mechanical turbulence created
by moving vehicles and the thermal turbulence created by
hot vehicle exhaust are assumed to be the dominant disper-
sive mechanisms. Evidence indicates that this is a valid
assumption for all but the most unstable atmospheric condi-
tions(6). Vehicle emissions are released and rapidly dis-
persed within the trailing wake of each vehicle. Further
initial dispersion occurs through the action of turbulence
generated by other passing vehicles. This active release
condition differs significantly from the passive release
assumed by the standard Gaussian dispersion methodology.
To adjust for this, CALINE4 models the initial vertical
dispersion parameter (SGZI) as a function of pollutant
residence time within the mixing zone. ’
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A number of studies have noted a correlation between cross-
road wind speed and initial vertical dispersion (5,6,11).
"Each of these studies has concluded that lower wind speeds
result in greater initial vertical dispersion. In CALINES4,
it is assumed that the longer a parcel of air resides in
the turbulent mixing zone, the greater the amount of
initial vertical dispersion the parcel will undergo. The
residence time (TR) can be readily defined in terms of the
average wind speed. CALINE4 defines mixing zone residence
time as

W2/(U*SIN(PHI)), PHI>45°
W2/ (U*SIN(45°)), PHI<45°® (5-11)

This definition accounts for the additional distance tra-
versed under oblique roadway-wind angles up to 45'. The
45° limitation is imposed because the effects of vehicle
induced mechanical turbulence are limited in vertical
extent(12). Thermal effects are more persistent, however,
and are dealt with through the use of a heat flux
adjustment described in Section 5.3.

The equation used by CALINE4 to relate SGZI to TR is

SGZI = 1.5+(TR/10). (5-12)
(m) (secs.)

This relationship was derived empirically from the General
Motors Sulfate Experiment Data Base(4). It differs
slightly from the CALINE3 version because of the modified
residence time definition (Equation 5-11).
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SGZ1 is treated by CALINE4 as completely independent of
surface roughness and atmospheric stability class. Its use
provides a way of linking the FLS element approximation to
the actual two-dimensional nature of the emissions

release.

5.3 Vertical Dispersion Parameter, o,

CALINE4 uses a modified version of the Pasquill-Smith (P=-S)
vertical dispersion curves(13) to describe the Gaussian
vertical dispersion parameter, oz, downwind from road-
ways. The modified version evolved from an earlier pfoto-
type(li),»to_include the thermal effects of vehicular
emissions. The curves are constructed using SGZI from the
mixing zone model, a modified value of o, at 10 kilom-
eters incorporating thermal effects (SGZM), and a final
value of o, at 10 kilometers for a passive release under
ambient stability conditions (SGZF). The reference dis-
tance of 10 kilometers (DREF) was chosen as the distance at
which the type of release (i.e., active versus passive)
would have little effect on the vertical extent of the
plume. It is also the maximum distance recommended by
Pasquill for power curve approximations to the vertical
dispersion curves, and it goes well beyond the distances
normally needed for line source dispersion calculations.

The vertical dispersion parameter is assumed to be constant

and equal to SGZI over the mixing zone to a distance WMIX
from the centerpoint of the FLS (Figure 10) with

~ fwz/sIn(PHI) PHI>E5®
WMIX = {w2/51n(45') PHI<AS® . (5-13)
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At this point, the rate of vertical plume growth follows a

modified power curve of the form

s6z = PZ1*FET" 22, ‘ . (5-14)

where PZ1 and PZ2 are power curve coefficients consistent
" with SGZI at WMIX and SGZM at DREF, and SGZ is the vertical
dispersion parameter, o, at a distance equal to the
downwind fetch (FET) from each element. SGZI comes from
the mixing zone model (Equation 5-12). SGIM is the P-S
value for o, at DREF adjusted for surface roughness (20)
and vehicular heat flux. The heat flux adjustment is
accomplished by applying a heat flux factor (HFF) to the ,
traffic volume, and using the resulting augmented sensible
heat flux in conjunction with Smith's stability nomo-
graph(15), shown in Figure 11, to predict a modified
stability class (MCLAS) for use within the mixing zone.

The value used by CALINE4 for HFF is 6.82 mw=-hr/cm-
vehicle. This is based on an assumed composite fuel
economy of 20 miles/gallon, a 0.6 heat loss factor, and a
specific energy of 1.25x105 BTU/gallon for gasoline.

When multiplied by the traffic volume in vehicles/hour and
divided by the mixing zone width in centimeters, HFF yields
the sensible heat flux contributed by vehicle emissions in
units consistent with Figure 11.

The rate of vertical plume spread is assumed by the model
to follow the modified stability curve for a distance DMIX
downwind of the FLS. DMIX is defined as the lesser of
either the distance traversed by the FLS plume centerline
over the mixing zone, or the distance at which

W2 = 0.6744%0y. | (5-15)
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The latter case accounts for near-parallel wind conditions
at distances where one-half or more of the plume is no
longer influenced by the thermal turbulence within the
mixing zone. In either case, DMIX is not allowed to be
less than WMIX.

Beyond DMIX, the diminishing influence of mixing zone
turbulencé is dealt with by returning the curve to SGZF at
DREF. This is accomplished by adding a third term, PZ3, to
Equation 5-14 so that

PZ3*In(FET/DMIX) (5-16)

s67= PZI*FET’ 2% (FET/DMIX)
PZ3 is defined by equating the first derivatives of SGZ
with respect to FET for Equations 5-14 and 5-16 at DMIX,
and holding SGZ equal to SGZF at DREF. A representation of
the composite vertical dispersion curve used in CALINE4 is
shown in Figure 12.

In some cases where DMIX approaches DREF, or there is a
Jarge difference between SGZM and SGZF, Equation 5-16
reaches a maximum value at a distance less than DREF. If
this occurs, the model adjusts PZ3 so that do,/dx=0 at
DREF. This results in somewhat higher value for SGZ at
DREF than SGZF. The rationale for this adjustment is that
the effects of the thermal turbulence  generated within the
mixing zone are sometimes of enough strength to influence
the vertical plume spread at distances as great as 10
kilometers.
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5.4 Horizontal Dispersion Parameter, oy

CALINE4.uses a method developed by Draxler to compute
values for the Gaussian horizontal dispersion parameter,
°y(l§)- The method states that

Q
n

oexfl(T/tL) R (5-17)

where »
Horizontal wind angle

Q
1}

standard deviation in radians,
Downwind distance

X
and f} is a universal function of the diffusion time, T,
and the Lagrangian time scale, ty. The function, f3
(denoted F1 in the program), is computed as follows:

F1 = 1 ., | (5-18)
1+0.9(TT/T1)0.5

where TT=FET/U (diffusion time) and TI is the diffusion
time required for Fl to equal 0.5. In Drakler's method, TI
is assumed to be proportional to ti. For ground level
sources, a value of 300 seconds is used for TI when TT is
less than 550 seconds. -When TT exceeds 550 seconds, TI is
adjusted for the effect of wind shear as follows,

TI = 0.001 TT2, (5-19)
The effect of averaging time on horizontal dispersion is

implicit in the value assigned to Og+ Therefore, it is no
longer needed as an input to the model.
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5.5 Roadway Geometry

CALINE4 permits the specification of up to 20 links and 20
receptors within an X-Y plane (not to be confused with the
local 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 emis-
sion factor. The location of the link is specified by the
endpoint coordinates of its centerline (Figure 13). The
location of a receptor is specified in terms of X, Y, Z
coordinates. Thus, CALINE4 can be used to model multiple
sources and receptors, curved alignments, or roadway seg-
ments 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 meteorological
convention (e.g., 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) assign- -
ed by the user is added. Surface roughness is assumed to .
be- reasonably uniform throughout the study area. The
meteorological variables of atmospheric stability, wind
speed, and wind 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.
For instance, assigning a 10 kilometer link over a region
with a terrain induced wind shift after the first 2
kilometers would be inappropriate.

32



(xL2, yL2)

(xL1, yL1)

LL = LINK LENGTH
L = OFFSET LENGTH
D = RECEPTOR DISTANCE

(XR, YR, ZR)
RECEPTOR

CALINE 4 LINK GEOMETRY

FIGURE 13

33



The elements for each link are constructed as a function of
receptor location as described in Section 5.1. This scheme
assures that the finest element resolution within a link
will occur at the point having the greatest impact on the
receptor. An imaginary displacement of the receptor in the
direction of the wind is used by CALINE4 to determine
whether the receptor is upwind or downwind of the link
(Figure 14).

For each highway link specified, CALINE4 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.
The model’ should not be used for links with values of H
greater than 10 meters or less than -10 meters.

Elevated highway sections may be of either the fill or
bridge type. For a bridge, air will flow 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 formulation. For bridge sections, H is speci-
fied as the height of the roadway above the surrounding
terrain. For fill sections, however, the model automati-
cally sets H equal to zero. This assumes that the air flow
streamlines follow the terrain in an undisturbed manner.
This is a reasonable assumption to make aqiven moderate fill
slopes and stable atmospheric conditions(17).

34



g
WIND
DIRECTION

\< (XPRI, YPRI)
DISPLACEMENT

VECTOR /\

(XR, YR)
RECEPTOR

IF DPRI <D THEN D=-D

UWL = —DWL
IF LPRI <L THEN (oo -~ Owe

IMAGINARY DISPLACEMENT SCHEME USED BY CALINE 4

FIGURE 14

35



For depressed sections, the model is patterned after the
results of a study conducted in 1973/74 by Caltrans along a
section of the Santa Monica Freeway in Los Angeles(3).
Compared to eguivalent at-grade and elevated sites, greater
values for initial vertical dispersion were observed in
this study concurrently with higher mixing zone concen-
trations. It was concluded that channeling and eddying
effects effectively decreased the rate of pollutant
transport out of the depressed section ‘mixing zone., This
increased the residence time, thus elevating the mixing
sone concentration. Lower concentrations downwind of the
highway were attributed to more extensive vertical mixing
occurring within the mixing zone because of the longer
residence time. Consequently, the residence time was
adjusted to yield higher values for concentrations within
or close to the mixing zone, and somewhat lower values for
receptors outside of the depressed section. If the /
depressed section is greater than 1.5 meters deep, CALINEA4
incréases the residence time within the mixing zone by the
following factor empirically derived from the Los Angeles
data:

DSTR

0.72% aBs(H)?-83, (5-20)

This leads to a higher value of SGZI at the edge of the
highway. The increased residence time, characterized in
the model as a lower average wind speed, yields relatively
high concentrations within the mixing zone. The wind speed
is linearly adjusted back to the ambient value at a dis-
tance of 3H downwind from the edge of the mixing zone. At
this point, the effect of the higher value for SGZI domin-
ates, yielding lower concentrations than an equivalent
at-grade section. Except for these adjustments, CALINE4
treats depressed. sections computationally the same as
at-grade sections.
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It is also possible to use CALINE4 to model microscale
impacts from an at-grade parking facility. This is done by
modeling the planned accessways as a series of 1links and
then determining an overall link emission factor (including
excess transient cold start emissions). The links should
be identified as parking lot links when input to the model.
This will cause the model to disengage the residence time
algorithm and automatically set SGZI to 1 meter. The pur-
pose for this adjustment is to account for the fact that
slow moving, cold start vehicles will contribute much less
turbulent energy to the initial dispersion of their exhaust
gases. For this same reason, mixing zone widths should not
include the usual horizontal dispersion adjustment of 3
"meters on each side.

Further discussion on parking lot analysis can be found in
Section 6.3.

5.6 Topographic Effects

The Gaussian formulation used in CALINE4 is based on two
somewhat restrictive assumptions: 1) horizontally homo-
geneous wind flow, and 2) steady-state meteorological
conditions. Complex topography can bring the validity of
each of these assumptions into question. Winds can be:
redirected or channeled by topographic elements, resulting
in significant spatial variability of wind direction and
sbeed. Locations situated near hills and valleys are also
likely to have frequent shifts in wind direction caused by
differential surface heating. For these reasons, use of
CALINE4 in complex terrain should be approached with care.
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An algorithm suggested by Turner(18) has been incorporated
into the model to handle bluff and éanyon situations. The
algorithm computes the effect of single or multiple hori-
zontal reflections for each FLS plume in much the same way
as mixing height reflections are handled. The roadway and
wind direction are assumed to be parallel to the horizontal
topographic boundary. This assumption is not particularly
restrictive since upslope and drainage flows naturally
follow topographic alignment. As far as CALINE4 is
concerned, a winding canyon or bluff will be modeled as a
straight link with PHI=0°. For canyons, the model will
also alter the vertical dispersion curve to account for
vehicle-related heat flux distributed over the width of the
canyon. This is of‘particular significance if modeling a
narrow urban street canyon.

In complex topographic situations where the bluff or canyon
options are not applicable, use of the model is restricted
to small areas which can be reasonably expected to experi-
ence horizontally homogeneous wind flow. Thus, the model
might be appropriate for an intersection hot-spot analysis
in complex terrain because the bulk of the emissions are
confined to a small area. Conversely, a freeway appiica-
tion in the same region with links 1 to 2 kilometers long
would be inappropriate because of the inability to assign a
single representative wind direction to a large area in
complex terrain.

5.7 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
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through the laminar sublayer covering the surface. Set-
‘tling velocity (VvS) 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.

CALINE4 cqntains a method by.which predicted concentrations
for suspended particles may be adjusted for pollutant
deposition and settling. This procedure, developed by
Ermak(19), is fully compatible with the Gaussian formula-
tion of CALINE4. It allows the model to include such
factors as the settling rate of lead particulates near
roadways(gg) or. dust transport from unpaved roads. A
review paper by McMahon and Denison(21) on deposition
parameters provides aﬁ excellent reference.

Most studies have indicated that CO deposition is negli-
gible.  Both deposition and settling velocity adjustments
can be easily bypassed by assigning a value of 0.0 to VD
and VS. | -

5.8 Intersection Link Option

The CALINE4 program is designed to recognize different link
types representing different roadway sections (at-grade,
depressed, fill, bridge and parking lot). For each of
these link types, the assigned emission factor is assumed
to be a constant over the length of the link. As long as
vehicle travel along the link can be adequately represented
by an average speed, this assumption is entirely appro-
priate. At controlled intersections, however, vehicle
operations are modal in nature, and the assumption of
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uniform emissions is no longer valid. The operational
modes of deceleration, idle, acceleration and cruise have a
significant effect on the rate of vehicle emissions.
Traffic parameters such as queue length and average vehicle
delay define the location and duration>of these emissions.
The net result is a concentration of emissions at and near
the intersection which, for microscale applications, cannot
be adequately modeled using emission factors derived from
average route speeds. For this reason, a specialized
intersection link has been added to CALINEA4.

Several other models dealing specifically with the inter-
section modeling problem have been developed recently. One
of these models, TEXIN(22), is actually an adaptation of
CALINE3, incorporating minor revisions to the dispersion
algorithms. The other model, MICRO(23), was developed from
Stanford Research Institute's APRAC-2 intersection sub-
model. Both TEXIN and MICRO contain detailed subroutines
for determining queue length .and vehicle delay from traffic
volume and signal phasing information. The CALINE4 inter-
section option includes modal emissions and dispersion
components, but does not include a traffic model component.
However, the traffic parameters required by CALINE4 are.
basic, and need only be as accurate-as the element
resolution of the model itself.

A CALINE4 intersection link must encompass the acceleration
and deceleration zones created by the presence of the
intersection. Each link can treat only one direction of
traffic flow, so that four links are required to model a
full intersection (Figure 15). Traffic is assumed to flow
from a link endpoint 1 to endpoint 2. The stopline
distance (STPL) is always referenced to link endpoint 1.
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Input and output traffic volumes (VPHI and VPHO) are
assigned to account for potential volume differences on
either side of the stopline. “The mixing zone width is
defined as the width of the "thru" lanes plus 3 meters on
each side. Because of the need to resolve the spatial dis-
tribution of emissions at and near the intersection, the
element growth factor is held to unity. The point of
origin for the resulting square elements is at the stopline
for all intersection link applications. |

Four cumulative modal emission profiles representing the
deceleration, idle, acceleration and cruise modes of
operation are constructed for each intersection link.
These profi]es are determined using the following input

variables:

SPD = Cruise speed (mph)
ACCT = Acceleration time (seconds)
DCLT = Deceleration time (seconds)
IDT1 = Maximum idle time (seconds)
IDT2 = Minimum idle time (seconds)

NCYC = Number of vehicles entering the intersection
per cycle per lane

NDLA = Number of vehicles delayed per cycle
per lane.

NCYC and NDLA are chosen to represent the dominant movement
for the link. NDLA may exceed NCYC in cases where some or
all of the vehicles will require more than one cycle to
clear the intersection. The model assumes uniform, steady-
state vehicle arrival and departure rates, constant accel -~
eration and deceleration rates, and full stops for all
delayed vehicles. Acceleration and deceleration rates
(ACCR, DCLR) and acceleration and deceleration lengths
(LACC, LDCL) are determined using the input values for SPD,
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ACCT and DCLT. By assuming an “at rest" vehicle spacing
(VSP) of 7 meters, the average queue length (LQU) is also
determined. STPL must be greater than or equal to the sum
of LQU and LDCL. 1DT1 represents the delay at full stop
experienced by the first vehicle in the queue. Similarly,
IDT2 represents this same measure for the last vehicle.
IDTZ is used to model a platooned arrival and should be
ass1gned a value of zero for non-platooned applications.

The time rate modal emission factors are computed by a
method described in Section 6.2. To develop these factors,
the model must be provided with composite emission rates
for average route speeds of O (id1e) and 16 mph. The
resulting time rate facfors are denoted as EFA (accelera-
tion), EFD (deceleration), EFC (cruise) and EFI (idle).

The cumulative emission profile for a given mode is devel-
oped by determining the time in mode per cycle for each
vehicle as a function of distance from link endpoint 1
(zD), multiplying the time by the respective modal emission
rate and summing the results over the number of vehicles.
The elementary equations of motion are used to relate time
to ZD for each mode. The assumed vehicle spacing (VSP) is
used to specify the pos1t10na1 distribution of the

vehicles in the queue. The total cumulative emissions per
cycle per lane at distance ZD from XL1, YLl are denoted as
ECUMK(ZD) in the CALINE4 coding, where the subscript
signifies the mode (l=accel., 2=decel., 3=cruise, 4= idle).
Figure 16 illustrates how a series of distributed cumula-
tive emissions profiles are combined for the acceleration
mode. The individual profiles are based on the assumption
that the time rate emission factor (EFA) is constant
throughout the modal event. This means that the cumulative
modal emissions from a vehicle are directly proportional to
the time the vehicle has spent in the mode.
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In the case of a constant acceleration starting from an "at
rest" position, the cumulative emissions for the ith
vehicle are given as

ECUMy . = EFA*(2*X/ACCR) /2 (5-21)

where X equals the distance from the start of the accelera-
tion. Equation 5-21 dictates the shape of the individual
cumulative emission profiles shown in Figure 16. Similar
reasoning is used for developing the other modal profiles.
A complete mathematical description of this algorithm is
contained in Appendix A.

To obtain the average lineal emission rate over an element
(Q1), CALINE4 computes the total cumulative emissions for
the 4 modes at each end of the element (ZD1 and 202). The
difference between these amounts divided by the element
length and multiplied by the ratio between the traffic
volume and NCYC yields Q1 for the element. This can be
written as

) ' 4
ZIECUHk(ZDZ) - kz lECUHk(ZDI)

1. ] ks
a = HéECLD) |k ) (5-22)

D2 - 2D1

where the subscript k denotes the mode and,

.~ [VPHI, ECLDZSTPL (5-23)
VPH(ECLD) = {ypno, ECLD>STPL.

Turn movements are not dealt with explicity by CALINES4.
Instead, the cumulative emissions profile per cycle per
lane for the dominant approach movement is prorated by the
approach or depart volume, depending on the relative
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location of the stopline. This method implicitly assigns a
turning vehicle's deceleration, idle and part of its accel-
eration emissions to its approach link. The remainder of
its modal emissions are assigned to its depart link. The
method assumes that the acceleration patterns for turning
and "thru" vehicles are roughly similar. While this
simplifying assumpton may not be exactly correct, it is
reasonable in light of the overall precision of the model.

5.9 NOp Option

A number of analytical methods have been developed to
facilitate use of the Gaussian plume formulation with
simple reactive plume chemistries(24). For NOp Computa-
tions, these include the exponential decay, ozone limiting
and photostationary state methods. An unfortunate weakness
of these methods is their assumption that reactants mix
instantaneously as they disperse, and that the resulting
time-averaged concentrations determine the reaction rates
(25,26,27,28). This assumption usually leads to overesti-
mates of NO, production since the component reactants, NO
and ambient 03, are not mixed instantaneously by the
relatively large-scale dispersive processes of the atmo-
sphere(29,30). Instead, the plume and ambient components
remain isolated as concentration-rich parcels until
sufficient time has past for molecular diffusion to mix
them on a scale commensurate with the reaction kinetics.

In CALINE4, a different computational scheme called the
Discrete Parcel Method is used to model NOp concentra-
tions. As with the preceeding methods, a'simplified set of
controlling reactions is assumed:
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NOo+h, -+ NO+0 _ (A)
_0+02+M > 03+M (8)
NO+03 > NO+02 (C)

Because of the relatively high concentration of 0p, it is
further assumed that reaction B occurs instantaneously.
The other assumptions of the Discrete Parcel Method used in
CALINE4 are: 1) that emissions and ambient reactants are
fully mixed within the mixing zone to a height of 3.5
meters, 2) that initial tailpipe NOy emissions are 92.5%
NO and 7.5% NOp by mass, and 3) that parcels of the mixed
reactants retain their identity relative to molecular
scales for a distance of Uup, where Tp equals the
time-scale for molecular diffusion (about 300 meters for
U=1 m/s).

The Discrete Parcel Method fixes the initial mixing zone

concentrations of the reactants on the basis of the ambient
and vehicular contributions as follows:

[03];

= [03], (5-24)

[NOT; = [NOJ, + $8:225)*Qupppm (5-25)
a 3.5%Y NO

[NO2]; = [NO2]a + igggééﬁiﬂl*FPPMNOZ (5-26)

where Q1 is the NO, vehicle emission factor in nugm/m-s,
FPPM is a factor which converts mass concentration to
volumetric concentration, and the bracketed subscripted
constituents represent initial (i) and ambient (a) volu-
metric concentrations. These jnitial concentrations and
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the time of travel from element to receptor (TT) are used
to compute the final concentration of NOp within each
discrete parcel in accordance with the first-order reaction
rates governing reactions A and C.

The reactions within each parcel are assumed to proceed
independent of the dispersion process. This assumption is
justified by the fact that the reactioh rates'are'control-
led by the reactant concentrations within a small neighbor-
hood (on the scale of the mean free path of the molecules),
while the dispersion process acts on a much larger scale.
The reaction dynamics can therefore be modeled as a first-
order process until concentration gradients are reduced to
the extent that molecular diffusion becomes a significant
part of the dispersion process. For most microscale
modeling applications, travel times are not long enough for
this to occur. Also, because the reactions are assumed to
occur as isolated processes within each discrete parcel,
complications arising from overlapping plumes are avoided.

Discrete parcel NO» concentrations are computéd by
CALINE4 for each element-receptor combination because of
the variable travel times involved. These concentrations
are not, of course, the same as time-averaged NOp concen-
trations. To arrive at time-averaged values,vthe disper-
sion process must be accounted for. To accomplish this,
the link source ;trength, Ql, is adjusted to yield an
initial NOp mixing zone concentration equal to the dis-
crete parcel concentration after time t, [Noz]t, for

each element-receptor combination. The following formula
is used in CALINE4 to make this adjustment: '

) [NOg]t-[Nﬂz]a
i FPPM

*3.5*%U. (5-27)

Ql
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The model then proceeds to compute the time-averaged con-
centration just as with a non-reactive species such as CO.

In summary; the discrete parcels are dispersed across the
FLS plume in accordance with the Gaussian methodology. The
reactions take place within the parcels at rates governed
by the initial mixing zone concentrations and independent
of the dispersion mechanism. A full mathematical descrip-
tion of the Discrete Parcel Method is given in Appendix B.

5.10 Volumetric Concentrations

CALINE4 initially computes all concentrations in mass per
unit volume. These results are converted to a volumetric
equivalent (i.e., parts per million) for gaseous pollu-
tants. The conversion is accomplished by multiplying the
concentration in ug/m3 by FPPM where

FPPM = 0ﬁ85241 *(5;3)*exp(0'034%7*ALT) (5-28)
With MOWT = Molecular weight of the pollutant
' T = Temperature (°K)
ALT = Altitude (m).

FPPM accounts for the effects of both temperature and
pressure on the volumetric concentration.
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6. ESTIMATING MOBILE EMISSIONS FOR CALINEA4

A composite vehicle emission factor in grams per vehicle-
mile must be provided for each CALINE4 link. This factor
is readily available from the computer programs discussed
in Section 6.1. CALINE4 contains an algorithm which can
convert a composite emission factor for carbon monoxide to
a modal factor. The development of this algorithm is
described in Section 6.2. An important component of either
composite or modal emission factors is the transient nature
of cold and hot-start vehicle emissions. This is discussed
in Section 6.3.

6.1 Composite Emission Factors

An emission factor based on a vehicle distribution weighted
by type, age and operating mode can be termed a composite
emission factor. The Environmental Protection Agency (EPA)
has developed a series of computer programs, the latest of
which is called MOBILE2, for estimating composite mobile
emission factors given average route speed, percent cold
and hot-starts, ambient temperature, vehicle mix and pre-
diction year(31l). These programs were developed from
certification and surveillance data, mandated emissions
standards for future vehicles and special emissions
studies. California has traditionally modified the EPA
programs to account for the unique emissions standards
imposed on the California fleet. This has resulted in the
EMFAC series of models, the latest of which is EMFAC6(32).
At this writing, the California equivalent of MOBILEZ,
EMFAC7, is nearing completion.
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The final output from CALINEA4 is directly proportional to
the emission factors input to thc program. Therefore, the
accuracy of any microscale air quality impact analysis is
heavily dependent on the accuracy of the composite emission
factors used. Of those variables within the control of the
user, average route speed, percent cold-start and ambient
temperature are usually the most critical. Care should be
taken to make accurate estimates of these variables. In
cases where the average route speed is derived from a
highly variable driving cycle, a modal analysis should be
made.

6.2 Modal Emissions

Composite emission factors represent the average emission
rate over a driving cycle. The cycle might include accel-
eration, deceleration, cruise and idle modes of operation.
Emission rates specific to each of these modes are called
modal emission factors. The speed correction factors used
in composite emission factor models such as MOBILE2 and
EMFAC7 are derived from variable driving cycles representa-
tive of typical urban trips. The 1975 Federal Test Proce-
dure driving cycle (FTP-75) is the basis for most of this
~work. In locations such as 1ntersections, significant
variations in the spatial distribution of emissions are
lost when the composite emission factor approach is used.
The approach described in Section 5.8 allows CALINE4 to
model the spatial distribution of emissions at and near
intersections more accurately. -To do this, the model must
be able to convert composite emission factors to modal
factors.

The first modal emission factor model was developed in 1974

by the EPA(33,34). This model was based on emissions data
from 1020 light-duty vehicles, model years 1957 through
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1971(35). Discrete modal emissions were available for each
of these cars over a 37-mode driving cycle known as the
Surveillance Driving Sequence (SDS). The results were used
to determine the coefficients of a second-order emissions
rate formula incorporating all combinations of acceleration
rate and average speed. Separate coefficients were
developed for 11 distinct model year/location groups.

A simpler modal emissions model was recently developed by
the Colorado Department of Highways (CDOH),(23). This
model was based on data from 45 light-duty, 1975 vehicles
tested in.Denver on the SDS cycle(36). Results were
analyzed in terms of a normalized modal emission rate,
defined as the ratio of the time rate of modal emissions to
the average time rate of FTP-75 emissions. Use of this
modal/FTP-75 ratio allowed the direct conversion of average
route speed emission factors to modal emission rates.

The CDOH analysis revealed a strong correlation between the
modal/FTP-75 emission rate ratio, called E in the report,
and the modal acceleration-speed product (AS). For CO,
this was expressed as

E = 0.182-0.00798(AS)+0.000362(AS)2, : (6-1)

with AS representing the product of the average accelera-
tion and average speed for the acceleration event in units
of ft2/53. The CDOH report also furnished a logical
explanation for the strong correlation between E and AS.
Using the basic equations of motion, the report showed that
the acceleration-speed product was equivalent to power per
unit mass. This meant that the power expended by a vehicle
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during an acceleration event was directly related to the
vé]ue.of AS for the event. As power demand approached
engine capacity, a vehicle would tend to burn fuel less
efficiently, resulting in higher CO and hydrocarbon emis-
sions. The relationship between E and AS was a direct
consequence of this general behavior.

"The modal emission model contained in CALINE4 is patterned
after the CDOH model. As with the CDOH model, the time
rate (not distance rate) of the emissions is used. The
dependent ‘variable remains the ratio of the modal to FTP-75
emission rates, although the latter rate is restricted to
the BAG2 (Hot Stabilized) portion of the complete FTP-75
cycle. The independenf variable, AS, is also retained in
the CALINE4 version. However, the functional form of the
relatibnship between the dependent and independent vari-
ables is different. Also, separate forms of the model are
used depending upon initial conditions (vehicle at rest or
moving), and modal operation (vehicle accelerating or
cruising).

Modification of the CDOH approach was brought about by the
need to develop a model based on California, catalyst -
equipped vehicles. Two data bases containing SDS driving
cycle measurements were used for this purpose. The first
was collected as part of a nationwide surveillance study
conducted by the EPA(36). Only the portion of this data
base containing results for California, 1975 and 1976
light-duty automobiles was used (62 vehicles). The second
data base contained results from a California Air Resources
Board (CARB) surveillance study conducted at Lake Tahoe in
1976(37). Again, the analysis was confined to 1975 and
1976 automobiles (19 vehicles). Unfortunately, reliable
SDS data for more recent model year vehicles could not be
found.
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The modal models used in CALINE4 were developed from accel-
eration and cruise CO emission rates measured during the
SDS drivfng cycle (Table 1). Instead of basing the model
on overall average emission rates, as was done in the CDOH
study, the CALINE4 model was based on a disaggregated
analytital approach. Moda]/BAGZ.ratios were developed
separately for each vehicle and then analyzed together with
other vehicles from the same study.

Five vehicles from the EPA study were omitted from the
final analysis because they exhibited significant incon-
sistencies for repeated acceleration modes over the course
of the SDS cycle. Several erratic or zero value individual
results were also omitted as outliers, but these amounted
to less than 2% of the data studied.

The FTP-75, BAG2 driving sequence (867 seconds, 3.91 miles,
16.2 mph average speed) was simulated by compositing modal
emission rates as summarized in Table 2. The actual FTP-75
results compared very poorly with the SDS composited
results, sometime varying by as much as a factor of ten.
Possible reasons for this include the more stressful nature
of the SDS cycle and the different measurement technidues
employed. Cumulative bag samples collected for all vehi-
cles in both studies during the SDS test cycle compared
favorably with the modal measurements. Because of this
internal consistency displayed by the SDS data, it was
decided to base the modal/BAG2 ratios exclusively on SDS
measurements, relying on the simulated BAG2 results rather
than the measured values.
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TABLE 1
37-MODE SURVEiLLANCE DRIVING SEQUENCE

Acceleration
Mode Average Accel- Speed
No. Type Speed Range Time in Mode eration rate Distance Product
(mph) (sec) (mph/sec) (miles) (mizlhrz-s)
1 Accel 0-30 12 2.50 0.0602 37.5
2 Decel 30-0 16 -1.88 0.0741 -
3 Accel 0-15 8 1.88 0.0201 14.1
4 Accel 15-30 11 1.36 0.0705 30.7
5 Accel 30-45 13 1.15 0.1360 43.3
6 Decel 45-30 12 -1.25 0.1268 -
7 Accel 30-60 17 1.76 0.2163 79.4
8 Decel 60-45 12 -1.25 0.1716 -
9 Accel 45-60 14 1.07 0.2043 56.2
10 Decel 60~15 30 -1.50 0.3367 -
11 Accel 15-60 26 1.73 0.3136 64.9
12 Necel 60-0 21 -2.86 0.1973 -
13 Accel 0-60 32 1.88 0.3313 56.3
14 Decel 60-30 23 -1.30 0.2994 -
15 Decel 30-15 9 -1.67 0.0579 -
16 Decel 15-0 8 -1.88 0.0173 -
17 Accel 0-45 22 2.05 0.1759 46.0
18 Decel 45-15 16 -1.88 0.1392 -
19 Accel 15-45 18 1.67 0.1528 50.0
20 Decel 45-0 19 -2.37 0.1304 -
21 Accel 0-60 25 2.40 0.2654 72.0
22 Necel 60-0 28 -2.14 0.2634 -
23 Accel 0-30 15 2.00 0.0737 30.0
24 Accel 30-60 25 1.20 0.3134 . 54.0
25 Decel 60-30 18 -1.67 0.2362 -
26 Decel 30-0 10 -3.00 0.0444 -
27 Accel 0-60 38 1.58 0.4009 47.4
28 Decel 60-0 35 -1.71 0.3293 -
29 Accel 0-30 18 1.67 0.0886 25.0
30 Accel 30-60 21 1.43 0.2599 64.3
31 Decel 60-30 14 -2.14 0.1813 -
32 Decel 30-0 13 -2.31 0.0592 -
33 Idle 0
34 Cruise 15
35 Cruise 30
36 Cruise 45
37 Cruise 60
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TABLE 2

Simulated FTP-75 (BAG2) Driving Sequence

Using SDS Modal Events

M 0 D E
No. Type Speed Range
(mph)
1 Accel 0-30
2 Decel 30-0
3 Accel _ 0-15
4 Accel 15-30
15 Decel 30-15
16 Decel 15-0
26 Decel 30-0
29 Accel 0-30
32 Decel 30-0
- 33 Idle 0
34 Cruise 15
35 Cruise 30

Total:
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The resultant acceleration models were developed from the
combined EPA and CARB data sets (76 vehicles). The first
model is valid for vehicles starting at rest and accel-
erating up to 45 mph. It is based on results from modes 1,
3, 17, 23 and 29. This is the model used in CALINE4 for
converting the intersection 1ink composite emission factor
(EFL) to an acceleration emission factor (EFA). The
conversion is made as follows:

EFA = BAG2%0.75%e0-0454%AS (6-2)

where BAG2 represents the time rate emission factor for the
intersection link at an average route speed of 16.2 mph,
and AS is in units of miZ/hrz-s. The conversion from

the user supplied distance rate at 16.2 mph to the
corresponding time rate (BAG2) is made internally by the
program.

A second model was developed for vehicles moving at speeds
of 15 mph (or greater) and accelerating up to 60 mph. The
second model was based on results from modes 7, 9, 11, 24
‘and 30 of the EPA data set. CARB results for these modes
were significantly different from the EPA data, and were
therefore omitted. This difference was attribtued to the
high altitude effects of the Lake Tahoe test location used
in the CARB study.

The second model can be used to handle special situations
such as acceleration emissions along on-ramp or weave
sections. The model takes the form,
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EFA = BAG2*0.027%el-098*AS, (6-3)

where the terms are defined in the same manner as for

Equation 6-2.

Both acceleration models are shown with their Y5% confi-
dence limits in Figure 17, There is a clear difference
between the "at rest” and "moving" acceleration modes. At
the higher average speeds for the “"moving" accelerations,
drag forces add significantly to the power demands on the
engine. This leads to higher modal/BAG2 ratios.

Cruise or steady-state modes were also included in the SDS
test data. The EPA data set contained numerous zero or
near zero entries for cruise mode, resulting in an erratic
pattern for the modal/BAG2 ratios. This was most likely
attributable to low exhaust concentrations which bordered
on the range of sensitivity for the instruments used. The
CARB data set showed more consistent results, and was
therefore used as a basis for determining the cruise
emission factor, EFC.

The aerodynamic drag force was assumed to be the
controlling variable for the cruise model. This force is
directly proportional to SPDZ, where SPD is the vehicle
cruise speed in mph. As expected, the CARB data showed a
strong correlation between the modal/BAG2 ratio for cruise
modes and SPD2. This resulted in the following model:

EFC = BAG2*(0.494+0.000227*SPD2). (6-4)
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Cruise emission rates can also be estimated for vehicles
climbing grades by using the "at rest" or "moving" acceler-
ation models already developed. The acceleration-speed
product can be shown to be equivalent to g*SPD*PG, where g
is the gravitational acceleration constant (22 mph/s), SPD
is the vehicle speed and PG is the roadway profile grade
(in decimal form). Given SPD and PG, a value for AS can be
determined for a vehicle moving at constant speed up a
grade. A grade correction for the composite emission
factor can then be determined using Equation 6-2 for speeds
less than 30 mph and Equation 6-3 for speeds greater than
30 mph. This assumes that the value for AS is within the
range of validity for the equations as shown in Figure 17.

Deceleration emission rates for the two data sets were
studied and compared to the idle emission rates. Results
for the EPA data were inconclusive, again because of 'the
numerous measurements of zero emissions. The CARB data
set, which seemed to have more reliable steady-state
measurements, contained deceleration emission rates that
were relatively constant over the 16 modes studied. These
rates were approximately 50% higher than the idle rates.

The slightly higher deceleration rates found in the CARB
data are compatible with the normal practice of gradually
releasing the accelerator pedal during a planned decelera-
tion. The deceleration emission rate used in CALINE4 is
therefore 1.5 times the idle emission rate.

A1l of the modal emissions models discussed in this report
were. developed using data from hot-stabilized, light-duty
automobiles only. In the absence of evidence to the con-
trary, it is assumed that extension of these models to all'
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operating modes and vehicle types is valid. Therefore,
when using the CALINE4 intersection option, composite
FTP-75 emission factors at 0 and 16.2 mph (including
cold/hot starts and all vehicle types) should be used.

6.3 Transient Emissions

Before an engine reaches hot-stabilized running tempera-
ture, it operates less efficiently because fuel is not
readily vaporized in a cold engine. This results in excess
CO.and hydrocarbon emissions during the engine start-up
phase. The problem is compounded for catalyst-equipped
vehicles by the need for the catalyst to reach operating
temperature before it can perform efficiently. Both these
effects are temporary in nature, and therefore the result-
ing excess emissions are termed transient emissions. They
are usually treated as trip-end contributions for mesoscale
emission inventories, or as weighted components in a

- composited emission factor for microscale applications.

Two. variables that have a direct effect on transient emis-
sions.aré ambient temperature and soak time. The ambient’
‘temperature determines the initial temperature of the
engine block and catalyst at start-up. The soak time is
the elapsed time between engine operations. It controls
the extent to which the system has been able to reach
ambient temperature. Depending on the length of the soak
and the type of vehicle-(catalyst or non-catalyst), a start
is categorized as either cold or hot. Both are transient
states and result in excess emissions. Excess cold-start
emissions are significantly greater than hot-start
emissions. '
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~ Excess transient emissions are often a significant com-
ponent of a composite emission factor. The conventional
Amethod of modeling transient emissions for microscale
applications is to assume a fixed percentage of vehicles
traveling in a transient operating mode, and to assign an
average excess transient emission rate, et,, to these
vehicles. The value of ety is defined as

where E¢, equals the mass of excess transient emissions
per vehicle-trip (aggregated over vehicle types) and R
equals the total distance traveled during the transient
cycle. For cold and hot-starts, R is defined by FTP-75 as
3.59 miles.

As long as vehicles operating in a transient mode are dis-
tributed equally by distance traveled (or time of travel)
over the transient cycle, et adequately characterizes

the transient emission function. Vehicles in the early
part of the transient cycle draw from a smaller area, but
have a higher probability of passing the microscale loca-
tion than vehicles near the end of the cycTe. These two
effects tend to offset each other in cases where the
microscale location offers no special attraction and trip
destinations are randomly distributed. Most urban streets
fall into this category. However, heavily traveled urban
freeways will attract vehicle trips at a more or less
constant rate over distances equal to the transient cycle
distance, R, proVided competing freeways are not close by.
In such situations, a greater proportion of vehicles in
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transient operating mode will be near the end of the tran-
sient cycle. These vehicles are drawn from a larger area

of potential trip origins than vehicles that only travel a
short distance. This principle can be illustrated using a
simple model. Let ‘

relxl+ Iyl (5-6)

where r equals the trip length to a specific destination
followed by a vehicle via the most direct route over a
rectangular street grid. Assume a uniform trip generation
per unit area. Now consider the elemental area, dA, shown
in Figure 18. An elemental weighting factor, dw, repre-
senting the fraction of vehicles in transient operation
which have traveled a distance r to a specific microscale
location, (0,0), can be written as

4dA
d = . 6‘7
W z—_—Ejf_ ( )

This assumes that the probability of a trip passing through
(0,0) is constant over R. From Figure 18 it can be seen
that

dA = vZ r (dr/vYZ) . . | (6-8)

Combining Equations 6-7 and 6-8 yields,

" dw = 2(r/R%)dr. (6-9)
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Thus, dw increases in direct proportion to r. In this
case, applying a constant Ttp to all transient vehicles

is only correct if each vehicle's excess transient emission
rate is constant over the transient cycle. Such a situa-
tion is hardly likely since engine warm-up js a smooth,
continuous process, not a discrete process.

A more realistic model of excess emissions during a tran-
sient cycle can easily be arrived at by establishing a set
of boundary conditions consistent with the physics of the
transient process. By definition, excess transient emis-
sions will dissipate to zero by the end of the transient
cycle so that,

e(r)| " =0, (6-10)

where e(r) represents the distance rate of excess emissions
as a function of distance traveled, r. Futhermore, it is
reasonable to assume that the rate of change of excess
emissions with distance will be decreasing over the tran-
sient cycle, and will approach zero as a smooth function at
the end of the cycle. Thus,

selr) | R .o, (6-11)

or

A quadratic function,

e(r) = a + brk+ crz, (6-12)
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is chosen as the simplest functional form to describe e(r)
that will satisfy the boundary conditions given in
Equations 6-10 and 6-11 (Figure 19).

A final boundary condition is needed to evaluate the
coefficients in Equation 6-12. This is supplied by the
definition of Egp:

R

Etr'= I e(r) dr . (6-13)
0

Simultaneous solution of Equations 6-10, 6-11 and 6-13
yields the following relationship for the excess transient
emission rate:

3E |
e(r) = -115-[ 1 - %r + izrz ] . (6-14)

Equation 6-14 may also be cast as a function of fraction of
transient cycle completed, f.=r/R. This form of the
equation leads to a generalized relation between the frac-
tion excess transient emissions, fo, and f,. through the
equation, ' f
r
I e(fr) df .

__0 |

fo = . . (6-15)

Etr

Performing the indicated integration and simp]ifyihg gives

fo = F3-3F243F,. (6-16)
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A plot of Equation 6-16 is shown in Figure 20. Super-
jmposed on this plot are the results from an FTP-75 cold-
start study conducted by Eccleston and Hurn(38). The mean
and 95% confidence limits are shown for interim cold-start
CO emissions from the 9 gasoline-powered vehicles studied.
Equation 6-16 yields slightly higher fractions on average
because of the boundary condition described in Equation
6-10. The measured results jnclude both excess and running
emissions so that e(r) will equal a value greater than zero
at the end of the cycle. However, the running (or hot-
stabilized) emission rate is typically much less than .the
excess cold-start emission rate, so that the difference is
minor. The measured results, though few in number, give
some degree of verification to Equation 6-14.

To find a properly weighted excess transient emission rate
for urban freeways, one must multiply e(r) by the elemental
weighting factor contained in Equation 6-9 and integrate
over the complete transient cycle. Using Yy to represent
the correction factor for etrs this can be stated as

R
Ygtr = _%? I e(r)er dr . (6-17)
0
Substituting Equation 6-14 yields

6E R
- - tr _ 2.2 1 3 6-18
Ye,, ——3—-R L [r Rroo¥ —2-R r ] dr . ( )
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Integrating Equation 6-18 and simplifying gives

E
- _ tr _
Y&ty T 2R (6-19)

By definition, &y, = E¢p/R. Therefore, y = 1/2 for
conditions consistent with the assumptions of the foregoing
derivation. This means that cold and hot-start excess
emission rates should be reduced by 50% for microscale
analyses in cases where trip generation and the prbbabi]ity
of attracting trips is uniformly distributed over a dis-
tance R from the microscale location. In urban freeway
locations removed from "point" source trip generators'such
as stadiums or convention centers, the 50% reduction'js
appropriate. Even if trips are generated out of isolated
sectors radiating away from the microscale location,
Equation 6-9 is sfi]l valid because of symmetry.

For composite emission computations, the 50% reduction can
easily be accomplished bylusing cold and hot-start vehicle
fractions of half the amount they are assumed to be.

A useful by-product of Equation 6-16 is its application to
transient emissions from parking lots. A significant por-
tion of air quality impacts from these types of facilities
is attributable of excess cold-start emissions. By deter-
mining an average egress time for vehicles leaving a park-
ing lot, the fraction of the transient cycle assignablie to
the lot can be computed (FTP-75 cold and hot-start cycles
are 505 seconds long). Equation 6-16 can then be used to

70



determine the fraction of excess transient emissions
assignable to the lot. The resultant quantity is distri-
buted uhifprmly over the parking lot links. The distance
rate emission factor needed by CALINE4 can be computed as
follows,

= ] * * : -
EFL LLT*[(Etr £, +(EF, SPD*te)] : (6-20)
where LLt = Average distance traveled within the
parking lot,
SPD = Average speed in the lot (say 5 mph),
EFhot = Hot-stabilized emission rate at SPD,

te = Average egress time.

Care should be taken to use consistent units in Equation
6-20. For use in CALINE4, EFL must be in units of grams
per vehicle mile (gm/veh-mi).
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7. SENSITIVITY ANALYSIS

A sensitivity analysis for CALINE4 js 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, thereby jdentifying the
degree of accuracy to which parameters need to be
estimated.

3. It provides benchmark values against which users may
check results from their copies of the model.

Since most of the CALINE4 input parameters act indepen-
dently, interactions between two or more variables are of
little importance. Perturbation of one variable at a time
js sufficient for characterizing the overall sensitivity of
the model. In cases where a significant interaction
exists, a qualitative discussion of the interaction is
given in the text.

The main series of sensitivity runs consists of CO con-
centration-wind angle (PHI) graphs. Each of these runs
jnvolves the perturbation of a discrete input variable from
a standard value. The runs are made for a single highway
link, and are replicated for three distances from the high-
way centerline: 15, 30 and 60 meters. The standard values
for the input variahles are given in Table 3.
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TABLE 3

Standard Input Values for the CALINE4
Sensitivity Analysis

I. Site Variabhles

Temperature: T = 25° (C)
Wind Speed: Uu=1.0 (m/s)
Wind Direction: BRG = variable (deg)
Directional Variability: SIGTH = 10 (deg)
Atmospheric Stability: CLAS = 6 (F)
Mixing Height: MIXH = 1000 (m)
Surface Roughness: 20 = 50 (cm)
Settling Velocity: VS = 0
Deposition Velocity: VD = 0
Ambient: AMB = 0
Altitude: ALT = 0

II. Link Variables

Traffic Volume: VPH = 5000 (veh/hr)
Emission Factor: EF = 20 (gms/veh-mi)
Height: H =20
Width: W = 30 (m)
Link Coordinates: X1 =0
Y1 = 5000 “(m)
X2 =0

Y2 = -5000 (m)

IIl. Receptor Locations -
XR = 15,30,60 (m)
YR 0
ZR 0

]
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The CALINE4 results are shown as tic .marks on the senti-
tivity graphs. No attempt was made to smooth the curves
running through these computed values. Insignificant
anomalies in the model results can be observed in some of
the graphs. These anomalies are due to the discrete nature
of the element formulation. To smooth them out would
require finer element and sub-element resolution, resulting
in increased computational time.

7.1 Emission Factor

CALINE4 link emission factors for relatively inert pollu-
tants such as CO are directly proportional to the predictéd
concentrations. A twofold increase in an emission factor
will result in a doubling of the predicted concentration.
Because of this simple re]ationship, no sensitivity
analysis was performed for the emission factor variable.

7.2 Traffic Volume (Figure 21)

In the CALINE3 model, both emission factor and traffic
volume were directly proportional to concentration. In
CALINE4, however, the vehicle-induced heat flux component
of the vertical dispersion algorithm alters the one-to-one
correspondence between traffic vofume and concentration.
The sensitivity graphs shown in Figqure 21 are normalized to
permit a direct comparison between traffic volumes. This
is done by varying the emission factor so that the traffic
volume-emission factor product remains constant.,

CALINE4 clearly shows lower concentrations for higher

traffic volumes at the constant overall source strength
maintained in the analysis. Similar graphs for CALINE3
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would show no difference between the traffic volumes. The
difference in the CALINE4 results is attributable to the
augmented rate of vertical dispersion used by the model to
account for the additional thermal turbulence created by
more vehicles. The effect is most pronounced for parallel
winds. The distance over which the augmented rate is used
(DMIX) is considerably longer for parallel winds than for
crosswinds.

Under crosswind conditions at the edge of the mixing zone
(D=15 meters) the traffic volume effect is absent. The
mixing zone model, which is independent of the heat flux
adjustment, defermines the vertical dispersion parameter at
this point. It is assumed that mechanical turbuience is
usually the dominant dispersion mechanism within the mixing
zone. However, under parallel wind conditions, mixing zone
concentrations receive a significant number of contribu-
tions from distant elements. These contributions are
heavily influenced by the heat flux adjustment, and there-
fore lead to a significant drop in normalized mixing zone
concentrations at higher traffic volumes.

7.3 Wind Speed (Figure 22)

CALINE4 model results are sensitive to wind speed in
several important ways. Wind speed determines the extent
to which pollutants are initially diluted with ambient air
at the point of release. This effect is treated as an
inverse relationship between wind speed and concentration
in the Gaussian formula. Wind speed also plays an impor-
tant role in the dispersion parameter computations. It
determines the mixing zone residence time used for com-
puting the initial vertical dispersion parameter, and is
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involved in the heat flux modification to the vertical
dispersion curve. It is also used in horizontal dispersion
parameter computations for calculating the dispersion time
for each e]ement-reteptor combination.

The net effect of wind speed on model results is shown in
Figure 22. A series of sensitivity curves are plotted for
0;5, 1 and 2 m/s. In all cases, lower wind speeds yield
higher concentrations. This demonstrates that the inverse
relationship between wind speed and concentration (dilution
effect) is still dominant in CALINE4. However, the sensi-
tivity curves also reveal the influence of wind speed on
dispersion parameter computatidns. At lower wind speeds,
both initial vertical dispersion and vehicle-induced
thermal effects lead to highek estimates of the vertical
dispersion parameter and, hence, lower concentration
estimates. These effects lessen in importance as the
roadway-receptor distance increases. Ratios between high
to low wind speed concentrations taken from Figure 22
confirm this by decreasing slightly with increased distance
from the roadway. Lower wind speeds also have the effect
of reducing the horizontal dispersion parameter given a
constant value for 04+ This leads to higher concentration
estimates. Since the horizontal dispersion parameter is
most important under parallel wind conditions, the relative
difference between low and high wind speed concentrations
should be greater for parallel wind cases. This is clearly
shown in Figure 22.

Maximum concentrations occur under near-parallel wind con-
ditions for all wind speeds. These maximums become less
pronounced at higher wind speeds and greater distances.
The roadway-wind angles at peak concentration appear to be

77



22 3unoid
() G33dS AGNIM :318VINVA — SISKTYNY  ALIAILISNIGS  +3NITVD

(S334930) IHd (S$334930) IHd (S334930) IHd
oL os o€ o 006 oL os ot or 006 oL 0§ of

78

00 NO{LVHLINIONOD

(Ndd)

TITIX 1 w -1 us 1 ps 3 HIitY
) g 2L 4 . ke - -4 (] - [ ) -IAYA
! e is j '
E -
a 114}
[ Ry : ] k JUEHTFH A
41T F 44 -4 444 4444 -4 433 4
n = F (1] - E - g +-11-+ -
B s F H- e
] } SERES paggnpus
4 I i HH T ]
I3 LT LTI
RN [ A Tir LTI 13y [
4 - 3 +414+4
] 111lr—u_ -4-1-44-44-
= = IIFI
u 1] N
] ] 11 [ ] ]
1 S - M N
aNrias FITs ]
41444344 +44
HTIITHE 111 14A
i Hi4H : -
t Aﬂ__ { ?..L N
RESARSRGRE
.I..l - 441
1 4441 111 —_‘.
N1 . L ot
(11 T ]
1 11] Hii4l i
fulaghhalsRuahanhnhugne ]
B e
1 1T 1T h
ERABER REQPUEREEEND
] lv.r‘. r
(1] LT
4.




relatively independent of wind speed, and to shift slightly
away from parallel at greater receptor distances.

7.4 Stability Class (Figure 23)

The CALINEA sensitivity curves for stability class are
dramatically different from the CALINE3 curves. Sensi-
tivity to stability class is much reduced in CALINEA4.

There are two reasons for this change. First, vehicle-
induced mechanical and thermal turbulence reduce the
importance of ambient stability near the roadway. Second,
stability class no longer plays a direct role in deter-
mining the horizontal dispersion parameter. Instead, o is
asSigned_directly by the user.

The role of stability class can actually be much more
important than is indicated in Figure 23, If traffic
volume is low, vehicle-induced turbulence becomes less
significant so that ambient stability again becomes the
dominant factor in determining vertical dispersion outside
of the mixing zone. 'Also, stability class is often used to
estimate 0y when measured values are not available. 1In
such instances, og becomes a surrogate for stability class
so that the combined effects of both variables must be
examined to estimate overall model sensitivity to
atmospheric stability.

As can be seen in Figure 23, CALINE4 model results are
independent of stability class under oblique to crosswind
conditions at the edge of the roadway. Wind speed and
mixing zone width control the vertical dispersion parameter
at this location via the mixing zone model (Equation 5-12).
Under parallel wind conditions, contributions from more
distant elements cause a spread in model results over the
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range of stability classes (A=very unstable, G=extremely
stable). As distance from the mixing zone increases, some
sensitivity to stability class is exhibited by the model
under crosswind conditions. For a given receptor distance,
the wind angle of maximum concentration exhibits little or
no sensitivity to stability class.

7.5 Wind Angle (Figure 24)

CALINE4 sensitivity to the roadway-wind angle is illus-
trated for three receptor heights in Figure 24. Results
are given for both upwind and downwind locations out to a
distance of 100 m from the roadway centerline. For
downwind locations outside of the mixing zone, PHI=10°
yields the highest concentrations. A smooth build-up of
concentrations across the mixing zone is readily appprent
in the PHI=90°, Z=0 case. Receptors located just upwind of
the mixing zone appear to be extremely sensitive to small
changes in PHI under near-parallel wind conditions.

Predicted concentrations near and within the mixing zone
are sensitive to receptor height. However, for distant
receptors there is little .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.

Peak concentrations for pure parallel winds occur along the
centerline of the roadway. The previous graphs showing
peak concentrations occurring usually in the 3° to 4° range
were for receptors at the edge of the roadway (D = 15
meters). 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
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wind angle of maximum predicted concentration to shift
inward toward the pure parallel wind condition for in-
creased 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 cond{tions) for ground level receptors at the

roadway edge.

7.6 Directional Variability (Figure 25)

Variability of wind direction is explicitly defined in
CALINE4 as the standard deviation of the wind direction,
og. This is denoted in the model as SIGTH. In CALINES3,
directional variability was implicit in the horizontal
dispersion curves, and varied according to stability class
and averaging time. Averaging time is no longer required
as an input for CALINE4, and stability class is no longer
directly involved in the horizontal dispersion parameter
determination. Instead, both these effects are
incorporated into the SIGTH variable.

Figure 25 illustrates the model's sensitivity to SIGTH.

For parallel winds,.concentrations increase with decreasing
SIGTH. This is caused by the greater impact of distant
elements under conditions when horizontal dispersion is
slight. This effect weakens as receptor distance in-
creases. Under crosswind conditions, the value of SIGTH is
of little or no importance to the model since concentra-
tions from a semi-infinite link are independent of horizon-
tal dispersion as PHI approaches 90°. However, a situation
involving a short link and a distant receptor would exhibit
some sensitivity to SIGTH under crosswind conditions.
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As the values for SIGTH shown in Figure 25 increase, the
importance of the wind angle diminishes. For values of
SIGTH greater than 40°, downwind concentrations are virtu-
ally independent of PHI. This effect is most noticeable at
the edge of the roadway. For high values of SIGTH, the
contributions from distant elements drop off rapidly. When
the only significant contributions are from the nearest one
or two e1ements; model results tend to approach crosswind
conditions regardless of the wind angle.

There is a significant shift in the wind angle of maximum
concentration away from parallel as SIGTH increases. This’
is apparent at all three distances studied. The explana-
tion again rests with the diminishing importance of distant
elements as SIGTH gets larger. As closer elements become
more important, higher concentrations result when these
elements are directly upwind of the receptor. This shifts
the wind angle away from the parallel condition.

7.7 Receptor Distance (Figures 26 and 27)

As the distance from a ground level source increases,
ground level concentrations naturally decrease. The rate
of this decrease as predicted by CALINE4 is shown in Fiqure
26 for peak concentrations at three levels of SIGTH. The
corresponding values for PHI are shown in Figure 27.

The rate of decrease in peék concentration is smooth and
fairly constant for all three cases at distances of 30 m
and greater. The peak concentrations for the three cases
differ only slightly at these distances. The importance of
SIGTH increases dramatically for distances under 30 m,
however, with higher peak concentrations for low values of

SIGTH.
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As has already been seen, the value of PHI for peak con-
centrations at receptors in and near the mixing zone
approaches 0° (parallel wind). As distance increases, the
peak wind angle shifts toward more oblique values. This
shift is strongest for the case representing a high amount
of directional variability (SIGTH = 60°). This same case
also exhibits a large amount of jnstability for peak wind
angles at distances of 10 to 100 meters. Such transient
behavior is not a sign of overall instability in the model,
but is merely the result of the f1at model response to-wind
angle for high values of SIGTH. In terms of peak~concen-‘
tration, the model response js completely stable for all
three cases.

7.8 Surface Roughness (Figure 28)

Mechanical turbulence is generated by air movement over
surface roughness elements. An increase in surface rough-
ness will increase the amount of mechanical turbulence
generated. This can enhance both the vertical and horizon-
tal dispersion of pollutants released near ground level.
The aerodynamic roughness length, Zo» is used in meteoro-
logical work as a common measure of surface roughnessl

As can be seen in Figure 28, CALINE4 is relatively insensi-
tive to Z,. For crosswind conditions, predicted concen-
trations near the roadway are dominated by the mixing zone
model. This model is independent of surface roughness. At
greater receptor distances than shown in Figure 28, a
slight sensitivity to Zo, under crosswind conditions would
begin to emerge. For near-parallel winds, a slight differ-
ence in model results can be seen in Figure 28. This
follows the expected trend of lower concentrations for
higher values for Z,. However, the heat flux algorithm

has a significantly greater influence on model output
(Figure 21).
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7.9 Deposition Velocity (Figure 29)

A significant deposition velocity tends to lessen the
impact of distant elements on receptor concentrations (the
longer the time of travel, the more material deposited).
Because of this, increasing deposition velocities tend to
flatten the near-parallel concentration peaks (Figure 29).
At the D=60 meter receptor, maximum concentrations actually
occur during crosswind conditions when the deposition
velocity is high. Figure 29 also shows that higher
deposition velocities reduce crosswind concentrations.
This effect is fairly consistent as receptor distance
increases.

7.10 Settling Velocity (Figure 30)

While deposition velocity controls the amount of material
leaving the air to be deposited on the ground, settling
velocity actually inhibits the rate of vertical dispersion,
thereby decreasing the importance of distant elements. The
same type of model response observed for deposition veloc-
ity is expected for settling velocity because of this
similar effect on distant elements. However, somewhat
higher concentrations are observed for the settling veloci-
ty sensitivity curves shown in Figure 30. The inhibition
of vertical pollutant dispersion will actually increase
concentrations from elements located close enough to the
receptor so that their contributions have not settled out.
This leads to the higher concentrations observed in Figure
30.

Note that the deposition velocity is assumed to be equal to

the settling velocity in Figure 30. Presumably, the set-
tling velocity of a particle will be identical whether in a

90



06

{(QA) ALIDOT3A NOLLISOd3A

(S334930) IHe
oL 0s ot o 006

62 3HN9id

:31GVIHVA — SISAIVNY  ALIAWLISNIS  $3NITVD

($334930) IHd (S334930) 1Hd
oL oS

o

. Of oL 006 oL os ot

. SEB

Agnaaaas!| SEissiiinsans :
£ e ! HHHHHEH T
HIHH = 3 TFT . £ A -
» LU EEHAH (LT THILT 141 1
: T T
EL 1 H L]
R . s.us H T T
W. _u 1 I - = =3 < NERDEAEN
TIELY ’ [ ~SiisgRgnady
: T T L casgdiniedgyts
Iwr\ H
r
i : i e T sas
8 11 F F 1 haENEN
b o 11
] & s
! NN
FHHHOTE LGN

T T

114 -1 8
BB SREES 1 4
e +4 s
-
[ =
BRSREEpRE
2
1131 +4+11 311 g L4 1311
-1
" H Sus
s a8
13 -4 -
h 4
m 1] 4+4-1
Suasas
L H e

01

2\

¥l

00 NOILVHINIONOD

(Ndd)

91



(SA'GA) ALI20T3A ONINLL3S g NOILISOd3A

(5334930) 1Hd

o€ 3un9td

($334930) IHd

($33Y934) I[Hd

:318VIHMVA — SISATVYNV ALIALLISNAS ©3NINVD

06 oL o¢ o€ of 006 oL 0s ot on 0086 oL oS ot o0 O
- 1— 11 ju RN | § 111 _l—- 111 N u °
I Rt L o
T i i . mtjtiis A H
p Biw 2 . 1 .J 2
W Bafibnhparanisdung oy THHL HHH H..H. 1t
. . [ [ 1 T N 4] HHIA] 11 iga A
iRy BEND 1 9 as agngin
.L 1
: : Heiaetietdiated TR A
1111 IHHHARE ; H rluk [
] 9
T : : e :
T 1 da
11 (0]
] ._m. HH . 1 . ! N—
3 . ¥

09 NOI1VHLNIONOD

(Wdd)

92



turbulent regime or the laminar sublayer. If one were to
assign a specific settling velocity and set the deposition
velocity equal to zero, extremely high ground concentra-
tions would result. This would not be a realistic use of
the model.

7.11 Highway Length (Figure 31)

Sensitivity graphs for five highway lengths ranging from
0.5 to 10 kilometers are shown in Figure 31. The lengths
given in the figure are measures of the upwind, not the
total, link length. For example, the standard run is
denoted by L = 5 kilometers, though the total length of the
standard link-is 10 kilometers. The highest value of L
given in Figure 31, 10 kilometers, js also the upper limit
for L allowed by the model. |

The pronounced peak concentrations for near-parallel winds
which are characteristic of CALINE4 are the result of the
transport of pollutants from distant elements. By reducing
the highway length, a substantial reduction in these con-
centrations occurs because distant elements no longer
contribute. Reduction of the highway length has virtually
no effect on oblique and crosswind predictions. Location
of the wind angle of maximum concentration is somewhat
sensitive to highway length, especially at greater receptor
distances. - | |

The model sensitivity to highway length shown in Figure 31
is based on a 10° value for SIGTH. As directional varia-

bility increases, model sensitivity to highway length can

be expected to decrease.
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7.12 Source Height (Figure 32)

The model response to changes in source height is quite
complex, though based on simple underlying assumptions. If
the highway is elevated as a bridge above a receptor, pre-
dicted concentrations generally decrease. This decrease is
much more significant for crosswind conditions than for
parallel wind conditions. For crosswind conditions, signi-
ficant contributions for receptor concentrations come from
nearby elements so that the effect of source elevation is
important. Under parallel wind conditions, this effect is
less significant because of the larger distance over which
pollutants must travel.

For depressed sections, CALINE4 predicts relatively high
concentrations for receptors located within and near the
highway. This area is defined as the highway width plus a
distance equal to three times the ‘depressed section depth.
The algorithms used for predicting concentrations near
depressed sections were empirically derived from data col-
lected at a depressed section site along the Santa Monica
Freeway in Los Angeles(3). The data showed particularly
highef than normal concentrations within the depressed
section and lower concentrations at receptors outside of
the depressed section. As can be seen in Figure 32, this
is exactly how CALINE4 responds to negative source height.

7.13 Highway Width (Figure 33)
By widening the highway, the residence time over the mixing
zone and the initial horizontal distribution of the source

are both increased. This enhances both vertical and hori-
zontal dispersion near the point of release. Given a
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constant source strength, and a receptor distance refer-
enced from the downwind edge of the roadway, the model
consistently predicts lower concentrations for greater
highway widths (Figure 33). This effect is most apparent
for receptors near the roadway edge. If receptor distances
for this analysis were not adjusted for the varying widths
(i.e., D = W/2 + constant), the effects of enhanced disper-
sion over the mixing zone would be more than offset by the.
closer proximity of the mixing zone to the receptor.

The sensitivity of the model to highway width is relatively
independent of the wind angle. Also, the value of the wind
angle for maximum concentration is relatively insensitive
to highway width.

7.14 Median Width (Figure 34)

Because of the 1link capabilities'of CALINE4, it is not
necessary to incorporate medians as part of the mixing
zone. A divided roadway may be modeled as either two
separate links, or a single link with the median incorpor-
ated in the highway width specification (this assumes’
identical link specifications for both directions of flow).
For cases where there is a significant median involved, the
two 1ink computation gives slightly higher predicted con-
centrations over the single link model (Figure 34). This
holds true for most wind angles, but tends to be more
pronounced for values of PHI between 10° to 60°.

7.15 Mixing Height (Figure 35)

Model sensitivity to mixing height is significant only for
extremely low values occurring under parallel wind
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conditions (Figure 35). This is because the amount of
vertical dispersion that can take place within the Timits
of the microscale region is small relative to normal mixing
heights of 100 m or more. For unstable atmospheric condi-
tions, model sensitivity to mixing height will increase
somewhat. However, low level inversions are not compatible
with unstable conditions.

It should be remembered that the mixing height algorithm is
primarily meant for study of special case nocturnal inver-
sions, and may be bypassed by assigning a value of 1000
meters or greater to MIXH.

7.16 Bluff/Canyon Option (Figure 36)

CALINE4 results for four restricted mixing widths are given
in Figure 36. The single (bluff) and double (canyon)
restrictions are plotted separately. The bluff/canyon
option is valid for parallel winds only, so that PHI = 0°
for all cases. The vertical scale used in Figure 36 is
expanded over the previous sensitivity graphs in order to
accommodate the high canyon option results.

Figure 36 shows that the greatest sensitivity to a bluff
restriction is on the side of the roadway where the
restriction is placed. However, results on the far side of
the roadway also exhibit a degree of sensitivity equal to
some of the other input variables already discussed when
allowance is made for the expanded vertical scale.

Model results are naturally more sensitive to the canyon
restriction than the bluff restriction. Horizontal disper-
sion is restricted on both sides of the roadway in the case

&
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of a canyon. This leads to elevated mixing zone concentra-
tions when the canyon is narrow. Figure 36 clearly shows
CALINE4's response in such cases. The sensitivity to
canyon width would be even greater if not for the adjust-
ment made by the model to the vertical dispersion curves
for the influence of thermal emissions from the vehicles.

7.17 NOp Option (Figures 37, 38 and 39)

The CALINE4 NO, option requires specification of several
additional variables not mentioned in Table 3. Ambient
levels of NO, NOp and 03 must be specified. These were
assigned standard values of 0.02, 0.10 and 0.20 ppm,
respectively, for the sensitivity analysis. Also, a
photodissociation rate (KR) and a NOy emission factor are
needed. Values of 4 x 10-3 s~1 for KR and 1.0 gm/

veh-mi for the NO, emission factor were used in the
standard sensitivity run.

When the NO» option is used, resultant concentrations are
no longer directly proportional to the link emission
factor. Figure 37 illustrates this point by showing the
diminishing effect over distance of a fourfold increase in
emissions. The forward and reverse reaction rates used by
the model for NO/NO, conversion are functions of the
initial concentrations of the pollutants in the mixing
zone. As NO, concentrations within the mixing zone
increase because of higher emission factors, the reaction
rates change. These changes are proportional to the.
changes in the initial concentrations, including both
ambient and vehicular components. The reaction rates are
also sensitive to the availability of 03 for completing
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the forward reaction (NO to NOz). The complex inter-
action of these effects preclude a simple one-to-one
relationship between concentration and emissions strength.

Figures 38 and 39 demonstrate model sensitivity to 03 and

KR, respectively. For
the model is much more
centration than to the
behavior is consistent

the standard case, it is clear that
sensitive to the ambient 03 con-
photodissociation rate. This

with the relative strengths of the

forward and reverse reactions under normal conditions.
Given high 03 concentrations, the forward reaction
dominates. In cases where ambient 03 is low, however,

the photodissociation-rate will assume greater importance.
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8. MODEL VERIFICATION

The CALINE4 model was verified using data from several
independent field studies. These studies represented a
variety of possible model applications including the inter-
section link and NO2 options. Wwhere ‘applicable, CALINE3
results were also compiled and compare& to CALINES.

Several of the studies were based on tracer gas releases.
This type of data provided the best direct verification of
CALINE4 because it eliminated the need to estimate a
composite emission factor.

8.1 Methodology

A statistical method developed through the National Cooper-
ative Highway Research Program was used as a priﬁary tool
for verifying CALINE4(39). The method jnvolves the com-
putation of an overall figure of merit (FOM) based on six
component statistics. -These statistics are defined as
follows: ‘

S;] - The ratio of the largest 5% of the measured
concentrations to the largest 5% of the predicted
concentrations,

Sp - The difference between the predicted and
measured proportion of exceedances of a

concentration threshold or air quality standard,

S3 - Pearson's correlation coefficient for the
paired measured and predicted concentrations,

108



Sqg - The temporal component of Pearson's correlation
coefficient,

Sg - The spatié] component of Pearson's correlation
coefficient,

S¢ - The root-mean-square of the difference between
"the paired measured and predicted concentrations.

Statistic S; is a measure of the model's ability to pre-
dict high concentrations. Statistic Sy measures how well
the model can predict the frequency of exceedance of an air
_quality standard or threshold. Statistics S3, S4 and

S; measure the degree to which the model's response to
changing conditions follows the real-world response,
Statistic Sg is concerned with changes over time (e.g.,
wind speed, stability) while statistic Sg is associated
with changes over spabe (e.g., source-receptor distance,
topography). Statistic S3 represents a combination of
both these factors. Statistic Sg Provides a measure of
the overall error that exists between the measured and
predicted concentrations. This error term represents the
combined effect of inherent model errors (or misassump-
tions), input variable errors and measurement errors.

The six component statistics are transformed into individ-
ual figures of merit (Fj) on a common scale from 0 to 10.
They are then weighted and summed as follows:

FOM = {(F1+F2)/2+(F3+F4+F5)/3+F6](3 . (8-1)

Equation 8-1 determines the overall figure of merit for the
model.
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No standard value for FOM has been established to differen-
tjate between “"good" and "bad" model performance. Instead,
the FOM is used as a relative measure of model performance.
In this report, it is used to compare the performance of
CALINE4 to CALINE3, and the performance of the NOp, and
intersection options to standard applications of the

model.

In addition to the FOM method, two graphical verification
methods are employed. The first is a simple scatterplot of
predicted (P) versus measured (M) concentrations. The
second involves the following relative error term,

E, = 100%(P-M)/(P+M). (8-2)

Results for this term are plotted against the critical
input variables of wind angle and wind speed for the two
tracer release data bases.

8.2 Description of Field Studies
8.2.1 Caltrans Intersection Study

During the first three months of 1980, Caltrans conducted
an extensive aerometric survey at the intersection of
Florin Road and Freeport Boulevard in Sacramento. One of
the purposes of this study was to furnish a data base for
verifying the CALINE4 intersection link option. The inter-
section site consisted of bare or grass covered ground on
all four quadrants for a distance of at least 50 meters
back from the traveled ways. The surrounding terrain was
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level and occupied by scattered single story residential
developments. The intersection was oriented with Freeport
Boulevard running due north-south and Florin Road due east-
west. A small community shopping center was located well
back from the intersection in the northwest quadrant. The
site offered a reasonably high traffic flow without the
interfering background sources of gas stations and parking
lots normally associated with busy intersections. Also,
the openness of the site eliminated the possibility of
channeled flow typical of street canyon sites.

Fifteen probe locations were chosen--eight in the north-
west quadrant and the remainder in the southwest quadrant
(Figure 40). Also, a sequential bag sampler was placed in
the southeast quadrant. The two towers innermost to Florin
Road contained vertical probe arrays with four probes on
the southern tower at 1, 2, 4 and 10 meter heights, and
five on the northern tower at 1, 2, 4, 10 and 15 meter
heights. Three additional ground level probes (z=1.0
meter) were located on each side of Florin Road. The
outermost meteorological towers had cup anemometers and
temperature probes mounted at 2 and 10 meter heights to
provide wind shear and temperature profile estimates. Wind
direction was measured with wind vanes mounted at the 10 |
meter level. Traffic counts were made using pneumatic
counters for inflow and outflow on each leg of the
intersection. |

A Caltrans air quality research van with on-board mini-
computer was used to monitor and record the various air
quality and meteorological parameters. Sampling for CO was
accomplished using two separate systems: Nondispersive
infrared (NDIR) and gas chromatography with flame ioniza-
tion detection. Three NDIR analyzers were used, each
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dedicated to five probe lines. The on-board minicomputer
performed switching at one minute intervals so that each
line was sampled one minute out of every five by an NDIR
analyzer at line velocities of 10 feet/second. The NDIR
resilts were used as the basis for the verification
analysis. The gas chromatography samples were taken as bag
samples over the first 15 minutes - of each hour, providing
an intégrated concentration measurement. The gas chroma-
tography analysis was run only for the nine probes in the
vertical arrays next to Florin Road. These results were
used in preliminary mass balance studies. Sums and sums of
squares of 0.1 second wind speed and direction readings
were stored by the minicomputer and written out on magnetic
tape every 10 seconds. Temperataure readings were recorded
once every 60 seconds. .Further information on the opera-
tion of the research van and its data acquiéition system
has been reported by others(40,41).

8.2.2 Caltrans Highway 99 Tracer Experiment

An extensive series of tracer release experiments were
conducted by Caltrans during the winter of 1981-82 along a
2.5 mile section of U.S. Highway 99 in Sacramento. The
highway follows a straight northwest (N 40°13' W) alignment
along this section. The nearby terrain consists of open
fields and parks to the north, and scattered residential
developments to the south. The highway has two lanes in
each direction separated by a 14 meter median. It carries
over 35,000 vehicles daily with a peak hourly traffic count
of 3,450.

Sulfur hexafluoride, SFg, was used as the tracer gas. It
is a highly inert gas, detectable at extremely low concen-
trations. Its presence in ambient air samples fis
negligible.
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The SFg was released from eight specially equipped 1970
Matador sedans. Each sedan had an on/off flow control
switch mounted on the dashboard and a strip chart recorder
to monitor the flow status. The gas was contained in a
cylinder housed in the trunk of the sedan, and was metered
out by a preset Condyne precision needle valve. 1t was
carried by copper tubing through the trunk floor and to the
tailpipe where it was heated by looping the tubing around
the tailpipe several times. The SFg was then released

into the exhaust stream.

The tracer gas flow rates were checked before and after
each test with a bubblemeter. These flow rates were
corrected to standard temperature and pressure. The
nominal flow rate was 0.5 liter/minute. The measured rates
typically varied no more than 5% from this nominal value
over the course of a test. '

The tests were three hours in duration, with samples being
taken only during the last two hours. The one hour delay
was made to avoid sampling during the transient build-up
phase of the release,

The tracer vehicles were driven on a seven-mile loop
starting at a staging area near the Mack Road Interchange,
proceeding northwest to the 47th Avenue Interchange and
then returning to the staging area. The vehicles released
SFg along the 2.5 mile test section on both the depart

and return legs of the loop. Each vehicle was allowed 12
minutes to complete the loop. The distribution of the
vehicles was controlled at the staging area by spacing
departures 1.5 minutes apart. This meant that, on average,
a 2.5 mile release was being started every 45 seconds.
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The eight tracer vehicles were divided into two groups.
Half the vehicles were driven in the slow lane, the other
half in the fast lane. Drivers were instructed to reach a
safe cruising speed compatible with traffic conditions in
their lane, and to try to maintain that speed through the
test section.

The primary sampling site was located 0.65 mile from the
south end of the test section. Nine bag samplers were
situated at this point at distances of 0, 50, 100 and 200
meters from the highway centerline on both sides of the
highway (Figure 41). Replicate samplers were maintained at
both 50 meter sampling locations. The remaining three.
samplers used in the study were situated along the median
at 0.5 mile increments northwest of the primary sampling
site.

A1l samples were taken at a height of 1.0 meter. The
samples were collected in tedlar bags by EMI Model AQS III
samplers equipped with positive displacement pulse pumps.
The samples represented 30 minute integrated concentra-.
tions. They were analyzed on a Perkin-Elmer Sigma 2 gas
chromatograph with electron capture detector. This instru-
ment was calibrated using a Dasibi Model 1005CA flow dilu-
tion system and a National Bureau of Standards traceable
cylinder of 5 ppm SFg.

A 12 meter high meteorological tower was located near the
south end of the test section in a open, plowed field. It
was equipped with a horizontal wind vane, two low-threshold
cup anemometers (0.3 m/s), and a set of self-aspirated
témperature sensors. The instrument heights are shown in
Figure 41,
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A total of 14 tracer release tests were made. A1l but
three of these were morning tests with samples taken from
6:30 to 8:30 a.m. PST in most cases. Two of the three
afternoon runs took place from 4:00 to 6:00 p.m. The
remaining afternoon run was made from 5:00 to 7:00 p.m. No
more than one test was made per day. Traffic counts and
classifications were made concurrently with the aerometric
measurements for many of the test runs.

A complete summary of the results of the Highway 99 Tracer
Experiment is given in Appendix C of this report. The
vehicle speeds listed in the summary were determined from
the tracer vehicle strip charts. The Pasquill Stability
Classes were computed via Golder's Method(42). Asterisks
indicate missing data. .

8.2.3 General Motors Sulfate Dispersion Experiment

The General Motors (GM) Sulfate Experiment was conducted at
the GM Milford, Michigan, proving grounds straightaway
track during the month of October, 1975(4). The track is 5
kilometers long and is surrounded by lightly wooded, roll-
ing hills, Three hundred and fifty-two cars, including 8.
vehicles emitting SFg tracer gas, were driven at constaﬁt
speeds of 80 km/hr around the track. This simulated a
traffic flow of 5,462 vehicles per hour along a four lane
freeway with a median width of approximately 12 meters.

Monitoring probes were stationed at 2 upwind locations and
5 downwind locations out to a distance of 113 meters from
the track centerline (Figure 42). In addition, a moni-
toring location was situated in the track median. The
westerly, median and closest 3 easterly locations were
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equipped with tower mounted sampling probes at heights of
0.5, 3.5 and 9.5 meters above the ground. The two addi-
tional more distant downwind probes were positioned at a
height of 0.5 meter. Wind speed and direction measurements
were made at each probe location using Gill UVW anemom-
eters. Temperature profiles were recorded at the two
outermost towers, 43 meters from the track centerline.

Data from over 60 half hour test runs was compiled. Most
of these were conducted during early morning hours to take
advantage of the stable atmospheric conditions prevalent
then. The cars were grouped into 32 single lane packs of
11 cars each and distributed over the track so that two
packs from each direction passed the sampling area
simultaneously at approximately 30 second intervals.

The experimental procedure in the GM study was carefully
controlled, resulting in one of the most reliable highway
air quality data bases ever compiled. The only shortcoming
in the experiment was the lack of variability in the
traffic parameters of speed, volume and occupancy.

8.2.4 I1linois EPA Freeway/Intersection Study

This study was performed for the Illinois Environmental
Protection Agency by Noll Associates and Enviro-Measure,
Inc. during 1978(43). The study involved the measurement
of CO concentrations and related traffic and meteorological
parameters near two urban sites located just outside of
Chicago. A series of SFg tracer release experiments were
performed in éonjunction with the overall monitoring
program.
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The first site monitored was the Eisenhower Expressway,
1-90, between Des Plaines and First. Avenues. This segment
of 1-90 is a heavily traveled six-lane freeway with average
daily traffic in excess of 100,000 vehicles. It is an at-
grade, straight section about 0.75 kilometers in length,
and is surrounded by level terrain. The test section
traverses a cemetery with grass and scattered trees, but
the overall setting is urban residential.

Air samples were collected from June 20 through August 29,
1978 using automatic bag samplers at eight locations near
the test section. Distances ranged from 3 to 192 meters
from the roadway edge (Figure 43). A ninth sampler was
placed 450 meters from the roadway to measure background
concentrations. AT samples were collected over a one hour
period at a height of 1.0 meter.

Continuous traffic counts and periodic heavy-duty vehicle
counts were made during the course of the study. A meteor-
olog1cal tower was established 10 meters from the roadway
edge. This provided wind speed, wind direction and temper-
ature data. Cloud cover and ceiling height information
taken from nearby 0'Hare International Airport was also
included in the data base.

The second site was located at the jintersection of two
six-lane arterials, North and First Avenues in Melrose
Park, I1linois. This site, studied from October 3 through
November 16, 1978, was typical of a high volume, urban
intersection. The surrounding terrain was level and open,
‘consisting of a mix of one-story buildings, parking lots
and forest preserve. The nearby parking lots were empty
during the course of the study. The intersection was
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controlled by a demand actuated signal. Approach and
depart volumes were well balanced. Information on vehicle
speed profiles, red light time, vehicle stop time and
average queue length were collected during the study.

Eight bag samp11ng 1ocat10ns were established near the
intersection (F1gure 44). These were intended to cover
three zones: the vehicle queue zone, the acceleration/
deceleration zone and the mid-block cruise zone. In
addition, a ninth background monitoring site was maintained
at a distance of 100-150 meters from the roadway. As with.
the previous study, all samples represented hourly averages
at a height of 1.0 meter.

Approach traffic volumes were monitored on all legs via
pneumatic hose counters. Depart volume was monitored on
only the eastern leg of the intersection. Meteorological
data was collected from a tower located in the southeast
quadrant of the intersection 10 meters from the roadway
edge. Cloud cover and ceiling height information was again
obtained from O'Hare International Airport.

In both studies, samples were analyzed for CO concentfa-
tions using a Mine Safety Applicance Model 202 LIRA non-
dispersive infrared analyzer. Concentrations of SFg were
determined via gas chromatography and electron capture
device. However, the SFg results were not used for the
CALINE4 verification analysis. Since SFg was released
from only a single vehicle, it is questionable whether the
results adequately represented a continuous line source.
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8.2.5 U.S. EPA NO,/03 Sampler Siting Study

In August, 1978 a study was conducted by the U.S. Environ-
mental Protection Agency along a section of the San Diego
Freeway in Los Angeles(44). The objective of the study was
to quantify the effect of mobile source NO, emissions on
ambient 03 concentrations immediately downwind of a

heavily traveled freeway. To accomplish this, continuous
monitoring of NO, NOp, and O3 was conducted at one

upwind and six downwind locations.

" The study site was located 0.8 kilometer north of Wilshire
Boulevard in relatively flat terrain. The immediate
vicinity is open, grass covered cemetery grounds. The
surrounding land-use is primarily urban residential and
commercial development. The freeway carries approximately
200,000 vehicles per day. The downwind monitoring sites
were located from 8 to 400 meters downwind of the roadway
(Figure 45). A1l samples were taken at a height of 3
meters, and averaged over a l-hour time period.

Prevailing winds from the ocean generally crossed the free-
way at near perpendicular angles. A 10 meter meteorologi-
cal tower measured wind speed and direction immediately '
upwind of the freeway. Hourly traffic volumes were
measured for the freeway using magnetic loop detectors.
Cloud cover and ceiling height data were obtained from the

Los Angeles International Airport.

124



@
DISTANCE
(METERS)
(NOT TO SCALE) O @ (50)
- 3 LANES 67m — 420m
|
f @ (28)
SEPULVEDA ’ BLVD.
20.0m .__J - @ (52)
ELEVATION
®(143)
15
KEY:
C - CONCENTRATION
o b VT U— WIND SPEED ® (218)
@— WIND DIRECTION .
T- TEMPERATURE
@ (309
° .
° @ (408)

U.S. EPA NO,/O; SAMPLER SITING STUDY
FIGURE 45

125



8.3 Verification Results
8.3.1 Freeway Sites

A direct comparison between CALINE3 and CALINE4 was made
using the FOM method and data from three of the freeway
studies. A summary of the individual and overall figures
of merit is given in Table 4. The results were based on
measured and predicted concentrations at downwind locations
only. In the case of the I11inois EPA study, separate
statistics were computed for the north and south sample
locations because of the lack of symmetry in the site lay-
out. The number of sample locations and time periods used
in the analysis are also given in Table 4. The threshold
values used for computing F» were 1.0 ppb SFg for the

two tracer studies, and 10 ppm CO for the I11inois EPA
study.

The results for both individual and overall figures of
merit clearly indicate the improved performance of CALINE4
over CALINE3 for the General Motors and Caltrans tracer
studies. The results for the Illinois EPA study are not as
conclusive, however. While CALINEA shows slight improve-
ments in temporal correlation and residual error, it does
not perform as well in predicting the highest 5% of the
measured concentrations. Yet, for the tracer studies,
prediction of the highest measured concentrations is the
area in which CALINE4 shows the most dramatic improvement
over CALINE3.

A possible explanation for the discrepancy in model

performance on high measured concentrat1ons involves the
method whereby emission factors were determined for the
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TABLE 4

Comparison of CALINE3 (C3) and CALINE4 (C4)
Figures of Merit (FOM) for Freeway Sites

No. No.
Study Locations Periods Model F; Fp F3 Fq Fg Fg FOM
General 11 62 c3 6.5 10,0 7.8 7.1 9.7 2.0 6.2
Motors c4 8.5 10.0 8.3 7.2 9,7 2.8 6.8
Caltrans 3 56 c3 57 9.9 5.6 3.5 10.0 2.5 5.6
ca 8.6 10.0 5.9 4.2 10.0 3.2 6.4
I11inois 4 249 c3 9.7 10.0 7.3 4.3 9.9 3.6 6.9
EPA ca 8.8 10.0 7.5 4.6 9.9 3.7 6.8
(North) :
I11inois 4 49 c3 9.9 10.0 7.2 2.4 9.9 3.4 6.6
EPA c4 8.6 10.0 8.0 3.1 9.9 3.6 6.6
(South)
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studies. For both of the tracer studies, emission factors
were determined by direct measurement of SFg flow rates
immediately before and after each test run. For the
I11inois EPA study, however, emission factors were computed
by the MOBILEl emission factor model(45). This method is
subject to inaccuracies in assumed input values (such as
percent cold-start vehicles) as well as overall model in-
accuracies. Therefore, the higher values of Fj obtained
for CALINE3 using the Illinois EPA data base were possibly
the result of bias attributable to the emission factor
calculations. An examination of the actual values of the
statistic, Si» showed that CALINE4 was overpredicting the
high concentrations to a slightly greater degree than
CALINE3. The uncertainty of the modeled emission factors
makes it difficult to attach any significance to this,
especially when results from two independent tracer studies
indicate improved model performance in this area for
CALINES.

A series of scatterplots showing CALINE4 predictions versus
measured concentrations for downwind locations at the three
sites studied are given in Figures 46 through 49, A line
of perfect agreement and factor-of-two envelope are also
plotted on the graphs. The predictions for those points
falling inside the.envelope are within plus or minus a
factor of two of the measdred concentrations, & commonly
held minimum criterion for judging adequate model perform-
ance. The number of points (n), intercept (a), slope (b)
and correlation coefficient (r) for a linear, least-square
regression analysis are also given in the figures.

At least 75% of the paired data points fall within the
factor-of-two envelope for each of the three freeway
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studies. Of the points falling outéide the envelope, a
greater number represent overpredictions by the model than
underpredictions. For the General Motors and Caltrans
studies, 12% and 15%, respectively, fell above the envelope
(overpredictions) while only 1% and 7% fell below
(underpredictions).

The type of patterns exhibited in the scatterplots are
typical when comparing Gaussian model results to measured
data. Measured data sets invariably contain some results
averaged over time periods during which significant shifts
in mean wind direction occur. These directional shifts
tend to lower peak concentrations at downwind receptors by
spreading emissions over a greater area. The Gaussian
model assumes that the assigned mean wind direction con-
tinues for the full time period, and that any variability
in the direction is‘normally distributed about the mean.
Overpredictions will occur when the calculated mean wind
direction actually represents a point somewhere between two
or more mean wind directions experienced during the time
period.

Wind directional shifts are most critical for line source
models when the mean wind direction is parallel to the
road. Also directional shifts are most likely to occur
when wind speeds are low. Figures 50 and 51 show the
relative error of CALINE4 as a function of roadway-wind
angle for the General Motors and Caltrans tracer studies.

A factor-of-two envelope is indicated by the P=2M and P=M/2
dashed lines. The plots show that relative error increases
as the distance from the roadway increases and as the angle
between the wind and the roadway decreases. There is a
definite tendency for overpredictions to occur more
frequently during near-parallel wind conditions.
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The increase of relative error with distance may be attri-
buted, in part, to difficulties in measuring lower concen-
trations precisely. Also, a number of the overpredictions
for parallel winds may be due to directional wind shifts.

The most pronounced bias with respect to roadway-wind angle
occurs at the median sampling location. The relative
errors show a clear trend toward overprediction for near-
parallel winds. Significant underpredictions are seen in
the Caltrans study for crosswind conditions. The reasons
for this behavior are not well understood. The assumption
of a constant initial vertical dispersion parameter over
the mixing zone may not be realistic. The shearing effect
between opposing flows of traffic may be a significant
factor that is not accounted for by CALINE4. In any case,
the CALINE4 model predictions for locations within the
mixing zone must be suspect for bias. If desired, correc-
tions can be made to model results using the relative error
plots for median locations given in Figures 50 and 51.

Relative errors plotted against wind speed for the two
tracer studies are shown in Figures 52 and 53. For both
studies there seems to be a tendency toward overprediction
at locations near the roadway when winds are light. The
wind speed at which this bias starts is about 2 m/s for the
General Motors data, and 1 m/s for the Caltrans data.

These overpredictions are probably due to the unlikelihood
of achieving steady-state conditions (assumed by the
Gaussian model) during near calm winds. Calm winds often
prevail for a short time between diurnal shifts in the mean
wind flow. If conditions are right, however, a light wind
can persist in speed and direction. In such cases, the
conservative overpredictions of the model provide a
safequard against underpredicting air quality impaétsﬂ
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8.3.2 Intersection Sites

The aetermination of accurate emission factors and traffic
parameters for the two intersection sites included in this
verification analysis posed serious problems. The distri-
butions of cold-starf vehicles and vehicle types tend to
vary more from hour-to-hour on surface streets than on
highhays. Therefore, emission factors are more difficult
to estimate. Acceleration rates, vehicle delay, turn move-
ments and other needed traffic parameters were not fully
documented in either study. These parameters had to be
estimated from float car surveys and representative traffic
counts. Because of these difficulties, only a fraction of
the intersection data was used in the verification
analysis. For each data base, approximately 30 randomly
selected hours were compined with the 10 highest hours to
form a verification data set. National average values were
assumed for percent cold and hot-starts and vehicle mix.
The critical inputs of approach volume per cycle and delay
per cycle were related to total traffic volume through

' field observations in the case of the Florin/Freeport
study, and reported results in the case of the Iilfnois
study.

The results of all this educated guess work turned out
surprisingly well., Using air quality thresholds of 9 ppm
for Florin/Freeport and 20 ppm for the Illinois EPA study,
the individual and overall figures of merit were as
follows:
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Florin/ I1linois

Freeport EPA
Fi ’ 8.1 6.9
F2 : 10.0 9.9
F3 8.8 8.5
Fa 8.8 7.6
Fs 9.4 9.3
Fe 2.4 2.8
FOM ' 6.8 6.6

The overall model performance for intersection sites
closely matches the performance for the freeway sites
listed in Table 4. However, the temporal correlation
between predicted and measured concentrations is consist-
ently better, while the spatial correlation is worse. The
improved temporal correlation is explained by the higher
wind speeds that were experienced during the intersection
sampling periods (U>0.7 m/s), and the elimination of
parallel winds as a critical condition due to the localized
nature of intersection emissions. Spatial correlation
deteriorated slightly because receptor-to-source distance
was less well-defined at the intersection sites.

Scatterplots of predicted versus measured CO0 concentrations
for the two intersection studies are shown in Figures 54
and 55. The Florin/Freeport scatterplot shows a signifi-
cant number of overpredictions with 24% of the results
falling outside of the factor-of-two envelope (23% over-
predictions and 1% underpredictions). The Illinois EPA
results are more evenly scattered, with 27% falling outside
of the envelope (14% overpredictions and 13% underpredic-
tions). For both studies, the peak unpaired measured and
predicted values differed by less than 13%.
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The predominance of overpredictions recorded for the
F]orin-Fréeport site were in part due to the use of the 2
"meter wind speed measurement. The Gaussian model assumes a
constantﬁvertical wind profile, an assumption which is at
odds with reality. Therefore, it is very important that
the wind speed used in the model approximate the average
wind speed over the depth of the surface layer for which
the predictions are being made. For highway applications
with relatively long, parallel wind transport distances,
wind speeds measured at a height of 10 meters are reason-
able. For intersection applications with localized
emission sources and nearby receptors, the bulk of the
dispersive pfocess takes place in the first several meters
of the surface layer. Wind speeds measured at approxi-
mately 5 meters are more appropriate for such applications.
Two meters was apparently too low. .

8.3.3 NO2 Option

" The verification analysis for the CALINE4 NO2 option was
performed using the EPA NO2/03 Sampler Siting Study

data base. Thirty time periods were chosen from the data
base to represent a variety of traffic and meteorological
conditions. Photolysis rate constants were determined
using a method which incorporated the effects of cloud
cover(46). Traffic estimates were obtained for Sepulveda
Boulevard so that contributions from this link could be
added to the San Diego Freeway results. Emission factors
for NO2 were determined using California's EMFAC6 model,
and assuming 21% cold-starts on the freeway and 45% on
Sepulveda Boulevard.
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The resulting individual and overall figures of merit for
the six downwind locations were as follows:

Fp = 8
F = 9
F3 =7
Fg = 7.
Fg = 6
Fg = 5
FOM = 7

This model performance is actually better than the results
shown in Table 4 for the relatively inert species, SFg

and CO. However, the improvement is due to the nature of
the site, not the use of the NOz option. Prevailing

winds at the San Diego Freeway site are perpendicular to
the highway alignment and steady in speed and direction.
0f the thirty time periods studied, the roadway-wind angle
was never less than 60 degrees, and the average wind speed
never dropped below 1.4 m/s. These are the types of
conditions under which the model performs at its best.

A scatterplot of the predicted and measured NO» concen-
trations is shown in F1gure 56. A total of 12% of the
points fall outside of the factor- of-two envelope (9% over-
predictions and 3% underpredictions). From the standpoint
of this minimum criterion, the CALINE4 NO2 option per-
forms adequately, at least for crosswind conditions.
Because of the time scale assumption used in the Discrete
Parcel Method, and the assumption of uniform mixing with
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upwind ambient 03, application of the NO2 option is not
recommended for near-parallel winds applications unless
measured results are available for verifying or calibrating
the .model.
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9., USER INSTRUCTIONS

9.1 General Comments

CALINE4 is written to conform to the American National
Standard Programming Language FORTRAN 77, as described in
‘the American National Standards Institute (ANSI)X3.9-1978
standard. The core requirement to compile and run the
program is approximately 167K. Data is input to the
program via a single file created by the user. - This file
contains both formatted and unformatted records. At
present, there is no interactive version of the program
available.

The input file is organized on two levels: The "JOB" level
and the "RUN" level. Each job is represented by a single
input file. The job may contain one or more runs, each
resulting in an array of concentrations predicted by the
model. Job-related variables are listed first in the input
file. These variables represent physical characteristics
of the site or pollutant that are not likely to change over
time. Examples include settling velocity; molecular weight
and link/receptor coordinates. Run-related variables are
transient in nature, and therefore are likely to change
over the course of multi-hour averaging times. Variables
related to meteorology or traffic fall into this category.

CALINE4 can process up to a maximum of 20 links and 20
receptors per job. These limits can be expanded by the
user through redimensioning of the approprite arrays in the
model and modification of the output. However, this will
also increase the core requirement. ~
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CALINE4 contains several useful program options. Link type
can be selected from among six specialized categories in-
cluding parking lot and intersection types. Mixing height
and canyon or bluff restrictions can be specified by the
user. Several types of pollutants can be dealt with by the
model. A worst-case wind angle search is available to the
user. These options are invoked by either coded entries or
non-zero variable specifications within the input file.

The model offers several possible output formats. In the
standard format, the output contains a full summary of all
pertinent input values, descriptive titles for the job,
run, links and receptors (supplied by the user), and pre-
dicted concentrations for each receptor/link combination.

A multi-run format is ‘also available. It contains a
summary of the pertinent input values, though in condensed
form. Concentrations for individual runs and contributions
by link are not identified in the multi-run format.
Instead, a concentration averaged over the multiple runs is
listed for each receptor. Variations in output format can
also depend on the program options invoked. Output for the
NO, option lists the additional variables needed to run
that option. Wind directions derived from the worst-case
search option are listed with the model results and noted
by the words "WORST CASE". Runs involving intersection
links detail the traffic parameters needed to run the
intersection link option.

9.2 Input
9.2.1 Coordinate System
CALINE4 uses a combination of the X-Y Cartesian coordinate

system and the standard compass system to establish
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receptor locations, link geometry and wind direction. The
standard, 360° compass is overlaid onto the X-Y coordinate
plane such that north corresponds to the +Y direction and
east corresponds to the +X direction. Wind angles (BRG)
are measured as the azimuth bearing of the direction from
which the wind is coming (i.e., BRG = 270° for a wind from
the west). Coordinates, link height, link width, mixing
width (canyon/bluff) and stopline distance may be assigned
in any consistent length units. The user must input a
scale factor (SCAL) to convert the chosen units to meters
(SCAL=1. if coordinates, etc. 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 north,
magnetic north or an assumed north. Once north has been
chosen, all angles and X-Y pairs must be consistently
assigned. Negative coordinates are permitted.

" The model assumes that air flow will adjust to gradual
changes in topography. Therefore, receptor and link
heights are referenced to the ground level in their immedi-
ate vicinity, not to a fixed elevation datum. The Z com-
ponent of the coordinate system differs from the X and Y
components in this respect. The horizontal X-Y components
form a fixed rectangular grid system. The I component is
not fixed. Instead, it follows the surface topography.
Consequently, two receptors at different absolute eleva-
tions can have the same Z coordinate if they are both at
equal heights above their respective ground levels.
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' 9,2.2 Input File Format

A complete summary of the input variables used by CALINE4
is given in Table 5. The table shows the organization of
the input file by record number, distinguishes between
formatted and unformatted records, and denotes conditional
inputs. Data type, units and a brief description of each
variable are also given.

Several features of the input file format deserve special
attention. The user may assign unique link and/or receptor
titles, or opt to let the program assign default titles.
The default option assigns letter titles to the links and
numeric titles to the receptors in sequential fashion
starting with "A" and "1", respectively. A zero entry for
the code variables LC or RC will invoke the default option.
If at least one title is needed, the default option cannot
be used.

Modeling situations often require the inputting of a series
of contiguous links. This can result in duplicative data
entries when consecutive link endpoint coordinates are
coincident. To eliminate this problem, a continuation code
was added to the CALINE4 input format. This code is set
equal to 1 when the first endpoint of the following link is
coincident with the second endpoint of the current link.
The program will then look for only one set of link
coordinates (XL2, YL2) when the next record is read.

The input file contains a series of codes to signify to the
program what changes in run-related variables have occurred
from the previous run. The variables are divided into four
categories for this purpose: traffic volume, emission

/
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TABLE 5

Summary of Input File Format Used

By CALINE4
Record Variable
Number Name Type Units Description
1 JOB Alphameric - Job title (40 characters or less)
2 PTYP Integer - Pollutant Type:
1=2C0
2 = NO2
3 = Inert Gas (such as SFg)
4 = Particulate
NAME Alphameric - Pollutant name (30 characters or
less)
3* 20 . Real cm Aerodynamic roughness
coefficient
MOWT Real. - Molecular weight
M) Real cm/s Settling velocity
VD Real cm/s Deposition velocity
NR Integer - Number of receptors
NL Integer - Number of links
SCAL Real m/? Scale Factor - converts roadway
geometry input variables to
meters
LC Integer - Link Title Option - equals O for
default titles
RC Integer - Receptor Title Option - equals 0
for default titles
ALT Real ? Altitude above sea level
(4) . RCP Alphameric - Receptor name (8 characters or
RC=0 Tess)
b* XR Real ? X receptor coordinate
YR Real ? Y receptor coordinate
ZR Real ? Z receptor coordinate
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Record Variable
Number Name Type Units Description
(6) LNK Alphameric - Link name (12 characters or less)
LC#0 |
7* TYP Integer - Link Type: .
1 = At-Grade
2 = Depressed
3 =Fill
4 = Bridge
5 = Parking Lot
6 = Intersection
(XL1,YL1) Real ? Coordinates of link endpoint 1
cC#1
XL2,yL2 Real ? Coordinates of link endpoint 2
HL Real ? Roadway height
WL Real ? Mixing zone width
MIXWR Real ? Mixing width (right)
MIXWL Real ? Mixing width (left)
cC Integer - Continuation Code - equals 1 if
' endpoint 1 of next link coincident
with endpoint 2 of current link
(8*) STPL Real ? Distance from link endpoint 1 to
TYP=6 stopline
DCLT Real s Deceleration time
ACCT Real s Acceleration time
SPD Real mph Cruise speed
9 RTYP Integer - Run Type:
1 = Standard
2 = Multi-run
3 = Worst-case wind angle
4 = Multi-run/worst-case
hybrid
9 = Multi-run (last run)
VPHCOD Integer - Traffic Volume Code - equals O
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Record Variable
Number ‘Name Type Units Description
EFLCOD Integer - Emission Factor Codé - equal 0
if emission factors for all links
unchanged from previous run
INTCOD Integer - Intersection Parameter Code -
equals 0 if intersection
parameters unchanged from
previous run
METCOD Integer - Meteorology Code - equal 0 if
meteorology unchanged from
previous run : '
RUN Alphameric - Run Title (12 characters or less)
(10*)  VPHL Real vph Hourly traffic volumes by link
VPHCOD#0 (approach for TYP=6)
(11*) EFL Real gm/v-mi Composite emission factors by
EFLCOD£O ~ ' link (@ 16 mph for TYP=6)
(12*) NCYC Intéger - Average number of vehicles
INTCOD#O handled per cycle per lane
NDLA Integer - Average number of vehicles
delayed per cycle per lane
VPHO Real vph Hourly depart traffic volume
EFI Real gm/v-min  Composite idle emission factor
IDT1 Real s Vehicle idle time‘at,stbpline
1072 Real s Vehicle idle time at end of
. queue (0 for non-platooned
arrival) T
13* BRG Real deg Wind direction bearing -
U ~Real m/s Wind speed
CLAS Intéger A=1 Atmospheric stability class
to g
G=7
MIXH Real m mixing height |
SIGTH Real . deg Wind direction staﬁdard deviation

153



Record Variable

Number _ Name Type Units Description
(AMB) Real ppm- Ambient concentration
PTYP#2
TEMP Real °C Temperature
(03) Real ppm Ambient 03 concentration
PTYP=2
(NOA) Real ppm Ambient NO concentration
PTYP=2
(NO2A) Real ppm Ambient NOp concentration
PTYP=2 |
(KR) Real 51 N0y photolysis rate constant
PTYP=2 :

* Denotes unformatted record.
least one space between data entries.

( )Denotes conditional input.

Include decimal point for reals and leave at

Record or variable required only if
condition listed below parentheses is satisfied.

7 Denotes units of length that will equal meters when multiplied by SCAL.
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factors, intersection parameters and meteorology. When
‘there are no changes for a particular category of vari-
ables, the appropriate code is assigned a value of zero by
the user. The program will then assume that the values
assigned in the previous run are still valid and will not
execute read statements for these variables.

The additional inputs required for the NO, option are
located with the meteorological variables on record 13,
The input file must contain entries for these variables
when PTYP=2. The user should also remember to omit an
entry for AMB when the NO option is used.

An example of a CALINE4 input file is shown in Figure 57.
The figqure shows what records need to be repeated and
distinguishes between formatted and unformatted records.
Unformatted records require at least one space between data
entries and decimal points for real variables. To add
additional runs to the file, the user repeats the format
starting at record 9.

9.2.3 Input Variables
Table 6 is intended to help thé user assign proper and

realistic values to the many input variables used by the
model.
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TABLE 6

Limits and References for Various CALINE4 Input variables

Suggested or

159

Mandatory
Variable Limits Comment s References
Surface "3<20<400cm 15% of average (47,48)
Roughness canopy height.
(20)
settling VS0 vS=2.98x10°0%,., (49)
Velocity
(VS) D ar=Aerodynamic
resistance
diameter (cm)
Deposition VD>0 (21,50,51)
Velocity
(vD)
Intersection ‘Traffic assumed to flow (52,53)
Traffic from link endpoint 1 t
Parameters link endpoint 2.
(various)
Wind U>0.5m/s - Measure at 5 to 10 m or (54)
Speed assume worst-case. For
(U) localized sources & nearby
receptors, wind speeds measured
at lower elevations (5 m)
desirable, For more diffuse
sources & distant receptors,
10 m height more appropriate.
Stability 1<CLASL7 Figure 11, Golder, Turner, or (15,42,54,55,56)
Class assume worst-case, -
(CLAS)
Directional 5°<SIGTH<60°  Measure at 4 to 10 m or assume (54,57,58,59)
Variability worst-case.
(SIGTH)
s - 0.185*U*k
X1 = .
' m;igag MIXH>5m MIXH ThITI0T (60)
(MIXH) (Note: MIXH>1000m
Deactivates this U = Wind speed (m/s)
algorithm) Z = Height U measured at (m)
70 = Surface roughness (m)
k = von Karman constant (0.35)
f = Coriolis parameter
= 1.45 x 10~4 cos 6 (radian/sec)
8 = 90° - site latitude




Variable

Temperature

(TEMP).

Photolysis -

Rate
(KR)

Wind
Direction
(BRG)

Mixing
lone
Width -
(W)

Link
Length
(LL) -

Source
Height
(H)

Receptor
Height
(2)

Mixing
Width
(MIXWR,
MIXWL)

TABLE 6 (con't.)

Suggested or

Mandatory
Limits Comments References
January mean minimum plus time (54)
period adjustment.
KR>0 (46,61)

0°<BRG<360° Wind azimuth bearing measured

relative to positive Y-axis.

WL>10 m Minimum of 1 lane plus 3 m
per side (Exception: Parking
Lot Link)

WLLSLLL10 km Link length needs to be greater
v than or equal to the mixing zone
width for proper element resolu-
tion and less than 10 km to stay
within the range of validity for
the vertical dispersion algorithm.

-10<HLL10 m Limits of verified model
performance.

ZR>0 For depressed sections Z>H
(where H is negative) is
permitted for receptors within
the section,

MIXWR>WL/2, An assigned value of zero is
is interpreted as no horizontal
MIXWLOWL/2 obstruction. Right (R) and left

(L) determination made facing link
‘endpoint 2.
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9.3 Input/Output Examples

The following five examples are intended to demonsfréte
many of the features available in CALINE4. For each

example, one or more job files are given. This information
is followed by the resulting output. A d1scuss1on of each
example follows.

9.3.1 Example 1: Single Link

Any application of CALINE4 must 1nvolve at least a s1ngle
link and a single receptor. A single link/receptor example
js shown in Figure 58. The user should note the assumed.
north orientation of the Y-axis, and how this relates to
the assigned wind direction (BRG).

Exhibit 1 consists of an input file for a standard_CALINE4
run using the Example 1 data. The resulting output is '
given as Exhibit 2. Assigned receptor and link titles are
used in this example (note that RC=1 and LC=1). Since
there are no intersection links, INTCOD is assigned a value-
of zero. A1l length units describing the example geometry '
are in meters, so that SCAL=1l. The assigned mixing helght’
of 1000 meters bypasses the mixing height computations,
thereby shortening execution time.

The output contains all pertinent input va]ues in a format
separating "site" and "1ink" variables. The cons1stent set
of units used by CALINE4 are noted. Input values given in.
feet or meters for the roadway-receptor geometry will be-

labeled accordingly in the output. Units used other than
feet or meters will appear in the output as meters. The

predicted concentration and receptor coordinates are listed-
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EXAMPLE 1: SINGLE LINK

NORTH

(0,5000)

Ca 5090m

Scale

SITE VARIABLES

Wind direction :

F S U=1m/s

- Receptor BRG = 270°

CLAS = 6 (F)

20 = 10 cm

X*® SIGTH = 15°
VvS,vD = 0 cm/s
AMB = 3.0 ppm

MIXH = 1000 m

TEMP = 10° ¢

LINK VARIABLES

VPHL = 7500
EFL = 30 g/mi
WL = 30m
HL = O m

(0, -3000)

RECEPTOR COORDINATES
JoX_ Y T
* 730 o0 1.8

NOTE: Coordinates of Link
Endpoints on Diagram (m)

FIGURE 58
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EXAMPLE ONE: AT-GRADE SECTION

1C0

10. 28. 0. 0. 111.110
RESTSTOP

30. 0. 1.3

?IG%NAY 22

11101STANDARD RUN

7500.
30.0

270. 1.0 6 1000. 15. 3. 10.

-5000. 0. 5000. 0. 30.
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EXHIBIT &

CALINEG: CALIFORNIA LINE SOURCE DISPERSION MODEL
) gggg 1929 VERSION

JOB: EXAMPLE ONE: AT-GRADE SECTION

RUN: STANDARD RUN
POLLUTANT: CO

I. SITE VARIABLES

U= 1.0 M/S Z0= 10. CM ALT= 0. (M)
BRG= 270.0 DEGREES vD= 0.0 CWS
CLAS= 6 (F) vVS= 0.0 CM/S
MIXH= 1000. M AMB= 3.0 PPM
SIGTH= 15. DEGREES TEMP= 10.0 DEGREE (C)

II. LINK VARIABLES

LINK % LINK COORDINATES (M) X EF H W
DESCRIPTION X X1 Y1 X2 Y2 % TYPE VPH (G/MI) (M) M
-—- *

o
- A, HIGHWAY 22 % 0 -5000 6 5000 ¥ AG 7500 30.0 6.0 30.0

III. RECEPTOR LOCATIONS AND MODEL RESULTS
x % PRED

* COORDINATES (M) % CONC
RECEPTOR X X Y 4 % (PPM)
* %
1. RESTSTOP X 30 0 1.8 x 7.5
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in a block at the end of the output. The concentration is
a sum of both the ambient and modeled components.

In Exhibits 3 and 4 the canyon option is activated by
assigning values of 50 and 100 meters, respectively, to
MIXWR and MIXWL. The right (R) and left (L) designations
are always defined facing link endpoint 2 (XLZ2, YL2). A
separate job file is needed because these are job-related
variables (i.e., variables entered before record 9). The
wind direction assigned by the user must be parallel to the
canyon link (0° or 180° in this example).. Otherwise, an
error statement will be generated by the model.

One clear-cut result of invoking the canyon option is a
significant increase in the receptor concentration!

9.3.2 Example 2: Rural Curved A]fgnment

Example 2 demonstrates the ability of CALINE4 to model a
curved alignment and multiple receptors (Figure 59). The
job file shown in Exhibit 5 contains information for two
runs: A worst-case wind angle search (RTYP=3) and a multi-
run (RTYP=2). Exhibits 6 and 7 are the respective outputs
for these two runs.

The default labeling option was used for this example
(i.e., LC,RC=0). This option is particularly convenient
when there are numerous links and receptors along one
route. Because the links are contiguous, coordinates for
only a single endpoint are needed for each link (except the
first). This is accomplished by assigning a value of one '
to the continuation code (CC).
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1C0 o ,
10. 28. 0. 0.111.0110
RESTSTOP

30. 0. 1.8

HIGHWAY 22

1 0. -5000. 0. 5000. 0. 30.
‘'11101CANYON RUN A
7500, '

50.0

0. 1.0 6 1000. 15. 3. 10.

EXAMPLE ONE: AT-GRADE SECTION

50. 100. 0O
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CALINEG:

JOB
RUN

P

AGE 1

EXHIBIT 6

CALIFORNIA LINE SOURCE DISPERSION MODEL
JUNE 1989 VERSION

+ EXAMPLE ONE: AT-GRADE SECTION

+ CANYON RUN

POLLUTANT: C

I. SITE VARIABLES

U= 1.0 M/S Z0= 10. CM / ALT= 0. (M)
BRG= 360.0 DEGREES vD= 0.0 CM/S , .
CLAS= 6 (F) vs= 0.0 CM/S :
MIXH= 1000. M AMB= 3.0 PPM
SIGTH= 15. DEGREES - TEMP= 10.0 DEGREE (C)
II. LINK VARIABLES
LINK % LINK COORDINATES (M) X EF H H
DESCRIPTION ; X1 Y1 X2 Y2 % TYPE VPH (G/MI) (M) M
3%
A. HIGHWAY 22 % 0 -5000 0 5000 x AG 7500 30.0. 0.0 30.0
%  MIXW
¥ L R
LINK % (M) (M)
%
A. ¥ 100, 50.

III. RECEPTOR LOCATIONS AND MODEL RESULTS

RECEPTOR

COORDINATES (M)
X Y Z

¥ PRED

1. RESTSTOP

3*
%
*
3%
%*

30

1.8

E 3
% (PPM)
3%
*
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EXAMPLE 2: RURAL CURVED ALIGNMENT

NOTE: Coordinates of Link
Endpoints on Diagram (m)

RECEPTOR COORDINATES

X Y z
1. ¥00 1700 1.8
2. 100 1500 1.8 (650,1850)
s Too 350 1l (475,1830) To (1650,1850)
(350,1760)
SITE VARIABLES T
U=1.0m/s (265,1640)
BRG = WORST
CLAS = 6 (F 2
20 = 5o(crz| (175,1510)
SIGTH = 17.50
VSAVD = 0 cm/s
MB = 3.0 ppm
TEMP = 150 ¢ _
LINK VARIABLES 3_Receptor No.
TYPE = 1 (AG)
VPHL =
EFL =
HL =
WL =
—
b 3
To (-707,-707) - 0 500m

Scale

FIGURE 59
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EXHIBIT 3

EXAMPLE TWO: RURAL CURVED ALIGNMENT

1co
50. 28. 0. 0 6101. 000
400. 1700.
100. 1500.
,200. 1300.
100. 350,
1 -707. -707. 0. O,
120. 175. 0. 28.
150. 350. 0. 28.
150. 1350. 0. 28.
175. 1510. 0. 28.
. 1640.
350. 1760.
475. 1830.
650. 1830.
1650. 1850. 28.
1101WORST CASE
8500. 8500. 8500. 3500. 8500.
8500. 8500. 8500. 8500.
30.0 30. 30.0 30.0
30.0 30 0 30.0 30,0 30,

\‘HHHH
@“ﬂ“

(-4

(-4

Pt ot oot Pt Pt ol ot

. 0.1

« v e
s e

QQQQ
N
[- ]
—X-X-X-X-X-J-X-J-1-J

Q0 b el et (et ot b ot b ot
'X)
(3
w
OO0 OON

(21-J
GUI

o
°°

0. 1. 6 1000. 17.5 .0 15.0
ZOOOIHOUR 1
50. 0.5 7 1000. 25.0 3.0 5.0
20001HOUR 2
45. 0.5 6 1000. 25.0 3.0 5.0
ZUOOIHOUR 3
45, .0 6 1000, 15.0 3.0 12.5
20001HDUR 4 '
36. 1.5 5 1000. 15.0 3.0 12.5
ZOOOIHOUR 5
30. 2.5 4 1000. 15.0 3.0 12.5
ZOOOIHOUR 6
2.5 4 1000. 30.0 3.0 20.0
20001HOUR 7
90. 2.5 4 1000. 30.0 3.0 20.0
90001HOUR 8
90. 2.5 4 1000. 10.0 3.0 20.0
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EXHIBIT 6

CALINEG:s CALIFORNIA LINE SOURCE DISPERSION MODEL
JUNE 1929 VERSION

_ PAGE |
JOB: EXAMPLE THO: RURAL CURVED ALIGNMENT
RUN: WORST CASE (WORST CASE ANGLE)

"POLLUTANT: CO

I. SITE VARIABLES

U= 1.0 /S Z0= 50. CM ALT= 0. (M)
BRG= WORST CASE VD= 0.0 CWS
CLAS= 6 (F) vs= 0.0 CWS
. MIXH= 1000. M AMB= 3.0 PPM
SIGTH= 18. DEGREES TEMP= 15.0 DEGREE (C)

II. LINK VARIABLES

LINK % LINK COORDINATES (M) X EF H W

DESCRIPTION % X1 Y1 X2 Y2 % TYPE VPH (G/MI) (M) M
A. LINK A ¥ -707 =707 0 0 x AG 8500 30.0 0.0 28.0
B. LINK B %* 0 0 120 175 . AG 8500 30. 0.0 28.0
C. LINK C x 120 175 150 350 x AG 8500 30.0 0.0 28.0
D. LINK D % 150 356 150 1350 x AG 8500 30.0 0.0 28.0
E. LINK E ¥ 150 1350 175 1510 x AG 8500 30.0 0.0 28.0
F. LINK F x 175 1510 265. 1640 ¥ AG 8500 30.0 0.0 28.0
G. LINK G % 265 1640 350 1760 X AG 3500 30.0 0.0 28.0
H. LINK H % 350 1760 6475 1830 x AG 8500 30.0 0.0 28.0
I LINK I x 675 1830 650 1330 ¥ AG 8500 30.0 0.0 28.0
J LINK J % 650 1830 1650 1850 x AG 8500 30.0 0.0 28.0

II1. RECEPTOR LOCATIONS

X COORDINATES (M)
RECEPTOR % X Y z

- *

1. RECPT 1 % 400 1700 1.8

2. RECPT 2 % 100 1500 1.8

3. RECPT 3 x 200 1300 1.8

4. RECPT & x 100 350 1.8
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CALINEG:

EXHIBIT 6 (CONT.)

JUNE 1989 VERSION
PAGE 2

JOB: EXAMPLE TWO: RURAL CURVED ALIGNMENT
RUN: HORST CASE (WORST CASE ANGLE)

POLLUTANT: CO

CALIFORNIA LINE SOURCE DISPERSION MODEL

IV. MODEL RESULTS C(HORST CASE WIND ANGLE )
x % PRED X  CONC/LINK
x BRG X CONC X : T (PPM)
RECEPTOR ¥ (DEG) X (PPM) X A B € D E G
------------- % -— * : :
1. RECPT 1% 250. % 6.1 0.0 0.0 0.0 0.0 0.0 1.1 2.0.0.
1: RECPT 2% 6l.x 8.2% 0.0 0.0 0.0 0.0 0.1 .3.2 0.4 O.
$- RECPT 3 x 196, % 8.1 % 0.6 0.1 0.1 643 0.0 0.0 0.0 0.
2 RECPT 64 x 18. % 8.1 % 0.0 0.0 0.0 4.6 0.0 0.1 0.1 0.
% CONC/LINK
x (PPM)
RECEPTOR % I J
‘d-—
1. RECPT 1 % 0.0 0.0
2. RECPT 2% 0.6 0.9
3. RECPT 3 % 0.0 0.0
4. RECPT & % 0.2 0.3
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EXHIBIT 7

CALINEG: CALIFORNIA LINE SOURCE DISPERSION MODEL
gggg 19§9 VERSION

JOB: EXAMPLE TWO: RURAL CURVED ALIGNMENT

RUN: (MULTI-RUN)
POLLUTANT: CO

I. SITE VARIABLES
vD= 0.0 CM/S Z0= 50. CM ALT= 0. (M)
vs= 0.0 CM/S

II. METEOROLOGICAL CONDITIONS

x U BRG CLASS AMB MIXH SIGTH TEMP

RUN' x (WS) (DEG) (PPM) (M) (DEG) (C)
----- %
1. HOUR 1 x 0.5 50. 7 (6) 3.0 1000. 25.00 5.0
2. HOUR 2 x 0.5 45. 6 (F) 3.0 1000. 25.00 5.0
3. HOUR 3 x 1.0 45. 6 (F) 3.0 1000. 15.00 12.5
4. HOUR § x 1.5 30. 5 (E) 3.0 1000. 15.00 12.5
5. HOUR 5 x 2.5 30. 4 (D) 3.0 1000. 15.00 12.5
6. HOUR 6 x 2.5 30. 4 (D) 3.0 1000. 30.00 20.0
7. HOUR 7 x 2.5 90. 4 (D) 3.0 1000. 38.00 20.0
8. HOUR 8 x 2.5 90. 4 (D) 3.0 1000. 10.00 20.0
III. LINK GEOMETRY

LINK x LINK COORDINATES (M) X H W
DESCRIPTION x X1 YL X2 Y2 ¥ TYPE (M) (M
3% 3%

A. LINK A x -707 -707 0 0% AG 0.0 28.0
B. LINK B x 0 0 120 175% AG 0.0 28.0
C. LINKC % 120 175 150 350 % AG 0.0 28.0
D. LINK D x 150 350 150 1350 X AG 0.0 28.0
E. LINK E x 150 1350 175 1510 x AG 0.0 28.0
F. LINK F x 175 1510 265 1640 x AG 0.0 28.0
G. LINK G x 265 1640 350 1760 ¥ AG 0.0 28.0
H. LINK H x 350 1760 475 1830 ¥ AG 0.0 23.0
I. LINK I x 475 1830 650 1330 x AG 0.0 23.0
J. LINK J % 650 1830 1650 1850 X AG 0.0 28.0
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- EXHIBIT 7 (CONT,)

CALINEG: CALIFORNIA LINE SOURCE DISPERSION MODEL
- JUNE 1989 VERSION
PAGE 6
JOB: EXAMPLE TWO: RURAL CURVED ALIGNMENT
RUN: (MULTI-RUN)
POLLUTANT: CO
IV. EMISSIONS AND VEHICLE VOLUMES
* LINK
RUN X A B c ) E F H 1 J
%
* .
1 VPH % 8500 8500 8500 8500 8500 ssoo 8500 8500 3500 8500
EF % 30. 30. 30. 30. 30. 30 30. 30. 30. .
x )
2 VPH % 8500 8500 8500 8500 3500 8500 8500 8500 3500 8500
EF  30. 30. 30. 30. 30. 30. 30. 30. 30. 30.
%* .
3 VPH % 8500 8500 8500 3500 8500 8500 8500 8500 3500 8500
EF % 30. 30. 30. 30. 30. 30. 30. 30. 30. 30.
%
6 VPH % 8500 8500 8500 8500 8500 8500 8500 3500 3500 3500
EF x 30. 30. 30. 30. 30. 30. 30. 30. -30. 30.
o ,
5 VPH X 38500 8500 8500 8500 8500 3500 8500 8500 8500 asno
EF % 30. 30. 30. 30. 30. . 30. 30. 30.
% .
6 VPH X 3500 8500 8500 3500 3500 3500 38500 8500 38500 8500
EF : 30. 30. 30. 30. 30. . 30. 30. 30. 30.
7 VPH % 8500 8500 8500 8500 3500 8500 3500 8500 8500 8500
EF : 30. . 30. 30. 30. 30. 30. 30. 30. 30.
8 VPH x 8500 8500 8500 8500 8500 8500 8500 8500 8500 8500
EF x 30. 30. 30. 30. 30. 30. 30. 30. 30. 30.
V. RECEPTOR LOCATIONS AND MULTI-RUN AVERAGE CONCENTRATIONS
% COORDINATES (M) %X AVG
RECEPTOR : X Y Z. % (PPM)
%
1. RECPT 1 x 400 1700 1.8 % 6.7
2. RECPT 2 % 100 1500 1.8 % 5.3
3. RECPT 3 x 200 1300 1.8 % 3.7
G. RECPT 6 x 1oo 350 1.8 % 6.5
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The results for the first run, summarized in Exhibit 6,
indicate that the worst-case wind angle has been selected
(BRG=WORST CASE). The actual worst-case wind angles are
" 1isted in the model results output block.

'The'mu]ti-run‘requires information for each time period
EoVefed. The example given here is for an 8-hour average.
Sinde 6ﬁly the meteorological variables are varying from
hour-to-hour, information for traffic volumes and emission
factors need not be repeated (i.e., VPHCOD=0 and EFLCOD=0).
For the last hour of the multi-run, RTYP=9. Without this
"flag" value, the model will exbect to see an additional
time period. An end-of-file error will result if no data
is available to be read.

The multi-run output is listed on two pages (Exﬁibit 7). A
table showing the meteorological conditions for each time
period is listed in output Block II. Block IV gives the
emiSSion factors and vehicle volumes by the time period

and link. The overall average concentrations for each
receptor are listed along with the receptor coordinates in
Block V.

The multi-run may be used with a variety of other options
including worst-case wind angle, intersection link and the
NO, option. B

9.3.3 Example 3: Urban Intersection
An éxample of a typical urban intersection is given in
Figure 60. For convenience, identical traffic parameters

were‘dsed for all four links. The model is actually cap-
able of handling a mix of traffic parameters. The input
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vh

(-4.500) @l@ (4.500)
T

Receptor No.\ s e Wind Dlrgcfnon
(-500,4) 3 l ( 500' 4)

i
(-s00-¢ > 9 St (500-4)
3
-
w . .
(NOT TO SCALE) i , RECEPTOR COORDINATES
: X Y y4
(-4,~-500) (4,—500) )
1. -15 15 1.8
2. -15 -15 5.0
3. -100 .15 1.8
LINK VARIABLES
VPHL EFL EFT  STPL HL- WL . ,
LNK (VPHI) VPHO (g/mi) (g@/min) (m) (m) (m) NCYC NDLA
3rd St. (WB) 2500 3000 45 7.5 480 O 14 25 15
3rd St. (EB) 1500 1250 45 7.5 490 O 14 15 10
Eim Ave. (NB) 1250 1250 35 5.0 490 O 14 12 8
Elm Ave. (SB) 1000 750 35 5.0 490 O 14 10 6
TRAFFIC PARAMETERS
(ALL LINKS) : : SITE VARIABLES .

SPD = 30 mph U =1mn/s ~ 720 = 100 cm
DCLT = 15 s BRG = 90° SIGTH = 250
ACCT =12 s CLAS = 6 (F) VS,VD = 0 cm/s
IDT1 = 45 s MIXH = 1000 m -~ _TEMP = 10° C
IDT2 = 0 s : : : AMB = 5.0 pom

FIGURE 60
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file and output for a standard run using the Example 3 data
are labeled as Exhibits 8 and 9, respectively. Link titles
are assigned for the example, but default titles are used
for the receptors. In addition to the normal link inputs,
intersection information (STPL, DCLT, ACCT and SPD) fis
listed for each intersection link as record 8 of the input
file format. Also, intersection variables related to the
run are specified for each link (record 12 format). The
program automatically looks for this information for each
intersection link because INTCOD=1.

The output (Exhibit 9) is identical to the previous stan-
“dard run examples, with the exception that the contribution
by Tink to the total predicted concentration is summarized
in output Block IV. The model will do this for the stan-
dard run when there is more than one link and the worst-
case wind angle option is not used. The additional link
information required for the intersection option is listed
in the output block II (link variables).

A second application of CALINE4 to Example 3 is given in
Exhibits 10 and 11. 1In this instance, one of the streets
(3rd Street) is designated as a street canyon by assigning
values for MIXWR and MIXWL. The user must remember that
the right (MIXWR) and the left (MIXWL) designations are
determined facing link endpoint 2, and the traffic on
intersection links is always assumed to proceed from link
endpoint 1 to endpoint 2.

The input file contains specifications for a 34 meter wide

canyon centered on 3rd Street. The wind angle is parallel
to the 3rd Street links. Elm Avenue is modeled as two
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EXAMPLE THREE: URBAN INTERSECTION
100. 28. 0. 0. 341.100
15. 1.8

-15.

-15. -15. 5.0
-100. 15. 1.8
3RD ST.- WB
3RD ST.- EB
ELM AVE.- NB
ELM AVE.~- SB

6 500. G. -500. 4. 0. 16. 0. 0. 0
490. 15. 12. 30.
6 -500. -4. 500. -4. 0. 14. 0. 0. 0

. 30.
G. -500. 4. 500. 0. 16. 0. 0. O
. 12. 30.
90 -4, 500, -4. -500. 0. 14. 0.0. 0
IIIIISTANDARD RU

2500, 1500. 1250,l 1000.
45. 5. 35. 35.

25 15 3000. 7.5 45. 0
15 10 1250. 7.5 45. 0
12 8 1250. 5.0 45. 0.
10 6 750. 5.0 45. 0
90. 1.0 6 1000. 25. 5.0 10.0
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EXHIBIT 9

CALINEG: CALIFORNIA LINE SOURCE DISPERSION MODEL
gxgg 1989 VERSION '

JOB: EXAMPLE THREE: URBAN INTERSECTION

RUN: STANDARD RUN
POLLUTANT: CO

I. SITE VARIABLES

U= 1.0 M/S Z0= 100. CM "ALT= 0. (M)
BRG= 90.0 DEGREES vD= 0.0 CMW/S
CLAS= 6 (F) vS= 0.0 CM/S
MIXH= 1000. M AMB= 5.0 PEH
SI16TH=  25. DEGREES TEMP= 10.0 DEGREE (C)

II. LINK VARIABLES

LINK ¥ LINK COORDINATES (M) ¥ EF H H
DESCRIPTION : X1 Yl X2 Y2 : TYPE VPH (G/MI) (M) M)
A. 3RD ST.- WB x 500 4 =500 4 ¥ IN 2500 45.0 0.0 14.0
B. 3RD ST.~ EB % -500 -4 500 -4 % IN 1500 45.0 0.0 14.0
C. ELM AVE.- NB x 4 <500 4 500 * IN 1250 35.0 0.0 14.0
D. ELM AVE.- SB ¥ -4 500 -4 =500 x IN 1000 35.0 0.0 14.0
* IXKH
E R STPL DCLT ACCT SPD EF1 IDT1 1IDT2
LINK : (M) (M) (M) (SEC) (SEC) (MPH) NCYC NDLA VPHO (G/MIN) (SEC) (SEC)
A. % 0. 0. 490 15. 12. 30. 25 15 3000 7.50 45. 0.
B. x 0. 0. 490 15. 12. 30. 15 10 1250 7.50 45. 0.
C. 0. 0. 490 15. 12. 30. 12 8 1250 5.00 45. 0.
D. x O 0. 4%0 15. 12. 30. 10 6 750 5.00 45. 0.

III. RECEPTOR LOCATIONS
COORDINATES (M)
X Y 4

RECEPTOR X

%*
1. RECPT 1 x =15 15 1.8
2. RECPT 2 x =15 -15 5.0
3. RECPT 3 x -100 15 1.8
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EXHIBIT @ (CONT.)

CALINEG: CALIFORNIA LINE SOURCE DISPERSION MODEL
gggg 19%9 VERSION

JOB: EXAMPLE THREE: URBAN INTERSECTION

RUN: STANDARD RUN
POLLUTANT: CO

IV. MODEL RESULTS (PRED. CONC. INCLUDES AMB.)

® PRED ¥ CONC/LINK
% CONC X (PPM)
RECEPTOR : (PPM) % A B C
%
1. RECPT 1 % 21.3 % 7.7 0.8 1.9 5.9
2. RECPT 2 * 13.4 % 3.7 1.4 2.8 0.5
3. RECPT 3 x 13.7 % 3.8 3. 0.9 1.0
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wone

EésMPLE THREE: URBAN INTERSECTION
100. 28. 0. 0. 341. 100
1.8

-15. 15. 1.
-15. -15. 5.0
-100. 15. 1.8
3RD ST.- WB
3RD ST.- EB
ELM AVE.- NB
ELM AVE.- SB

6 500. 6, -500. 4. 0. 14. 15. 19. ¢
490. 15. 12. 30.
6 -500. -4. 500. -4. 0. 14. 15. 19. 0
490. 15. 12. 30.
6 4. -500. 6, 500. 0. 14. 0. 0. O
490 15 12. 30.
-4, 500. -4, -500. 0. 14. 0. 0. O

490 15 12. 30.

11111ST. CANYON

2500. 1500. 1250. 1000.

45. 45. 35. 35,
25 15 3000. 7.5 4
15 10 1250. 7.5 4
12 8 1250. 5.0 45.
10 6 - 750. 5.0 45. 0.

90. 1.0 6 1000. 25. 5.0 10.0
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EXHIBIT 11

CALINEG: CALIFORNIA LINE SOURCE DISPERSION MODEL
ngg 1929 VERSION

JOB: EXAMPLE THREE: URBAN INTERSECTION
RUN: ST. CANYON
POLLUTANT: CO

‘1. SITE VARIABLES

U= 1.0 M/5 Z0= 100. CM ALT= 0. (M)
BRG= 90.0 DEGREES vD= 0.0 CMW/S
CLAS= 6 (F) vs= 0.0 CM/S
MIXH= 1000. M AMB= 5.0 PPM
SIGTH= 25. DEGREES TEMP= 10.0 DEGREE (C)

II. LINK VARIABLES

LINK ¥ LINK COORDINATES (M) X “EF H H
DESCRIPTION x X1 Yl X2 Y2 : TYPE VPH (G/MI) (M) (M)
¥*
A. 3RD ST.- WB X% 500 4 -500 6 x IN 2500 45.0 0.0 14.0
B. 3RD ST.- EB % -500 -4 500 -4 x IN 1500 45.0 0.0 1l4.0
C. ELM AVE.- NB 4 =500 G 500 x IN 1250 35.0 6.0 14.0
D. ELM AVE.- SB ¥ -4 500 -6 -500 x IN 1000 35.0 0.0 14.0
®  MIXH
¥ L R STPL DCLT ACCT SPD EF1 IDT1 1IDT2
LINK : (M) (M) (M) (SEC) (SEC) (MPH) NCYC NDLA VPHO (G/MIN) (SEC) (SEC)
A. % 19. 15. 490 15. 12. 30. 25 15 3000 7.50 45. 0.
B. x 19. 15. 490 15. 12. 30. 15 10 1250 7.50 45. 0
c. x 0. 0. 490 15. 12. 30. 12 8 1250 5.00 45. 0.
p. % 0. 0. 490 15. 12. 30. 10 6 750 5.00 45. 0.

III. RECEPTOR LOCATIONS

) * COORDINATES (M)
RECEPTOR X X Y ¥ 4

____________ %®—

1. RECPT 1 x -15 15 1.8
2. RECPT 2 ¥ -15 -15 5.0
3. RECPT 3 x -100 15 1.8
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EXHIBIT 11 (CONT.]

CALINE4: CALIFORNIA LINE SOURCE DISPERSION MODEL

JUNE 1989 VERSION
PAGE 2

JOB: EXAMPLE THREE: URBAN INTERSECTION
RUN: ST. CANYON

“POLLUTANT: CO

IV. MODEL RESULTS (PRED. CONC. INCLUDES AMB.)
% PRED CONC/LINK
¥ CONC x (PPM)
RECEPTOR x (PPM) ¥ A B C D
- 3 %
1. RECPT 1 % 26.3 ¥ 11.4 2.1 1. 5.9
2. RECPT 2 * 21.7 % 10.9 2.5 2.8 0.5
3. RECPT 3 % 22.2 x 8.3 6.9 0. 1
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links under crosswind conditions without mixing width re-
strictions. While EIm Avenue may also be a street canyon,
the model will only see that part of the avenue that is
contr1but1ng to the 3rd Street parallel wind condition.

" pecause of the crosswind orientation. This method, used
when app1y1ng CALINE4 to street canyons, is only app11cab1e
to low wind speed conditions and channeled flow. :

The output (Exhibit 11) illustrates the significantly high-
er concentrations that can be expected in a street canyon

configuration,
9.3.4 Example 4: Parking Lot

An example of a parking lot modeled as a series of short
CALINE4 1links is given in Figure 61. The link widths do
not include the usual six meter augmentation because the
vehicle wakes are not well developed in the parking lot.

The emission factor is unusually high because of the large
component of transient emissions (cold and hot-starts)
released in the lot. For this example, the egress time was
estimated at 120 seconds. This means that approximately
56% of the transient emissions will occur in the 1ot (Equa-
tion 6-16, f, = 120/505 seconds). The lot contains 350
parking stalls and is assumed to be filled to capacity at
the start of the one-hour time period being considered.

The lot is expected to empty completely during the hour,
with 40% of the starts assumed to be cold and 60% hot.
Given excess transient emissions of 150 gms/veh-start
(cold) and 15 gms/veh-start (hot), a composite excess
transient emission factor is computed as follows:
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EXAMPLE 4 PARKING LOT

A 0 50m
—— —— )
y SCALE
- | [ &
£ o’
® O ’ ® 0——=0
o—o
~ .'——_' 6
lo o I .,
~*—Receptor No.
.,
—
X
" LINK VARIABLES - ,
(ALL LINKS) SITE VARIABLES
TYP = 5 (PK) . ) U=0.5m/s
VPHL = 73 BRG = WORST
EFL = 530 (g/mi) CLAS = 5 (E)
HL = O m 20 = 50 cm
WL = 4 m SIGTH = 350
: 4 vS,vD = 0 cm/s
(se0 ovtput for Jne 2 3.8"pon
Link Coor§1nates) TEMP = 7.50 ¢

RECEPTOR COORDINATES

X Y 1
1. 20 10 1.5
2. 130 30 1.5
3. 210 100 1.5

FIGURE 6l
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(150 gms/veh)(0.4)+(15 gms/veh)(0.6)
69 gms/veh-start,

Etr

Equation 6-20 is then used to compute the link em1ss1on
factor. Runn1ng emissions at 5 mph of 35 gms/veh-mi are.
assumed. The average distance traveled at 5 mph over 120
seconds (minus 60 seconds for warm- up, back-up and exit
queue) is 134 meters (0.083 mile). The resulting emission
factor is.approximately 530 gms/veh-mi. Transient
emissions account for 87% of this figurel

The input file (Exhibit 12) is set-up for RTYP=3 (worst-
case wind angle search). Note that the parking lot link
type is specified (TYP=5). The continuation code is used
for several of the contiguous links. Also, 100 meters 1is
assigned for the mixing height. This will automatically
engage the mixing height algorithm. '

The output (Exhibit 13) js similar to previous worst- case
wind angle runs. Note that the traffic volume and em1551on’
factor are identical for all links. This is attributable:
to the method used to compute the emission factor. The
emission factor represents the lump sum emissions per
vehicle distributed over the average distance traveled by
vehicles leaving the parking lot. The traffic volume per
link is determined by multiplying the ratio of the average
distance traveled to the total link length (134m/640m in
this example) by the total number of vehicles leaving the
parking lot per hour (350 in this example). The resulting
volume of 73 vph is used on each of the links. When multi-
plied in the model by 530 gms/veh-mi, this traffic volume
will yield a uniform distribution of the emissions-over all
the links. | |
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féAMPLE FOUR: PARKING LOT
-50. 28..0..0. 3 10 1.0000
20. 10. 1.5

130. 30..1.5

210. 100. 1.5

5 20. 30. 20. 100. 0 4. 0. 0. 1
5 170. 100. 0. 4. 0.1

5 170. - 40. 0. & 0. 0. 0

5 40. 30. 60, 90. 0. 4. 0. 0. O

5 60. 30.-60. 90. 0. 4. 0. 0. 0

5 -80. 30, 80. 90. 0. 4. 0. 0. 0

5 100. 30.-100. 90. 0. 6. 0. 0. 0
5 110. 90. 150. 90. 0. 4. 0. 0. O
5 110. 78. 150. 70. 0. 4. 0. 0. O
5 110. 50. 150. 50. 0. 4. 0. 0. O
31101HORST BRG

73. 73. 73. 73. 73.

73. 73. 73. 73. 73.

530. 530. 530. 530. 530.

530. 530. 530. 530. 530. ,
0. 0.5 5 100. 35.0 3.0 7.5

186



POLLUTANT:

EXHIBIT 13

I. SITE VARIABLES

(WORST CASE ANGLE)

CALIFORNIA LINE SOURCE DISPERSION MODEL
gggg 1929 VERSION

EXAMPLE FOUR: PARKING LOT
ggRST BRG

III. RECEPTOR LOCATIONS

3 COORDINATES (M)

RECEPTOR X Y z
1. RECPT 20 10 1.5
2. RECPT 130 30 1.5
_ 3. RECPT 210 100 1.5

187

0.5 WS zZ0= 50. CM ALT=
BRG= WORST CASE vD= 0.0
CLAS= 5 (B) vs= 0.0
MIXH= 100. M AMB= 3.0 PPM
SIGTH= 35. DEGREES TEMP= 7.5 DEGREE (C)
II. LINK VAR}ABLES
LINK % LINK COORDINATES (M) X EF H W
DESCRIPTION Xx X1 Yl X2 Y2 % TYPE VPH (G/MI) M) (4.}
* * -
A. LINKA % 20 30 20 100 % 73 530.0 0.0 4.0
B. LINK B % 20 100 170 100 73 530.0 0.0 6.0
C. LINKC % 170 100 170 40 73 530.0 0.0 4.0
D. LINK D % 40 30 40 90 X 73 530.0 6.0 4.0
E. LINK E % 60 30 60 90 X 73 530.0 0.0 4.0
F. LINK F 3 80 30 80 90 73 530.0 0.0 4.0
6. LINK G ¥ 100 30 100 90 x 73 530.0 6.0 4.0
H. LINKH x 110 90 150 90 X 73 530.0 0.0 4.0
I. LINK X %x 110 70 150 70 73 530.0 0.0 4.0
J. LINKJ x 110 50 150 50 x 73 530.0 0.0 4.0




IV. MODEL RESULTS

CALINE#:

JOB:
RUN
POLLUTANT:

EXHIBIT 13 (CONT.)

JUNE 1989 VERSION

PAGE 2

EXAMPLE FOUR: PARKING LOT
ggRST BRG (WORST CASE ANGLE)

(WORST CASE WIND ANGLE )

‘CALIFORNIA LINE SOURCE DISPERSION MODEL

188

% * PRED X CONC/LINK
- % BRG_ X CONC X | (PPM)
 RECEPTOR % (DEG) * (PPM) x A B € D E F
% % -3
1. RECPT 1% 39. % 83% 0.6 0.8 0.1 1.4 1.0 0.6 0.4 0.2
2. RECPT..2 % 317. x 8.8% 0.2 0.9 0.0 0.2 0.4 0.3 1.5 0.1
3. RECPT 3.% 256. * 7.9 % 0.2 1.3 0.9 0.2 0.3 0.3 0.4 0.5
% CONC/LINK
x  (PPM)
RECEPTOR  X. J
. % -
1. RECPT 1 % 0.2 0.1
2. RECPT 2% 0.3 1.3
3. RECPT 3 % 0.5 0.3



9.3.5 Example 5: Urban Freeway

Example 5 consists of a depressed urban freeway with
multiple links and receptors (Figure 62). The on-ramp link
(1ink B) is assigned a significantly higher emission factor
than the other links. The'higher emission rate accounts
for the vehicle accelerations on link B. The method
described in Section 6.2 can be used to generate this type
of modal emission factor. For on-ramp applications with
accelerations from "at rest” condition to freeway speeds,
the ramp and merge segments should normally be modeled as
two links: Oné.representing the "at rest" modal emissions
model (Equation 6-2) and the other representing the
"moving" model (Equation 6-3). In the case of this .
example, the ramp has a negative grade. An adjustment to
the acceleration-speed.product can be made to account - for
the less strenuous downhill acceleration (Se;tion 6s2).

The value used in the example was not arrived at rigor-'
ously, however, but was simply chosen to point out the
difference between ramp emissions and emissions from other
types of links. )

The input file for Example 5 is given in Exhibit 14. A
worst-case wind angle run type js indicated. The depressed
cection link type (TYPE=2) is assigned for four of the six
links. The output is shown in Exhibit 15.

A second job file was created for Example 5 for prediction

of NO» concentrations (Exhibit 16). Note the changed |
values for PTYP and MOWT (2 and 46, respectively). Again,
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EKAMPLE 5 URBAN FREEWAY.
7‘ ellzsﬁinusgﬁggézzzzéggio"‘
Scale

Receptor No.

LINK VARIABLES

.X1 . Y] Xz Y2 TYP. VPHL EFL HL WL

(m) (m)  (m) (m) (g/mi) (m) (m)

LINK A 500 0 3000 0 2(DP) 9700 30 -8 23
“ g 500 0 1000 100  2(pp) 1200 150 -4 13
" ¢ -3000 0 500 0 2(op) 10900 30 -8 23

* D -3000 =75 3000 -75 2(oP) 9300 30 -8 23

* E =500 200 -500 . -300 1(AG) 4000 50 0 27

" F <100 200 -100 =200 1(AG) 50 0 27

5000

'SITE VARIABLES

U=1m/s
BRG = WORST
CLAS = 6 (F)
Z0 = 100 cm
SIGTH = 250
vS,vD = 0 cm/s
AMB = § 0
MIXH = 100&”:“
TEMP = 150 C

RECEPTOR COORDINATES
(See Qutput)

FIGURE 62
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EXGMPLE FIVE: URBAN FREEWAY (CO0)

100. 28. 0. 0. 126 1. 000
-350. 30. 1.8
0. 30. 1.8

750. 100. 1.8
850. 30. 1.8
-350. -100. 1.8
-550. -100. 1.8
-350. -100. 1.8

s0. -100. 1.8

450. -100. 1.8
800. -100. 1.8
=-550. 25. 1.8
-550. 25. 6.1
2  500. 0. 5000. 0. -8. 23. 0. 0.
2 500. 0. 1000, 100. -4. 13. 0. 0
2 -3000. 0. 500. 0. - . 0
2 -3000. -75. 3000. -75. -8. 23. 0. 0. O
1 -500. 200. -500. -300. 0. 27. 0. 0. O
1 -100. 200. -100. -200. 0. 27. O. 0. 0

31101WORST C

9700. 1200. 10900 9300. 4000. 5000
30. 150, 30. 30. 50. 50.

0. 1.0 6 1000. 25.0 5.0 15.0
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CALINES:

JOB:
RUN:
POLLUTANT:

EXHIBIT 13

CALIFORNIA LINE SOURCE DISPERSION MODEL
JUNE 1989 VERSION

PAGE 1
EXAMPLE FIVE: URBAN FREEWAY (CO)
ggRST co " (WORST CASE ANGLE)

SITE VARIABLES

1.0 M/S Z0= 100 CM ALT=
BRG- WORST CASE VD= .0 CM/S
CLAS= 6 Vs= 0.0 CM/S
MIXH 00 AMB= 5.0 PPM
SIGTH= 25. DEGREES . TEMP= 15.0 DEGREE (C)

LINK VARIABLES

LINK
DESCRIPTION x X1 Y1l

nmuOw>

N-OORMNORMDWN -

|l ol and

LINK

————%

mmoOw>»

%¥-3000 -75 3000 -75
% ~500 200 -500 -300

AG 4000 50.

¥ LINK COORDINATES (M) x
Y2 % TYPE VPH (G/MI)

-— *
x 500 0 3000 0 ¥ DP 9700 30.
* 500 0 1000 100 ¥ DP 1200 150.
%x-3000 0 500 0 x DP 10900 30.

*

*

*

¥ -100 200 -100 -200°

0
0
0
DP 9300 30.8
AG 5000 50.0

RECEPTOR LOCATIONS

RECEPTOR

COORDINATES (M)
X Y

LR ERERES R EEEE SN

z

=350 360 1.8
0 30 1.8
750 100 1.8
850 30 1.8
-850 -100 1.8
-550 -100 1.8
-350 -100 1.8
50 -100 1.8
450 -100 1.8
800 -100 1.8
=550 25 1.8
=550 25 6.1
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EXHIBIT 15 (CONT.)

CALINEG: CALIFORNIA LINE SOURCE DISPERSION MODEL

JUNE 1989 VERSION

PAGE 2
JOB: EXAMPLE FIVE: URBAN FREEWAY (CO0)
RUN: WORST CO (WORST CASE ANGLE)

POLLUTANT: CO

IV. MODEL RESULTS (WORST CASE WIND ANGLE )
* % PRED X CONC/LINK
% BRG X CONC_ X (PPM) = -
RECEPTOR X (DEG) X (PPM)X A B C D F
% %
1. RECPT 1 % 107. ¥ 15.1 % 0.6 0.2 6.3 1.8 0.0 1.3
2. RECPT 2 % 252. % 16.7 % 0.0 0.0 6.9 1.8 0.8 2.3
€' RECPT .5 x 247, x 10.5% 0.8 1.6 1.2 1.4 0.2 0.3
2 RECPT & x 262, % 15.2 % 4.1 1.7 2.2 1.5 0.3 0.4
5 RECPT 5 % 764. * 17.9 x 0.3 0.2 1.8 9.2 0.9 0.5
2 RECPT 6 X% 75. % 20.3% 0.4 0.2 1.7 9.2 2.9 1.0
2 RECPT 7 % 73. % 17.8 % 0.6 0.3 1.6 9.1 0.0 1.6
8 RECPT 8 x 287. % 18.7 x 0.0 0.0 2.1 9.1 0.7 1.8
9. RECPT 9 x 286. x 17.4% 0.0 0.0 2.1 9.2 0.3 0.3
10. RECPT 10 x 287. % 17.5% 0.7 0.6 1.6 9.2 0.2 0.4
11. RECPT 11 ¥ 106. x 21.3 % 0.7 0.1 9.9 1.8 2.9 0.3
12. RECPT 12 * 105. x 20.2 ¥ 0.8 0.2 9.5 1.8 2.2 0.8
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EXAMPLE FIVE: URBAN FREEWAY (NO2)

. 2N02
100. 46. 0. 0. 126 1. 000
~350. 30. 1.8
0. 30. 1.3
750. 100. 1.8
850. 30. 1.3
-850. -100. 1.8
-550. -100. 1.3
-350. -100. 1.3
50. -100. 1.3
450. -100. 1.8
800. -100. 1.8
-550. 25. 1.8
-550. 25. 6.1
2  500. 0. 3000. 0. -8. 235. 0. 0.0
2 500. 0. 1000. 100. -4. 13. 0. 0.0
2 -3000. 0. 500. 0. -8. 23. 0. 0. 0 :
2 -3000. -75. 3000. -75. -8. 23. 0. 0. O
1 -500. 200. -500. -300. 0. 27. 0. 0. O
1 -100. 200. -100. -200. 0. 27. 0. 0. 0
31101WORST NO2
9700. 1200. 10900 9300 4000. 5000
1.0 1.0 1.0°1.0 1.0 1.
0. 1.0 6 1000. 25 o 15 0 0.2 0.02 0.1 0.004
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the worst-case wind angle run type was called for. The
output is given in Exhibit 17. Little, if any, change
occurred in the worst-case wind angles. Since the winds
nearly parallel the primary links, caution should be used
in interpreting the results (section 8.3.3). Aside from
the addition of the NOx/03 ambient levels and the
photolysis rate, the output is similar to previous
examples.
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EXHIBIT 17

CALINEG: CALIFORNIA LINE SOURCE DISPERSION MODEL
JUNE 1989 VERSION

PAGE
JOB: EXAMPLE FIVE: URBAN FREEWAY (NO2)
RUN: WORST NO2 {WORST CASE ANGLE)

-POLLUTANT: NO2

I. SITE VARIABLES ,
U= 1.0 WS '20= 100, CM ALT= 0. (M)

BRG= HORST CASE vD= 0.0 CW/S
CLAS= 6 (F) vS= 0.0 CM/S
MIXH= 1000. M TEMP= 15.0 DEGREE (C)

SIGTH=  25. DEGREES

NOX VARIABLES
NO2= 0.10 PPM NO= 0.02 PPM 03= 0.20 PPM KR= 0.004 1/SEC

II. LINK VARIABLES

LINK % LINK COORDINATES (M) EF H W
DESCRIPTION % X1 Yl X2 Y2 ¥ TYPE VPH (G/MI) (M) M)
- - * %
A. LINK A ¥ 500 0 3000 0% DP 9700 1.00 -8.0 23.0
B. LINK B % 500 0 1000 100 * DP 1200 1.00 -4.0 13.0
C. LINK C %-3000 g 500 0 DP 10900 1.00 -8.0 23.0
D. LINK D %-3000 -75 3000 -75% DP 9300 1.00 -8.0 23.0
E. LINK E % -500 200 -500 -300 ¥ AG 4000 1.00 0.0 27.0
F. LINK F ¥ -100 200 -100 -200  AG 5000 1.00 0.0. 27.0

III. RECEPTOR LOCATIONS
% COORDIN#TES (M)

RECEPTOR * X z
- ——%
1. RECPT 1 % -350 30 1.8
2. RECPT 2 x 0 30 - 1.8
3. RECPT 3% - 750 100 1.8
4. RECPT 46 x 850 - 30 1.8
5. RECPT 5 x -850 -100 1.8
6. RECPT 6 x -550 -100 1.8
7. RECPT 7 x -350 ' -100 1.8
8. RECPT 8 x 50 -100 1.8
9. RECPT 9 x 450 =100 1.8
0. RECPT 10 % 800 -100 1.8
1. RECPT 11 X =550 25 1.8
2. RECPT 12 x -550 25 6.1
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(PPM)

CONC/LINK
c

(WORST CASE ANGLE)

CALIFORNIA LINE SOUﬁCE,DISPERSION MODEL
g ,

CALINEG:
JUNE 1989 VERSION
% PRED X
¥ BRG X CONC X

% (DEG) % (PPM) X

PAGE
JOB: EXAMPLE FIVE: URBAN FREEWAY (NO2)

RUN: WORST NO2

POLLUTANT:

NO2

MODEL RESULTS (WORST CASE WIND ANGLE )
%*

Iv.

1
Wt
(Y- F-X-¥-1-J_J-J-_J_J 4
Nt OONTOM~NOTM
000000000000
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APPENDIX A
DEVELOPMENT OF A CUMULATIVE EMISSIONS PROFILE

1. Method

_The intersection link option provides a method for distri-
buting modal emissions at and near an intersection in.a
physically realistic way. Cumulative emission profiles for
acceleration, deceleration, cruise and idle modes form the
basis for distributing the emissions. These profiles are
contructed for each intersection link, and represent the
cumulative emissions per cycle per lane for the dominant
movement. The positional distribution of vehicles entering
and leaving the traffic queue is fully accounted for by the
model. To obtain the average lineal emission rate over an
element, the total cumulative amount of emissions for the
four modes is computed for each end of the element. The -
difference between these amounts is divided by the element
length and multiplied by the cycles per unit time to yield
a composite modal emission "factor for the element.

II. Assumptions
A. Uniform vehicle arrival rate.
B. Constant acceleration and deceleration rates.
C. Equivalent acceleration rates for all departinag
vehicles on given link regardless of arrival

Tink.

D. Constant time rate of emissions over duration of
specific mode.



‘E. Deceleration time rate of emissions equals 1.5
times the idle rate. '

F. An "at rest" vehicle spacing of 7 meters.

G. A1l delayed vehicles come to a full stop.

I1IT. Input Variables

In addition to EFL (@ 16 mph), the following variables must
be .quantified for each intersection link:

1. VPHI

2. VPHO
3. NCYC
4. NDLA
5. STPL
6. ACCT
7. DCLT

Arrival volume in vehicles per hour.

~ Departure volume in vehicles per hour.

- Average number of vehicles entering the
intersection per cycle per lane for
dominant movement. .

- Average number of vehicles delayed per
cycle per lane for the dominant movement.

- Distance from XL1, YL1 to stopline.
- Acceleration time.

Deceleration time.

8. IDT1,IDT2 - Idle times at front (1) and end

(2) of queue.

9. SPD - Cruise speed.

10. EFI

Idle emission rate.



IV. Computed Variables

" The following variables are computed for each link from the

input values:

1. Acceleration Rate
-ACCR = SPD/ACCT

2. Deceleration Rate -
DCLR = SPD/DCLT

3. Acceleration Length
LACC = (ACCR*ACCTZ)/2

4, Dete]eratibn Length
LDCL = (DCLR*DCLTZ)/2

5. Acce]eration'- Speed Product
AS = ACCR*SPD/2 ‘

6. FTP-75 (BAG2) Time Rate Emission Factor
BAG2 = EFL*(16 mph)

7. Acceleration Emission Factor
X *
' EFA = BAG2+0.76%e0-04347AS

8. Cruise Emission Factor
EFC = BAGZ*(0.494+0.000227*SPDZ)

9. Deceleration Emission Factor
EFD = 1.5*EFI



~10. Queue Length
LQU = NDLA*VSP,
where VSP is the "at rest" vehicle spacing.

NOTE: A consistent set of units are assumed by the model.
‘These are given in the User Instuctions (Section 9).

V. Cumulative Emission Profile (CEP)

The CEP is developed by determining the time in mode for
" each vehicle during an average cycle/lane event as a func-
tion of distance from XL1, YL1 (called ZD), multiplying this

time by the modal emission time rate (é), and summing the

-,~Fesu1ts. The e]ementary equations of motion are used to

relate t1me to ZD. The ‘assumed "at rest" vehicle spacing is
used. to specify the positional dlstr1bution of the vehicles
in the queue. The total cunmulative emissions per cycle per
lane at ZD is’ denoted as ECUM(ZD), where the subscript
signifies the mode (1 = accel., 2 = decel., 3 = cruise,

4 = idle). The formulas used by CALINE4 to determine

ECUMy (ZD). are described in. detail on the following pages.
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Consider the following generalized model of a stationary queue
of vehicles:

- — STPL E—
— IDT3
IDT1 — -
N1 N2 N3 -fleTz

—N\r » 1 ' 'J‘\I —e

(x2.Y2) . ot—h—1a2——1as—| YD

LQu >

where the "IDT" variables are idletimes/cycle in seconds, the
"1Q" variables are queue lengths in meters, and the "N"
variable are numbers of vehicles.

CALINE4 assigns values to these generalized variables on the
basis of three possible conditions:

1. NDLA<SNCYC _
2. NDLA>NCYC, and NCYC>(NDLA - NCYC)
- 3, NDLA>NCYC, and NCYC<(NDLA - NCYC).
Values are assigned as follows:

c o NDITTI ON

Variable - 1 2 3

N1 0 NDLA - NCYC NCYC

N2 0 | 0 NDLA - 2%NCYC
N3 NDLA NCYC NCYC

1ol 0 N1*VSP N1*VSP
1Q2 , 0 0 N2*VSP
Q3 N3*VSD N3#VSP N3*VSP
1pT3l . IDT1 IDT1 + 2*N1 IDT1 + 2*N1

1 Assumes 2 second headway between vehicles crossing the
stopline. Start-up and clearance lost times are assumed to
be incorporated in the input value for IDT1.
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A. Acceleration Profile
1. Time/Disfance Relation
d =%at? -+ t= /7473
ECUM,(d) = ét = e/2d7a
2. CEP
" a. For 2D < STPL - LQ3:
ECUMI(ZD) =0
b. For ZD > STPL - LQ3 and ZD < STPL + LACC - vsP:

- m
ECUM, (ZD) = EFAVZJACCR ] (ZD'-(i-1)*VsP)*

1=n

+ EFA*(n-1)*ACCT ,

where
20" = D - (STPL-LQ3),
n = MAX INT[ZQ%é%A££+1]+1, 1J
and e
m = MIN INT[%%5]+1, N3 ]

" c. For ZD > STPL + LACC - VSP:
ECUM, (ZD) = EFA*N3*ACCT .

B. Deceleration Profile

1. Time/Distance Relation

) vg + vg - 2ad
d = vot + %at - t =
-a

ECUMz(d) = et = ¢




2. CEP
a. For ZD<STPL - (LQU + LDCL):
ECUM,(2D) = 0.

b. For ZD>STPL -.(LQU + LDCL)
' ' and

ZD<STPL - (LQ1 + LQ2) - VSP :

m 2 1 . ;5
i $PD-(SPD2-2DCLR*(ZD’ - (i-1)*VSP))
ECUM, (2D) = EFD*iZn Sl
+ EFD*(n-1)*DCLT,
where .
D' = 0 - [STPL-(LQU+LDCL)] ,

n = MAX[INT[Z—D\',—;%D—CL- + 1] +1, 1]
and ‘ ,

m = MIN [mr[%]u, N3 ]

c. For ZD>STPL - (LQ1 + LQ2) - VSP
ECUMZ(ZD)= EFD*N3*DCLT
C. Cruise Profile

1. Time/Distance Relation

= -4
d = vt > t = v
ECUM.(d) = et = 2 3
3 v
2. CEP
Let
71 = STPL - (LQU+LDCL)
72 = STPL + LACC.
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2. (continued)
" Then, '

N3

. EFC ' -
ECUM3(ZD) = 3pp izl [ YAl

-Dl{zn-(21+(i-1)*vép)]

+DZ[ZD-(22-i*VSP)] J

+§§% *ZD*(NCYC- N3),

where,
| D,=0 if ZD<Z1+(i-1)*VSP

(else Dl=1).

1
and
Dy=0 if ZD<Z2-i*VSP
(alse D2=1).
D. Idle Profile
1. Time/Distance Relation -

Idle time depends on position in queue. Linear interpolation used
to determine this (i.e., uniform arrival rate).

Then, )
| ECUM, (d)=et

2. CEP
a. For ZD<STPL-LQU:
ECUM,(ZD)=0.



b. For ZD>(STPL-LQU) and ZD<(STPL-LQ1-LQZ)
ECUM4(ZD) = EFI*ZQL*N3 * ((ZQL/2)*(1DT3-1DT2) + IDT2)

where ZQL = (ZD - (STPL-LQU))/LQ3
. c. For ZD>(STPL-LQ1-LG2) and ZD<(STPL-LQ1)
ECUM,(zD) = EFI * ((ZQL*N2*IDT3) + (N3*(IDT3+IDT2)/2))
where ZQL = (ZD - (STPL-LQ1-LQ2))/LQ2

d. For ZD>(STPL-LQl) and ZD<STPL

ECUM4(ZD) = EFI * (ZQL*NI * ((1-(ZQL/2))*(1DT3-IDT1)+IDT1)
+ N2*IDT3 + N3*(IDT3+IDT2)/2) :

where ZQL = (ZD-(STPL-LQ1))/LQ1
e. For ZD>STPL |

ECUM4(ZD) = EFI*(N1*(IDT1+IDT3)/2 + N2*1DT3
+ N3*(IDT3+1DT2)/2) :

. Element Emission Rates

Intersection link elements will always originate at the stopline (i.e.,
ZD1=STPL for first "upwind" element) and will be no ltonger than the mixing

zone width (i.e., ZD1-ZD2<W).

The element lineal source strength, Q1l, is determined as follows:

4 4
VPH(ECLD kz1Ecu"k(Z°1)LZIECUMk(ZDz)
Q= “xeve  +

|z01-202|

where, VPHI - ECLD<STPL
VPH(ECLD) = ,
VPHO ECLD>STPL
.
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APPENDIX B

Derijvation of The Discrete Parcel Method

Consider the following forward and reverse reactions for

producing NO2:

NO + 03 Xf NOp + 02 (B-1)
NO + 0 Kr NOp + hy, (8-2)

~where k¢ and ky are first-order reaction rates. Let x
be the amount of 03 reacted in time t. Given the initial

concentrations,
a = [03]4
b = [NOJj
c = [NO2]4,

the resulting concentrations after time t will be

[03]t = a-x
[NO]t = b-X
[NO21¢ = c+x.

The reaction rates for 03 can now be described as follows:
dx
(dt ¢

(dx
‘dt}r

kf(a-x)(b=-x)

kr( C+X) .

B-1



The net reaction rate is given by

dax | dX] - (ﬂ.x_]
dt dtje (dt),
= A+ Bx + Cx2, (8-3) .
where
= kgab-kyc,
=-(kgatkgb+k,), and
= k¢, '

Separatihg the variables in Equation B-3, integrating and
noting the boundary condition x=0 when t=0 leads to,

. =1, (x(B+p)+2A i
bt B, (8-4)
where
p = (8B2-4ac)l/2,

The {ntegration is made under the assumption that 32-4AQ30,.0r
[ke(atb)+kpl2-4ks(kfab-kpc)>0. (B-5)
Expanding and regrouping E£quation B-5 gives,
" ke2(a2-2ab+b2)+2kekp(atb+2c)+kp20.

Since a,b,c,kf,ke>0 by definition, the validity of the
assumption rests on

ke2(a2-2ab+b2)>0,

B-2



which can be rewritten as
kel (a-b)2>0. | (B-6)

Equatlon B-6 must be true since kg0, Therefore, the
assumption is appllcable under all physica]]y meaningful
conditions.

Solving Equation B-4 for x yields,

i 2A(etP-1)
B(1-etP)+p(1+e®P).

(B-7)

In the simple reaction sequence considered, each 03 mole-
cule which reacts produces a NO2 molecule. Therefore,
Equation B-7 is used without modification to compute
discrete parcel NO2 concentrations.

For large values of t, the equilibrium solution to Equation
B-3, .

2c

« = —{8+p) (8-8)

is used to avoid exponential overflow problems.
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APPENDIX C

Summary of Highway 99 Tracer Experiment

The following pages summarize the results of the Caltrans
Highway 99 Tracer Study. Site location codes corresponding
to those used in the data summary are given in Figqure 63.
The mean and standard deviation of the wind direction are
denoted as WDIR and SDWD, respectively. SFg emission
factors are given in milliliters per kilometer-second.

This represents the total release by all eight tracer
vehicles. Traffic counts were made for the on-ramps at
both ends of the 2.5 kilometer test link to provide an ‘
estimate of the number of vehicles in hot-stabilized opera-
tion. This appears in the summary as a percent of the
total flow in each direction.
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CALTRANS 1981/82 TRACER DISFERSION EXPERIMENT
DATA SUMMARY

RUN DATE?

PARAMETER
(UNITS)

[P

WSk
WsPDn2
WNIR

(M/8)
(M/S)
(DEG)
spun  (DEG)
TEMP (¢ C )
STAB CLASS

NBVOL (VFH)
SEVOL (VFH)
NBRSPD (MFH)
SBRSPDIN (MPH)

L.DA
% LDT
VEH TYF MDT
(NB/SB) HDG
HDD

MC
RAMP NB
(XT0T) SB

NR (ML /KM-5)
SB .

L.0C 1 (PFT)
2

3/4
S/6
7
8
9
10
i1

12

LOC 9 (PPM)
374 °*
576 °

% K ¢ R

3 % 3 Ik I I I K I I I K ¢ 36 36 I W I M I I I I W I W W I X W I} e W

12/23/781-WEDNESDAY

R E ] U
0630-0700 0700-0730
0.50 0.78
. 0.47 1.04

147 192
28.3 17.6
4.9 4,9
n E
KXKK KKK
778 848
54,9 57.6
60.5 5640
XKXK/65.3 KKKK/68.6
AKXK/21 .6 XKXKK/16.5
KKEXK/ 1.3 XKx%%/ 1,2
XKKX/ 4.1 XXXX/ 4.0
XKkKXK/ 7.7 XkXX/ 9.4
XKKX/ 0.0 XkXX/ 0.2
KKK XK KKk X
27 .8 22.9
3.52 3.36
J.32 3.59
216 54
355 42
458 61
599 917
382 412
122 454
2662 2477
3384 2664
2909 2304
2516 2633
2.8 2.8
0.9 1.5
1.2 2,4

c-3

L T S

0730-0800 0800-0830

e corn vrs Bt mate B Bemm Fpen RSN Gem BUS GBAS SV00 S Smed Sem bew

0.49 0.35
0.79 0.66
12% 195
22.6 19.9
5.0 5.3
G G
XXX Rkkk
926 ?12
58.8 59.0
57.5 58.9

XkAK/70.8 XKkXK/67 .1
AKKKK/17.3 XXKX/16.7
*kXK/ 1.3 XkXXK/ 0.7
KKKK/ T2 XKKX/ 7.2
XKXK/ S.4 XkXx/ 8.1
xx%kk/ 0.0 XXk%kX/ 0,2

xkkk Kk koK
41.3 22.8
3.59 3.64
3.71 3.72
44 42
56 20
332 36
454 752
392 3946
287 295
2521 2398
3181 2559
3132 2376
2683 2446
4,2 3.8
2.2 2.2
1.7 2.7
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CALTRANS 1981/82 TRACER DISPERSION EXFPERIMENT
DATA SUMMARY

RUN DATE:?

PARAMETER
(UNITS)

WSPI1 (M/S)
WSFD2 (M/S)
WDIR (DEG)
shwn  (DEG)
TEMFP (¢ C )
STAR CLASS

NBVOL (VPH)
SBVOL (VFPH)
NBSFD (MPH)
SHESFD (MPH)
S LDA

% LDT
VEH TYF MDT
(NE/SB) HDG
HDD

MC

RAMFP NB
(XTOT) SR

NE(ML/KM-8)
SH .

LOC 1 (PFT)
2 .

34 °

S/6 "

'7 »

8 L]

9 L]

10

11t

[ ]

12

LOC 9 (FFPM)
374 "
Ss6 "

I I} I

I I W I I K

* € % I I IE I I I I I I % I I I I I I IE I I A € K

1/8/782~-FRIDAY

R

E

8 u

L T

]

0630-0700 0700-0730 0730-0800 0800-0830

ot wate e O Goak s SHA et UGS Sees Mk Sers G Teie GRS e NP GE S 0SS 6D MRS BO6S Gmim Bee SPMD G Gw Smu Bose Brw Teve APve See

0.49

0.90

110

39.7

1.3
D

1756

610
58.8
60.5

69.6/63.,
24,5720,
0.8/ 2.
2.2/ 4.

0.30

0.74

68

%0.1

1.1
F

2206

742
S$7.5
61.4

0.74
1.19
327
16.9
1.5

F

2722
990

S56.2
58.3

0.5
0.8

1
34,

2.

F

203
105
S8.

59.2

8
6
7
4

)

2
0

9
-

3 75.1/72.8 76.8/71.5 75.5/71.4
3 18.6/14.0 17.9/16.0 16.7/15.8

0
3

2.7/710,2

0.2/ 0.

46.7
8.9

3.62
3.33

774
kXX
88
49
12

3
2464
3275
3414
2428

3.9
2.8
1.7

0

C-4

0.727 1.6
1.27 4.0
3.9/ 7.3
0.5/ 0.3
42.4
@.7

3.96
3.41

735
772
967
74
12

3
1980
2321
2486
2483

4.6
3.9

2.0

0.7/ 1.0
1.0/ 3.4
3.2/ 7.9
0.37 0.2
39.5
?.1

3.87
3.63

796
838
890
501
XKKK
31
3358
3444
3242
2917

7.6
6.3
5.3

1.2/
2.2/
4.2/
0.2/
42,

8.

3.7
3.9

85
?6
133
14
7

2
194
243
251
271

8.

7.
8.

2.5
2.9
7.8
0.0
7

4

7
1

0
1
4
3
7
4
4
1
8
2
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CALTRANS 1981/82 TRACER DISPERSION EXFERIMENT

DATA SUMMARY

RUN DATE: 1/13/82-WEDNESDAY
X R E s .u_ L T
PARAMETER X . - -
(UNITS) % 1600-1630 1630-1700 1700-1730 1730-1800
___________ * e e e 4 oo e e o e S50 o0 e S G S ey e e S e e O T S ey g e S o e whes
WSPD1 (M/S) X 2,32 1.84 - 2.28
WSFD2 (M/S) X 2,38 1.98 2,47
WDIR (DEG) X 211 205 198
SDWD  (DEG) X 11.2 11.1 9.4
TEMP C( C ) X b2 6.0 5.2
STAR CLASS X I I ¥
NBUOL (VPH) X 1396 1314 1238
SBUOL (VPH) X 1918 2398 2492
NBSPD (MPH) X 59.8 59,2 58.5
SBSPD (MPH) X 59,9 59,1 56.9
LDA X 77.8/75.5 76.3/77.4 83.5/80.9
% LDT % 12.3/17.7 11.4/18.3 8.6/15.2
VEH TYP MDT X 2.1/ 1.0 2.9/ 0.6 1.0/ 0.9
(NB/SB) HDG %X 1.6/ 1.0. 1.1/ 0.4 1.0/ 0.3
: HDD X 5.9/ 4.0 7.2/ 2.8 5.8/ 2.6
MC X 0.3/ 0.7 1.2/ 0.5 0.2/ 0.1
RAMP  NB X 42,0 41.4 38.1
(XTOT) SB X 11.3 8.9 11.2
NB(ML/KM-S) X 3.14 3,23 3,08
SB . X 3.24 3.07 3,45
LOC 1 (PFT) X 9 3 1
2 X 3 7 5
3/4 . X 8 S 2
5/6 X 497 634 501
7 0 % 292 359 343
8 * X 160 216 207
o * X 784 954 737
10 * X 1244 1588 1379
11 " X 801 940 715
12 * X 934 1339 1110
LOC 9 (PPM) X 1.5 2.3 1.9
/4 X 0.8 1.1 0.9
s/6 " X 1.3 1.8 1.7

C-5

3.14 .

3.41
170
8.5
4.6
E

1078
1890
59.0
57.1
85.2/81.0
6.1/14.4
2.2/ 1.1
0.4/ 0.6
6.1/ 2.5
0.0/ 0.4
41.9
11.0

3.45
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CALTRANS 1981/82 TRACER DISPERSION EXFERIMENT
DATA SUMMARY

L T

S

0700-0730 0730-0800 0800-0830 0830-0900

e S0 4en e Gwws S G G Sese  SOwh WS GMGV e S S0we b PAm ei6  EUS GEGS GANE G GAOP OGP S0ub P PASS USRS W SR Wb Suas Seie b dees e

C-6

RUN DATE: 1/29/82-FRIDAY
X K E S ]
PARAMETER X
(UNITS) X
cte e saes e cnen obun s00m o 2400 H04m sute X
WSPD1 (M/S) X 5.47 4,07
WSPD2 (M/S) X 5.02 4.44
WDIR (DEG) X 326 323
SDWD  (DEG) X 7.2 beS
TEMP ( C ) X 5.2 5.6
STAR CLASS % i n
NRUOL (VUFH) X 2328 2596
SBUOL (VPH) X 718 990
NBSFDI (MPH) X 55,6 54,7
SERSPD (MPH) % - 60.6 ' 59.1
LDA X 83.1/75.5 86.3/769.3
y4 LDT X 10.1/16.2 7.9/17.8
VEH TYP MOT X 0.8/ 1.7 0.2/ 2.4
< (NB/SB) HDG X 1.2/ 2.5 1.5/ 3.2
' HDD X 4.3/ 4.2 3.7/ 7.3
MC X 0.5/ 0.0 0.5/ 0.0
RAMF  NB X 47.0 39.3
(ZTOT) SR X 8.9 8.3
NE(ML/KM~S) X 3.91 3.97
SE . X 3.53 3.65
LOC 1 (PPT) X 109 146
2 v X 212 274
34 % 439 566
S/6 * X 3 3
7 " % 3 A
g * X b 4
9 * % 885 1153
10 * X 992 1182
11 X 9460 1443
12 * X 955 1283
LOC 9 (PFM) X 2.1 2.5
374 * X 1.3 1.8
5/6 . X 0.6 0.9

2.72

3.25

311

?.2

5.9
c

2104
1092
59.0
40.8
85.7/72.2
5.7714.95
1.27 1.3
1.77 5.9
5.5/ 6.0
0.1/ 0.2
40.9
8.1

3.65
3.56

47
127
334
273
118

30

1984
2234
2011
1816

3.2
1.6

1.9

2.66

4.16

297

?.6

6.0
c

1538
2468
59.4
59.9
82.2/68.4
7.8718.0
1.37 1.7
1.47 3.9
7.27 8.1
0.1/ 0.0
39.5
10.5

3.61
3.40

7

22

40
520
273
112

kkkx
2149
2014
1804

RKKK
1.0
1.6
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CALTRANS 1981/82 TRACER DISFERSION EXFERIMENT
DATA SUMMARY '

* RUN DATE?

FARAMETER
(UNITS)

[ dandl

WSFI1
WsPD2
WDIR
SDWD
TEMP

(M/S)
(M/S)
(DEG?

(DEG)
¢ C)H

STAR CLASS.

NBVOL (VPH)
SBVOL (VFH)
NBSPD (MPH)
SBSPD (MPH)

LDA
F4 LDT
VEH TYP MDT
(NB/SB) HDG
HDD
MC
RAMP NE
(ZT0T) SB
NEB(ML/KM-S)
SB *
Loc 1 (PPT)
2 "
374 °*
s/6 °*
7 »
8 .
9 .
10 .
11 *
12 .
LOC 9 (FFM)
374 "
S5/6 °

% M € I

36 ¢ I I} K

* % ¥

26 I I I I I W W I ¢ ¥ ************

2/02/82-TUESDAY

N

E

S

u

L T

S

0630-0700 0700-0730 0730-0800 0800-0830

e coum somt Suse i S G G Gews S S S WS S Sk G e Sen e e 4ot Sute teon mim Same s e 4SS OGS M SO Me P S S O

0.85 1.52 1.25 1.37
1.19 1.80 1.60 1.70
82 83 ?3 101
51.7 10.0 14.0 14.1
"4,3 3.7 4.8 5.8
G G D D
1766 2180 2518 2056
668 | 932 1248 1224
57.3 5%.0 56.8 59.9
58.8 60.7 60.4 59.8
80.6/66.5 85.0/74.0 85.,9/75.5 85.3/73.2
12.5/19.8 8.8/16.3 7.5/13.9 8.1/15.7
0.2/ 1.2 0.4/ 0.9 0.5/ 1.3 0.3/ 2.5
0.8/ 5.1 0.9/ 3.4 1.9/ 2.7 1.8/ 2.5
S.1/ 7.2 4.0/ S.4 3.9/ 6.3 4,3/ 6.0
0.8/ 0.3 0.8/ 0.0 0,3/ 0.3 0.3/ 0.2
47.0 45.9 41.1 40.1
kXXX XRKX kX XKXXK
3.70 3.29 3.98 3.76
3.52 3.45 3.63 3.72
1096 - 723 592 442
1522 880 667 429
1915 1015 1036 439
7469 118 122 177
L2 3 2 3 XKKK 36 68
757 99 35 30
2930 KKK XKXX xKkX
3294 1822 2648 2837
2877 2130 2688 2658
2952 2183 2481 2412
3.4 kKX KEXKX XKXKX
2.5 3.2 2.8 2.4
1.3 1.9 2.1 2.0

c-7
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CALTRANS 1981/82 TRACER DISPERSION EXFERIMENT

DATA SUMMARY

RUN DATES: 2/03/82-WEDNESDAY
X R E S u
FARAMETER X
(UNITS? X
.............. *
WSPD1 (M/S) X 1.74 1.77
WSPD2 (M/S) X 1.97 2.03
WDIR (DEG) X 152 1355
SpWD  (DEG) X 13.9 10.3
TEMF ( C ) X 13.1 12.9
STAB CLASS X c D
NEBUOL (VFH) X 1550 1292
SRVOL (VFH) X 2078 2528
NBSPD (MPH) X 61.3 60.5
SBSFD (MPH) X S99.7 S7.6
LDA % 78.7/76.9 78.9/78.2
4 LDT % 11.,7/716.6 11.8/16.2
VEH TYP MDT ¥ 2.1/ 1.3 2.8/ 0.7
(NB/SB) HIG x 0.8/ 0.8 1.9/ 0.3
HDD X S.87 4.0 4.3/ 3.6
MC X 0.9/ 0.4 0.3/ 0.9
RAMP NE X 38.3 41.0
(ZTOT) SB X 11.9 10.6
NB(ML/KM-S) X 3.60 2.94
sSB . X 3.68 3.45
LOC 1 (PPT) X 7 2
2 * X 1 3
374 X% 3 4
576 0 * t 3 564 589
7 . X 213 300
8 . X 5% 185
9 . X 1400 67
10 " * 1840 1762
11 . X 1497 1300
12 * X 14465 1325
LOC 9 (FFM) X 1.8 2.0
3/4 * X 0.8 1.0
S/76 0 ° % 1.3 1.6

L T

8

1600-1630 1630-1700 1700-1730 1730-1800

0.98 0.98
1.19 1.27
141 126
7.9 17.5
12.4 12.0
D 6
1232 1124
2720 2040
61.4 59.8
S58.0 59.0
84.4/79.8 84.3/81.7
b6.7/17.1 7.8/13.6
1.3/ 0.3 1.1/ 0.4
2.4/ 0.5 1.8/ 0.6
4.5/ 1.5 4.8/ 3.3
0.6/ 0.8 0.2/ 0.4
43.3 41 .8
‘10. 6 12.7
2.98 3.53
2.91 3.64
2 0
1 23
2 123
740 352
402 287
204 149
1591 3047
2053 2961
1756 2454
1623 2310
2.6 3.2
1.2 i.8
2.0 1.9



CALTRANS 1981/82 TRACER DISFERSION EXFERIMENT
DATA SUMMARY

2/78/782-MONDAY

O~=MNMTND>DA

T

oZOon

RUN DATE$
X R E s u L T S
PARAMETER ¥
(UNITS)> X% 1700-1730 1730-1800 1800-1830 1830-1900
___________ * v e oo 100 e oo sren e rese e con o e -3 e 4 o e S o S do gt O e ko (2 0 e S
WSPD1 (M/S) % 2,24 2,07 2,22 1.67
WSPD2 (M/S) ¥ 2.44 2.42 2.58 1.92
WDIR (DEG) ¥ 224 230 226 222
SDWD (DEG) ¥ 9.6 6.9 8.5 9.5
TEMP ¢ C ) X 12.2 10.7 P9 9.3
STAR CLASS X G G G G
NBVOL (VFH) X 1190 1106 1084 884
SEVOL (VUPH) X 2694 1994 1448 1152
NBSPD (MFH) X 58.9 58,3 56.9 56.8
SBSPD (MFH) X 57.1 60,0 58.6 56,7
LDA X 82.7/80.0 79.4/79.0 82.5/78.3 84.2/78.0
% LDT % 6.6/16.3 B.3/16.0 9.0/16.3 7.0/20.0
VEH TYP MDT % 1.0/ 0.5 1.3/ 1.4 0.9/ 0.3 0.9/ 0.8
(NE/SB) HDG X 1.5/ 0.4 1.8/ 0.8 1.3/ 0.8 0.7/ 0.6
HDD % 7.9/ 2.3 8.1/ 2.1 5.9/ 4.0 7.2/ 0.6
MC % 0.3/ 0.4 1.1/ 0.6 0.4/ 0.3 0.0/ 0.0
RAMP  NB X 42,9 42,3 46.7 42,8
(XTOT) SB X 11,2 11.1 13,7 13,0
NB(ML/KM-S) X 3.55 3.60 3.57 3.61
SB . X 3.78 3.62 3.42 3.69
LOC 1 (FPT) % 4 3 1 0
2 X 1 2 0 1
374 X 2 1 3 A
S/6 X 706 707 798 913
7 " X 461 470 518 678
8 * X 355 322 367 511
9 X 1000 919 1117 1349
10 * X 2083 1794 1879 2592
1" X 878 883 835 898
12 " X 1279 1471 1339 1688
LOC 9 (PFM) X 1.6 1.7 1.4 1.4
/4 " X 0.5 0.7 0.7 0.8
5/6 * X 1.2 1.3 1.3 1.3

c-9
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CALTRANS 1981/82 TRACER DISPERSION EXFERIMENT

DATA SUMMARY

u

L

1.64
2.09
124
7.8
3.2

c

2740

1310
58.0
60.3

T

78.1/769.2 XXXK/RKXX
17.0/17.0 XXkX/XKXX

0.3/ 1.6 XXXX/XXXKX
0.5/ 2.7 XXXX/XXXX
3.5/ 8.8 XXXK/XKXX
0.6/ 0.5 XXkR/XXXKX

RUN DATE: 2/11/82-THURSDAY
X R E S
PARAMETER X
(UNITS) X
——————————— X
WSPD1 (M/S) X 1,52 1.59
WSPD2 (M/S) X 1,96 1.88
WDIR (DEG) X 114 116
SDWD (DEG) X 6.9 5.5
TEMP ( C ) X 2,2 2.7
STAB CLASS X G D
NBVOL (VPH) X 1840 2520
SBUOL (VPH) X 788 960
NBSPD (MPH) X 58.0 58.8
SBSPD (MPH) X 60.1 59.9
LDA X 70.5/%%XXX
% - LDT X 24.3/%XXX
VEH TYP MDT X O.7/%XXXX
(NB/SB) HDG X 1.4/XX%X
HDD %  3.2/%XXX
MC X 0.0/%XXX
RAMP  NB X 46,2 42,5
(XTOT) SB X 7.1 7.1
NB(ML/KM-S) X 3.72 3.36
SB . X 3.51 3.55
LOC 1 (PPT) X 822 726
2 ' x 916 856
/4 * X% 1218 1020
S/6 X 9 7
7 ° X 48 39
8 ° X 10 é
® X 1923 1779
10 *  x 2098 2107
11 * X 1923 AXXX
12 * % 2418 2088
LOC 9 (PPM) X 2.7 3.6
/4 X 2.3 2.5
/6 * X 0.8 1.3

c-10

38.6
7.8

3.87
3.53

455
866
1090
18
32
10
1894
2248
xKXX
1913

3.5
3.0
1.5

s

0630-0700 0700-0730 0730-0800 0800-0830

——— e - - n o - et GM00 e e S et G M WM S MWL M 08 Mo G e - W s e S S S5 S S

1.59
1.96
127
12.6
4.7
c

2240
1338
58.5
59.7
xXkxXk/71.2
x%x%x%/14.0
Xxxx/ 3.1
xXxx/ 2.3
xXx%x/ 9.3
xxxx/ 0.0
48.1
7.0

3.53
3.41

459
615
850
16
37

8
1882
2048
kKK

2329

3.5

2.2

1.2
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CALTRANS 1981/82 TRACER DISFERSION EXFERIMENT
DATA SUMMARY

" RUN DATE:

PARAMETER

(UNITS)

WSPD1 (M/S)
WSPD2 (M/S)
WDIR (DEG)

SpWD  (DEG)
TEMP ( C )

STAB CLASS

NBVUOL (VFH)
SBUOL (VPH)
NBSPD (MPH)
SBSPD (MFH)
LDA
LDT
VEH TYF MDT
(NB/SB) HDG
HDD
MC

“

RAMF
(Z70T)

NEB(ML/KM-8)

SB .

LOC 1 (FFT)

2
374
S/6

7

8

K4
10
11

12

LOC 2 (PPM)

3/4
S5/76

3% % I

W} I IE I IE I I I I W K W % 3¢ I I I I I I I I I K ¢ I I ¢ I A

2/18/82-THURSDAY

R E

S u

L T

S

0630-0700 0700-0730 0730-0800 0800~0830

avme e Sme oo S4RS aes Gbve teve Geie  Gews Gomd Piee S0 S Goen 60O Gbwm Gww SN SOAS Shes e 42V dhe T S o ooee 4aat neem seve M0t G0 aive Sean oo

1.42

1.78

348

29.4

8.0
G

1880
706
56.3
60.0
XXkXkX/64.7
AkX%X/20.6
XkXk/ 2.2
kkxk/ 4.4
XkX%/ 7.4
XXx%x/ 0.7
43.9
7.1

3.66
3.40

433
620
987
17
22

26

c-1

1.49
1.90
345
13.3
7.9
n

2400
P12
57.7
60.2
73 2/7%X%k%X
21.8/%%kXX
1.2/7%%K%
0. 2/XKKXX
2. 2/7%%%X
0. 7/7%%XXX

42.2

b s

7.7

3.37
3.30

183
365
702
47
18
24
1216
1478
1564
1413

(2T IR N ]
* L d >
=N Ol

0.87

1.18

345

20.4

8.6
c

2740
1282
S6.1
60.2

0.92
1.04
345
20.9
?.2

c

2160
1222
58.1
59.0

XKKK/73.3 7343/7KKXX
XXk¥k/18.1 20.2/%KKXK

Xxkxkx/ 1.1
Xkxkx/ 1.9
Xkx%k/ S.6
XxXx%x/ 0.0
38.0
7.3

4.03
.37

184
351
450
39
16
28
1629
14652
1727
1776

1.0/%%X%
1.4/7%%k%
4,0/%KXX
0., 0/%%kXkX
40.3
6.4

3.38
3.67

115
243
512
34
15
24
1439
1357
1660

1655

3.
1.6
1.

.
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CALTRANS 1981/82 TRACER DISPERSION EXPERIMENT
DATA SUMMARY :

RUN DATE: 2/24/82-WEDNESDAY

X R E 5 u L T S
FARAMETER X :

{UNITS) X 0600-0630 0630-0700 0700-0730 0730-0800
PRV TR * vax eemn mome atue come =t choe wve sme  s4es Gved are Sevs Sete e Sive G Som W Gee emee S6M Bies M Seee Gmid e A Seev Ses seme memw ese Sone niee s 40
WSFD1 (M/S) X% 0.72 0.80 1.65 2.15
WSPD2 (M/S) X 1.07 0.98 1.87 2.51
WDIR (DEG) X 127 121 120 132
SpWD  (DEG) X 146.8 18.8 7.3 ?.1
TEMP (¢ C ) X 2.2 2.0 2.9 3.7

. STAR CLASS X G n C c
NBRVOL (VPH) X 1160 1840 2460 2980
SRVOL (VPH) X 502 848 ?70 1374
NBSFD (MPH) X 60.0 8.6 57.8 58.1
SBSPD (MFH) X 59.6 S59.7 60.0 9.8

LDA X XXXX/55.5 63.5/%KKXX 69.9/%KkkX XkXX/69.8

% LOT X XXXX/26.7 30.1/7%%k%k%k 22,5/%X%XXX XX%X%X/19.8
VEH TYF MDT % Xkk%k/ 1.4 O.7/7%kkXkX 0.6/7%kkkk XXkXX/ 0.3
(NB/SE) HDG % XXXX/ 4.8 0.4/7%kkk%k 1.5/%XKkXX XX¥kX/ 4.7

HDD %X XXX%X/11.0 4.7/7%kXX  4,5/%kkX Xk%k%k/ 5.0

MC X XXXX/ 0.7 O.7/7%%X%xX O0.9/%%kkk XXx%x/ 0.3
RAMF NE X 45.3 44.3 42.5 392.5
(XT0T) &SRB X 11.2 8.7 6.0 8.9
NB(ML/KM-S) X 3.60 3.61 3.20 3.66
SR . X 3.78 3.63 3.33 3.64
LOC 1 (PPT) X 774 754 S64 311
2 . X 928 876 772 483
374 " X 1300 973 1003 744
S5/6 ° X 44 34 47 44
7 . X 33 21 20 20
8 . X 9 3 1 6
? " X 2561 1990 1463 1544
10 . X 2624 2343 1927 1926
11 " X 27635 2340 1721 1652
12 . X 3262 2464 2073 1913
LoC 9 (FFM) X 2.4 3.3 3.8 3.3
3’74 * * 1.7 1.9 2.6 2,2
S/6 ° * 1.1 1.3 1.7 1.1

c-12
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CALTRANS 1981/82 TRACER DISPERSION EXFPERIMENT
DATA SUMMARY

RUN DATE: 2/25/82-THURSDAY

* R E s U L. T 5]
PARAMETER X
(UNITS) X 0600-0630 0530-0700 0700~ 0730 0730-0800
___________ * e amun sons e sure Sore Saon goen bovemdma oa0u atos Swme Sevw ew Se0s SRs TS lewe oeR et mue: [TES 4008 Stus e R L L
WSPDL (M/S) X 1.16 1.32 1.14 0.62
WSPD2 (M/S) X 1.64 1.78 1.42 0.97
WDIR (DEG) X 104 105 101 az
spwDp  (DEG) X ?7 745 8.8 29.2
TEMF ¢ C ) X% S.4 S.6 5.8 6.6
STAB CLASS X F F D c
NBVOL (VPH) X 1100 19200 2440 2880
SRUOL (VPH) X S00 706 886 1352
NBSPD (MPH) X 59.0 59.2 58.8 "57.1
SRSPD (MPH) X 59.4 60.3 61.9 61.2
LDA X 66.7/7%K%k% XKkX/65.0 71.9/7%KKX XXkX%/71.0
4 LDT %X 23,0/7%%k%X Xkkk/23.6 21.9/%KXX Xx%k%x/17.8
VEH TYP MDT X O0.0/%k%kkX Xkxk/ 1.4 0.6/7%kkX XXX%/ 0.0
(NR/SB) HDG X 4.9/7%kxkx kkkx/ 2.9 0.9/7%kk%x XkXk/ 4.1
HDD % 4.9/7%XKk%k Xkkk/ 7.1  4.0/7%kkX KXKXK/ 6.7
MC X O.5/7%XXX kkkk/ 0.0 C.8/%kkX xxk%x/ 0.4
RAMP NB X 46.9 47.1 43 .4 40.8
(XTOT) SB X 8.0 B.2 ?.3 2.0
NB(ML/KM~8) X 3.41 J.61 3.42 3.99
SR . X 3.61 3.55 3.31 3.48
LOC 1 (PPT) X - 709 786 802 616
2 * X 1066 1052 882 696
374 * * 1312 1242 1048 970
5/6 ° X 11 7 - 33 40
7 . % 13 10 16 21
8 . X 24 13 24 26
9 b X 2352 1822 1798 2095
10 . X 2395 2175 1893 2165
11 . X 2152 1962 1926 1962
12 " % 2407 1992 1738 1718
LOC 9 (FPPM) X 2.1 2.9 3.8 o2
374 * * 1.4 2.1 2.5 2.8
s/6 ° X 0.9 0.8 1.5 1.9

c-13
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CALTRANS 1981/82 TRACER DISFERSION EXFERIMENT
DATA SUMMARY

RUN DATE?:

PARAMETER
(UNITS)

WSPD1
WSPD2
WDIR

(M/S)
(M/S)
(DEG)
SDWD (DEG)
TEMP (C( C )
STAB CLASS

NBVOL (VFH)
SBUOL (VFH)
NBSPD (MPH)
SBSPD (MPH)
LDA
y 4 LDT
VEH TYP MDT
(NB/SB) HDG
HDD
MC
NB
SB

RAMP
(ZTO0T)

NB(ML/KM-S)
SB *

LOC 1 (PPT)
2 ]
374
576
7
8
9
10
11
12

LOC ? (PPM)
3/4 °*
S/6 °

I I I I I I I I I I W I I I N 3% I I W I

I ¥ I ¢

3/4/82-THURSDAY

R E

S u

L T

S

0600-0430 0630-0700 0700-0730 0730-0800

e coms St Gumt voe W e S E-s et Saie e s GAbe eae e S0 Sum  Oris Sees $E SMSS eis SR LD B e WAL S Mat Saas e sose oo um M

1.00

1,32

46

12.1

5.1
G

1140
o12
996
60.7
XXX%/59.0
xXk%x%/23.,0
xXkx%x/ 1.0
xXk%xX/ 5.0
x%xx%/11.0
xxx%x/ 1.0
S5.8
9.4

3.50
3.47

720
806
1099

1.16

1.50

1)

16.6

S.4
D

1880
826
60.3
60.7
66.2/%%X%XX
25.5/7%%X%XX
0.0/%%X%X
1.5/7%%%%
6.3/7%XXXX
0.4/7%XXX
48.7
?.0

3.54
3.43

455
4609
924
4

S

12
1423
14682
1795
1704

2.9

2.2

1.3

C-14

1.29
1.61
21
?.5
7.3
c

2580
1008
98.5
S58.8

1.38

1.64

°7

13.8

7.2
c

2780
1286
S56.8
60.7

XXXX/71.0 74.4/7%X%k%X
XX%X%/15.4 18.8/%XXXX

xxxx/ 0.0
xXXxX/ 4.1
XXXx/ 9.1
Xx%xx/ 0.4
43.6
10.1

3.32
3.56

414
609
916
7

7

10
1264
1612
1795
1584

3.1
2.5
1.5

0. 2/7%%XXKX
2.6/7%%%X
3.2/7%X%kX
0.8/%XX%XX
37.3
?.2

3.81
3.39

192
352
643
S

6

11
1721
1729
1944
1616

3.4
2.4
1.3
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CALTRANS 1981/82 TRACER NISFERSION EXFERIMENT

DATA SUMMARY

RUN DATE: 3/23/82-TUESDAY
3 R E 8 U L T
PARAMETER X
(UNITS) X 0600-0630 0630-0700 0700-0730 0730-0800
___________ * o e So0e e e choe o0 e e e i S S S o b oS00 4 G e e 4% e et arem teee 2w s et G200 Semn mann aome
WSPD1 (M/S) X 0.10 0.11 26
WSFD2 (M/S) ¥ 0.359 0.27 0.46
WDIR (DEG) X 110 196 248
spWD  (DEG) X 34,0 77.4 54,9
TEMP ( C ) X 6.0 6.9 8.0
STAR CLASS X c C R
NBUOL (VPH) X 1280 18460 2500
SBVOL (UPH) X 542 818 1006
NESPD (MFPH) X 59.9 58.5 59.0
SBSFD (MPH) X = 61.3 61.4 61.4
 LDA X 65.5/%XXX XXkk/64.5 72, 3/7%KXK
% LDT X 23.5/%Xkkk XKkX/18.7 22.0/%kKX
VEH TYP MDT % 0.4/7%Kkkk Xkx%/ 0.0 0. 0/%%KXX
(NB/SB) HDG X 1.7/%%%X% XxXXX/ 6.0 0.5/%kkX
HDD ¥ 7.1/7%KkX XKKX/10.2  4.6/%kKX
MC X 1.7/7KKXX XXkk/ 0.6  O0.5/%KKKX
RAMFP NB X 44,1 446.1 42,3
(%ZTOT) SR X xxkk AKXKX KX KK
NB(ML/KM-S) X 3.45 3.47 3.06
SR . X 3.55 3.09 3.24
LOC 1 (PFT) X 748 5463 247
2 . X 764 586 327
374 * X 800 633 379
5/6 °* 3 541 1093 1149
7 . X 212 878 1181
8 . X 12 661 1180
9 . X 3938 3037 2534
10 . X A714 3522 2725
11 . X 4134 3823 3065
12 . X 4109 3220 2700
LOC 9 (FPM) X 2.4 3.7 4.1
374 ° 3 1.0 1.9 2.1
5/6 " b 3 1.0 2.0 2.6

' C-15

S

61.3
XKKkX/68.9
XKKK/22.9
*xXx%/ 0.0
XkkX/ 1.7
xkkk/ 6.1
xxkkk/ 0.3

38.7

RKKX

3.74
3.46

&70
760
992
474
411
308
2451
2478
2459
2581
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CALTRANS

RUN DATE!?

PARAMETER
(UNITS)

o v B02s S0t Smr Guen Gate Moes Sons maw Gese-

WSFD1
WSFD2
WOIR

(M/8)
(M/8)
(DEG)"
spuwn  (DEG)
TEMF C C )
STAER CLASS

NRVOL.
SEVOL.
NRSPI
SBSFI

(VFH)
(VPH)
(MFH)
(MFPH)
L.DA
% LDT
VEH TYP MDT
(NB/SR) HDG
HDL
MC
NE
SB

RAMF
(Z7T0T)

NRB (ML /KM-9)
SH .

LOC 1 (FFPT)
2 -
374 *
S/6 *

'7 L]

8 L]

9 [ ]

10 .

11 .

12 .

LOC 9 (FPM)
3/74 *
74- 2

1981782 TRACER DISPERSION EXPERIMENT
DATA SUMMARY

¥ IH I ¢

R E IR XX REEEREEEENEEEEEELERZEZSRZSE LRI S S B

3/24/82-WEDNESDAY

R E

S

u

L T

S

0600-0630 0630-0700 0700-0730 0730-0800

o ot St o ou Govs e wmes GBS SO PA4S SN Geeu ae Gias B WO G Bt Sokt Seev Sese S G060 Beee Sei-  G4ES bame MM in e e shes Tt ek

0.13 0.58
o.21 1.06
?7 135
43.2 20.5
6.9 73
c C
1280 1980
652 846
59.8 58.9
S58.7 61.2
61 .7/7%XkkXk XXXk/63.8
25.9/7%%k%kk XXkk%X/20.7
1.2/7%%%% Xkxx/ 0.0
2,5/7%k%X XXkX%X/ 4.3
7+8/7KKXKX XXXXK/ 9.6
0.8/7%kkX XXXX/ 1.6
42.8 45.8
806 703
3.46 3.64
3.48 3.14
1341 1269
1728 1380
1715 1442
281 595
177 S8
578 146
2957 3139
3634 4027
4262 4063
3385 4059
2.7 4.3
1.5 2.1
1.3 1.9

1.73

2.00

217

23.2

8.0
R

2580
1058
57.7
59.6

1.52

1.71

246

13.3

8.4
E

2920
1352
S58.6
60.6

XRKK/RKXKXK 74.5/71.5
Xxkk/%Xkxk 18.2/22.3

RXRXK/ XKKK
RKKX/KRkX
KKK/ KKKX
AKEXXK/KKXKXK
43.9
11.3

3.43
3.46

227
343
340
1371
S65
609
1631
1990
2589
3000

2.8
1.9
2.0

0.0/ 0.0
2.4/ 1.5
4,0/ 4.6
1.0/ 0.0
36.8
7.8

3.77
3.54

377
187
113
798
582
150



