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CALINEG:

JOB:
RUN:

EXHIEIT 11

CALIFORNIA LINE SOURCE DISPERSION MODEL
gggg 19%9 VERSION

EXAMPLE THREE: URBAN INTERSECTION
ST. CANYON

POLLUTANT: CO

I. SITE VARIABLES

- 181

U= 1.0 M/S z0= 100. CM ALT= 0. (M
BRG= 90.0 DEGREES vD= 0.0 CM/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
LIN % LINK COORDINATES (M) X “EF H b
DESCRIPTION X X! YL X2 Y2 ¥ TYPE VPH (G/MID (M) (M)
—————— —— 3 i s - ———— et P e e ——
A. 3RD ST.- WB % 3500 4 -500 ¢ x IN 2500 45.0 0.0 14.0
B, 3RD ST.- EB % -500 -4 500 ~4¢ x IN 1500 645.¢ 0.0 14.0
C. ELM AVE.- NB X 4 =500 ¢ 500 ¥ IN 1250 35.0 0.0 14.0
D. ELM AVE.- SB ¥ ~-¢ 500 -4 =500 ¥ IN 1000 35.0 0.0 14.0
x  MIXH _ . e
¥ L R STPL DCLT_ ACCT  SPD EFI  IDT1 1IDT2
LINK % (M) (M) (M) (SEC) (SEC) (MPH) NCYC NDLA VPHO (G/MIN) (SEC) (SEC)
————— xX—- —— — e e - — ot s ] -
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 7.56  45. 0.
c. % 0. 0. 490 15. 12. 30. 12 8 1250 5.00 45.  OC.
D. * 0. 0. 6490 15. 12.  30. 10 &6 750 5.00 45. 0.
III. RECEPTOR LOCATIONS
%  COORDINATES (M)
RECEPTOR X  .X Y z
———————————— oy —— ——— — -
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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1. INTRODUCTION

CALINE4 is the last in a series of line source air quality
models developed 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 po11u—'
tant concentrations for receptors located 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 (NOo) and
suspended particle concentrations. It also has special
options for modeling air quality near intersections, street
canyons and parking facilities. '

Historically, the CALINE series of models 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 still be con-
sidered an extremely easy model to 1mp1ement.' 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



amd‘tré%fﬁc.ﬁ

bitity than earlier versions at little cost to the user in

The new model also possesses greater flexi-

terms of input'comp1exity.

This report is “meant to help the potential user of CALINE4
understand and apply the model. The user should become
thoroughly familiar with the workings of the model and,
particu]ar]y,'{ts 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 tﬁe sensitivity analysis portion of this
report. A mode verifigation 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 meteoro]ogical input
parameters for CALINE4 will be issued soon.




2. BACKGROUND

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

In 1975, the original model was replaced by a second
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 CALINEZ2 proved supérior.

Sometime after the dissemination of CALINEZ, 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 CALINEZ overpredicted for parallel winds by an average
of 66% for all stabilities(7).

Overpredictions by CALINE2 for the stable, paraliel 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.



';hddﬁfggﬁéi"1hadbquacié$ in the CALINEZ model also needed
rectﬁfitation; The inabﬁiity'to specify line source length
and" surface roughness severly limited the number of situa-
tions: in whitch the model: could be properly applied. Also,
toipredﬁtf‘impéttSifrom-mu]tip}e sources, a series of runs
with varying receptor distances were required. Such an
'unwie1dy'procedure was time consuming and could lead to

" erroneous. results.

A.fedeﬁa11y-fuﬁﬂed'résearch project entitled, "Distribution
of Air PoT]Utaﬁts-withinzthe Freeway Corridor", was initi-
ated bny&]traﬁs in- 1978 to correct these deficiencies. As
part of this pﬁnject, an” interim report was issued in 1979
7 1mp1eménting‘a?comp]eteiw new version of the model,
CALINE3(8). The new model retained the basic Gaussian dis-
ﬁersion-methdddTogy, but” used new vertical and horizontal
dﬁépersion cur@es.modﬁfied for the effects of surface
roughness, aveﬁagihg time and vehicle-induced turbuilence.
It al'so replacedithe virtual point source formulation used
'ih”CKLINEZ‘wifﬁ ah equivalent finite line source formula-
tion, and'added multiple link capabilities to the model

" format..

K second interim report issued in 1980 gave a detailed
account of theﬁbackgro&nd and development of CALINEB(g).
it a1so'¢ontﬁiﬁedJa*fhohough literature review on appli-
~cations df‘tﬁéfGéuSsianfmethod to line source modeling.
“Most of this Background material is still relevant to the
CALINE4: model..

This document fepresentstfhe*fﬁnaﬂ’renort‘fbr'the research
prdjéct'fnitié%edfin"1@78} It contains background and user
d&cumehtatioanbf'the CALINE4 model, as well as a descrip-
tion of the two field sthdieé 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 reguest
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 Tittle 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 Vine source mode]iﬁg)
~and the mixing zone model. The real differences between
the two models are in the areas of improved input/output
flexibility and expanded capabilities. 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 poftion of this report demonstrate improved
- - performance by the new model. It is concluded that the
technical refinements contained in CALINE4 better describe
the dispersion process near roadways. In addition, the
greater flexibility and extended capabilities of the new
model make it adaptahble 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. IMPLEMENTATION

1. The CALINE4 program described in this report is opera-
tional ahd 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
personnel. In addition, this report will be distributed
statewide to the Districts. |

3. A report containing recommended worst-case meteorolog-
ical scenarios is in preparation. 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, g4, is
formed as a square with sides equal to the highway width.
Its location is determined by the roadway-wind angle, PHI.
For PHIzﬁS“, the center of the first element is Tocated
directly upwind of the receptor. For PHI<K45%, the location
of ¢ remains constant and equal to its postion at

PHI=45°. This positional adjustment for g helps achieve
smooth model response for receptors very near the 1link.

The positions and lengths of subsequent elements are
determined by the following formula:

EL = W*BASENE, - (5-1)
where EL = Element Length

W = Highway Width

NE = Element Number

_ BASE = Flement Growth Factor
and
3
PHI
—_— 5-2
2.5x10° ( )

I}
=

BASE
with PHI in degrees.

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



WIND
DIRECTION
PHI:

ELEMENTS

W = LINK WIOTH

=
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

ELEMENT SERIES USED BY CALINE 4
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As e1ement-réso1ut10n becomes Jess important at greater
distances from the receptor, elements become large in
accordance with Edquation 5-1. The element growth factor,
described by Egquation 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 consistent with the vertical disper-
sion curves used in CALINE4. These have been calibrated
for an initial distance equal to the Tink 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:a1igned 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 aiong the FLS representing the
'e1ement; The emissions are then assumed to disperse in a
Gaussian manner dpwnwind from the element, The length and
orientation of the FLS are functions of the element size
and roadway-wind angle (Figure 3).

In order to distribute emissions in an equitable 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-
putéd 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



| winD
DIRECTION

4

CENTERLINE

RECEPTOR FETCH
PLUME CENTERLINE
OFFSET

m
-
"o

ELEMENT SERIES REPRESENTED BY
SERIES OF EQUIVALENT FINITE LINE SOURCES

FIGURE 2

11



NEAR PARALLEL WIND

a

A

NEAR CROSSWIND

"N

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

FIGURE 3
12 | | L



A WIND |
~ DIRECTION

' CALINE 4 SUB-ELEMENTS

FIGURE 4
13

NE



~ WIND
DIRECTION

EQUIVALENT
FINITE LINE
SOURCE (FLS)

——— W 2 ———-

ELL = EQUIVALENT LINE LENGTH
CSL = CENTRAL SUB-ELEMENT LENGTH

CALINE 4 FINITE LINE SOURCE
ELEMENT REPRESENTATION

FIGURE 5
14



'_Downw1nd concentrat1ons from the e1ement are modeled using
the crossw1nd FLS Gauss1an formulation., Consider the
receptor concentrat1an attr1butab1e to an infinitesimal FLS
segment, dy, shown in Figure 6:

where ~dC = Incremental Concentration
' g = Lineal Source Strength
4 = Wind Speed
H .= Source He1ght
Gy, O. = Hor1zun¢a1 and Vertical Dispersion
Parameters.

Since o, is constant with respect to y, let

(5-4)

(5-5)

15
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and gz are functions of X, not y.

Note that oy
and dp=dy/oy gives

Substituting p=y/f;3y

¥2/0y |
' Aq © gy —p2
2 e—————— g -6
C 2'”110}0'2 enp (""—",2 ) 09 dp - (5 )
. Y|/0'y

from the integral

gacksubstituting for A and: removing oy
leaves : '
Y2/ 0y
q -{z-H1° [~ze® (| -p2
C=g=m\expl— -1 + ox exp ( —— -
T 2magh p[_:za',"_’} p\:"ﬁ? (3 )de. {5-7)
Y1/%
This can be rewritten as
.___ 8 —(z=H)? ~(z+H)
¢ o e*p[wz%] + exp[:-&:-g] -PD, (5-8)
where
¥2/0y
1 - -p2y, _ Normal Probability
PO o \. e"‘p( 2 ) dp Density Function (5-9)
Y/ 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 o, 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 Oy
as pictured in Figure 7. The model computes FLS contribu-
tions for a maximum of six segments within 13Uy 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 1ink
is computed as follows:

: n CNT _ ol & :
ced i (-—(z-mz*u*uz) + (-lZ+H+2*h*Ll ) £ (WT, % QE, % PO} (5-10)
Vawy *lz“ %5621 :-z-:cm' [“p exsez; TP\ 2wsez? iz' PRER T

where n = Total number of elements

CNT = Number of multiple reflections
required for convergence

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

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

WTs: = Source strength weighting factor
for jth FLS segment

o)
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SGY;
2
1 -

PD; = —— \ exp d

i vorr ( 2 ) P
N
SGYi

Yjs Yj*l = Offset distances for jth FLS segment
SGY; = oy as f{x) for ith element.

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

use of a fifth order polynomial(l0). Equation 5-10 is
computed in the program as three separate factors: FACI,
FAC2 and FAC5. FACl accounts for dilution and vertical
dispersion by including the effects of wind speed and o,.
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
€. It ends when the element Timits _.go beyond the upwind
Tength (UWL), or when the element contributions fall out-
side the horizontal dispersion limit of 3°y' In the
former case, the length of the last element is modified to
conform with the link endpoint. The program then proceeds
in the downwind direction starting with an initial square
element immediately downwind of €4, 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 aufomatica]ly concludes the downwind loop com-
putations. If a receptor is located within an element or
downwind from part of an element, only the upwind portion
of the element is :used to determine the source strength.
A1l distances along the Tink, 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. FEvidence 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 polilutant
Iresidence 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 CALINE4,
it is assumed that the Tonger 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)

TR =
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(l&). Thermal effects are more persistent, however,
and are dealt with through the use of a heat flux
adjustment described in Section 5.3.

The equafion used by CALINE4 to relate SGZI to TR 1is

SGZI = 1.5+(TR/10). (6-12)
(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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“'SG7I is treated by CALINE® as completely independent of
surface roughnesﬁ'and atmospheric stability class. Its use
provides a way df linking the FLS element approximation to
the actual two-dimensional nature of the emissions

release. ‘ '

- 5.3 Vertical DTﬁpersion‘Parameter, Oz

CALINE4 uses a modified version of the Pasquill-Smith (P-S)
vertical dispersion curves(1l3) to describe the Gaussian
vertica] dispersion parameter, o,, downwind from road-
ways. The modified version evolved from an earlier proto-
type(1l4), to include the thermal effects of vehicular
emissions. The curves abé 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‘ki1§méters (DREF) was chosen as the distance at
which the type &? release (i.e., active versus passive)
would have little effect on the vertical extent of the
plume. It is aiso the maximum distance recommended by
Pdsqui11 for poﬁér curve approximations to the vertical
dispersion curves, and it goes well beyond the distances
'ndrma11y_neededﬁfor 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

&

“ 42/SIN(PHI) PHI>45°
WMIX = {NZ/SINMS“) PHI<A5® . (5-13)
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At this hgfﬁf;“tﬁé'Féte'o%:Vertica1 plume growth follows a
modified. power curve of the form

Pz (5-14)

SGZ = PIL*FET
- where P71 and PZ2 are power curve coefficients consistent
" with SGZT at WMIX and SGZM' at DREF, and SGZ is the vertical
. dispersﬁonzparameier, gz, at a distance equal to the
_d0wnwindifetcﬁ'(FET) from each element. SGZI comes from
the mixing zome model (Equation 5-12). SGIM is the P-5
vaTue for o, at DREF adijusted for surface'roughness (Z0)
and vehicular heat fiux. The heat flux adjustment is
accomplished by applying a heat flux factor (HFF) to the
tyaffic volume, and using the resulting augmented sensible
heat flux in comjunction with Smith's stability nomo-
graph{1l5), shown in Figurefll, to predict a modified
stability class GMCLAS) be use within the mixing zone.

The value used by CALINE4 for HFF is 6.82 mw-hr/cm-
vehiicle. This iﬁ'basedfoﬁ{an assumed composite fuel
economy of 20 miIes/gaT1on£ a 0.6 heat loss factor, and a
specific energy of 1.25x10° BTU/gallon for gasoline.

When muitiplied by the traffic volume in vehicles/hour and
divided by fthe mfxing‘zone'width in centimeters, HFF yields
the sensible heat: flux contributed by vehicle emissions in

units consistent ‘with Figufe-ll.

'Thé rate of vertﬁcaT pTume 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 distaﬁce traversed by the FLS plume centerline
over the mixing zone, or the distance at which

W2 = 0.6744%0

y'. (5-15)
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P

. ":7 o . . L : . ,:‘Ef U ) .
‘The latter casé accounts’ for near-parallel wind conditions

at distances where one-half or more of the plume is no
. Tonger influenced by the thermal turbulence within the
mixing zone. In either case, DMIX is not allowed to be
Tess ‘than WMIX.,.

Reyond DMIX, the dihinishinq influence of mixing zone
turbulencé s dealt with by returning the curve to SGZF at
DREF. This isuaccomp1ished by adding a third term, PZ3, to
Equation 5-14 so that

sgz= PZ1*FETT L2 )PZB*Tn(FET/DMIX).

*{FET/DMIX {(5-16)
PZ3 1is deanedﬁby equatihg the first derivatives of SGZ
with respect téLFET for‘Equations 5-14 and 5-16 at DMIX,
and holding SGZ equal to SGZF at DREF. A representation of
the composite 0értipa1 d%Spersion curve used in CALINE4 is
shown in Figure 12. '

In some-cases @heré DMIX: approaches DREF, or there is a
large 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 1is that
the effects of ‘the thermal turbulence generated within the
mixing zope are sometimes of enough strength to influence
the vertical pV¥ume 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 horizental dispersion parameter,
cy(lﬁ). The method states that

Q
1

?oexfl(Tfﬁtl , (5-17)

where 1 °

.

g = Horizontal wind angle

‘standard deviation in radians,
x =:Downwind *distance
and f{.is a universal function of-the diffusion time, T,
~and the Lagrahgian“time scale, t; . The function, f;
(denOted Fl in the program), is compqted as follows:

IS . —
“140.9(TT/T1)0.5

(5-18)

" where TT=FET/Uf(diffusion time} and TI is the diffusion

- time required for Fl to equal 0.5. In Draxler's method, TI

“is assumed to be proportional to t|. For ground level
sources, a value of 300 seconds is used for TI when TT is
Jess than 550 seconds. NWhen TT exceeds 550 seconds, TI is
adjuSted for tﬁe effect of wind shear as follows,

Ti ="0.001 TTZ, (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 1ink 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}. i

The program automatically sums the contributions from each
link to each receptor. After this has been completed for
“all receptoré, 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.
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.The elements for each link are consfiructed 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 1link
(Figure 14).

For each highway link specified, CALINE4 reguires 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 thé £i11 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 egual to zero, This assumes that the air flow
streamlines follow the terrain in an undisturbed manner.
This is a reasonable assumption to make given moderate fill
slopes and stable atmospheric conditions(17).
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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 equivalent 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 poliutant
transport out of the depressed section mixing zone. This
increased the residence time, thus eievating the-mixing
zone 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, CALINES
increases the residence time within the mixing zone by the
following factor empirically derived from the Lbs 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 Tower average wind speed, yie]ds\relative!y
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 equivaient
at-grade section, Except for these adjustments, CALINE4S
treats depressed sections computationally the same as
at-grade sections.
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It is also posé%bie to ugé'CALINE4 to model microscale

impacts from an:at—grade parking facility. This is done by
mode]ihg the plénned accéssways as a series of links and
then detefminimg an overall link emission factor (including
excess transient cold start emissions). The links should
be identified-ds parking lot 1inks when input to the model.
This wi]],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
sTow moving, cold start vehicles will contribute much less
turbulent ehergy'to the initial dispersion of their exhaust
gases. For thfé same reason, mixfng zone widths should not
include the usual horizontal dispersion adjustment of 3
meters on each ‘side.

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

5.6 Topographic Effects.

The Gaussian fékmu]ation‘used in CALINE4 is based on two
somewhat restr%ﬁtive assumptions: 1) horizontally homo-
geneous wind fTow, and 2) steady-state meteorological
conditions, _Cdmp]ex topography can bring the validity of
each of these assumptions into question. Winds can be
redirected orréhanneTed by topographic elements, resulting
in significant Spat1a1 variability of wind direction and
sﬁeed. Locations situated near hills and valleys are also
1ikely to haveffreqﬂent shifts in wind direction caused by
differential sﬁrface 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 bTuff and canyon 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 alianment. 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 applica-
tion in the same region with 1inks 1 to 2 kilometers Tlong
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 poltutant can be adsorbed or assimilated by a surface.
It involves a molecular, not turbulent, diffusive process
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wthrougﬁ'the'Taﬁﬁngr éuhi%yer covering the surface. Set-
tling velocity (VS) is the rate at which a particle falls
with'ﬁespect'tofits 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 Sett]ing veTocity will also be assigned the

s ame degositioﬁ_veTocity;

CALINE4 contains a method by which predicted concentrations
for éuspeﬁded particles may be adjusted for pollutant
deposition and settling. This procedure, developed by
Ermak(lg), is fully compatible with the Gaussian formula-
tion of CALINE4.. It allows the model to include such
factors as theﬂsett1ing rate of lead particulates near
roadways(20) or: dust transport from unpaved roads. A
‘reyview paper by McMahon and Denison(21) on deposition
'ﬁarametéfs pro@idés an 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 TIntersection Link Ubtion

The CALINE4 prbgram is designed to recognize different link
“types répresenfing different roadway sections (at-grade,
depressed, fill, bridge and parking lot}. For each of
these Tink types, the assigned emission factor is assumed
to be a constant over the length of the link. As long as
thic1é travel”a]ong the link can be adequately represented
" by an average speed, this assumption is entirely appro-
priate. At co%tro]]ed 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 fronm
average route speeds. For this reason, a specialized
intersection 1link has been added to CALINE4.

Several other models dealing specifically with the inter-
section modeling problem have been developed recentiy. 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 dinter-
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
resojution of the model itself.

A CALINE4 intersection link must encompass the acceleration
and deceleration zones created by the presence of the
intersection. Each 1ink can treat only one direction of
traffic flow, so that four Tinks are required to model a
full intersection (Figure 15). Traffic is assumed to flow
from a Tink endpoint 1 to éndpoint 2. The stopline
distance (STPL) is always referenced to Tlink endpoint 1.
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Input and output traffic volumes (VYPHI 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 profiles are determined using the following input
variables:

SPD = Cruise speed (mph)
ACCT = Acceleration time (seconds)
DCLT = Deceleration time {seconds)
IDTI = Maximum idle time (seconds)
I0T2 = Minimum idle time (seconds)

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

NODLA = 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 vehic]e arrival and departure rates, constant accel-
eration and deceleration rates, and full stops for atll
delayed vehicles. 'AcceTération and deceleration rates
(ACCR, DCLR) and acceleration and deceleration lengths
(LACC, LDCL) are determined using the input values for SPD,
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ACTT andADCLT.'QEy assuming an "at rest" vehicle spacing
(VSP)} of 7 meters, the average queue length (LQU) is also
deétermined. STFL must be greater than or equal to the sum
of LQU and LOCL. IDTI represents the delay at full stop
experienced by the first vehiecle in the queue. Similarly,
~IDT2 represents this same measure for the last vehicle.
IDT2 is used to mode] a platooned arrival and should be
ass1gned a va1ue 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‘bé provided with composite emission rates
for average route speeds of 0 (idle) and 16 mph. The
resulting time'bate factors are denoted as EFA (accelera-
tion), EFD (dec&leration), EFC {cruise) and EFI (idle).

The cumulative ehfssion profile for a given mode is devel-
oped by determin%ng the time in mode per cycle for each
vehicle as a function of distance from 1ink endpoint 1
(ZD), mu]t1pTy1ng the time by the respective modal emission
rate and summ1ng the results over the number of vehicles.
The elementary. equat1ons of motion are used to relate time
to ZD for each mode. The assumed vehicle spacing (VSP) is
used to specify'the pos1tTonaT distribution of the

vehicles 1in theiQueue. The total cumulative emissions per
cycle per lane af distancé ZD from XL1, YLl are denoted as
ECUMK (ZD) 1in thé{CALINE4 coding, where the subscript
signifies the mode (l=accel., 2Z=decel., 3=cruise, 4=idle).
Figure 16 111usfrates how a series of -distributed cumula-
tive emissions ﬁrofi]es are combined for the acceleration
mode. The indi@idua] profiles are based on the assumption
that the time rate emission factor (EFA) is constant
throughouf the wodal event. This means that the cumulative
modal eﬁissions'from a vehicle are directly proportional to
the time the vehicle has spent in the mode.
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y constant acceleration starting from an "at

In the case of
rest” position, “the cumulative emissions for the ith
vehicle are given as

ECUMy . = EFA*(2*X/ACCR)1/2 : (5-21)
i o

where X equals %he 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 mathématica] description of this algorithm is
contained in Appendix A.

To obtain the aﬁerage lineal emission rate over an element
(Ql), CALINE4 qﬁmputes the total cumulative emissions for
the 4 modes at each end of the element (ZD1 and ZD2). The
difference betﬁéen these amounts divided by the element
length and muitiplied by the ratio between the traffic
volume and NCYC yields Ql for the element. This can be
writteﬁias i

v 4 4
, : zlecuMk(zDZ) - k{ ECUM, (ZD1)
. ._..1

- _ VPH{ECLD) . | k=
ar = LHHGEER) - - , (5-22)
' : zD2 - ZD1
where the subscript k_dénotes the mode and,
VPH(ECLDj y {fPHI, ECLDLSTPL (5-23)
“SU7 0 lvpHO, ECLD>STPL.

Turn movements are not dealt with explicity by CALINE4,.
Igstead, the chu1ative emissions profile per cycle per
_1ane for the dominant approach movement is prorated by the
approach or depart volume, depending on the relative

45



location of the stopline. This method implicitly assigns a
turning vehicle's deceleration, idle and part of its accel-
eration emissions ta 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 NO, 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 O3, 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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NOp#+h, + NO+O o (a)
.0402+M > Ogt¥- '
NO+03 » NOp+0p

Because of the re1at1veiy high concentration of 0z, it is
further'assumedfthat reaction B occurs instantaneously.
The other assumptions of -the Discrete Parcel Method used in
CALINE4 are: f)'that emissions and ambient reactants are
fully mixed within the mixing zone to a height of 3.5
meters, 2) that,1n1t1a] tailpipe NO, emissions are 92.5%
NO and: 7.5% NOp: by mass, and 3) that parcels of the mixed
reactants retaiﬁ their identity relative to molecular
scales for a distance of Uiy, where tp equals the
time-scale for @o]eculak‘diffusion {about 300 meters for
U=1 m/s). | SR

The Discrete Pdfcel Method fixes the initial mixing zone
concentrations of the reactants on the basis of the ambient
and vehicular contributions as follows:

L[Og}i [Oﬁla.:'L ; (5-24)

[NOT4 = [Nbﬂa.f (03g§i& Olsrppy ND (5-25)
[NOpl; = EN023‘ +‘L_§D;2ﬂ_gﬁ*FPPM ) (5-26)

where Q1 is the NOx veh1c1e emission factor in pgm/m-s,
FPPM s a factor which converts mass concentration to
yolumetric concentrat1qn, and the bracketed subscripted
constituents represent initial (i) and ambient (a) volu-
metric concentrations. These initial 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 réactioh 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 lang 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 avbided.

Discrete parcel NOp concéntrations are computéd_by
CALINEA4 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, the disper-
sion process must be accounted for. To accomplish this,
the 1link source ;trength; Ql, is adjusted to yield an
initial NO, mixing zone concentration equal to the dis-
crete parcel concentration after time t, [Noz]t, for

each e1ement—receptor combination. The following formula
is used in CALINE4 to make this adjustment:

[NOo ], -[NO ]
ql = FEPM 27243 gy, (5-27)
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“The mod&l then broceeds ‘to compute the time-averaged con-

centration just as with a non-reactive species such as CO.

In,summary;'fhé diidrete?parce1s are dispersed across the
FLS plume in.agcordance.with the Gaussian methodology. The
reactions take%bﬂacé'Within the parcels at rates governed
by the ?nﬁtial?mﬁxing zone concentrations and independent
of the dispersion mechanism. A full mathematical descrip-
“tion of the Dishrete‘Parte1 Method is given in Appendix B.

5.170 ,UDﬂumetrﬁt Concentrations

CALINE4 initially computes all concentrations in mass per
unit velume. THH?Q‘PESUTtS are converted to a volumetric
equivalent (i.e., parts per million) for gaseous pollu-
‘tants. The-con&efsion'is accomplished by multiplying the
concentration i% pg/m3*by FPPM where

_0.02241

FPPM = =5owT *(gg) *exp (L0234 T2ALT, (5-28)
With  MOWT = MoTecular weight of the pollutant
‘ "T-= Temperature (°K)
ALT = Altitude (m).

'FPPM accnunté'ﬁbh the effects of both temperature and
pressure on the{vqlumé@rtc coficentration.
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6. ESTIMATING MOBILE EMISSIONS FOR CALINE4

A composite vehicle emission factor in grams per vehicle-.
mile must be provided for each CALINE4 1ink. 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 Tatest 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(gl). These programs were developed from
certification and surveillance data, mandated emissions
standards for future vehicles and speciaT 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, 1is nearing complietion.
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' The final 6utp$£_frdm'CREIWE4‘is‘dﬁrect]y proportional to
the emdissieon factors input to tHE'program. Therefore, the
accuracy of any microscale air quality impact analysis 1is
heavily dependeant on the accuracy of the composite emission
factors used. Of those variables within the controil of the
user, average woute5speed3 percent cold-start and ambient

'pemperaturE'are usually the most critical. Care should be
taken to make accurate estimates of these variables. In
cases.whereVEHEraverage route speed is derived from a
highTy variable driving cycle, a modal analysis should be
made-..

6.2° Modal Emissions

Cbmposﬁte'emﬁssian factors represent the average emission
rate ober a driving cycle. The cycle might include accel-
Eration,'deceTération, cruise and idle modes of operation.
Emission rares'épecific fo each of these modes are called
modal emission facters. The speed correction factors used
in composite-emﬁssibn-factor models such as MOBILEZ and
EMFACT are derfﬁed‘from'variab1e driving cycles representa-
tive of typfcaﬁ urban trips. The 1975 Federal Test Proce-
dufe'drivfng;cché‘GFTP-TSI is the basis for most of this
_work. In Tocatiions such- as intersections, significant
variatfons_in ﬁhe—spatf&T distribution of emissions are
Tost when the ébmpositE'emﬁssion factor approach is used.
The approach de%cribed in Section 5.8 allows CALINE4 to
model the sﬁatﬁaT distribution of emissions at and near
intersections more: accurately. ' To do this, the model must
befab1e to convert composite emission factors to modal
“f:actors.,

The first modal emission factor model was developed in 1974

by the EPA(ggégi). 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 lTight-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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dqrihg'an acceleration e&ént was directly related to the
vaiUe,of AS for the event. As power demand approached
engine'capacity; a vehicie would tend to burn fuel less
efficiently, reﬁulting in higher C0 and hydrocarbon emis-
sions. The re1htionship between F 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 variab1e remains the ratio of the modal to FTP-75
emission rates, although the Tlatter rate is restricted to
the BAG2 (Hot Stabilized) portion of the complete FTP-75
cycle. The indépendent variable, AS, is also retained in
the CALINE4 version. However, the functional form of the
relationship between the dependent and independent vari-
ablés 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
cruisingi,

Modification of the CDOH approach was brought about by the
need to deve1op'a‘mode1 Htased 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) sdrveiTTanée study conducted at Lake Tahoe in
1976(§1). 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
fbund.
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The modal models used in CALINE4 were developed from accel-
eration and cruise CO emission rates measured during the
SDS drivﬁng 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
~analytical approach. Modal/BAG2 ratios were developed
separately for each vehicle and fhen 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 BAGZ results rather
' than the measured values.
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7 EABEE T
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) (miTes) (mi2/hr2-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 -
i1 Accel 15-60 26 1.73 0.3136 64.9
12 Decel . 60-0 21 -2.86 0.1973 -
137 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 Decel 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 o =1.71 0.3293 -
.29 Accel .~ 0-30 18 . 1.67 .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 - 715-30
15 Dece] © 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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Time in Mode

(sec}

9
88
23
39
23
7
28
151
34
155
51
259

867 seconds



The resultant acceteration -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 link composite emission facter
(EFL) toran:qcceieration:emission factor (EFA). The
conversion ts made as foTlows:

EFA =/BAG2%0.75%e0 - 00HTAS, (6-2)

-where BAG2 represents the time rate emission factor for the
1ntersection'1+mk.at an -average route speed of 16.2 mph,

2_5. The conversion from

and AS is “in units Qf'mizlhr
the user supplied distance rate at 16.2 mph to the
corresponding time rate (BAG2) is made internally by the

Drografm.

‘A sécond'mode1~wé5'deve1oped 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-significanﬁiy 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 moedel takes the form,
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0.098*AS

EFA = BAG2*0,027*e (6-3)

where the terms are defined in the same manner as for
Equation 6-2.

Both acceleration models are shown with their 95% 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 SPD?, 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 = BAGZ*(U.494+0.000227*SP02). . (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 acce]eratidnjspeed
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 Va1id1ty 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.

A11 of the modal emissions models discussed in this report
- were- developed using data from hot-stabilized, 1ight—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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dpératfhg modes and vehicTle typeé 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 emgimé reaches ‘hot-stabilized running tempera-
ture, it opératés less efficiently because fuel is not
'readi1y'vaporiz§d in a cold engine. This results in excess
_CO,andfhydrocarﬁon emissions during the engine start-up
phasé;"Thé probTem.is compounded for catalyst-equipped
'vehiciés_by the need for the catalyst to reach operating
temperature before it can perform efficiently. Both these
effects are temﬁarary in nature, and therefore the result-
ing excess emissions are termed transient emissions. They
are usually tregted as trip-end contributions for mesoscale
emission inventories, or as weighted components in a

. composited emission factor for microscale applications.

Two.yariabies that have a direct effect on transient emis-
siong.aré ambient temperéture and soak time. The ambient
‘témperature determines the initial temperature of the
engine block and catalyst at start-up. The scak time is
the elapsed time between engine operations. It controls
the extert to which the system has been able to reach
ambient temperaﬁure. Depending on the length of the soak
and the type of'vehic]e.Ccata1yst 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-
panent of a composite emission factor. The conventional
method 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, ey, to these
vehicles. The value of ety is defined as '

ety = E¢p/R, (6-5)

where £, 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, e¢, 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 cycle. 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 trﬁps 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

~1
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ffénsfénf'dﬁékgﬁing'mode¥wTTT be near the end of the tran-
sient. cycle. These vehlicles are drawn from a Targer area
of potential tfip origins than vehicles that only travel a
short distance.. This principle can be illustrated using a
simpﬂe;modelu Let |

Crelxl bl oo

where r equaTsﬁthe'trip Tength 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, shouwn
“in Figure 18. Rn'eTemen%aT weighting factor, dw, repre-
senting the frictfon of vehicles in transient operation
which‘have‘tra¢e1ed a distance r to a specific microscale
Tocation,. (O;Of, can be written as

. .dw = '(/?i———-g-i—z— . | (6—7)

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

Ak = /2w ldrVE) . - (6-8)
Combining Equagibns 6-7 and 6-8 yields,
dw = 20r/R%)dr. (6-9)
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WEIGHTING FUNCTION MODEL FOR DISTANCE TRAVELED BY
VEHICLES IN TRANSIENT OPERATING MODE AT (0,0)

FIGURE I8
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”‘Thué, dw increases in direct proportion to r. In this
case,.app]ying'? constant ¢, to all transient vehicles

is only correcf‘if each vehicle's excess transient emission
rate is constaﬁt over the transient cycle. . Such a situa-
tion is hard1yfﬂike1y since engine warm-up is a smooth,
continuous pro@éss, not a discrete process,

" A more rea11st1c model of excess emissions during a tran-
s1ent cycle can eas11y be arrived at by establishing a set
of boundary cond1t1ons consistent ‘with the physics of the
transient process. By définition, excess transient emis-
sions will diss%pate to. zero by the end of the transient
cycle so that,

n
o
-

e(r)| ® (6-10)

where e(r) rep%ﬁsents the distance rate of excess emissions
as a function d? distance traveled, r. Futhermore, it is
reasonable to éssumé 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 éhd of the;pyc]e. Thus,

selr) | R oy, (6-11)

A

A quadratic function,

e(r) = a + br + cr?, (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 E¢yp:

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) = Rtr [ 1 - %r v L2 ] - (6-14)

R

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, £

r )
I_ e(f,) df,
fo = . : (6-15)
Etp

Performing the 1nditatéd integration and simplifying gives

fo = Fo-3£2+3f,. (6-16)
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e(r)
- e(r)=a+br+cr?

* DISTANCE TRAVELED, T

EMISSION RATE FONCTION FOR EXCESS TRANSIENT EMISSIONS.

FIGURE 19




A plot of Equation 6-16 is shown in Figure 20. Super-
imposed on this plot are the results from an FTP-75 cold-
start study conducted by Eccleston and Hurn(38). The mean
and 95% confideﬁce 1imits 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 include 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'resu1ts, though few in number, give
some degree of verification to Equation 6-14.

To find a proper1y 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 v to represent
the correction factor for etp, this can be stated as

R

Ygtr = _Q? f e(r)er dr . (6-17)
R
0 .

Substituting Equation 6-14 yields

R
Yeyp = —~%£-J {r - %rz + l?FS] dr . (6-18)
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Integrating Equation 6-18 and simplifying gives

- _ tr o -
Ye,, © . (6-19)

By definition, e¢, = E{./R. Therefore, vy = 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 probability
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 is
appropriate. Even if trips are generated out of isolated
sectors radiating away from the microscale location,
Equation 6-9 is still valid because of symmetry.

For composite emission computations, the 50% reduction can
easily be accomplished by using 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 assignable 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



' _defé%miné the fraction of ‘excess transient emissions

assignable to thé lot. The resultant quantity is distri-
buted uﬁifbrm]y'bver the parking Tot links. The distance
rate emission factor needed by CALINE4‘can be computed as

follows,
l= ._J_._* '.*‘ : * -
EFL s {(gtr fo)*(EF, (*SPD*t )| , (6-20)
whé?é " 'LLT = Average distance traveled within the

"parking lot,
SPD = Average speed in the lot (say S mph),
EFnot = @btnstabiTized emission rate at SPD,

te = Average -egress time.

Care should be ﬁ%ken.to use consistent units in Equation
6-20. For use %p CALINE4, EFL must be in units of grams
per'vehic1eumiléf(gm/veh—mi).
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7. SENSITIVITY ANALYSIS

A sensitivity analysis for CALINE4 is included in this
report for the following reasons:

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

2. It allows the user to gauge the sensitivity of the
model to each input parameter, thereby identifying 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
1ittle importance. Perturbation of one variable at a time
is 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 €O con-
centration-wind angle (PHI) graphs. Each of these runs
involves 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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P

“TRELE 3

Standard Input ‘Values for the CALINE4
~ Sensitivity Analysis

‘IT.  Site Variables

Temﬁ?rature: ‘ T = 25° (C)
Wind Speed: U = 1.0 (m/s)
Wind Direction: BRG = variable (deg)
Directional Varfability: 'SIGTH = 10 (deg)
Atmospheric Stability: CLAS = 6 (F)
Mixing ‘Height: MIXH = 1000 (m)
_'Surface RoUghness; : Z0 = 50 (cm)
Sattling Velocity: VS = 0
Deposition Velocity: ¥D = 0
' CAmbient: AMB = 0
0

Altitude:  ALT =

I1. Link VariabTes

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

Y2 = -5000 {m)

Ii1. Receptor Locations

XR = 15,30,60 (m)
YR 0
ZR 0

1
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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. TInsignificant
anamalies in the model results can be observed in some of
the graphs. These anomalies are due to the dis;kete 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 1ink emission factors for relatively inert pollu-
tants such as CO are directly proportional to the predicted
concentrations. A twofold increase in an emission factor
will result in a doubling of the predicted concentration.
Because of this simple re1at§onship, 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 volume and concentration.
The sensitivity graphs shown in Figure 21 are normalized to
permit a direct comparison between traffic volumes. This
is done by varying the emission facior so .that the traffic
volume-emission factor product remains consfant.

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 éhow 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, determines 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 poliutants 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?heaf flux modification to the vertical
dispersion ourve. It is ‘also used in horizontal dispersion
parameter'computations for calculating the dispersion time
for each e]emeni-receptor combination.

The net effect bffwind'sqeed on model results is shown in
Figure 29. A series. of sensitivity curves are plotted for
0.5, 1 and 2 mﬁs In all cases, lower wind speeds yield
~higher concentrat1ons. This demonstrates that the inverse
re1at1onsh1p bepween w1nd'speed and concentration (dilution
effect) is still dominant in CALINE4. However, the sensi-
tivity curves also reveal the influence of wind speed on
d1sper510n parameter computat1ons At lower wind speeds,
both initial vert1ca1 d1spers1on and vehicle-induced
therma] effects "lead to h1qher estimates of the vertical
d1spers1un parq@eter and, hence, lower concentration
estimates Théée effeets lessen in importance as the
roadway- receptor distance increases, Ratios between high
to Tow wind speed concentrat1ons 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 hor1zonta1 dispersion parameter given a
constant value for GG This leads to higher concentration
estimates. S1nce the hor1zonta1 dispersion parameter is
most 1mportant under para11e1 wind conditions, the relative
“difference between Tow and high wind speed concentrations
shou1d be greater for para11e1 wind cases. This is clearly
shown in F1gure 22

Maximum eoncehﬁrations occur under near-parallel wind con-
ditions for a]i‘wind speeds. These maximums become less
pronounced at higher wind speeds and greater distances.
The roadway-wiﬁd angles at peak concentration appear to be
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re]at1ve1y 1ndependent of w1nd speed, and to shift slightly
away from para11e1 at greater receptor distances.

7.4f_Stab11ity‘%ﬂ%s§ PFﬁgnre 23)

The CALINE% sens“t1v1ty curves for stability class are
erent from the CALINE3 curves. Sensi-
py;c]gss,1s.much reduced in CALINE4.

__dramatfca11y-dd

tivity to stab
There are two s for this change. First, vehicle-
1nduced_mechqgi§a “and thermal turbulence reduce the

: importance_of aﬁﬁieht:stabi]ity near the roadway. Second,
stability c1assfno longer plays a direct role in deter-
mining the horiionta] dispersion parameter. Instead, oj is

aséigned_direcij'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 turbuience 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
éstimate Og when measured values are not available. In
such instances, dg becomes ,a surrogate for stability class
so that the comb1ned effects of both variables must be
examined to estimate overall model sensitivity to
atmospheric stabi1ity.

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 1oéation 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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ranqé'df’stabi]?fy'classeﬁ (A=very unstable, G=extremely
stable).. Aﬁ,diitance:fhom*the-mixing zone increases, some
sensitivity to stability class is exhibited by the mode 1
under crosswind conditions. For a given receptor distance,
the wind angle of maximum concentration exhibits 1ittle or
no sensitivity to stability class.

7.5 ‘Wind Anqle (F1gure 24)

CALINEA sens1t1V1ty to the roadway-wind angle is illus-
trated for three receptor heights in Figure 24. Results
are glven for: both upwind and downwind locations out to a
dlstance of 100 m from the roadway centerline. For

: downw1nd locations outside of the mixing zone, PHI= 10°
yields the highest concentrations. A smooth build-up of
'-concentrat1ons across the mixing zone is readily apparent
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 ynder near-parallel wind conditions.

Predicted concertrations near and within the mixing zone
are sensitive to receptor height. However, for distant
receptors there is 1%tt1e-noticeab1e difference as a
function of recéptor height. This implies a fairly uniform
distribution of the pollutants within the first 10 meters
of the surface iayer for distant receptors.

Peak concentratﬁons for pure parallel winds occur along the
centerline of the roadway. The previoué graphs showing
peak concentrations occurring usually in the 3° to 4° range
were for recepfors at the edge of the roadway (D = 15
'meters). The ¢Tossover 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 df'mgxfmum'prgaibted concentration to shift
inward toward tﬁe 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'increésed. These close elements, with still
tightly directe&‘pTumes,'are the ones that cause peak
concenffations-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'@ihd direction is explicitly defined in
CALINE4® as the standard deviation of the wind direction,
6g. This is denoted in the model as SIGTH. In CALINE3,
directionql‘varﬁabj1iﬁy was implicit in the horizontal
dispersioﬁ'chrves, and varied according to stability class
and avefagihg tﬁme; Avegaéing time is no longer required
as an input for- CALINE4, and stability class is no longer
direct]y'invo1féd in the horizontal dispersion parameter
determination. Instead, both these effects are
1ncorporaﬁed into the SIQTH variable.

Figure 25'111Q9trates the model's sensitivity to SIGTH.

For para11é1 wihds, 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. _Unden:crosswind conditions, the value of SIGTH is
of little or'no.ﬁmportante 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
impertance of the wind angle diminishes. For values of
SIGTH greater than 40°, downwind concentrations are virtu-
ally 1ndependent of PHI. This effect is most noticeable at
the edge of the roadway. For high values of SIGTH, the
~contributions ffom:distant elements drop off rapidly. When
the qn]y signifﬁcanf cohfributions are from the nearest one
or two e]ement§§ model results tend to approach crosswind
conditions regardless of the wind angle.

There is a s1gn1f1cant shift in the wind angle of maximum
;concentrat1on away from parallel as SIGTH increases. This
is apparent at!a11 three distances studied. The explana-
tion again rests with the diminishing importance of distant
elements as SIGTH gets 1arqer As closer elements become

more 1mp0rtant . higher concentrations result when these
elements are dyrectly upwind of the receptor. This shifts
the wind ang]eﬁaway from the parallel condition.

7.7 Receptor Distance (Figures 26 and 27)

As the distancéffrom a ground level source increases,
ground level concentrations naturally decrease. The rate
of this decrease as predicted by CALINE4 is shown in Figure
26 for peak'contentrations at three levels of SIGTH. The
corresponding i@]ues for PHI are shown in Figure 27.

The rate of de&fease in peék concentration is smooth and
fairly Eonstant;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 increase§'dramatica11y for distances under 30 m,
however, with higher peak concentrations for low values of
SIGTH. e ‘
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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 varfability (SIGTH = 60°). This same case
also exhibits a 1afge amount of instability for peak wind
angles at distances of 10 to 100 meters. Such transient
behavior is not a sign of overall instabi]ity-in the model,
but is merely the result of the flat model fesponse to-wind
angle for high values of SIGTH. In terms of peak.concen-
tration, the model response is 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 Tevel,.
The aerodynamic roughness length, Lys is used in meteoro-
logical work as a common measure of surface roughness.

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 Figufe 28, a
stight sensitivity to Z, 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
jmpact 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
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turbulent regime or the laminar sublayer. If one were to
assign a spec1f1c settling velocity and set the deposition
velocity equal to zero, extremely high ground concentra-
tions would result. This would not be a rea11st1c use of
the model. |

7.11 Highway Leéngth (Figure 31)

Sens1t1v1ty graphs for five highway lengths ranging from
0.5 to 10 k11ometers are shown in Figure 31. The lengths
given ‘in the f1gure are measures of the upwind, not the
total, link 1ength For example, the standard run is
denoted by L. 5 k11ometers, though the total length of the
standard Tink - 1s 10 kilometers. The highest value of L
given in F1gure 31, 10 k11ometers, is also the upper limit
for L allowed by the model. '

The pronounced peak concentrations for near-parallel winds
which are character1st1c of CALINE4 are the result of the
transport of po]]utants from distant elements. By reducing
the highway 1enqth a substantial reduction in these con-
centrations occurs because distant elements no longer
contribute. Reduction of the highway length has virtually
no effect on obllque and crosswind predictions. Location
of the wind ang]e of maximum concentration 1is somewhat
sensitive to hgghway length, especially at greater receptor
'distances. S '

The mode] sens1t1v1ty to h1qhway length shown in Figure 31
- is based on a: 10 value for SIGTH. As directional varia-
hility 1ncreases, model sensitivity to highway length can
be expected tg decrease.
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7.12 Source Heiéht:(nguﬁE 32)

The model response to changes in source height is quite
complex, though ﬁased on simple underlying assumptions. If
‘the highway is elevated as a bridge above a receptor, pre-
dicted concentrations generally decrease. This deérease is
much more signif{cant for crosswind conditions than for
parallel wind coﬁditions.: For crosswind conditions, signi-
ficant contributions for receptor concentrations come from
nearby elements so that the effect of source elevation is
important. Undef parallel wind conditions, this effect 1is
less significant because of the larger distance over which
poliutants must travel. .

For depressed sections, CALINE4 predicts relatively high
concentrations for receptors located within and near the
highway. 'This.i}ea ijs defined as the highway width plus a
distance equal tb three times the depressed section depth.
The a1gorithms ised for predicting concentrations near
depressed sectibns were empirically derived from data col-
lected at a depﬁgssed section site along the Santa Monica
Freeway in Los Aﬁgeles(g). The data showed particularly
higher than normal cbncentrations within the depressed

- section and lower concentrations at receptors outside of

© " the depressed section. As can be seen in Figure 32, this
is exactTy how CALITNE4 responds to negative source height.

7.13 Highway Width (Figure 33)

By widening therﬁighway, 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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conétant source stfength, 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

7.14 Median Width (Figure 34)

Because of the link 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 1inks, or a single link with the median inCorpor—
ated in the highway width specification (this assumes’
jdentical 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 singte 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 Tevel 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 Cption (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
CALINE#'S respoﬁée in such cases. The sensitivity to
canyon width would be even greater if not for the adjust-
ment made by the model tonfhe vertical dispersion curves
for the inf1uenq¢ of thermal emissions from the vehicles.

7.17 NOp Option (Figures 37, 38 and 39)

The CALINE4 NOgaoption reduires specification of several
additional variables not mentioned in Table 3. Ambient
Jevels of NO, NOp and 03 must be specified. These were
-assigned.standaﬁd 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 NDX'emissibn factor were used in the
standard sensitfvﬁty run.

When the NOo 0p€ﬁon is used, resultant concentrations are
no longer direcfﬂy proportional to the 1link emission
facton.__Figure“?? i1lustrates this point by showing the
diminishing effétt over distance of a fourfold increase in
emissions. The forward and reverse reaction rates used by
the model for NO/NOp conversion are functions of the
initial conceﬁtFations of the pollutants in the mixing
zone. As NOy concentratfons within the mixing zone
increase becgus§ 6f highér emission factors, the reaction
rates change. These changes are proportional to the
changes in the jnit1a1_concentrations, including both
ambient and vehicular components. The reaction rates are
also sensitive'fo the availability of 03 for completing
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the forward reaction (NO'to NOp). The complex inter-
action of these’effects preclude a simpie one-to-one
re]ationship beﬁWEEn concentration and-emissions strength.

Figures 38 and 39 demonstrate model sensitivity to 03 and
KR, respectively. For the standard case, it is clear that
the model is much. more sensitive to the ambient 03 con-
centration than' to the photodissociation rate., This
betiavior is consistent with the relative strengths of the
forward and reverse reactions under normal conditions.
Given high 03 cbncentwathns; the forward reaction
dominates. In baSES where ambient 03 is low, however,

the photodﬁssocﬁatiOn-rate will assume greater importance.
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'8, MODEL "VERIFICATION

The CALINE4 model was verified using data from several
independent ffe]d studies. These studies represented a
variety of possible model applications including the inter-
section link and'NOZ options. Where applicable, CALINEB
“results were also compiled and compared to CALINE4.

Several of the studies were based on tracer gas releéases.
This type of data provided the best direct verification of
CALINEA 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 primary tool
“for verifying CALINE4(39). The method involves the com-
putation of an overall figure of merit (FOM) based on six
'component statistics. These statistics are defined as
follows:

S1 ~ 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,
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JS4ﬂ-'The teﬁporaT coﬁboneht of Pearson's correlation
coefficient,

Sg - The sp%tié] component of Pearson's correlation
coefficient, '

Sg - The root-mean-square of the difference between
‘the paired measured and predicted concentrations.

Statistic $p is'g'measurefoﬁ the model's ability to pre-
dict high concentrations. Statistic Sy measures how well
the model can prédiét the frequency of exceedance of an air
 quality standard or threshold. Statistics Sz, Sg and
VS5'Méasure the dégree to which the model's response to
changing conditions follows the real-world response.
Statistic 54 is concerned. with changes over time (e.g.,
Wind“speed, stability) while statistic S is associated
with changes ovéi spabe (e.g., source-receptor distance,
'topography). Stdtistic S3 represents a combination of
both these factors. Statistic Sg Provides a measure of
the,overa11 efrd} that exists between the measured and
predicted concenfrations. This error term represents the
combined effect of inherent model errors {or misassump~
tions), input va}iab1e erraors and measurement errors.

Thersix compohent statistics are transformed into individ-
ual figures of merit (F3) on & common scale from 0 to 10.
They are then weighted and summed as follows:

FOM = _‘;[(F1+F2.)/Al2+(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-
tiate 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 NO, and
jntersection options to standard app11cations 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)

1

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 wmeters
back from the traveled ways. The surrounding terrain was

110



feveTﬁﬁﬁd gecupied Ey'gdaﬁtereﬁ's$ngTe story residential
developrients. The intersection was oriented with Freeport
BouTevard running due north-south and Florin Road due east-
west. K small community shopping center was located well
back froim the:iﬁtekgectfdn in the northwest guadrant. The
site offered a reasonably Wigh trdffic flow without the
interfering hackground sources of gas stations and parking
lots normally associated with busy intersections. Also,
the opennéss of the site eliminated the possibility of
channeléd fTow ﬁypTCaT of street canyon sites.

Fifteen probe Tocations 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 guadrant. The two towers innermest to Florin
Road contained VerticaT probe arrays with four probes on
the southern tower at I,.Z, 4 and 10 meter heights, and
five on the northern tower at I, 2, 4, 10 -and 15 meter
heights., ThreefadditionaT ground level probes (z = 1.0
meter) were located on each side of Florin Road. The
outermost meteoéoTogiCaT towers had cup anemometers and
temperéture pro@es mountéd at 2 and 10 meter heights to
prbvide wind 5héar and temperature profile estimates. Wind
direction was measured with wind vanes mounted at the 10
meter Tlevel. Traffic counts were made using pneumatic
counters for 1nf1ow 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 mepéoﬁo1ogica1 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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ded1cated to f1ve probe 11nes fhe on- Board minicomputer
performed sw1tch1ng at one m1nute intervals so that each
line was sampled ore minute out of every five by an NDIR
arnalyzér at Tinéive]ocities of 10 feet/second. The NDIR
re§u1ﬁs'wére used as‘the basis for the verification
aﬁalysf§; 'The jgs chromatography samples were taken as bag
SampTés over. thé'first 15 minutes of each hour, providing
an 1ntegrated concentrat1on measurement. The gas chroma-
toqraphy ana]ys1s was run only for the nine probes in the
vertical arrays next to FT¥orin Road. These results were
USeﬂ'in‘preTimfﬁhry mass balance studies. Sums and sums of
squares of Ofl-éﬁcond wind speed and direction readings
weré stored by the minicomputer and written out on magnetic
fape every 10 seéconds. Temperataure readings were recorded
orice every 60 séconds. Further information on the opera-
tion of the resdarch van dand its data acquisition system
has been reported by others(40,41).

8.2.2 Ca]ﬁ%ans Higﬁﬁay 99 Tracer Experiment
An extensxve ser1es of tracer release experiments were
conducted by Ca]trans during the winter of 1981-82 along a
2.5 mile sect1on 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 t6 ‘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 hexafTquide, SFgs was used as the tracer gas. It
is a highly 1nert gas, detectab]e at extremely low concen-
trations. Its presence 1n amb1ent air samples is
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. It 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
typica]1y 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 tast 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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ﬁfhe’eighf tfacef velifcles were divided into two groups.
Half'the-vehicTes were driven in the sTow lane, the other
half in the fast Tane. Drivers were instructed to reach a
safe cruisfng'sﬁeed comp&tibTe with traffic conditions in
their lane, andfto try to maintain that speed through the
test section. '

The primary samp11ng s1te'was Tocated 0.65 mile from the
south end of the test sectxon. Nine bag samplers were
situated at this point at distances of 0, 50, 100 and 200
meters from the=nghway‘eenter1Tne on both sides of the
highway 6Figure54l}. Replicate samplers were maintained at
both 50 meter sémp&fn@ Tocations., The remaining three
samplers used Tﬁ the study were situated along the median
at 0.5 miTe increments northwest of the primary sampling
site.

AT1 samples were taken at a height of 1.0 meter. The
sampIes were collected in tedlar bags by EMI Model AQS III
samplers equ1pped with pos1t1ve displacement pulse pumps.
The samples represented 30 minute integrated concentra-
tions. They wefe analyzed on a Perkin-ETmer Sigma 2 gas
chromatograph w$th electron capture detector. This instru-
ment was calibrated using a Dasibi Model 1005CA flow dilu-
tion system an&?a Natifonal Bureau of Standards traceable
cylinder of & p@m-SFa.

A 12 meter hfgh'meteore1ogica1 tower was located near the
south.end of the test section in a open, plowed field. It
was equipped wfth a herizontal wind vane, two Tow-threshold
cup anemometerstfa.3 m/'s), and a set of self-aspirated
temperature semsors.'-The instrument heights are shown in
Figure 4L. % : | '
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R total of I4 tracer release tests were made. A1l but
three of these were morning tests with samples taken from
6:30 tOsS:QO‘a;ﬁ; PST #n most cases. Two of the three
afternoon runs took place from 4:00 to 6:00 p.m. The
remaining aftérﬁaom 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 compﬁete summary of the results of the Highway 99 Tracer
Experiment. is given in Appendix C of this report. The
vehicle speeds Tisted in the summary were determined from
the tracer vehicle strip charts. The Pasquill Stability
Classes were cowﬁuted via Golder's Method(ig). Asterisks
indicate missjmﬁ data.

8.2.3 General Motors Sulfate Dispersion Experiment

' ‘The Generdl Motors (GM) Sulfate Experiﬁént was conducted at
the GM Minord,rMicﬁigén;'proving grounds straightaway
track dur{ng the month of October, 1975(4). The track is 5
kilometers 1ongiénd is surrounded by lightly wooded, roll-
ing hills. Three hundred and fifty-two cars, including 8
vehicles emfftiﬁg SFg tracer gas, were driven at constant
speeds of 80 kﬁ]hr around the track. This simulated a
traffic flow of 5,462 vehicles per hour along a four lane
freewdy with a median width of approximately 12 meters.

Monitoring probés 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 1ocationfwas situated in the track median. The
wéster1y, median and closest 3 easterly locations were
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“e&ufw&éd with t&wer mbun%éd §amprng probes at heights of
0.5, 3.5 &nd 9.5 meters above the ground. The two addi-
tiognal nore disﬁawt downwind probes were positioned at a
height of 0.5 meter, Niﬁd speed and direction measurements
were made at each probe Tocation using Gill UVW anemom-
eters, Temperature profiles were recorded at the two
outermost towers, 43 meters from the track centerline.

Data from over‘éa half hour test runs was compiled. Most
of fheéé were conducted during'ear1y morning hours to take
advantage of the stable atmospheric conditions prevalent
then. The cars‘were grouped into 32 single lane packs of
likcars each and distributed over the track so that two
"packs from cach direction passed the sampling area
simultaneousTy ét approximately 30 second intervals,

The experimental prdcedure in the GM study was carefully
controlied, resﬁiting in one of the most reliable highway
air quaility daté_bases ever compiled. The only shortcoming
in the experiment was the Tack of variability in the
traffic parameters of speed, volume and cccupancy.

§.2.4 ITlinois EPA.Freeway/Ihtersection Study

This study wasiperFormed for the ITlinois Environmental
Protection Agency by Noll Associates and Enviro-Measure,
Inc. during 1978(43). The study involved the measurement
of CO ¢oncentfd£10ns and related traffic and meteorological
parameters near two urban sites located just outside of
Chicadgo. A series of SFg tracer release experiments were
performed in cénjunction with the overall monitoring
_prograr. ' "
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The first site monitored was the Eisenhower Exprestay;
1-90, between Des Plaines and First Avenués. This segment
of 1-90 is a heavily traveled six~-lane freeway with averaqge
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 irees, but
the overall setting is urban residential.

Air samples were co]lectéd from June 20 through-August 29,
1978 using automatic bag samplers at eight Jlocations 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. AlTl samples were collected over a one hour
period at a height of 1.0 meter,

Continuous traffic counts and periodic heavy—duty'véh1c1e
counts were made during the course of the study. A meteor-
ological 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 inm the data base.

The second site was located at the intersection of two
six-lane arterials, North and First Avenues in Melrose
Park, Il1linois., 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 buiidings, parkirg 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 sigha1. 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 sampling locations were established near the
intersection (Figure 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 aT] 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 roadwéy
edge. Cloud cover and ceiling height information was again
obtained from 0'Hare International Airport. '

In both studies, sdmp]es were\ana]yzed for CO concentra-
tions using a Mine Safety Applicance Model 202 LIRA non-
dispersive infrared analyzer. Concentrations of S5Fg were
determined via gas chromatography and electron capture
device. However, the SFg results were not used for the
CALINE4A verification analysis. Since 5Fg 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 NOy emissions on
ambient 03 concentrations immediately downwind of a

heavily traveled freeway. To accomplish this, continuous
monitoring of NO, NOy, 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.
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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 summaryrof 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 Illinois 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 I1linois EPA
study.

The results for both individual and overall figures of
merit é]ear1y indicate the improved performance of CALINE4
oveyr CALINE3 for the General Motors and Caltrans tracer
studies. The results for the I1linois 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 CALINEA shows the most dramatic improvement
over CALINE3.

A possible explanation for the discrepancy in model

performance on high measured concentrations involves the
method whereby emission factors were determined for the

126



Compar1son of® CALINEB (C3)’ and: CAL'INES™ (C4)
F1gures of Mer1t (FOM) for Freeway: S1tes

N&' - NO .

Stidy,  Locavions PRNORE MGgEl Fi Fom

K
>
R
s
T

fay
<3

Geheral’ 11 ijEQ‘ ' C3ﬁ
Moters: 7 _ C4

.
29
+ .

nY N oo

6
8
Caltrars ¥ 5 B 5
o gl

g

8

e 00~

—

1111no1s B L LI 63?
EPAT o o
(North) - % i

. e
e 9w

ARRE h

Ul O wm
Lty Why NN
- @ r
fea =3} (=2 &, ] (=) =)

fer
- -
~o

I114nois § 4y GS? gi
EpA O oo
(South)! ‘ :

._.
o= i
oo
00~
o
Lo o
)
oy O

Ewry




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 1in assumed input values (such as
percent cold-start vehic]es) as well as overall model in-
accuracies. Therefore, the higher values of Fy obtained
for CALINE3 using the I1linois EPA data base were possibly
the result of bias attributable to the emission factor
calculations. An examination of the actual values of the
statistic, Sy, 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
CALINES4.

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
plbtted 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, a 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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Mgtddieé. ‘O¥.thg”points‘féf1ﬁng outside 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
'(ovehpredictioné) while only 1% and 7% fell below
(underpredictions).

The type of patterns exh1b1ted in the scatterplots are
typacal when comparlng Gaussian model results to measured
data. Measuredudata sets invariably contain some results
averaged over time periods during which significant shifts
in mean wind direction occur. These directional shifts
tend to lower péak 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 d1rect1on is normal]y distributed about the mean.
0verpred1ct1ons will occur when the calculated mean wind
direction actua]ly represents a point somewhere between two
or more mean wind directions experienced during the time
period. '

Wind directional shifts gre most critical for line source
models when théﬁmean wind direction is parallel to the
road. Also directional shifts are most 1ikely to occur
when wind speeds are low. Figures 50 and 51 show the
re]ative_errorsof 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 beﬂhttri-
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 reépect 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 moded 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 ands often
prevail for a short time between diurnal shifts in the mean
wind flow. If conditions are right, however, a ]1ghtAw1nd
can persist in speed and direction. In such cases, the
conservative overpredictions of the model provide a
safeguard against underpred1ct1ng air quality 1mpacts
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 8.3.2 Intersection Sites
" The détérminat%on of ‘accurate emission factors and traffic
parameters for the two -intersection sites included in this
verification aha]ysis‘posed serious problems, The distri-
butions of co]d'start vehicles and vehicle types tend to
vary more from ‘hour-to- hour on surface streets than on
h}ghways. Therefore, em1551on factors are more difficult
to estimate. Acce1erat1on rates, vehicle delay, turn move-
meﬁts and other needed traffic parameters were not fully
: documented in éither_étudy; These parameters had to be
estimated"frommf1bat car surveys and representative traffic
- counts. Becauge of these difficulties, only a fraction of
the intersectipp_détafwas used in the verification
analysis. Forieacﬁ"data'base, approximately 30 randomly
‘selected hours were combined with the 10 highest hours to
form a vehificgtion data set. National average values were
assumed for pé?cenf cold and hot-starts and vehicle mix.
The critical inputs of approach volume per cycle and delay
per cyc]e were re]ated to total traffic volume through
field observat1ons in the case of the Florin/Freeport
study, and reported,resu]ts in the case of the Illinois
study. ‘

The results of§a11 this educated guess work turned out
5urpr1§ing1y wéll. GSing air quality thresholds of 9 ppm
for- Florin/Freeport and 20 ppm for the I1linois EPA study,
the individual and overall figures of merit were as
follows: : o
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Florin/ ‘ ‘ I11inois

Freeport EPA
Fi 8.1 6.9
Fo ' 10.0 9.9
Fa 8.8 8.5
Fg 8.8 7.6
Fg 9.4 9.3

.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 experiented 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
deterjorated slightly because receptor-to-source distance
was less well-defined at the intersection sites.

Scatterplots of predicted versus measured CO 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 I1linois 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 pfedominandé of ovérh}edictions recorded for the
F]oriﬂ{Freehort site were in part due to the use of the 2
'métef wind Speed measurement. The Gaussian model assumes a
constaht‘verticai wind profile, an assumption which is at
odds with rea11ty. 'Thérefore, it is very important that
the wind speed used in the mode] approx1mate the average
wind speed over the depth of the surface layer for which
the predictions are being madé, For highway applications
with re]afive1jf10ng,‘paral1e1 wind transport distances,
wind speeds measured at a height of 10 meters are reason-
able. For intersection épp]jddtfons with localized
emission sourcdé and nearby recéptors, the bulk of the
dispersive pfocess takes place in the first several meters
“of the surface-ﬁayer. Wihd speeds measured at approxi-
mately & meters'afe morefappropriate for such applications.
Two meters was‘ﬁpparent]y'too Tow. '

' 8.3.3 NO; Option

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

data base. Thirty time periods were chosen from the data
base to represent a variety of traffic and meteorological
'cbhdifions. Photo1ys1s rate constants were determined
using a method ‘which 1ncorp0rated the effects of cloud
'cover(ig) Traff1c estimates were obtained for Sepulveda
Boulevard so that cohtributiohs_from this link could be
added to the San Diego Freewady resu]ts. Emission factors
for NO2 were determ1ned using California's EMFACG modeT,
and assuming 21% cold starts on the freeway and 45% on
Sepu]veda Boulevard
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The resulting individual and overall figures of merit for
the six downwind locations were as follows: '

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 NOp 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 w/s. These are the types of
conditions under which the model performs at its best.

A scatterplot of the predicted and measured NOp concen--
trations is shown in Figure 56. A total of 12% of the
points fall outside of the factor-of-two enveIope (9% over-
predictions and 3% underpredictions). From the standpoint
of this minimum criterion, the CALINE4 NO» option per-
forms adequately, at least for crosswind conditions.

Because of the time scale assumption used in the D1screte
pParcel Method, and the assumption of uniform m1x1ng with
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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 Tikely to change over
time. Exampleés include settling velocity, molecular wéight
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 metebr01ogy or traffic fall into this category.

CALINE4 can process up to a maximum of 20 links and 20
receptors per job. Theée Timits 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-
c1uding_parkihg Jot 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. 1In the
standard formét, the output contains a full summary of all
pertinent inp@t 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 fdrmat js also available. It contains a
summary'of thé%pertinent input values, though in condensed
form. Concentrations for individual runs and contributions
by 1ink are not identified in the multi-run format.
Instéad, a coﬁcentration averaged over the multiple runs is
listed for eaéh'receptof. Variations in output format can
also depehd on the program options invoked. Output for the
NOo option lists the additional variables needed to run

" that option.  Nind'd1rect10ns derived from the worst-case
search opt10n are listed with the model results and noted
by the words "WORST CASE". Runs involving intersection
Tinks detail fhe traffic parameters needed to run the
intersection Tink option.

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

system and thé standard compass system to establish
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receptor locations, 1ink 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 1in 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 1ink
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 Z component is
not fixed. Instead, it follows the surface topography.
Cdnsequent]y, two receptors at different absolute eleva-
tions can have the same 7 coordinate if they are both at
equal heights above their respective ground levels,
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'9.7.2 Input File |

A complete summary of the input variables used by CALINEA
is given in Table 5, The table shows the organization of
the input file by record number, d{stinguishes between
'formatted and?hnformattéd_records, and denotes conditional
‘inputs. Data type, units and a brief description of each
variable are also given.

Several feafufés of the input file format deserve special
“attention. The user may assign unique Tink and/or receptor
titles, or opt’ to let the program assign default titles,
The-default_opfion,assigns letter titles to the Tinks and
numeric titles to the receptors in sequential fashion
Startfng with "A" and "1", reSpéctiver. 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 situatibns often require the inputting of a series
of contiguousfﬁinks. This_can result in duplicative data
entries when Qonsecutive link endpoint coordinates are
coincident. To eliminate this problem, a continuation code
was added to the CALINE# 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 Tink.
The program will then look for only one set of Tink
coordinates (XL2, YL2) when the next record is read.

The input fi1§ 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

151

By CALINE4
Record Variable
Number Name Type Units Description
1 JOB Alphameric - Job title (40 characters or less)
2 PTYP Integer - Pollutant Type:
1 =¢C0
2 = NO2
3 = Ipert Gas (such as SFg)
4 = Particulate
NAME Alphameric - Pollutant name (30 characters or
Tess)
3% Z0 Real cHl Aerodynamic roughness
coefficient
MOWT Real - Molecular weight
Vs Real cm/s Settling velocity
VD Real cm/s Deposition velocity
MR Integer - Number of receptors
NL Integer - Number of 1links
SCAL Real m/? Scale Factof - converts roadway
geometry input variables to
meters
LC Integer - Link Title Option - equals 0 for
default titles
RC Integer - Receptor Title Opticn - equals O
' for default titles
ALT Real ? Altitude above sea level
' (4) RCP Alphameric - Receptor name (8 characters or
RC=0 less)
5% XR Real ? X receptor coordinate
YR Real ? Y receptor coordinate
ZR Real ? 7 receptor coordinate



" Record Variable =
Number Name Type Units bescription

(6) LNK  Alphaweric - 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 2 Coordinates of Tink endpoint 1
CC#1
XLZ,YL2  Real ? Coordinates of Tink endpoint 2
HL _Real 1 Roadway height
WL " Real 7 Mixing zone width
CMIXWR - Real = ? Mixing width (right)
MIXWL  Real R | Mixing width (left)
CC ~  Integer - Continuation Code - equals 1 if
\ endpoint 1 of next link coincident
with endpoint 2 of current link
l (8?) STPL " Real 7 Distance from 1ink endpoint 1 to
TYP=6 o ‘ stopline
DCLT © Real s Deceleration time
-ACCT ' Real s Acceleration time
'SPD.  Real - mph Cruise speed
g RTYP .fTInteger - Run Type:
i 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

if traffic volume on all 1inks
unchanged from previous run
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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 Paraﬁeter Code ~
equals 0 if intersection
parameters unchanged from
previous run
METCOD integer - Meteorology Code - Equai 0 if
: meteorology unchanged from
previous run : _
RUN Alphameric - Run Title (12 characters or less)
(10*)  VPHL Reail vph Hourly traffic volumes by link
VPHCOD#0 {approach for TYP=6) '
(11*)  EFL Real Qm/v-mi Composite emission factors by
EFLCOD%O. : Tink (@ 16 mph for TYP=6) -
(12%)  NCYC Intégér - 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 émissidh factor
IDT1 Real s ‘Vehicle idle time at stopline,
1072 Real s Vehicle idle time at end -of
: qgueue (0 for non- platooned
arrival) L
13 BRG Real deg Wind direction bearing -
U ~Real “mfs Wind speed .
CLAS Integer =1 Atmospheric stab111ty c1ass_
' to
G=7
MIXH Real m mixing height
SIGTH Real deg Wind direction standard deviation
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" Regord” Varible
- Number Name Type Units Description

(AMB) Reail ppm- Ambient concentration
PTYP#2
TEMP Real ‘c Temperature

B (03) ~ Real ppm Ambient O3 concentration
PTYP=2 o
(NOA]f Real ppm Ambient NO concentration
PTYP=2 - '
(NOZA) Real ppm Ambient NOs concentration
PTYP=2
{KR} " Real ° s=1 NO; photolysis rate constant

PTYP=2

* Denotes unformatted record. Include decimal point for reals and leave at
least one space between data entries.

( )Denotés conditional input. Record or variable required only if
condition Tisted below parentheses is satisfied.

? 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
Tocated with the meteorological variables on record 13.
The input file must contain entries for these variables
when PTYP=2, The user should alsc remember to omit an
entry for AMB when the NOs option is used.

An example of a CALINE4 input file is shown in Figure 57.
The figure 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 Varjables
Table 6 is intended to help the user assign proper and

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

Limits and References for Various CALINE4 Input Variab]eé

Suggested or

159

Mandatory ‘
VYariable Comments References
Surface "3<70<400cm 15% of average (47,48)
Roughness - canopy height,
(z0)
Settling V$=2.98x10°D5,, (49)
Velocity
(vS) D zr=Aerodynamic
' resistance
diameter {cm)
‘Deposition (21,50,51)
Velocity
(VD)
Intersection Traffic assumed to flow (52,53)
Traffic from link endpoint 1 to
"Parameters 1ink endpoint 2.
(various)
Wind Measure at 5 to 10 m or (54}
Speed assume worst-case, For
{U) Tocalized sources & nearby
receptors, wind speeds measured
at Tower elevations (5 m)
desirable, For more diffuse
sources & distant receptors,
10 m height more appropriate,
Stability 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)
- _ 0.185*U*k
i MIXH = nzrzore &)
{MIXH) (Note: MIXH>1000m ‘ :
DeactivatesS this U = Wind speed (m/s}
algorithm) Z = Height U measured at (m)
' Z0 = Surface roughness (m)
k = von Karman constant (0.35)
f = Coriolis parameter
= 1.45 x 10~4 cos & (radian/sec)
8 = 90° - site latitude




‘TABLE 6 (con't.)

- Suggested or
. 'Manddtory

Variﬁb]é;ﬁﬁl _Limits : Comments References
Témpeéﬁfdfe | o January mean minimum plus time (54)
(TEMP}.. = - period adjustment.
Photolysis KRS0 | (46,61)
Rate -~ 3 ' :
(kR)
Wind . '0°<BRGX360°  Wind azimuth bearing measured
Direction ‘ - relative to positive Y-axis.
Mixing . WLSI0m  Minimum.of 1 lane plus 3 m
Zone = ' per- side (Exception: Parking
- Width -~ . . o Lot Link)
) ¥ : L

Link - WLSLLKIO km . Link Tength needs to be greater
Length - - © . than or equal to the mixing zone
(kLy - - o width for proper element resolu-

, ' tion and less than 10 km to stay

within the range of validity for
the vertical dispersion algorithm.
Source  -10KHEKIO m - Limits of verified model
Height o performance..
(H ) R ’
Receptor ZRZD':T  For depressed sections >H
Height - - (where H is negative) is
(2) - : ‘ permitted for receptors within
_ _ ’ the section.
Mixing 'MIXNRéﬂtlzg ' An:assignéd value of zero is
Width ' , ¥s. interpreted as no horizontal
(MIXWR, - MIXWLWL/2 obstruction, Right (R) and left
BRI (L) determination made facing link

MIXWL)-
. . ‘endpoint 2.
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9.3 Input/Output Examples

The following five examples are intended to demonsfrétef"
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 discussion-of~éath
example follows. '

9,3.1 Example 1: Singlte Link

Any app]iéation of CALINE4 must involve at least a single
Tink and a single receptor. A single Tink/receptorfexampTe
is shown in Figure 58. The user should note the aséumed. -
north orientation of the Y-axis, and how this relates to
the assigned wind direction (BRG). ‘ '

Exhibit 1 consists of an input file fbr a standard CALINE4
run using the Example 1 data. The resulting output is o
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 assignéd_a‘vaIue;
of zero. A1l length units describing the example geometry
are in meters, so that SCAL=1. The assigned mixing height
of 1000 meters bypasses the mixing height computations,
thereby shortening execution time. :

The output'contains all pertinent input values in a format
separating "site" and "link" variables. The consistent set
of units used by CALINEZ are noted. Input values given in .
feet or meters for the roadway-receptor geometry wﬁ11-be3f'
labeled accordingly in the output. Units used other than’
feet or meters will appear in- the output as ﬁetersff.The-.
predicted concentration and receptor coordinates &fé 1isied"

161



5

" EXAMPLE 1:  SINGLE LINK

NORTH
. y1
@?(0,5090)
. - Scale
: o SITE VARIABLES
Wind direction C :
— o ' , U=1m/s
-Receptor BRG = 270°
| CLAS = 6 (F)
‘ 20 = 10 ¢cm
x> SIGTH = 15°
: VS,VvD = 0 cm/s
AMB = 3.0 ppm
MIXH = 1000 m
TEMP = 10° ¢
LINK VARIABLES
VPHL = 7500
EFL = 30 g/mi
| WL = 30 m
. R HL = 0 m
. (0, -5000)
: RECEPTOR COORDINATES
1 X Y Z
. - 730 0 1.8
NOTE: Coordinates of Link
Endpoints on Diagram (m)
FIGURE 58
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EXHIBIT 1

EXAMPLE ONE: AT-GRADE SECTION
1C

0
lo. 28. 0. 0, 1 11.110
RESTSTOP
30. 0. 1.8
HIGHWAY 22
1 0, -5000. 0. 5000. 0. 30¢. 0O, 0. 0
11101STANDARD RUN
7500. :
30.0
270, 1.0 é 11000. 15. 3. 10.
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XHIB

CALINEG: CALIFORNIA LINE SOURCE DISPERSION MODEL
: .gggE 19?9 VERSION

JOB: EXAMPLE ONE: AT-GRADE SECTION

RUN: STANDARD RUN
POLLUTANT: CO

1. SITE VARIABLES

U= 1.0 M/S Z0= 10. CM ALT= 0. (M
BRG= 270.0 DEGREES VD= 0.0 CiH/S
CLAS= 6 (F) VS= 0.0 CH/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 = XI Y1 X2 Y2 % TYPE VPH (G/MI) (M) (M)
¥

A. HIGHWAY 22 ¢ -5000 0 5000 ¥ AG 7500 30.0 0.0 30.0

*'I11. RECEPTOR LOCATIONS AND MODEL RESULTS

_ % . % PRED
N %¥  COORDINATES (M) % CONC
RECEPTOR ¥ X Y | Z % (PPM)

e ——— R “ 3

*® *

1. RESTSTOP 30 0 1.8 7.5




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 (XL2, 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 modei.

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

9.3.2 Example 2: Rural Curved Alignment

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 Tabeling option was used for this example
(i.e., LC,RC=0). This option is particularly convenient
when there are numerous Jlinks 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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EXHIBIT 3

.‘EXAMPLE'GNE&'AT«GRAHE.SECTIQN
- 1co P )
L 16, 28. 0. 0. 111.01 1.0
"~ .. - RESTSTOP
... 30, 0. 1.8 , . _
HIGHWAY 22 . . -
1 0. -5000, 0. -5040, 0. 30. 50. 100. O
'11101CANYON RUN o
- 7500, : ' o
30.0 '
6. 1.0 & 1looe. 15. 3. 10,




EXHIBIT 4

CALINE4: CALIFORNIA LINE SOURCE DISPERSION MODEL
gggg 19?9 VERSION

JOB: EXAMPLE ONE: AT-GRADE SECTIUN

RUN: CANYON RUN
POLLUTANT: CO

I. SITE VARIABLES

U= 1.0 M/S Zo= 1¢. CM ALT=
BRG= 360.0 DEGREES vD= 0.0 CM/S ) oo
CLAS=. 6 (F) Vs= 0.0 CM/S . ‘
MIXH= 1000. M AMB= 3.0 PPM
0.0 DEGREE (C)

SIGTH= 15. DEGREES . - TEMP= 1

IT. LINK VARIABLES

LINK - % LINK CODRDINATES (M) . : EF
DESCRIPTION x X1 Yl X2 Y2 % TYPE VPH (G/MI)

________________________________________ P e e it it o e —
A. HIGHWAY 22 % 0 -5000 0 5000 x AG 7500 30.0.
x  MIXW
x L
LINK % (M) (M)
————— *—_-—.—-—_.—_—
A. % 100. 50

* : ¥ PRED

%  COORDINATES (M) X CONC
RECEPTOR ¥ X Y Z  x (PPID)
______ * —_———— - %* _—
* 39 0 1.8 x11.3

1. RESTSTOP
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Ao

‘‘‘‘‘

EXAMPLE 25 RURAL -

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

RECEPTOR COORDINATES

X Y z
1. 001700 1.8
2. 100 1500 71.8 (650,1850)
3. 200 1300 1.
4, 100 .'353 },g (475,1830) To (1650,i850)
| (350,176 0)
'SITE VARIABLES )
U= 1.0 m/s 4
BRG = WORST (265"6 o)
CLAS = 6 (F) 2 |
0 = 50 cm m P75,1510)
SIGTH = 17.50 .
VS,vD = 0 cm/s. |
AMB = 3.0 ppm nr
TEMP = 150 ¢ - 4 . _
LINK VARIABLES ~ 3NCReceptor No.
TYPE = 1 (AG) - : o
VPHL = 8500 -
CEFL = 30 g/mi '
HL=0m /JV/,
WL =28 m '
a
W ¢(150,350)
(120,175)
-
(0,0) X
To (-707,-707) - o ()EMJOH'

Scale
FIGURE 59
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EXHIBIT 5

EXAMPLE TWO: RURAL CURVED ALIGNMENT
50, 23, 0, 0. 410 1. 00 0

400. 1700; 1.8

100. 1500, 1.8

200. ISUUI 1.8

100 550, 1.8

1 -707. -707. 0. 0. 0. 28. 0.0.1
1 120. 175. 0. 28. 0. 0. 1 .
1 150 350. 0. 28. 0. 0.1

1 150. 1350. 0. 28. 0. 0.1

1 175. 1510. 0. 28. 0. 0. 1

1 265. 1640, 0, 28. 0. 0. 1

1 350. 176¢. 0, 28. 0. 0. 1

1 475. 183¢. 0. 28. 6. 0. 1
1 650. 183¢, 0. 28. 0. 0. 1

1 1650. 185C¢. 0. 28. 0. 0. 1

31101HORST CASE _

8500. 8500. 8500. 8500. 8500,
3500. 8500. 8500. 8500. 38500.
30.0 30.0 30.0 30.0 30.0

30.0 30.0 30.0 30.0 30,0
n. 1.0 6 1000. 17.5 3.0 15.0

20001HOUR 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
20001HOUR 3

45, 1.0 6 1000. 15.6 3.0 12.5
20001HDUR 4

30 5 1000. 15.8 3.0 12.5
20001HOUR 5

30. 2.5 4 1000. 15.9 3.0 12.5
ZDOOIHUUR 6 -

30. 2.5 4 1000, 30.0 3.0 26.0
20001HOUR 7

90. 2.5 4 1000. 30.0 3.0 20.0
90001HOUR 8

90. 2.5 6 1000. 10.0 3.0 20.0
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EXHIBIT 6

CALINE4: CALIFORNIA LINE SbURCE DISPERSION MODEL
JUNE 1989 VERSION

_ PAGE 1 -
JOB: EXAMPLE TWO: RURAL CURVED ALIGNMENT

, RUN: WORST CASE (HORST CASE ANGLE)
POLLUTANT: CO . -
1. SITE VARIABLES

U= 1.0 M/S Z0= 50. CM ‘ ALT= 0. (M)

5
BRG= WORST CASE ¥D= 0.0 CM/3
CLAS= ‘6 (F) VsS= 0.0 CM/S
MIXH="1000. M AMB= 3.0 PPM
5.0 DEGREE (C)

SIGTH= 18. DEGREES. TEMP= 1

II. LINK VARIABLES'
INK % LINK COORDINATES (M) X

L EF H W
DESCRIPTION % X1 YL X2 Y2 % TYPE VPH (G/MI> (M) (M)
————— e : . - -

A. LINK A x -707 -707 0 0% AG 8500 30.0 0.0 28.0
B. LINK B x 0 0 120 175 % AG 8500 30.6 0.0 28.0
C. LINK C ¥ 120 175 150 350 x AG 8500 30.0 0.0 28.0
- D. LINK D x 150 350 150 1350 x AG 8500 30.0 0.0 238.0
E. LINKE x 150 1350 175 1510 ¥ AG 8500 30.0 0.0 28.0
F. LINKF x 175 1510 265 1640 ¥ AG 8500 30.0 0.0 28.0
G. LINK G X 265 1640 350 1760 ¥ AG 8500 30.0 0.0 28.0
H. LINK H x 350 1760 475 1830 ¥ AG 8500 30.0 0.0 28.0
I. LINK I x 475 1830 650 1830 ¥ AG 8500 30.0 0.0 28.0
J. LINK J % 650 1830 1650 1850 ¥ AG 8508 30.0 0.0 23.0

III. RECEPTOR LOCATIONS
COORDINATES (M)
X Y y4

*
x
* .
X 400 17.00
.
%
¥




EXHIBIT 6 (CONT.)

CALINEG: CALIFORNIA LINE SOURCE DISPERSION MODE
gggg 1939 VERSION :

JOB: EXAMPLE TWO: RURAL CURVED ALIGNMENT

RUN: HORST CASE (HORST CASE  ANGLE) -
POGLLUTANT: CO :

IV. MODEL RESULTS (WORST CASE WIND ANGLE )

* ¥ PRED x CONC/LINK
¥ BRG X CONC ) ' (PPM) _
RECEPTCOR ¥ (DEBG) % (PPM) ¥ A B -C. D E - F
_____________ 36 o e o e I o e e e — 3 ——— ————— : :
1. RECPT I * 250. * 6.1 % 9.0 0.0 0.0 0.0 0,0 1.1 2.0 .0
2. RECPFT 2% 61. x 8.2 0.0 0.0 0.0 0.0 0.1 3.2 0.4 O
3. RECPT 3 * 196, x 8.1 % 0.6 0.1 0.1 43 0.0 0.0 0.0 0
G. RECPT 4 % 18. * 8,1 % 0.0 0.0 0.0 4.4 0.0 0.1 0.1 0.
% CONC/LINK
* (PPM)
RECEPTOR . X I J
____________ P e e s e e
1. RECPT 1 ¥ 3.0 0.9
2. RECPT 2 ¥ 0.4 0.9
3. RECPT 3 % 0.0 0.0
4, RECPT 4 % 0.2 0.3
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' EXMIBIT 7

CALINE4: CALIFORNIA LINE SOURCE DISPERSICN MODEL
- gggg 1929 VERSION

JOB: EXAMPLE TWO: RURAL CURVED ALIGNMENT
RUN: (MULTI-RUN) D
POLLUTANT: CO :
I. SITE VARIABLES

¥yD= 0.0 CM/S " Z0= 50. CM _ ALT= 0. (M
¥S= 0.0 CM/S '

"II. METEOROLOGICAL CONDITIONS

: x U BRG  CLASS AMB  MIXH SIGTH TEMP
, RUN % (M/S) (DEG) (PPM) (M) (DEG)  (C)
_________ —_——- -— — - ——— -
1. HOUR 1 X 0.5 50. 7 (@) 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 65, 6-CF) 3.0 1000. 15.00 12.5
%. 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(DP) 3.0 1000. 30.00 28.0
7. HOUR 7 x 2.5 90. 4 (D) 3.0 1000. 30.00 20.0
8. HOUR 8 x 2.5 90. 4 (D) 3.0 1000. 1G.00 20.0

" {II. LINK GEOMETRY ;
' LINK COORDINATES €M)
Y1 Y2

~ LINK % , x H H

DESCRIPTION % X1 X2 Y2 ¥ TYPE (M) (M)
________________ I v o e e e - 3 ——
A. LINK A % ~707 =707 0 0% AG 0.0 28.0
B. LINK B x 0 .. 0 120 175% AG 0.0 28.0
c. LINK C x 120 175 150 350 ¥ AG 0.0 23.0
D. . LINK D ¥ 150 350 150 1350 x AG 0.0 28.0
E. LINK E x ‘150 1350 175 1510 ¥ AG 0.0 28.0
F. LINKF x 175 1510 265 1640 * 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 X AG 0.0 28.0
I. LINK I x 475 1830 650 1830 x A6 .0.0 28.0
J. LINK & x x AG 0.0 28.0

650 1830 1650 1850
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CAL

INEG:

JOB:
RUN:

POLLUTANT:

IBY

Y

CALIFORNIA LINE SOURCE DISPERSION MODEL
JUNE 1989 VERSION

PAGE 4

EXAMPLE

THO:

(MULTI-RUND

co

RURAL CURVED ALIGNMENT

IV. EMISSIONS AND VEHICLE VOLUMES

* LINK
RUN % A B c
—————X - -——= -
%x

1 VPH X 8500 8500 8500 8500 8500 8500

EF % 30. 30. . . 30. 30,
* s

2 VPH % 8500 8500 8500 8500 8500 8500

EF % 30. 30. 30. 30. 30. 30.
x

3 VPH % 8500 8500 8500 8500 8500 8500

EF % 30. 30. 30. .  30. 30.
*

6 VPH ¥ 8500 8500 8500 8500 8500 8500

EF * 30. 30. . 30. 30. 30.
*x

5 VPH ¥ 8500 8500 8500 8500 8500 8509

EF % 30. 30. . 30. 30. 30,
*

6 VPH X 8500 8500 &500 8500 8500 8500

EF * 30, 30. 30. 30. 30. 30,
»* )

7 VPH ¥ 8500 85060 8500 8500 8500 8500

EF * 30. 30. . 30, 30. 30.
*

8 VPH % 8500 8500 8500 8500 8500 8500
EF % 30. 30, 30. 30. 30. )
V. RECEPTOR LOCATIONS AND MULTI-RUN

X  COORDINATES (M) x AVG
RECEPTOR ¥ X Y 7z, % (PPM)

———————————— x—ll—l————————————mw—————————*—--—-lﬂ——

1. RECPT 1 X 400 1700 1.8 % &,

2. RECPT 2 % 100 1500 1.8 % 5.

5. RECPT 3 % 200 1300 1.8 % 3.

G. RECPT 4§ x 100 350 1.8 % 6.

H

I

8500
30.

8500
30.

8500
30.

8500
30.

3500
30.

3500
30,

§500

30.
8500
30.

8500
30.

8500

30.

3500

34.

8500
30.

8500

30.

8500
30.

8500
30.

8500

30.

8500

39.
3500
-30.

8500

30,

8500
30.

8500
30.

8500
30.

AVERAGE CONCENTRATIONS
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The resuits Ffor the first run, summarized in Exhibit 6,
indicate that- the worst-case wind angle has been selected
'(BRG=NORST CASE). -The actual worst-case wind angles are
" tisted in the model results output block.

'The'mu1ti-run‘fequires information for each time period
EoVeﬁéd The example g1ven here is for an 8-hour average.
Since only the meteoro1091ca1 variables are varying from
hour-to-hour, "information fer traffic volumes and emission

factors need not be repeated (i.e., VPHCOD=0 and EFLCOD=0).

. For the:1ast_hour of the multi-run, RTYP=9.' Without this
"flag" value, the model will exhect to see an additional
"ttmg-périod. An end-of-file error will result if no data
~is available to be read.

‘The mu1t1—run output is listed on two pages (Exﬁibit 7).

_ tab]e showxng “the meteorolog1ca1 conditions for each time
7_per10d is 11sted in output Block II. Block IV gives the

| em15510n factors and veh1c1e volumes by the time period
‘and 1ink. 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, intersectjon link and the
NO, option, |

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

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

‘Receptor No\ .
(-500,4) .3 .' | (500,4)

v A

T

(-4,500) ?.(4.50'0) |

Ave.

weniontiillh,

Wind Direcfion

(-500~4) "

(NOT TO SCALE)

4.-7,‘

ELM N

St

(500r4)

RECEPTOR CCORDINATES

: X .Y 4
(-4,~500) @|® (4,—500) .
1. -15 15 1.8
2. - 15 -15. 5.0
3. -100 . 15 1.8
LINK VARIABLES
VPHL EFL EFI  STPL HL- MWL ... .= .
LNK (VPHI) VPHO (g/mi) (g/min) (m} (m) (m) .NCYC:  NDLA
3rd St. (WB) 2500 3000 45 7.5 490 0 14 25 15
3rd St. (EB) 1500 1250 45 7.5 490 0 . 14 15 190
Elm Ave. (NB) 1250 1250 35 5.0 490 0 14 12 8
Elm Ave. (SB) 1000 750 35 5.0 490 0 14 10 6
TRAFFIC PARAMETERS ' ' :
(ALL LINKS)  SITE VARIABLES .

SPD = 30 mph U =1m/s © 70 =100 cm
DCLT = 15 s BRG = 90° . SIGTH = 250
ACCT = 12 s CLAS = 6 (F) . -VvS,VD = 0 cm/s
IDTL = 45 s MIXH = 1000 m O TEMP = 10° C
IDT2 = 0 s - : . AMB = 5:0 pom

FIGURE 60
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" Fite and dufp&f"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. 1In addition to the normal Tink inputs,
intersection fnformation (STPL, DCLT, ACCT and SPD) is
Tisted for each intersection 1ink as record 8 of the input
file format. Lﬂiso, intersection variables related to the

- run are speciﬁied for each link {record 12 format). The
program automética11y Tooks 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 link to'thé'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 ﬁs not used. The additional Tink
information réquired for the intersection option is listed
in the output block II (1link variables).

A second application of CALINE4 to Example 3 is given in
Exhibits 10 and 11. In this instance, one of the streets
(3rd Street) fs designated as a street canyon by assigning
- values for MIXNR and MIXWL. The user must remember that

" the right (MIXWR) and the left (MIXWL) designations are
determined facing link -endpoint 2, and the fraffic on
intersection Tinks is always assumed to proceed from link
endpoint 1 -to endpoint 2. '

The input fjlé contains spécifitations for a 34 meter wide

cahyon 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
ico

100. 28. 0. 0, 361.100
-15. 15. 1.8

- =15, <15, 5.0
-100. 15. 1.8
3RD ST.- WB
3RD ST.- EB
ELM AVE.- NB
ELM AVE.~- 5B

6 500. 4. -500. 4. 0. 14. 0. 0. D
490. 15. 12. 30.

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

6 4. -500. 4. 500. 0. 14. 0. C. O
490. 15. 12. 30.

6 -4. 500. -4. -500. 0. 14. C. 0. 0
490. 15. 12. 30.

11111STANDARD RU?

2500. 1500. 1250, 1000.

45. 45. 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 & 1000.
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EXHIBIT 9

CALINE4: CALIFORNIA LINE SOURCE DISPERSION MODEL
JUNE. 1989 VERSION
PAGE 1
JOB: EXAMPLE THREE: URBAN INTERSECTION

RUN: STANDARD RUN
. POLLUTANT:+ CO'

'I. SITE VARIABLES

U=- 1.0 M/S. Z0= 100. CH "ALT= 0. M)
- ' ‘BRG= 90.0 DEGREES ¥D= 0.0 CH/S
" a CLAS= 6 (F) ¥S= 0.0 CH/S
MIXH= 1000, M AMB= 5.0 PPM
SIGTH=  25. DEGREES TEMP= 10.0 DEGREE (C)
II. LINK VARIABLES
LEINK %¥ LINK COURDINATES (M) X EF H W
DESCRIPTION % XL Yl X2 Y2 % TYPE VPH (G/MI} (M) (M)
- __* —————— —— x —— —
A. 3RD ST.— WB % 500 4 -500 g % IN 2500 45.0 . 0.0 14.0
B. 3RD ST.- EB ¥ -500 -4 500 -4 ¥ IN 1500 45.0 0.0 1l4.0
C. ELM AVE.— NB 4 -500 4 500 * IN 1250 35.0 0.0 14.0
D. ELM AVE.- SB * -4 500 -4 -500 ¥ IN 100G 35.0 0.0 14.0
¥ MIXW o o
%L R STPL DCLT ACCT SPD EFI  IBT1 1IDT2
LINK X (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. 490 15, 1z. 30. 15 10 1250 7.50 45, 0.
cC. ¥ 8. 0. 490 15, 12.  30. 12 8 1250 5.00 65, 0.
D. ¥ 0 0. 490 15. 12. 30. 10 6 750 5.00 65, 0.

ITI. RECEPTOR LOCATIONS

_ % COORDINATES (M)
RECEPTOR % X Y ra
% e
1x -15% 15 1.8
2% -15° =15 5.0
x ~100 15 1.8
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EXHIBIT Q _{CONT.)

CALINE4: CALIFORNIA LINE SOURCE DISPERSION MODEL
gggg 1929 VERSION

“ JOB: EXAMPLE THREE: URBAN INTERSECTION

RUN: STANDARD RUN
POLLUTANT: CO

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

* PRED x CONC/LINK
_ * CONC X (PPM)
RECEPTOR X (PPM) x A B C D
_____________ *—_—_ % - ————
1. RECPT I X 21.3 % 7.7 0.8 1.9 5.9
2. RECPT 2 x 13.6 % 3.7 1.4 2.8 0.5
3. RECFT 3 x 15.7 x 3.8 3.0 0.9 1.0
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EXHIBIT 10"

%X‘A’MPLE THREE: URBAN II\.i:'I"ERSECTIUN?

- 1C0 .
"L00. 28, €. 0, 34 L. 10D
-15. 15. .

"15'. -15.
-100. 15.
3RD ST.— WEB

3RD: ST.- EB

ELM AVE.— NB ,

ECM AVE.- SB- .

& -500. 4. -500. 4. O.°14. Y5, 19. 0
490. I5. 12. 30. .

6 -500. —-4. 500. —-4. 0. 14, I5, 19. O
490. 15. 12. 30.

6 4. -500. 4, 500. 0. 14. 0. O. @
490. 15. 12. 30. & _

6 -64. 500. -4, =500, 0. 1l4. 0. O. O
90, 15. 12. 30.

ITTF1ST. CANYON .

2500:, ¥500. 1250, 10004,

45. 45. 35. 35. - .0

25 1% 3009. 7.5 45. 0O

15 10 1250, 7.5 45. 0.

12 8 1250, 5.0:-45. 0.

o & 750.. 5.0 45.. 0%

9¢, 1.0 6 1000, 25. 5.0: 10.L0:

=y
Moo




CALINEG:

JOB:
RUN:

EXHIEIT 11

CALIFORNIA LINE SOURCE DISPERSION MODEL
gggg 19%9 VERSION

EXAMPLE THREE: URBAN INTERSECTION
ST. CANYON

POLLUTANT: CO

I. SITE VARIABLES

- 181

U= 1.0 M/S z0= 100. CM ALT= 0. (M
BRG= 90.0 DEGREES vD= 0.0 CM/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
LIN % LINK COORDINATES (M) X “EF H b
DESCRIPTION X X! YL X2 Y2 ¥ TYPE VPH (G/MID (M) (M)
—————— —— 3 i s - ———— et P e e ——
A. 3RD ST.- WB % 3500 4 -500 ¢ x IN 2500 45.0 0.0 14.0
B, 3RD ST.- EB % -500 -4 500 ~4¢ x IN 1500 645.¢ 0.0 14.0
C. ELM AVE.- NB X 4 =500 ¢ 500 ¥ IN 1250 35.0 0.0 14.0
D. ELM AVE.- SB ¥ ~-¢ 500 -4 =500 ¥ IN 1000 35.0 0.0 14.0
x  MIXH _ . e
¥ L R STPL DCLT_ ACCT  SPD EFI  IDT1 1IDT2
LINK % (M) (M) (M) (SEC) (SEC) (MPH) NCYC NDLA VPHO (G/MIN) (SEC) (SEC)
————— xX—- —— — e e - — ot s ] -
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 7.56  45. 0.
c. % 0. 0. 490 15. 12. 30. 12 8 1250 5.00 45.  OC.
D. * 0. 0. 6490 15. 12.  30. 10 &6 750 5.00 45. 0.
III. RECEPTOR LOCATIONS
%  COORDINATES (M)
RECEPTOR X  .X Y z
———————————— oy —— ——— — -
1. RECPT 1 x = -15 15 1.8
2. RECPT 2 x =-15 -15 5.0
3. RECPT 3 x -100 15 1.8



CALINEG: CALTFORNIA LINE SOURCE DISPER3ION MODEL
~  JUNE.A1989 VERSION
PAGE™ 2 .
JOB: EXAMPLE THREE: URBAN INTERSECTION
. RUN: ST. CANYON
"POLLUTANT: €O

TIV. MODEL RESULTS (PRED. CONC. INCLUDES AMB.)
PRED % - CONC/LINK

(PPM) =
L

F. 4

. k.3
__RECEPTOR _ X
1. RECPT 1
2. RECPT 2 %
3. RECPT 3 x

L T




links under crosswind conditions without mixing width re-
Strictions. While Elm Avenue may also be a street canyon,
the model will only see that part of the avenue that is
contributing to the 3rd Street'para11e1 wind conditihh.

' because of the crosswind orientation. This method, used
when applying CALINE4 to street canyons, is onTy-applicab1e
to low wind speed conditions and ctianneled flow. | :

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

9.3.4 Example 4: Parking Lot

An example of a parking Tot modeled as a series of short
CALINE4 links 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 Tlot,.
"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 lot (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:

183



' EXAMPLE 4" PARKING LOT

" LINK VARIABLES *

o (ALL. LINKSY .

YR

VPHL

EFL =

HL

T

(éeé

- (g/mT)

nououw oo
S e XA RN
[ ]
fen)

Output for

Link Céordinates)

STTE

VARIABLES

U

BRG
CLAS
10
SIGTH

VS,VD

AMB
MIXH
TEMP

"RECEPTOR,  COORDINATES

x ¥

A

1. 20 10
2. 130 30

3. 210 100

FIGURE 6l
184

e
. .o
LR BT,

0.5 m/s
WORST
5 (E)

- B0 cm
350
0 cm/s
3.0 ppm
100 m
7.5% ¢

n a9

wnononu



(150 gms/veh)(0.4)+(15'gms/veh)(o.é) 7

Egr
’ 69 gms/veh-start.

i

Equation 6-20 is then used to compute the 1ink emission ©
factor. Running'emissions at 5 mph of 35 gms/Veh-mi-éfe.
assumed., The average diStanée traveied at b5 mph‘OVEfVIZO
seconds (minus 60'seconds for warm-up; béckéup 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 figure!

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

The output (Exhibit'13) is similar to previous worstQC&se
wind angle runs. Note that the traffic volume and emission
factor are identical for all links. This is attributablie
to the method used to computé the emission factor. The
emission factor represents ghe 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 vehiclesl1eaving 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{qﬁer a113
" the links. | o
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EXAMPLE FOUR+ PARKING' LOT
-50. 28..0..0. 310 1.

20.,13, 1.5
130,30, 1.5
210 106. 1.5
20, 39. 20: 1
i70. . 100..0;
170. - 40. 0,
40. 30. 40. 90,
60, 30..60. 90,
80, 30..80; 90.
100. 30. ~106, 9
110. 90. 150. 9
110, 79 150. 7
110, 5
7
7-

ratith LI,

'31101NORST BRG
73, 73. 73. 73.
73..73. 73, 73
530. 530. 530, 530
530. 530. 530. 530.

¢. 0.5 5 100,

530.
53g.

3550

‘0000

3.0 7.

EXHIBIT 12



CALINEG:

JOB
RUN

EXHIRIT 13

JUNE 1989 VERSION

PAGE

1

: EXAMPLE FOUR: PARKING LOT

+ HORST BRG

POLLUTANT: €O

I. SITE VARIABLES

(WORST CASE ANGLE)

3

187

U= 0.5 M/S 70= 50,
BRG= WORST CASE VD= 0.0
CLAS= 5 (E) Vs= 0.0
MIXH= 100. M AMB= 3.0
SIGTH=  35. DEGREES TEMP= 7.5
I1. LINK VARJABLES
LINK % LINK COCRDINATES (M) *
DESCRIPTION * X1 Yl X2 Y2 %
—— . e - *
A. LINK A x 20 30 20 100 %
B, LINK B x 20 160 170 100 x
c. LINK C % 170 100 170 40 X
D. LINK D x G0 30 G0 90 %
E. LINK E x 60 30 60 90 %
F. LINK F x 80 30 80 90 %
6. LINK G ¥ 100 30 100 90 X
H. LINK H ¥ 110 90 150 90 %
T, LINK I x 110 70 150 70 X
J.  LINK J % 110 50 150 50
IITI. RECEPTOR LOCATIONS
%  COORDINATES (M)
RECEPTOR * X Y z
——————— *.—.—._— -
1. RECPT 1 x 20 10 1.5
2. RECPT 2 %x 130 30 1.5
5. RECPT 3 % 210 100 1.5

CM

CM/S
CH/S

PPM :
DEGREE (C)

E

(G/MI)

CALIFORNIA LINE SOURCE DISPERSION MODEL

ALT= -

F

=2

==

(M)

TYPE VPH
PK 73
PK 73
PK 73
PK 73
PK 73
PK 73
PK 73
PK 73
PK 73
PK 73

. .

cCoOQOOoOOQO

.

cooooocuooo

DRSS

ScoooooooQo



IBIT 13 (CONT.

cALINEé:chLrFURNiA LINESOURCE DISPERSION MODEL
. - JUNE: 1989 VERSION -

PAGE: 2
JOB: EXAMPLE FOUR: PARKING LOT
RUN: WORST BRG (WORST CASE ANGLE)

POLLUTANT: CO

IV. MODEL RESULTS (WORST CASE WIND ANGLE )
‘ % % PRED x CONC/LINK

- % BRG ¥ CONC X (PPM)
RECEPTOR * (DEG) X (PPFM) x A B ¢ D E F
e % st S - ———
1. RECPT 1% 39. % 8.3 % 0.6° 0.8 0.1 1.4 1.0 0.6 0.4 0.
2. RECPT-.2 % 317. X 8.8 X 0.2° 0.9 0.0 0.2 0.4 0.8 1.5 0.l
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)
RECEPFTOR %. T  J
I e e -
‘1. RECPT 1 % 0.2 0.1
2. RECPT 2 % 0.3 1.3:
3% 0.5 0.3

3. RECPT




9,3.5 Example 5: Urban Ffeeway;-'

Exampie 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
~ mode] (Equation 6-2) and the other representing the

" “moving" model (Fquation 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 6.2).

The value used in the example was not arrived at rigor—f
ously, however, but was simply chosen to point out the
differenbe 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 ang]e'run type is indicated. The débressed-
section 1ink 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 NO2 concentrations (Exhibit 16). MNote the changed
values for PTYP and MOWT (2 and 46, respectively). Again,
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"EXAMPLE S5 URBAN FREEWAY.

RECEPTOR COORDINATES

(See Qutput)

FIGURE 62
190

yQ 0 500m 1000m
' Scale
Link B
B {. a4 Link A
) & . e X
m mlm ]im B m
5 6l 7 © 9 10
Lk : Link D
Receptor No.
'LINK VARTABLES
111 SN R X, Y, TYP.  VPHL  EFL HL WL
{m) (m)~.  (m) (m) (g/mi) (m} (m)}
LINK A 500 0 3000 0 2(pP) 9700 30 -8 23
" g 500 0 1000 100 2(oP) 1200 150 -4 13
" £ -3000 . 0 500 O 2(ppP) 10900 30 -8 23
" p -3000 -75 3000 ~ -75 2(DP) 9300 30 -8 23
“ E -500 200 -500 -300 1{Aec) 4000 50 0 27
" F =100 200 -100  -200 1(AG) 5000 50 0 27
" SITE VARIABLES
N U =1 m/s
BRG ="WORST
CLAS =6 (F)
. 0 =_100 cm
~ SIGTH = 25°
¥s,VD = 0 cm/s
AMB = 5.0 ppm
MIXH = 1000 m
TEMP = 159 C



C 2

EXAMPLE FIVE: URBAN FREEWAY (CO)

1o00.
-350.
0.
750,
850.
=850.
=550.
=350,
50,
G50.
300.
-550.
-550.

28,

500.
509.

0.
390.
30.

100.

30.
-100.
=100,
-100.
-100.
-100.
-100.
25,
25..
g.
0.

0.

A e % 8 & 2 4

© = 00 03 03 00 09 GO 00 OO DI 00 &0

300
1000

3 O It et et e e et et e e b

12°6 1.

0. ~8. 23

. . 0.
. 100. -4. 13. 0

9. 0
. 0.

0

-3000. 0, 500. ©.
-3000. ~-75. 3000.
~-500. 200. -500. ~300. 0. 27. 0.
=100, 200. -100. -200. 0. 27. 0.
31101WORST CO

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

. 50.
0. 05.0 15.0

~-8. 23. 0.0, 0
-75. -8. 23. 0. 9
g 0

2
2
2
1
1 0

0.
.
.

1.0 6 1000. 25
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EXHIBIT 15

CALINEG: CALIFORNIA LINE SOURCE DISPERSION MODEL

JUNE 1989 VERSION
PAGE

JO3B: EXAMELE,FIVE: URBAN FREEWAY (CO)

~ RUN: WORST CG
PGLLUTANT: CO -

I. SITE VARIABLES

) (WORST CASE ANGLE)

U= 1.0 WS Z0= 100. CM ALT= 6. (M
BRG= WORST CASE VD= 0.0 CM/S
CLAS= 6 (F) ~ VS= 0.0 CM/S
_MIXH= 1000. M AMB= 5.0 PPM
SIGTH= ~ 25. DEGREES TEMP= 15.0 DEGREE (C)
II. LINK VARIABLES
NK x LINK COORDINATES (M) x EF H W
| DESCRIPTION x X1 Y1 X2> Y2 X TYPE VPH (/MDD (M) M)
e e e e o et s e b o) —— - ——
A. LINK A % 500 0 3000 0% DP 9700 30.0 -8.0 23.0
B. LINK B % 500 0o 1000 100 x DP 1200 150.0 -4.0 13.0
C. LINK C %-3000 © - 0 500 x DP 10900 30.0 -8.0 23.0
D. LINK B x~3000 -75 3000 -75 % DP 9300 30.0 ~8.0 23.0
E. LINKE % -500 ¢ 200 -500 -300 ¥ AG 4000 50.0 0.0 27.0
F. LINK F x -100 . 200 -100° ~200 % AG 5000 50.0 0.0 27.0

III. RECEPTUR LOCATIUNS

x COORDINATES (M)
RECEPTUR * X Y z
____________ *—_—_—_—.—-u_.uuuu—-——-—-——
;1.-RECPT 1 % =350 30 1.8
2. RECPT 2-%- 0 30 1.8 |
- 3. RECPT. 3 - 750 100 1.8
‘4. RECPT 4 * - 850 30 1.8
5. RECPT 5 *  -—850 =100 1.8
6. RECPT 6 ¥  ~550 -100 1.8
- 7. RECPT 7 x =350 -lo0 1.8
" 8. RECPT 8 x 50 .- =100 1.8
9. RECPT 9 ¥ 450 -100 1.8
10. RECPT 10 *. 800 ~100 1.8
11. RECPT 11 *  -550 25 1.8
12. RECPT 12 * . -550 25 6.1
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EXHIBIT 15 (CONJ.)

"CALINE%: CALIFORNIA LINE SOURCE DISPERSION MODEL

JUNE 1989 VERSION

PAGE 2
JOB: EXAMPLE FIVE: URBAN FREEWAY (CD)

RUN: HWORST CO (WORST CASE ANGLE)

POLLUTANT: CC

IV. MODEL RESULTS (WORST CASE WIND ANGLE )
x x PRED X CONC/LINK
% BRG % CONC * (PPM) '
RECEPTOR % (DEG) * (PPM) x A B C - D E F
-——— K e e e P e Y e . e R e
1. RECPT 1 % 107. % 15.1 ¥ 0.6 0.2 6.3 1.8 0.0 1.
7. RECPT 2 % 252. ¥ 16.7 * 0.0 0.0 6.9 1.8 0.8 2.
3. RECPT 3 % 267, ¥ 10.5% 0.8 1.6 1.2 1.4 0.2 0.
4. RECPT § % 262. ¥ 15.2 % 4.1 1.7 2.2 1.5 0.3 0.
5. RECPT 5 % 74. % 17.9 x 0.3 0.2 1.8 9.2 0.9 ©.
6. RECFT 6 x 73. % 20.3x 0.4 0.2 1.7 9.2 2.9 1.
7. RECPT 7 % 73. % 17.8 % 0.4 0.3 1.6 9.1 0.0 1I.
8. RECPT 8 x 287. % 18.7 * 0.0 0.0 2.1 9.1 0.7 1I.
9. RECPT 9 % 286. ¥ 17.4 % 0.0 0.0 2.1 9.2 0.3 0.
10. RECPT 10 X 287. % 17.5 % 0.7 0.6 1.4 9.2 0.2 0.
11. RECPT 11 * 106. ¥ 21.3 x 0.7 0.1 9.9 1.8 2.9 0.
12. RECPT 12 % 105. * 20.2 x 0.8 0.2 9.5 1.8 2.2 0.
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i

1‘00_,, 6. 0. 0. 12 6 1.0 ,0'
Z350. 30. 1.8
0. 30.°1.8:
750, 100. 1.8
850. .30.. 1.8
-850. -100. 1.8
""5‘5,_0 . —10 0. 1 &
-350. <100, 1.8
50. ~100. 1.8
450. ~100. 1.8
g00. -100. ¥.8
-550. 25. 1.8
=550. 5. 6.1

277500, 8. 3000. 0. -8. 23,
500, 0. 1000. 100. —4.-,

.7 2 =3p00, 0. 500. 0. —8. o
A 2 -3000. -75. 3000. -75. 0
1. 500. 200, -500. -300..0. 27. 0. 0. 0

1 .-100. 200. -100. ~200. 0. 27. 0. 0. ©

31101IWORST NO2 \ _

9700. 1200, 10900. 9300 4000. 5000
1.0 1.0 1,0 1.0 1.0 1. L

0. 1.0 6 1000. 25.0 i8.0:0.2 0.02 0.1 0.004




the worst-case wind angle run type was called for. The
output is given in Exhibit 17. Little, if any, chahge
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 NOy/O3 ambient levels and the
photolysis rate, the output is similar to previous
examples.
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EXHIBIT 17

CALINEG: CALIFORNIA LINE SUURGE DISPERSION MODEL
gggg 1929 VERSION

" JOB: EXAMPLE FIVE: URBAN FREEWAY (NO2)
__RUN: WORST NO2 {HWORST CASE ANGLE)
"POLLUTANT: NOZ
I. SITE VARIABLES .
U= 1.0°MrS: Z0= 100, CH ALT=

‘BRG= KWORST CASE VD= 0.0 CW/S
CLAS= 6 (F) - VS= 0.0 CM/S
MIXH= 1000, M TEMP= 15.0° DEGREE (C2»

SIGTH= = 25. DEGREES
NOX VARIABLES
NO2= 0.10 PPM~  NO= 0,02 PPM 03= 0.20 PPM

II. LINK VARIABLES

M)

0.004

LINK ¥ LINK COORDINATES (M) * . EF N

DESCRIPTION x XI1: Y1 X2 Y2 % TYPE VPH (G/MI) 141))
________________ * ——— — _———* ———— —-
A LINK A - ¥ 500 . 0 3000 0 %X DP 9700 1l.00 23.0
B LINK B x 500 0 1000 100 x DP 1200 1.00 13.0
C. LINK C %-3000 0 500 0 DP 10900 1.00 23.0
D. LINK D . ¥-3000 ~75 3000 ~-75 ®* DP 9300 1.00 23.0
E. LINK E ¥ -500 200 -500 -300 * AG 4000 1.00 27.0
F LINK F ¥ AG 5000 1l.00 27.0

% -100 200 -~100 =200

II1TI. RECEPTOR LOCATIONS

S X COORDINATES (M):
RECEPTOR.-- X X . Y Z
. it G W e e e e e e
1. RECPT - 1 x -350 30 1.8
2. RECPT 2 x 07 30- 1.8
3. RECPT 3 x 750 100 1.8
4. RECPT 4 x 850 30 1.8
5. RECPT b5 = -850 - -100 1.8
6. RECPT 6 x =550 = -300 1.8
7. RECPT 7 % =350 " -100 1.8
8. RECPT 8. % 50 - -100 1.8
9. RECPT 9 x 4G50 =100 1.8
10. RECPT 10 % 8006 . -100 1.8
11. RECPT 11 % ~550 25 1.8
12. RECPT 12 % 6.1
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CALINEG:

JOB:

RUN:  WORST NO2

POLLUTANT :
IV. MODEL RESULTS
*

X BRG

RECEPTOR ¥ (DEG)
—— I i e

1. RECPT 1 % 252
2. RECPT 2 x 252
3. RECPT 3 x 250
4. RECPT 6 % 261.
5. RECPT 5 % 74.
6. RECPT 6 x  73.
7. RECPT 7 % 73.
8. RECPT 8 % 287,
9. RECPT 9 x 286
10. RECPT 10 x 286.
11. RECPT 11 x 106
12. RECPT 12 x 106.

EXHIBIT CONT.

CALIFORNIA LINE SUUECE,DISPERSIDN MODEL
JUNE 1989 VERSION :
PAGE 2

EXAMPLE FIVE: URBAN FREEWAY (NO2)
(WORST CASE ANGLE)

NO2

(HORST CASE WIND ANGLE )

% PRED * : CONC/LINK

¥ CONC x (PPM)

% (PPM) X A B c D E F
P ¥ S %— N
. % 0.26 % 0,00.0.00 9.10 0.03 0,02 0.00
. ¥ 0.28 % 0.00 0.00 0.10 0.03 0.01 0.03
. % 0.17 ¥ 0.01 0.01 0.02.0.02 0.00 0.01

% 0.25 % 0.07 0.01 0.03 0.03 0.00 0.01

¥ 0.31 % 0,00 0.00 0.03 0.15 0.02 0.01

% 0.3 % 0.01 0.00 0.03 0.15 0.04 0.01

* 0.31 % 0,01 0.00 0.02 0.15 0.00 0.02

% 0.32 % 0.00 0.00 .03 0.15 0.01 8.03
. % 0,30 x 0.00 0.00 0.03 ¢.15 0.01 0.01

¥ 0.30 % 0.01 0.00 0.02 0.15 0.00 0.01
. ¥ 0.35 % 0.01 0.00 0.15 0.03 0.04 0.01

% 0.33 % 0.01 0.00 0.}46 0.03 0.03 0
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APPENDIX A
DEVELOPMENT OF A CUMULATIVE EMISSIONS PROFILE

I. 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 cyc]e'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..

1I. Assumptions
A. Uniform vehicle arrival rate.
B. Constant acceleration and deceleration rates.
C. Equivalent acceleration rates for all debarting
vehicles on given 1link regardless of arrival
Tink. '
D. Constant time rate of emissions over duration of

specific mode.

A-1
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iy}

f£i~nD%téﬂerafﬁbh?tﬁhé?ratefof‘emﬁSsibns equals 1.5
times the: idle: rates. '

F A%T“%%?rh@i““vehﬁtﬂbjspacing of 7 meters.
G-~ A1 deldyed vehicles come to a full stop.
PTT:-  Tputt Variahles:

I additiom tor EFL (8" Y6 riph)., the following variables must
be’-quantified for each intersection Timk:

I} VPHT — Areival vd$um@ in veliicles per hour.

2. VPHO: =~ Departure voTume Tn vehicles per hour.

3. NCYC ~ Average number of vehicles entering the
fntersectifon’ per cycle per Tame for

domrinant movensnt. .

&, NDLA < ﬁw@ﬁ&@é number of vehicles delayed per
‘ GyCTé_ﬁef;Taﬁe for the dominant movement.

5. STPL = Distance from ¥LI, YLI to stopline.
6. ACCT = AcceTeration time.
7o DCET < BeceTeration time.

8. IDTI,;I0TZ - [die times at fromt (1) and end
' (2 of queve.

s $PD = CFuise speed.

10« EFD = [dle emission rate.



IV. Computed Variables

" The following variables are computed for each 1ink from the
input values: '

1. Acceleration Rate
“ACCR = SPD/ACCT

2. Deceleration Rate
DCLR = SPD/DCLT

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

4, Deceleration Length
LDCL = (DCLR*DCLTZ)/2

5. Acceleration - Speed Product
AS = ACCR*SPD/2

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

7. Acceleration Emission Factor

EFA = BAG2*0.76%e0 0434%AS

8., Cruise Emission Factor
EFC = BAG2*(0.494+0.000227*SPD2)

9, Deceleration Emission Factor
EFD = 1.5%EFI




10. Queue ﬁ%ngth
LQU = NDLA*VSP,
where VSP is the "at rest" vehicle spacing.

MOTE: A coﬁsisteht set of units are assumed by the model.
" These are given in the User Instuctions (Section 9).

¥. Cumulative Ehiséion Profile (CEP)

The CEP7isrdeveﬁoped by determining the time in mode for
" each vehicle during an average cycle/lane event as a func-
tion ‘of distance fron XL1, YL1 (called ZD), multiplying this

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

-,;EeSU1t51 ~The elementary equations of motion are used to

reTate.tihe_to ZD. The assumed "at rest" vehicle spacing is
used.to specify ‘the positional distribution of the vehicles
{n'the‘queue. The tptal'éumu1ative emissions per cycle per
tane at ZD is’déhoted as ECUMK(ZD), where the subscript
signifies the mﬁde (1 = accel., 2 = decel., 3 = cruise,

4 ="idle). The formulas used by CALINE4 to determine
ECUMk(ZD).are described in. detail on the following pages.




Consider the following generalized

of vehicles:

model of a stationary queue

- STPL - -
| — IDT3
DT1 — .
N1 N2 N3 — 1DT2
(x2,Y2) at— a2~ 1qa-] oo
- LQU -

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

CALINE4 a551gns values to these generalized varlables on the

basis of
1. NDIA<NCYC
2. NDLA>NCYC,
3. NDLA>NCYC,

Values are assigned

three possible conditions:

and NCYC>(NDLA -
and NCYC<(NDLA -

as follows:

C 0O N D

NCYC)
NCYc) .

I T I O -N
Variable 1 2 2;. 3
N1 0 NDLA - NCYC NCYC :
N2 0 0 NDLA - 2*NCYC
N3 NDLA NCYC NCYC
Q1 0 ' N1%VSP - N1#*VSP
1Q2 0 0 N2*VSP
Q3 N3*VSP N3*VSP N3*VSP
TDT3 L IDTL IDT1 IDT1 + 2*N1

+ 2%N1

1 Assumes 2 second heédway between vehicles crossing the

stopline.

Start-up and clearance lost times are assumed to

be incorporated in the input value for IDT1.




Ecﬁml(zo)

(d} =.ét

A. AcceTeration Profile

Time/Distance Relation
ECUM, (d) = &t = &/2d73

For 20 < STPL - LQ3:
-EdUMI(ZD) =0 .
. For ZD > STPL - LQ3 and ZD < STPL + LACC - VSP:
ECUM, (ZD) = EFAV/Z7ACCR § (ID'-(i-1)*VsP)
T : i=n

+ EFA*(n-1)*ACCT ,

B. Dece1era%ion Profile

1. Time/Distance Relation

ZD - (STPL-LQ3),
ZD'-LACC

e,
]+1, N3 ]

c. For ZD > STPL + LACC - VSP:
EFA*N3*ACCT .

e /T a0

- 2ad

(-v0 + vé - 2ad )



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

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

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

- ECUM,(2D) = EFD*_f SPD-(SPDZ-ZDCEE:§ZD'-(i—l)*VSP))%}
=n
+ EFD*(n-1)*DCLT,
where - '
D' = D - [STPL—(LQU+LDCL)J,
= MAX[INT[zgéé%QEL.+ 1] 1, 1]‘_
and '

=
1

| D' ]
= MIN [INT[V—SEJ'H., M3 ].
c. For ZD>STPL - (LQ1 + LQ2) - VsP
ECUMZ(ZD)= EFD*N2*DCLT

€. Cruise Profile

1. Time/Distance Relation

_ -4
d = vt -+ t = y
ECUM.(d) = ot = & d
3 v
2. CEP
Let
71 = STPL - (LQU+LDCL)
72 = STPL + LACC.
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- 5 :

w, 3
EFC ;
ECUM3(ZD) = ZI [ 7D

~u£[zn (Z1+(4 .1)*vsp)]

+a§[ia~ezz~1*mspm] }

JEFC

SPD ZD*(NCYC N3,

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

and ?(EJSe‘Bi=1)_

1

D=0 ¥f ZD<Z2-i*VSP

(e1se Dy=1}.
D. Idie Profile o
L. TTme/Dﬂ'stbnce Relat?dh‘-

Idle time depends on position inm queue. Linear interpolation used
to determine th1s (i.e., uniform arrival rate).

.Then, -
- ECUMy(d)=et
2. CEP
a. For ZDESTPL-LQU:
ECUM, (ZD)=0.




b. For ZD>(STPL-LQU) and ZD<(STPL-LQ1-L(2) _
ECUM4(ZD) = EFI*ZQL*N3 * ((ZQL/2)*(IDT3-1DT2) + IDT2)

where ZQL = (ZD - (STPL-LQU))/LQ3
. ¢. For ZD>(STPL-LQ1-LQ2) and ZD<(STPL-LQL)
ECUM, (ZD) = EFI * ((ZQL*NZ*IDT3) + (N3%(IDT3+IDT2)/2))
where ZQL = (ZD < (STPL-LQI-LQ2)})/LQ2

d. For ZD>(STPL-LQ1l) and ZD<STPL

ECUM,(ZD) = EFI * (ZQL*N1 * ((1-{ZQL/2))*(IDT3-IDT1)+IDTI1)

(
4 + N2*IDT3 + N3*{IDT3+1DT2)/2)
where ZQL = (ZD-(STPL-LQ1))/LQ1
.e. For ZD>STPL

ECUM,{ZD) = EFI*{N1*(IDT1+IDT3)/2 + N2*IDT3

4 + N3*(IDT3+1DT2)/2)

 VI. 'Element Emission Rates

Intersection link elements will always originate at the stopline (i.e.,
ZD1=STPL for first “upwind" element) and will be no Tonger than the mixing
zone width (i.e., ZD1-ID2<W).

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

Y ECUM, (ZD1)-] ECUM,(ZD2)
a1 _ VPH(ECLD) |ik=1 _ ™ k=1 - '
“NCYC * -

|zD1-2D2|

where, VPHI ECLD<STPL
VPH(ECLD) =

VPHO ECLD>STPL

N |
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APPENDIX B -

Derivation of The Discfete Parcel Method

Consider the following forward and reverse reactions for
producing NOs:

NO + 03 Kf NOp + 0 (B-1)
NO + 0 Kr NOp + hy, (B-2)

where k¢ and k, are first-order reaction rates. Llet x
be the amount of 03 reacted in time t. Given the initial
concentrations,

{0315
[NOT
[NO2]4,

n

[g]
[}

the resulting concentrations after time t will be

(03]t = a-x
[NO]y = b-x
[NO2Tlt = c+x.

The reaction rates for 03 can now be described as follows:
dx
o _ dt J¢

{%%}r = kpl(ctx).

kf(a-x){b-x)

B-1



The nef'heéctian-r&ﬁe'ﬁg given by

R ‘f . -dit »r

nv B+ ox2, | (8-3) .

1

rkfhbwkrc,

-
1}

© W
[}

'.Separatfng théfvariabheé'fn Equation B-3, integrating and
‘noting. the boundary condition x=0 when t=0 Teads to,

(8-4)

‘whére _

/2

Thé {ﬁpegrati&ﬁ T§ made:under the assumption that Bz-4AQ30,.or
[kf{ath )i*“i_(‘.r.-];z"-flfkﬁ'@ kfab-kpc)>0. (B-5)
E}paﬁdfng an&ﬂ?égroupin@éEqu@tion_an gives,
__ X f?'("‘az'-._z db+b2)+2 ek ( atbH2e )+, 250

Since‘a,b,c,ké;krzﬁ Byudefinition, the validity of the
assumption rests on

(2 (:2-2a0+b2)30,

B-2




which can be rewritten as.
ke2(a-b)2>0.  (B-6)

Equation B-6 must be true since kg>0. Therefore, the
assumption is applicable under all physically meaningfull
conditions. ' |

Solving Equation B-4 for x yields,

2A(e*P-1)
B(l-efp)+p(1+etp).

X = (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’ .

x = ~AB+P) | | (3-3)_'

2c

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 Figure 63.
The mean and standard deviation of the wind direction are
denoted as WDIR and SDWD, respectively. SFg emission
factors are given in miltliliters per kilometer-second.

This represents the total release by ali 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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CALTRANSG 1981/82 TRACER UISFERSION EXPERIMENT

NATA SUHMMARY

RUN DATE?

¥ R £
FARAMETER %

(UNTTS) X
S * [P
WGFIL (M/8) % Q.50
WEPD2 (M/79) % 0.67
WIRIR  (DEGY % 147
SHWD (NEG) X 28,3
TEMF (€ > % 4.9
STAR CLASS % I
NEVOL (UPH)» % Rk
SEVOL (UFH) % 778
NBSFPIN (MPH) % G94.9
SESFD (MPH) X 450.5

EDA K XEEX/65.3
A LDT % kk¥kk/21.6
VEH TYP MDT % dokk%/ 1.3
(NEB/SE)Y HDG X dokkk/ 4.1
HINY % kkokx/ 7.7
ML X XERX/ 0.0
RAMF MNE X Hdokk
ITOTY  HR % 7.8
NE (ML /KM~5) % J.092
GR . X .32
LOC 4 (PPT)Y % 2146
2 . ¥ 355
/4 " ¥ 458
n/E " 4 559
7 . X 38
8 ® # 122
9 . ¥ 2662
10 N * 3384
11 " % 2909
12 * * 2916
LOC 9 (FPM) % 2.8
374 " % 0.9
S/4 0 b La2
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CALTRANS 1?91/8éFTRACER DISPERSION EXPERIMENT

OATA QUHMﬁRY

1/78/82-FRIDAY

C-4

RUN umrr*
% R E 8 U L T g
FARAMETER %
CUNITS) % 0630~0700 0700-0730 0730-0800 0800-0830
st s9as o e ot R 2 T e e * ©ame reve weee at50 v aiee mmte iove cotn e 8048 Saet Snek Brbe SH4R Smm AT B9 $e9m pekm e e T S e e SRR Al T i e el At Sl e
WSPIL (M/8) X 0.49 0+30. Q.74 0.58
WSED2 (M/8) % 020 0.74 1.19 0.86
CWDIR  (DEG) ¥ 110 48 327 17
ShWn  (DEG) X 39,7 S50.1 16,9 34.4
TEMF { C ) : 4 1.3 1.1 1.5 2.5
STAR CLASS- X I F F F
NEVOL (VUPH) X 1756 2206 2722 2032
SRVOL (VPH) X &10 742 990 1050
NESFO (MPH) X 58 .8 57,5 5.2 58.9
SHSPI (MPH)Y % 0.5 &61.4 58.3 59,2
LIA X 69.6/63.3 75.1/72.8 76.8/71.5 75.5/71.4
yA LET % 24,5/20,3 18.6/14,0 17.9/16.0 146.7/15.8
UYEH TYF MOT X 0.8/ 2,0 0.7/ 1.6 0.7/ 1.0 1,2/ 2.5
(NE/SEY HDG X 2,27 4.3 1,2/ 4,0 1.0/ 3.4 2.2/ 2.5
HID % 2.7710.2 3.9/ 7.3 3.2/ 7.9 4.2/ 7.8
HME K 0.27 0.0 0.5/ 0.3 0.3/ 0.2 0.2/ 0.0
RAMF  NB X 46,7 2.4 39.5 2.7
XTOTY | SR X 8.9 9.7 2.1 8.4
NE (ML /KM 5> % 3,42 2.56 3.87 3.77
Sk " X 3,33 3.41 3,863 3.91
LOC 1 (PEY) X 774 735 796 850
2. 0" % KkoKk 772 838 961
374 % Y88 967 890 1334
576 T Xk 49 74 501 143
70 K 12 12 kKKK 77
g X 3 3 31 24
AL | 2466 1980 3359 1944
10 * % 3275 2321 3446 243%
11 LR 3414 2486 3242 2518
12 0" % 2428 2483 2917 2712
LOC 9 (FPM) % 3.9 4.6 746 8.1
3/4 0 X 2.8 3.9 6.3 7.3
576 " X 1.7 2.0 5.3 8.1
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1981/82 TRACER

c-5

nrse

ERGION EXPERIMENT

.,'-~\
R

T

3,14

3,41
170
8.5
4.6

CE

1078
1890
59 .0
571
85.2/81.0
6.1/14.4
2.2/ 1.1
0.4/ 0.&
ol 2.5
0.0/ 0.4
41,9
11,0

'3045

. Pede.

LI

492
2084
150
841
J X7
879
11463

1€
1.
1+

SO m

CALTRANS
NATA SUMMARY
RUN DATES: 1/13/82-WEDNESDAY
X K E s UL T
PARAMETER X
(UNITS) ¥ 1600-1630 1630-1700 17001730 1;50 1800
e wosh sbie vt ekt b G143 et ey * 1ot bovs S dbet 4908 Sote wrmm bare BAFe Aot Beis Syt memm mebe 0 4044 B Sa18 S 00s SemS TR Srbe eup pese Sine Ve
WSPIL (M/8) X 2,32 1,84 2,28
NSPO2 (M/S) X 2,38 1.98 A7
WDIR (DEG) X 211, 20% 198
SoWn  (DEG) % 11.2 11.1 9.4
TEMP  C C ) % b2 640 5,2
STAR CLASS X I I r:
NEVOL (UFH) X 1396 1314 1238
SEHVOL (UPH) X 1918 2398 2492
NESFD (MFH) X 59 .8 59,12 58.5
SESFD (MFH) X% 59,9 59, 4 56,9
LDA X 77.8/7%5.5 76.3/77.4 83,5/80.9
% LIT X 12.3/17.7 11.4/18,3 8B.6/15.2
VEH TYF MOT % 2.1/ 1.0 2.9/ 0.6 1.0/ 0.9
(NEZSE) MDG % 1.6/ 1.0 1.1/ 0.4 1.0/ 0.3
' HOD % 5.9/ 4.0 7.2/ 2.8 5.8/ 2.6
MC % 0.3/ 0.7 1.2/ 0.5 0.2/ 0.1
RAMF  NE X 42,0 41,4 :1: P N
(£TOTY  SEB X 11.3 8.9 11,2
NE (ML /KM~8) X 3,14 3023 3,08
SR . X 3,24 3,07 3. 4%
LOC 1 (PPT) X 9 3 1
20 %k 6 7 5
/40" X 8 5 2
576 " X A9 634 501
7Y X 292 359 343
g X 160 216 207
9 " X 784 954 737
10 X 1244 1588 1379
11 " % 801 $60 715
12 " % 934 1339 1110
LOC 9 (PPM) X 1.5 2,3 1.9
/4 " X 0.8 1.1 0.9
S5/6 4 X 1.3 1.8 1,7
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| CALTRANG 1981/87 TRACER DISPERSION EXFERIMENT
DATA SUMMARY

RUNI DATE & L/3982-FRIDAY

FARAMETER
U (UNITEY

(MLS):
CMAS)
CDEG:
SDWE  CDEGY
TEME ¢ € )
STAR CLASS

WSFDL

BT R

NEVOL. CWRED
SEUQL. CVEHY
MREFE CMFH)
SESEFR ¢MPD
1T
% EIVT
YEH FYF MIT
BTG
K
T OME
UNE
G

- RAMF
CLTOTY

NECHL /KM~6 )
SB Y [ S

LOE L (PETEY
) .

3/4

5/ &
v
&

(?

]
o8
13
p
LOC 9 (PEM)

2L L3

S/6 .

* .
W
x{,
*)
*.
X
X
*.
L

X
*
¥
X
*,
b
*.
*x
¥
*.
X
*.
*
%
*
X
X
*:
*
%
¥
¥
¥
¥
¥
¥
X

R E

g u

L. T

s

O700=-0730 07300800 0800-0830 08300700

b G40 BBN BOL $ANE ARG BAAR.LALS BEEA . FTRE 4TI MR S Ain femmsem emm eve SIS BALL M VIR SAS TR e e e

#ree 11 aes 100 et oqen vope bardoedn

5, 47
&a O
326
T
5o 2

0

2328
71

G854
6.0“'9- 6):

4, 07
4. 44
323
45
S8

n

2594
50
S4.7
T 59.1%

2472
.25
311
P2
T.9
C

2104
1092
59.0
40.8

B3, L/75.5 B&.3/69.3 83.7/72.2

0.875 L7
Y20 259
4,37 4,2
Q57 O
47,0
e

F.03

TGy

212
439

K.

x

. 6’
885
Qo3

FLHD

CAIV]

7.9/17.8
QR0 2.4
.37 3.2

3.7/ 75

0.9/ 0.0
39.3
8.3

397
3,65

146
274
G646
3

4

4
1153
1182
1443
1283

5,7/14.5
1.2/ 1.3
1.7/ 8.9
5.5/ 6.0

0.1/ .2

40.9
2.1

F+ 68
I.54

47
122
334
273
118

30

1984
2234
2011
1814

3.2
1.4

1.5

2.654

4,16

297

Peb

6.0
C

1538
248
IJ9.4
S59.9
B2.2/68.4
7.8/18.0
1.3/ 1.7
1.47 3.9
7.2/ 8.1
0.1/ 0.0
39.95
10.5

3.61
3.+ 40

7

=y

Ay Al

40
520
273
112

kokk
2149
2014
1804

KRAK
1.0
1.4
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CALTRANS 1981/82

DATA SUMMARY

TORUN DATES

FARAMETER

(UNITP)

WSFDL (M/5)
WSFD2 (M/8)
WOIR (DEG)
sown  (DEG)
TEMP ¢ C D
STAR CLASS,

NBUOL (VFH)
SEUOL (VFH)
NESFD (MFH)
SBSFD (MPH)
LDA
LDT
MOT
(NE/SE) HIG

HDD

MC

%
VEH TYF

RaMP
(ZT0T)

NE(ML/KM-S)

Sk .

LOC 1 (FPPTO

2
3/4
S5/6

7

a8

?
10
11

12

LocC ¢ (FFM)

374
S5/6

3£ 36 ¢

36 2 W M 3 M I I W X R I 36 3¢ 26 3 K M € W I X A 33 e ¥ O K

W 2 K

F’:

s

Ca/02/82-TUESDAY

= L

L. T

TRACER DISPERSION EXFERIMENT

5

0&30 0700 0700-0730 0730-0800 0800-0830

5 85.0/74.0 85

+8

-

&

o1

]

* o

o3

c-7

1.52
1.80
83
10.90
3.7

G

2180

?32
59.0
60.7

8.8/16.3
0.4/ 0.9
0.9/ 3.4
4,0/ G4
0.8/ 0.0
45.9
Kkxk

3.29
3.45

723
880
1015
118
kkkX
79
*okkok
1822
2130
2183

AKX K
3.2
1.9

1.25

1.60

?3

14.0

4.8
D

2518
1248
56.8
60.4
WRS75.8
70d/13 9
0”/13
1.9/ 2.7
3:9/ 6.3
0.3/ 0.3
41.1
EKK¥

3.98
3.63

592
667
1036
122
36
35
XXk
2648
2688
2481

KKKk
2.8
2.1

1.37

1.70

101

14.1

5.8
n

2056
1224
S59.9
59.8
85.3/73.2
8.1/15.7
0.3/ 2.5
1.8/ 2.5
4.3/ 6.0
0.3/ 0.2
40.1
KKK

376
3.72

442
429
439
177
68
30
KKK
2837
2658
2412

KKK
2.4
2.0
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CALTRANG 1981/8%2 TRACER DISPERSION EXPERIMENT

DATA éunmanv

FUN HATE:

*
FARAMETER X
(UNJT&) b

WSPINt

56 d

ISPI (M?S) X 1.74
WGRD2 (M/S) X 1.97
MOTR (nrr) % 1;¢
S (OEGY X 13.9
TEMP (T ) X 13.1
GTAR CLASS X [
NEVOL. tQPH) % 1550
SRVOL. (VFH) % 2078
NESFD (MEH) * 61.3
SRSED (MPHY X 59,7

LA % 78.7/76.9
% CLDT % 11.7718.6

VEM TYP MDT % 2.1/ 1.3

(NE/SE) HOG X 0.8/ 0.8
HDD % =.8/7 4.0
RAMF . NE X A3,3

(LTOTY SR X 11,9
NE(ML/KM~S) X 3,60
SR " % B8
LOC 1 (EPTY X 7

2 % 1
/4 ™ % 3
576 ° % 564

by - X 213
B " % 5

9 " b 4 1400
40 » ¥ 1840
11 o~ % 1497
1” " % 1445

LOC & CFFMY X 1.8

B4 G K 0.8

L] *

1.3

fe £

8.
11.

A'_.Q

2 /6362 -WENNESTIAY

5 t

1.727

2.03

155

10.3

12.9
It

1292
25248
605
7.8
9/78.2
B8/16.2
87 0.7
97 0.3
X/ X.b
37 0.9
41.0
10.6

2.94
3.43

2

3

4
589
300
185
67
1)6“

L. T

0.98

1.1%9

141

7.9

12.4
I

1232
2720
&1.4
S8.0
B4.4/79.8
&.7/717.1
1.3/ 0.3
2.4/ 0.5
4,5/ 1.5
0.6/ 0.8
43.3

s

1600 lé?O lé30 1?00 1700 -1730 1730~ 1800

0.98

1.27

126

17.5

12,0
G

1124
2040
59.8
599.0
84.,3/81.7
7.8/13. 6
1.1/ 0.4
1.87 0.6
4.8/ 3.3
0.2/ 0.4
41.8
12.7

3.53
3.64

0

243
123
352
287
149
3047
29861
2454
2310

3.2
1.8
1.9
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CALTRANS 1281782 TRACER DIQPERﬁIUN EXFERIMENT
BATA SUMMARY

RUN

PFARAMETER
(UNITS)

WSFOL
WsPI2
WD R

(M/75)
(M/8)
(BEG)
snwr (DEG)
TEMF ¢ C 2
STAR CLASS

NRBVOL.
SEVOL.
NESPL
SESFD

(VEH)
(VFH)
(MFH)
(MPH)
L.k
A Loy
VEH TYF MOT
(NR/SE)Y HIM
HED
MC
NE
S

RAMF
(ATOT)

NR (ML /KM-8)

8k M

Loc 1 (PPTY
::3 ]
374 1
576 0
? ]
8 [ ]
9 "
10 "
11 "

12

LOC 9 (FPM)
374 F
ass o

NATE?

A B IE B BE I I IE M I W I B S I I I WM M, W K NN # ¥ X X

2/8782-MONDAY

iR E

151 U

172001730 1730-1800

82,
b
1.
1.
7.
0.

2,24
244
224
9&5)
12.2

G

1190
2694
G849
57.1
7/80.0
G6/14.;
O/ 0.5
5/ 0.4
R/ 2.3
37 0.4
42.9
11.2

3.4

3.78

4
i

2
706
451
3G

1000
2083

. 878

1279
Lied
0.9

1.2

c-9

2,07

2.4

230

6.9

10.7
B

1106
1994
58.3
40,0
{790
3/16.0
X/ 1.4
g7 0.8
17 2.1
17 0.6
42.3
11.1

3.60
J.42

3
2
1
707
470
a2z

L1y

1794

883
1471

- s 0w

L. T

1800~-1830

2,22

2.5

2326

8.5

7.9
&

1084
1448
Bh.Y
38.+6
BR.E5/78.3
7.0/16.3
0.2/ 0.3
1.3/ 0.8
.97 4.0
0.4/ 0.3
46)0?
13.7

3.897
342

1

O

3
798
918
367
1117
1879
B39
1339

5

18301900

.47
1.92

b it i d

®.5
®.3
G

gea
T1E2
94.8
Gb.7
84.2/78.0
70/20.0
0.9/ 0.8
Q.77 0.6
7325 0.8
0.0/ 0.0
42.8
13.0

3.61

J. 69

)

1

4
P13
H78
511
1349
2592
gea
1688

(R o
- - -
RN



CALTRANG 1981/82 TRACER DISPERSION EXFERIMENT
DATA SUMMARY :

"RUN DATE: 2/11/82-THURSDAY

B R E g u L T s
FARAMETER X% ’

(UNITS)Y ~ % 0&30-0700 0700-0730 0730-0800 0800-0830
____________ B e em o i e e e

M  WSPDL (M/S) X 1.52 1.59 1.64 1.59

WESPD2 (M/S) X 1.964 1.88 2.09 1.94

E WDIR (DEG) X 114 114 124 127

- SOWD  (DEG) X 6.9 5.5 7.8 12.6

T TEMP ( C ) X% 2.2 2.7 3.2 4,7

STAB CLASS X ‘G n C C

NBVOL (VPH) X 1840 2520 2740 2240

SEVOL. (VUFH) X 788 9460 1310 1338

T NBSPD (MPH) X 58,0 58.8 58.0 58.5

R SBSPD (MPH) X 50.1 59.9 &50.3 59.7
A LDA % 70.5/7%kkk 78,1/69.2 KKKR/KKXK XKKX/71.2
F % LOT % 24,3/7kX%%x 17.0/17.0 k¥kkk/%%kk¥ ¥kkk/14.0
F UEH TYPF MOT % O.7/7%kkX 0.3/ 1.6 XXkk/%kkk kxkk/ 3.1
I (NE/SE) HDG % 1.4/%kxk 0.5/ 2.7 Xkkk/kkkk Xokkx/ 2.3
c HED % 3.27%kkk 3.5/ 8.8 xkkk/kXkk kkkx/ 9.3
ME X Q. O/KXXX 0.6/ 0.9 ¥kXk/%Xkk%x Xkkk/ 0.0

RAMP  NBE X 46,2 42,5 8.6 48.1

(ZTOT) SR X 7.1 7.1 7.8 7.0

E NB(ML/KM-S5) X 3.72 3436 3.87 3.53

F SE . X 3.51 3.55 3.53 3.41

LOC 1 (PPT) X 822 736 455 459

s 2 I § 916 856 666 615

F 3/4 * X 1218 1020 1090 850

& 576 ° X 9 7 18 16

7 " X - 48 29 32 37

C 8 LA 10 & 10 8

0 % o X 1923 1779 1894 1882

- N 10 " ¥ 2098 2107 2248 2048

C 11 . X 1923 KKK K xkkk KKKk

12 " % 2418 2088 1913 2329

C LOC 9 (FPM) X 2.7 3.6 3.5 3.5

0 3/4 " X 2.3 2.5 3.0 ' 2.2

*

5/4 % 0.8 1.3 1.5 1.2

10
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1981/82

HATA SUMMARY

RUN

DaTE?:

FARAMETER
(UNITS)

WsEne
WSFPD2
WHIR
S
TEMF

AM/B)

(M/5)
COEG)
COEG)
¢ e

5TAaR CLASBS

NEVDL
SRVOL.
NBSPH
SRBRSPN

A

VEH TYF

(NEB/GE

RaME
(XTOT

(VM
(URH)
{MPH)
CMEHD
oA
Lnr
MOT
)y HnG
HI
MC
NE
Yy SR

NECML /KM-8)

5n

Loc 1
o
/4
G574

7

)

9

10

i1

12

Lac 9
3/4
S/6

(PFT)

(FFM

TRAC)

ER

2/718/782-THURSDAY

DISPERSTON EXPERIMENT

% R E 5 U L. T 1

¥

¥ 06300700 0700~ 0730 G730 0800 080ﬁ 0850
* [ S S 4ary =t rre ape est ot v e e ous g anma marn seve weem mmmn
¥ 1.42 1.49 0.87 0.92

% 1.78 1.90 1.18 1.04

% 348 345 345 345

X Q9.4 13.3 20.4 20.%9

® 8.0 7.9 L 2.2

X G I G G

* 1880 2400 2740 21460

X 706 L2 1282 1222

* 5631-3 57;7 5601 ..18 1

* &0.0 &0, 2 H0.2 59 .0

¥ ¥k o64.7 7302k K KIORK/TELE TELE/ORRRK
¥ OKRKK/20.6 2L .878%K% REXK/18.1 2027004
¥ dkckks 2.2 1.2/**** Fikxks 1.1 1.0/78008%
¥ kXS 4.4 LP/MRACK dekkks 1.9 1L A/kkEek
¥ kdkkks P4 h.hfﬁ*#$ KER%k/ G.6 A4.0/RKEKK
¥ kxR 0.7 Q.T7/7%KkK fokkks 0.0 0.0 kR
* 43.9 A2 2 3.0 40.3

¥ 7el 77 7.3 b4

* 366 .37 4,03 3.38

* 3.40 3.30 3.37 367

* 433 183 184 115

¥ 420 365 351 243

% 87 702 &S0 512

* 17 47 39 34

¥ 22 18 14 1%

* 26 24 28 24

¥ 1489 1216 1629 1439

% 14635 1478 1&a52 1357

* 1453 1564 1727 1660

* 1479 1413 L1774 1655

* 2.4 2.3 3.0 J.1

* 1.9 1.7 2.4 L%

¥ 1.1 1.1 1.5 1.4



T

280

WBFID

MZoO0 oTn

Loc

CALTRANS
DATA

RUN BﬁTh.

FaRAMETER
CUNITS)

(M76)
(M78)
(DEG)

(DEG)
( €)

WGFDR2
WIOIR
SRWD
TEMF

. BTAE CLASS

(UFEH)
CVRH)
(MEH)
(MEH)
LINA
% Lt
VEH TYF MOT
(NE/SE) HIG
Hon
MG
NE
SH

NEVOL.
SEVOL.
NESFR
SRSFD

RAMP
(ZTOT)

NE (ML/KM=8)
8B "

LOC 1 (FRT)
2
34 "
5/6  °

YA

8 L]

(? H

w -

% R,

12

O (PFFM)
3/4 *
5/6

398[/82 ThﬁCLR DISFERSION EXPERIMENT

3% 3 3% X AW HE KX X *%_%%*%**%***** 3 36 3% K 56 * e I

3 3

UMMﬂRY

L T

8

0600 0630 0630 0700 0?00 ~Q730 0730~ 0800

2 44/aﬂ WEXNESDAY
ﬂ, o 8 i)

O 72 0.80

.Iw()t" 0.98

127 121

15)08 1908

2.3 2,0

i It

1140 18640

503 848

L0, 0 58,6

G99 59,7
KRKE/GE .5 S63.5/7%00KK
RERE/D6.7 30, 1/%0%%
KRR/ 1.4 O.7/%kkk
Kkkk/ 4.8 0.4/%KKk
KEKK/LL .0 4. 7/%%KK
KKKK/ 0.7 O.7/7%KKK

45,3 44,3

1.2 8.7

3,60 3.61

378 3,63

774 754

s 876

1300 973

44 34

33 21

@ 3

258, 1990

2624 2343

2765 T 2340

3262 2464

] X3

1.7 1.9

1.1 1.3

c-12

1.65

1.87

120

7.3

2.9
C

2440
@70
G7.8
600
&F P RREX
22.5/kKKK
O.6/%%K%
1.5/%%KX
4, S/KKRX
0. 2/ %%k
42.5
6.0

3.20
3.33

564
772
1003
47
20

1
1463
19227
1721
2073

3.8
2.4
1.7

2,15

2,91

132

?.1

3.7
[

2980
1374
H8.1
0%.8
Xkkk/69 . 8
KEkkx/19.8
Xkk%/s 0.3
XkX%/ 4.7
kk¥k/s 5.0
*kkk/ 0.3
39.3
8.9

3.86
3.464

311
483
744
46
20

6
1544
1924
1652
1913

2.3
A‘.02

1.1
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CALTRANS 1981/82 TRACER DISFERSION EXFERIMENT

NATA SUMMARY

RUN TIATE!

FARAMETER
(UNYTS)

WSEL (M/78)
WSPN2 (M/8)
WnIR  (LEG)
soWn (LEG)
TEMF ¢ € )
STAR CLASS

NEVOL. (VPH)
SRVOL (VPHD
NESFDO (MFH)
SESFD (MPHD
LDA
p A LOT
VEH TYF MDT
(NB/SR)Y HDG
HOD

MC
RAMF NE
(ATOTY  8R

MNE(HML/KM-5)

5B ‘

LOGC 1 (PFT)
o *

I/4 "

v 4

'7 H

8 n

? ]

10 *

1l )

14 "

Loc 2 (PFRMD
3r4 "
s

Gé 7KK
23, 0/%%%%
O, 0/ %K
4. 9/ %00k
4. P/RREK
O S5/%%0k%

I N A R MW WX W R WK 3B M WK M X

E I MW W KKK X H

Ll 3 8
O ob o=

2/725/782-THURSIAY

1.32
1.78
103
78
Ve

2

1900
706
99 .2

H60.3

384 PRt
kkdx/23
ok /s
Fokokxs 2
kfokks 7
dkooks O

[y

4741

8.2

.61

350

786
1052
1242

?

10
13
1822
2178
19462
o9l

2.9
2.1

.8

L

1.4

1.42

101

8.8

5.8
b1

2440

886
58.8
61,9

FL. Rk
219 Ak
0.6/ 80KK
0.9/ %%kkK
4, O/ KKK
Q. 85000k

43. 4
2.3

3,42
3,31

202
aoz
1048
33
16
24
17983
1893
1926
1738

3.8

” [
25

1.5

8

08600~0630 0430-0700 07000730 0730-0800

Q.62

0.97

82

29.2

b
C

2880
1352
571
612
®RXESTZLLOQ
*XEK/L7 .8
xkkk/ 0.0
Rikkks 4.1
ks b.7
¥dkks 0.4
40,8
?.0

3,99
3. 4B

&H1Lé
&P
Q70
40
P
26
2095
2145
1962
1718

4,2
2.8
1.9



mm TN D

a2 o0 oM

pt

DATA SUMMARY

RUN DATE:  3/74/82-THURSDAY
o I R E 5 u
PARAMETER - X
(UNITSY %
A A A JF TP TS U * i e ot bt nean Lot w4t o e e b o 0 e
WSFRY (M/S) X 1.00 1.16
WSFD2 (M/S) X 1.32 1.50
WRIR  (DEG) X 46 54
5DWD  (DEG) % 1241 16.6
TEMP (€ ) X 521 5.4
STAB CLASS X e D
NBUOL (VUFH) X 1140 1880
SBUOL (VUFH) X 512 826
NBSPD (MPH) X 5946 50.3
SESPD (MPHY X 6047 60.7
- LDA % XXXX/59.0 66.2/%%%KK
% LDOT x XKkR%/23.0 25.5/7%%kX
VEH TYF MDT % ¥XX%/ 1.0 0.0/%ikx
(NB/SR) HDG % %k¥k/ 5.0 1.5/%kx¥
HDD % Xkkk/11.0 &.3/%KkxX
» MC % ¥XXkx/ 1.0 0.4/%Kk%
RAMF  NB % 55.8 48,7
(ZTOTY) SR % P4 2.0
NB(ML/KM=S) X 3.50 3.54
SB . X 3047 3.43
LOC 1 (PFTY X 720 455
2 % 806 609
374 " X 1099 924
576 X .5 4
7 R 13 5
g " % 14 12
9 v X 1775 1423
o % 1454 1682
11 " % 1688 1795
12 " % 1880 1704
LOC 9 (PPMY X 1.9 2.9
3’4 " X 1.5 2,2
S/6 % X 0.8 1.3

L T

1.29
1.61
21
2.5
743
C

2580
1008
598.5
58.8
kkx%x/71.0
XkXX/15.4
*¥k%/ 0.0
Xkkk/ 4.1
XXX/ ?.1
Xkkx/ 0.4
43.4
10.1

332
3.96

414
4609
214
7

7

10
1264
1612
1795
1584

3.1
2.5

1.3

FALTEANG 1981/89 TRACER DISFERSION EXPERIMENT

5

060004630 0&30-0700 0700-0730 0730-0800

1.38
1.64
@7
13.8
742

C

2780
i284
56.8
60.7
74 4/7%XXX
18.8/%kkXX%
0. 2/7XXXX
2. 6/7%%%X
J . 2/%%K%
0.8/7%k%kX
37.3

?.2

3.81
3.39

192
352
643
S

6

11
1721
1729
1944
1614

3.4

2.4
1.3



OM=TTM>D>32 A

OZ2 00 o T i

e w}

CALTRANS

RUN DATE?

FARAMETER
{UNITS)?

WSFINL
WsFLD2
WDIR (DEG)
SHWD  (DEG)
TEMF ¢ L)
B8TAR CLASS

(M/8)
(M/5)

NBVOL.
SEVOL
NESFD
SRS

(VPHD
(VM)
(MFHD
(MFH)
L.DA
A LnT
VEH TYF MIDT
(NR/7SEY MHDG
Hon
M
NE
23]

RaMF
(ZTOT)

NEB(ML/KM-5)
Sk "

LOC 1 (FF¥>
- "
374 "
576 "

i "

9 "

= w

10 "

11 »

12 "

Loc ¢ (PP
374 "
S/6 %

1981782 TRACER DISPFERSION EXPERIMENT
nAaTA SUMMARY

EoR

% %

3/23/782-TUES

DAY

3 I W W S ;W M I ;K 3 2 I 3K MW

HHEEEHEE XX X X%

R k

8 U

LT

-
G-

Q400-0630 0430-0700 0700-0730 07300800

[P —

0.10

035

110

34.0

b0
C

1280
G542
H9.9
41.3
A5 S0k
235700k
O a7k
1.7/7%%%%
7 L/ RRER
1.7/73%%K
44.1
kKK

3,45

3.55

748
744
800
541
212
12
3038
4714
4134
4109
2.4

1.0
1.0

0.11

027

196

77.4

6.9
C

1840
818
58.5
&1 .4
XXAK/EH4 .5
Xikk/18.7
¥xkk/ 0.0
XREK/S &0
*EEK/L0.2
KXY/ Qb
46.1
KAk

3.47
.09

563
586
&HEE
1093
878
b4l
3037
Iuad
3823
3220

3.7
1.9
2.0

P2
22,
0.
4.
0.

026
0.46
248
G4 .9
8.0

i

2000
1006
H59.0
614
3/RRKK
O/ Rlokx
O/ %kER%
SRKRK
&/ KEKX
07Kk
42.3
Hkdk

X 06
3.24

247
327
I7Y
1149
1181,
1180
2534
272G
A046HG
2700

[ eI 0~

.
241
2.6

O+é43

1.01

44

57,3

Q.4
R

28460
1284
59.9
&61.3
Kkx/68.9
k22,9
xkkK/ 0.0
REERS ]
kkkks
b3 ¢ 74
38.7
Kok

3.74
J.46

&70
760
A
474
411
308
2451
2478
2459
2581

4.2
2.4

240



AL TRANS 1981/82 TRACER DISPERSION EXFERIMENT
IATA SUMMARY

RUN TATED  3/24782-WEDNESDAY

; R E 8 u L T 8
(UNITS) 0600-0630 0630-0700 0700-0730 0730-0800

M OWSEDT (M/S)

%
)k»
X
%
5y & 0,13 0.58 1.73 1.52
WSFI2 (MAG) X 0. 21 1.06 2.00 1.71
E  WOIR (DEG) X 97 135 217 244
SOWE  (DEGY % A, 0.5 23.2 13.3
T OTEME (€)Y % 6.9 745 8.0 8.4
STAEK CLASS X% o e B B
NEVOL (UEH) * 1280 1980 2580 2920
SEVOL. (VFH) % &5 846 1058 1352
T NESFD (MPH) X B9, 8 58,9 57.7 58.6
Foo SHSPD (MEH) % 2 61.2 S59.48 50.6
A LI X 61.7/%KkK KkAK/63,8 KRkK/RXKK 74.5/71.53
F % LOT % 25.97%KKK KEkk/20.7 okk/xkkk 18,2/22,.3
FOUEH TYP MOT % 1.27%kkk kkkk/ 0.0 kkkk/%%x% 0.0/ 0.0
T (NE/ZSEY HOG % 2,5/%K0K Xk¥k/ 4.3 kkxk/kkkk 2.4/ 1.9
£ HOD % 7. 8/7%kKkk KKkkR/ 9.8 kkkk/KKkX 4.0/ 4.6
MG X 0.8/7%KKk KIkK/ 1.6 KRkk/%Xkkk 1.0/ 0.0
RAMF  NE % 42,8 45.8 43,9 36.8
(ZTOTY SBE %X S 7e3 11.3 7.8
E NEML/KM~8) X KT T, 64 3.43 F.77
F SR . % 3. 48 3.14 3,46 3.54
LOC L (FRT)Y X 1341 1269 227 377
g 2. 0" % 1728 1380 343 i87
F /4 " % AV R 1442 340 113
& /6 " % 291 505 1371 798
AR % 177 58 5465 582
e & L 578 144 609 150
¥ 9 " % 2957 3139 1631 1784
N 10 =k TH34 4027 1990 1959
£ 11 n; X 462 4063 2589 2213
12 L 3385 4059 3000 2709
G LOC 9 CEEMY X 2,7 4.3 2,8 2.4
0 3/4 v ¥ 1.5 2.1 1.9 0.8
=4S * 1e% 1.9 2.0 1.6
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CALINE4 FORTRAN LISTING
June 1989 Version

CALDOO1Q

36636 36 36 36 36 3% €36 26 3 I I K XWX INKN PROGRAM CALINES FEIIINENINHEXIEHENERNNNXXXE CALOOO2D

CALOOC30

JUNE 19839 VERSION CALCOO4D

DEVELOPER: PAUL BENSON (916) 739 - 2459 CAL00O50

ATSS 4697 - 2459 CALOO0060

CALGOO7O

ASSISTER BY: JIM QUITTMEYER, GREG BROWN, DICK W0OOD & BOB DAWSON CALDOCQS8D

CALOOO90

‘ CAlLOO100

AGENCY: CALTRANS _ CALOOl110D

TRANSPORTATION LABORATORY CALOO120

5900 FOLS0M BLVD. CALOG130

SACRAMENTO, CALIFORNIA 95819 CALOOlg0

CALOO150

CALOD160

: CALOO17D

X%XXX PROGRAM DESCRIPTION  3ex%x CQII:DUISO

‘ CALOOQ190

CALINEG IS THE 4TH GENERATICN GAUSSIAN LINE SQURCE AIR CALOO200

QUALITY MODEL DEVELOPED BY CALTRANS. ITS PURPDSE IS TO CAL0GO210

PREDICT POLLUTANT CONCENTRATIONS NEAR TRANSPORTATION CALOOZ20

FACILITIES (MICROSCALE REGION). THE PRESENT VERSION CALOO0230

CAN PROCESS UP TOD 20 LINKS AND 20 RECEPTORS FOR AN CALO0240

UNLIMITED NUMBER OF METEQROLCGICAL CONDITIONS. gﬁtgozso

0260

12788 SUBRCUTINE MODAL REVISED: CALDO270

1. SPD{) CORRECTED TOQO SPDM CALOOZ280

2. GO TO'S DELETED CALOOD290

3. ADJUST MODAL ENDPTS TO CONFORM TO TAILPIPE LOC CAL0O0300

4. CORRECT CRUISE MODE LIMIT VARIABLE, ZR2 CALOOD310

5. CHANGES MADE TO PERMIT NDLA > NCYC CALOO03Z20

12/88 ALTITUDE CORRECTIGN FOR CONVERSION FROM MASS TO CALO0330

VOLUMETRIC CONCENTRATION. CALO0340

5789 REPLACED UNNECESSARY LINE FEEDS AT THE BOTTOM OF EACH CALOO350

PAGE WITH FORM FEEDS. ELIMINATED BLANK PAGE CALD03s0

BEFORE FIRST REPORT PAGE. CALOO370

689 WORSY CASE SEARCH PATTERN REVISED: CALOO0380

1. SURROUNBING VALUES ARE USED TO PREDICT THE PEAK CALDO39¢

VALUE FOR EACH CONCENTRATION TESTED CALO0400

2. THE CLOSE~POINT IS CHQSEN BY LARGEST PREDICTED CAlL00410

PEAK VALUE FCQUND CALODG2D

3. THE SIDE OF THE CLOSE-POINT WITH THE STEEPEST CALODG30

INCLINE IS SEARCHED CALO0O440

6789 ADDED GETENV SUBROUTINE TO HANDLE OLD AND NEW DATA FILES Cﬁtgg4sg
Cc G6

INTEGER BLINE,CASE,CC.CLAS;CLINE,CLOSE,CNTR,CGNNT, CALOOG70

* EFLCUD,METCOD,NCYC(ZU),NDLA(ZD),NUMLN(é),DH(SJ,UHS(G,S), CALOOG80
x PGCT,PTYP;RC.RR,RTYP,RUNUUT,SKIP,SPLIT,STOC(ZG), CALQ0490

* S5TOV(24,20),TYP(20),VYPHCOD, X1TOX2 CALGOO500

REAL IDTI(ZU),IDT2(20),INC,KF,KR,K2,LACC(ZU),LB,LBRGKZOJ, CALDO510

% LDCL(ZB),LIMl.LIMS,LLIMZ,LQU(Zu),MIXH,MIXHL(ZO),MIXNLO(ZO), CALOQ520

% MIXWR(20),MIXWRO(Z0),MOWT, NE, ' CALDO530

¥ NO,NOA,NB2,NO2A,NOZT CAL0O540

DOUBLE PRECISION A,APRI.ARMl,ARMZ,AXDI,AXDZ,AYDI,AYDZ,B,BPRI, CAL0O0550

x D,DPRI,DI,DZ,FACZ,HYP,INTG(7),L,LL(ZOJ,LPRI, CALOO0550

¥ PD,SIDE,XD,XPRI,YD,YPRI CALOCS57D

LOGICAL CANYDN,COMPT,CYNBLF,CYNDUN,LEFTRF,NCTRIB,NDX,RTSIDE CAtgggso

CA 90

¥}¢xx%  DIMENSION ARRAYS  %xx CAtgnsun

CALOOG10

DIMENSION ACCR(ZO),ACCT(ZD),AZ(T),BRHOLD(ZUJ,ABRG1(20), CALOG620

* ABR62(20),C(ZO,20),CADD(ZU);CHULD(ZD),CLNK(20,20), CALO0630

* CTUT(ZOJ,DCLR(ZO),DCLT(zo),EFA(ZD),EFC(ZOJ,EFD(ZO),EFI(ZB), CALOD640

% EFIU(ZG)’EFL(ZO),HL(ZO),HLO(ZOJ,MUDLNK(ZOJ,PRCLK(ZO),SCALU(z), CALO0650

x SKR(24),SNO(24),SN02(24),805(24),SPD(ZO),STOA(ZG),STOB(ZQ), CALODG6D

* STDE(24,20),STDM(24),STOS(ZQ),STDT(24),STOU(24),STFL(ZD), CALOD&70

x STPLO(ZO);VPHI(ZO),VPHL(ZOJ,VPHU(ZD),HL(ZUJ,NLO<20),NT(6). CALOOGSC

* XL1(20),XL10(20),XL2(20),XLZO(ZO),XR(ZO).XRO(ED);Y(S);YLI(ZO), CALO0S9D

* YLIO(ZU),YLZ(EO),YLZO(ZO),YR(ZOJ,YRO(ZD),ZR(ZUJ.ZRO(ZO) gﬁtgg;gg

CHARACTER CUD(ZB).CRL(q),CRM(ZD.20),DASH,INLINE(SD),LINE(SU), CALOO720

b-1



CALINESG FORTRAN LISTING
Junie 1989 Version

* SPACE;SPACEI(?O),STBt7),TITLEL(Q),TITLEZ(S),TLINK(G) CALEO730

CHARACTER¥2 TEYP(6),TP(20) CALOO740

CHARACTERXG UNIT,UNTS5(2) - CALD0750

CHARACTER%8 RCP(20) : CALOO0760

CHARACTERX%12 LNK(20) ,RUN(26) CAL0O770

CHARACTER%30 NAME CAL00780

CHARACTERX40 JOB _ _ - , CALO0790

CHARACTER¥60 FmTUl,FMTUE;FMTU3rFMTUQ;FMTUS;FMTDG;FMTU? CAL00800

e CHARACTER%80 FMTBS;FMT09,FMTlO;FMTlZ:FMTlS,FMqu,FMT15 ggtugg%g
0

COMMON PGCT,RR,RTYP,PTYP CALO0830

COMMON ~DP/ JOB,NAME,RUN _ CAL00840

COMMON ~ENV/ INLINEuZU,MDNT,VSTVD,NR,NL,SCAL,LC;RC,UALT CAL00850

COMMON /M/ STFL.LQU;LACC,LBCL,NCYC,NDLA,VSP CALOD860

COMMON /MT/ DCLT,ACCT,IDTI,IDTZ,ACCR,DCLR,SPD CALDODB70

COMMON /ME/ EFA, EFC, EFD, EFI,VPHI,VPHO CALODB80

. . CALOD&90

C . _ _ < CALOO900

C xxxx¥x DATA INPUT XXXX¥X CALO0910

c _ : . - _ CAL00921

‘ DATA AZ/1112.,566.{353.,219.,124.,56.,22,/ CAL00930D

c . K. CALOD940

C. STABILITY CLASS MODIFICATION MATRIX CALD0950

c , _ CALDD960

DATA CDD/'A','B','C','D','E','F','G','H','I','J'. CALOD970

* 'K'a'L','M','N‘,‘U','P'.‘Q'.'R','S','T'/ CALDDS8D

DATA CRL ~#'.%,'X','0'," '/ . CALDD990

DATA DASH/'-'/ ‘ CALOL0OGO

DATA OHS /9,7,8,7,8,0, . CALO1010

E 9,7,8,7,8,8, CAL01028

* 9,7,8,8,0,0, CALO1030

* 6,7,7:7:0:7, CALD1040

X 6,7:7:7:7:7 CALO1050

x 917’817I8:-ﬂr CALOIBGU

% 9,7,8:,7,8,8, . CALO1070

* 9,7,8,8,0,0/ CALO1080

DATA SCALU ~/1.0000;0.3068/ CALO01090

DATA SPACEs' '/ CALD1100

DATA STB/'A','B'.!C',‘D'.'E',lF','G'/ CALO1110

DATA TEYP /VAGY,'DP',*FL', 'BGY, 'PK", "IN / CAL01120

DATA UNTS /'(M) ', " (FT)' / CALD1130

DATA TIT—LEI/ICI, |0.I ’ tNl’ ’ICI’ l/l’ ILI’ III, 'N'; |Kl/ CALUIIQH

DATA TITLE2/'(7,! TLAPT,YMY, T CALO1150C

- DATA TLINK/TLY,*I','N,'K'/ CALOL1160

¢ , i CALO1170

¢ xx%%x END DATA STATEMENTS KKK CAL01180

G CALO1190

. C xxxxx INTEGER ROUNDING FUNCTION 636 CAL01200

c L _ CcCaL012]0

INTGRCARG) =INTCARG+SIGN(D.5,ARG)) ggLDiZ%D

101230

cx**xx*xx*x***xx**xxnxxxxxxxxx*xxxxxxxxxxxxx*xx*xxxxxxxxxxx*x** CALD1240

cx - CAL01250

Cx VARIABLE FORMATS FOR NOX OUTPUT CALO1260

Cx CALO1270

cxxxx**x*xxxxxx*xxxx**x***xxxxxxxx*******xx****nxx*xxxxx**x*xxx CAL01280

c CaL01290

EMTO1="(1X,I2,"'. RECPT **,I2,'" X T,F5.1,'" % t1,12(F4.1,1X))" CALD1300

FMT02="(1X,12,'". "' ,A8,'" X tv,F5,1,7" % '7,12(F4.1,1X))! CALO1310

EMT03='(1X,12,"'. RECPT '',I2,'" ¥ VY, 12(F§,1,1X22" CAL013290

EMTOG="(1X,12,%'. T"',A8,'" *® '7,12(F4.1,1X))°" CALO1330

FMTO5='C(1X,I2,'". RECPT '',I2,'"' % rr,2(16,1X),F5.1"/ CALDB1340

* Ty x ', F4.1)! CAL01359

FMTO6='C1X,I2,%'. T*',A8,"" % v, 2016,1X),F5.1" CALO01360

. % s, ® ', F4.1)" CALG1370

FMTO7="(1X,I2,"", '',A8,'" ¥ 11,2(1X,16),1X,F6.1"/ CALD1330

* s, ¥ "7, F5.1)"' CAL01390

; FMTOB='(1X,12,'!. RECPT "*,I2,"'" % T, 2(16,1X),F6.1"/ CAL014900

* AT * "U,F5.1)°" CALO01410

FMT09='(1X%,I2,"*. RECPT 1,12, ¥ '1,2(16,1X),F6.1%/ CALD1420

* 1,70 %X "1,FG.0,°%0 ¥ PY,F5.1)0 CAL01430

FMTLO=T(1X,I2,''. "7,A8,"" ¥ v, 2(16,1X),F6.1"/ CAL01440

-2



c
c

9]

[2ely) (9]

aQOOOOOO0O0O0000 isleizitizinls]

oo0

O0O0

/l' ry II’F
FMTIZ"(ZX;AI, .
STtx vy Ao
FMT13~'(2X Al,"
7', 2X,15,1%,F5
FMT14“'(1X IZ.".
Y, x ¥e B¢
FMTL5="(1X,I12,"".
* sY,v x 1 gy

¥x%%% INITIALIZATION

PGCT=1
MLNUM=0
PI=3.16415926
RAD=PI/180,
DEG=180.-/PI.
DREF=ALOG(10000.)
CONSTANTS FOR ACCELERA
- ALPHAl=0,750
BETAl=0.0454
CONSTANTS FOR CRUISE E
ALPHAZ=.494
BETA2=2.27E~4
VEHISLE SP%CING IN QUE

L T

NOX=.FALSE.
ICF1=0
ICF2=0
#xxxX DATA READ FOR C

READ (5%,1900) JOB

READ (5,1905) PTYP,

PTYP = POLLUTA
OPTIONS: =
2 =
3 =
G =

GET INPUT FOR Z0,MOWT,
READ (5, 1928) CIN
CALL GETENYV

Z0 = SURFACE
MOWT = MOLECUL
VS = SETTLIN
VD = DEPOSIT
NR = NUMBER
NL = NUMBER
SCAL = SCALING
LC = LINK OP
RC = RECEPTOQ
UALT = ALTITUD
k%% CO0 DATA 3%x%
IF {(PTYP.GT.1) GO
- MOKWT=28.
Vs=0,
GO TO 20
X%X% NO2 DATA 6exx
5 IF (PTYP.GT.2) GO
MOWT=66 .
V5=0.
NOX=.TRUE.

ASSIGN NOX FORMATS

FMTOLl='(1X,I2,°*".
FMTOZ2="(1X,I2,"".

CALINEG FORTRAN: LISTING
June 1989 Version

G.0,'" % ",F5 1!
LINK *',Al, X ', 401I5,1X)'/
+2X,15,1X,F5.1,2X,F5.1, 1X;F5 5L
X 2Al2,%" % *Y,4(15, lX),"* TRLAZYS
1 2X,F5.1,1X,F5, 1)'
RECPT 'e, IZ,"  V1,F4.0,7T ¥ '7,F5, 1v
F4.1;1X))'
"’AS’II * ll,Fq_o’ll 3% II’F5.1|/
F&G.1,1X))*

OF CONSTANTS AND COUNTERS %xx

TION EMISSIONS MODBEL
MISSIONS MODEL

UE (M)

URRENT JOB AND INITIAL COMPUTATIONS %%xx

NAME

NT TYPE

co

NO2Z2

INERT GASSES
PARTICULATES

V3,VD,NR, NL SCAL,LC,RC + "UALT™ IF AVAIL
LINE(K), s 79) '

ROUGHNESS (CM)
AR WEIGHT
G VELOCITY (CM/3)
I0N VELOCITY (CM/S)
OF RECEPTORS
OF LINKS
FACTOR (METERS/USERS UNITS)
TION CODE (0=DEFAULT TITLES)
R OPTION CODE (0=DEFAULT TITLES)
E (USER UNIT3)

T0 5

T0 10

FOR CQUTPUT

RECPT '7,I2,'" x 't , F5.2,'" % "', 12(F4.2,1X))"
VE,AB,YY X YY,F5.2,7" % V', 12(F4.2,1X))°

D~3

'CAL01450

CAL014660
CAL01470
CALD1480
CALD1490
CALO1500
CALG1510
CAL01520
CALO1530

. CALO01540

CALO1550
CALCO1560
CALO1570
CALO1580
CALO1590
CALOl400
CALO0l610
CALOl620
CALDOL1630
CALD1640
CALO1650
CALO01660
CALOlé&786
CALD1680D
CALO1690
CALO01700
CALO1710
CALO1720
CALO1730
CALO01740
CALOL1750
CALD1760
CALO1770
CALO1780
CALO1790
CALO1800
CALO1810
CAL0O1320
CAL01830
CALD1340

. CALO1850

CAL01860
CALO1870
CALO1B&0
CALO1B90
CALO1900
CALO1910
CALO1920
CALO1930D
CAL01940
CALO1950
CALO19640
CAL01970
CALO1980
CALO1990
CALD2000
CAL02010
CALD2020
CAL02030
CALOZ040
CALOQ2050
CALOZO6D
CALOZO70
CAL0O2080
CAL02090
CALO2100
CALOZ2]110
CAL02120
CAL021390
CALOZ2]140
CAL02150
CALO2160
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CALINE4 FORTRAN LISTING
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FMT03=Y(1X,I2,"'". RECPT T2, % '1,12(F4.2,1X))° CALDZ2170

FMTOG="C1X,I2,"", *Y,A8,"" x "*,12(F4.2,1X))" CALD2180
FMTO05="(1X,I2,"'. RECPT *'',I2,*" % '7,2(16,1X2,F5.1% CALO2190

* /e, ¥ 'Y Fq . 2)0 : CAL0z2200
FMTO6=Y(1X,I2,%", "', A8,"" % "' 2(I6,1X),F5.1,"'’ % '',F4.2)7 calLozzlo
FMTO?-'(lX I2,'7. TV AB,'" x '',.2(1X,I6),1X,F6.1%'/ CAL022210

* /s % ",F5 2 CALDZ2230
FMT08= '(1X IZ," RECPT *',I2,®" % "7,2(16,1X),F6.1%/ CAL02240

% s, * ,F5.2)¢ « CAL02250
FMTOQ-'(IX Iz,". RECPT *',I2,®" % "7 ,2(16,1X),F6.1"/ CAL02260

* TrOFG.0,'Y % Yi,F5 2)°0 CALD2270
FMTlU-'(lX IZ," t1L,AZ,TY % 'r.Z(IG.IX),FG.l'/ CALDB2280

® VAR REE : ",Fﬁ g,11 x ®1 F5 2)° CAlL 022910
FMTIZ“'(ZX Al,**. LINK '° Al ' 3 ",Q(IS,IX)'/ CALD2300

* sy, TR ",Az 2X 15, 1X F5 2 2X%,F5.1,1X,Fh.1)¢" CAL02310
FMTl3='{2XfA17" sAl2,'T X% ",4(15 1X),"* reLA2Y/ CALO2320

* 71,2%,15,1X%, F532 2X,F5.1,1X%,F5.1)° : CAL02330
FMT14=*(1X,I2,"'", RECPT '*',I2,'" ®* *'',F64.0,"'" * "',F5.2%/ CALD2340

*x sr,10 x v acd Fg o2, 1X))' CALQ2350
FMT15='(1X 12,'Y, '71,A8, ¥ '"1,F4.0,'" % 'Y',F5.2'/ CALUG2360

* VAFRLEE ",8( F4.2,1X))' CAL02370

G0 TO 20 ; L . CALO2380

C ) - CAL02390
R I %%%% INERT GAS DATA - %%%X% ’ CALB2400
[ o : CAL02410
10 IF (PTYP.GT.3) GO TO 15 CALO2420
Vs=0. ‘ CAL02430

GO TO 20 ; L CAL02440

c . CAL02450
- C ¥%%% PARTICULATE DATA %xX CALO0Z460
c ' CALD2470
15 IF (PTYP.EQ.4) GO TO 20 : CAL0248D

c PTYP OUT OF RANGE . . CAL02490D
WRITE (6,1935) . CALD2500

WRITE (6,1955) ) CALD2510

o STOP ‘ CAL02520
"C : CALO2530
C %%% VS AND VD FOR OUTPUT CAL02540
c . ' CALO02550
20 VSl=vs . . : CALD2560

. VD1=VD ' CAL0Z2570
& C ‘ i . CALO2580
C *%x CONVERT CM/S TO M/S. o CAL02590
c o o ‘ ‘ CALO2600
VS=V¥5/100. . : CALO2610
VD=VDs100. ) CALD2620

Vl T o VS/Z CAL02630

- C o CAL02640
C ¥x% CONVERT ALTITUDE TO: METERS CAL02650
c _ CAL02660
ALT=SCALXUALT ‘ , CALO2670

IF (ALT.GE.0. .AND. ALT.LE.10000.) GO TO 28 CAL02680

WRITE (6,1975) UALT CAL02690

Co STOP ' _ CALO02700
oy g CALO02710
£ ¥»¥% READ RECEPTOR NAMES AND LOCATIONS %% ' CALD2720
c ) CAL0Z2730
- 28 IF (RC.EQ.B) GO TO 40 _ CALO2740

. Do 30 I=1,NR CALO02750

READ (5,1910) RCP(I) - : : . CALO2760

30 CONTINUE CALDO2770

C ) CAL02730
40.D0 50 I=1,NR. CALQ2790
READ (5,%) XRO{1),YRO(I),ZRO(I) CALO02800
XRCI)=SCAL%XXROCI) - CAL02310
YR(I)=SCAL%YRO(I) cALO02820
ZRCIJI=SCALXZRO{I) * . CAL0Z2830

: 50 CONTINUE - ) CALD2840
.Cc - . . CAL02850
C %%% READ LINK.DATA *xx ' CALOZ360
c ‘ CALOZ2870

IF (LC.EQ.0) GO TO 70 ‘ . CAL02880
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DO 60 I=1,NL

‘READ (5,1915) LNK(I)

CONTINUE

cCc=0

DO 130 I=1,NL
SKIP=I-1

IF (CC.EQ.1) GO TO 80

READ (5,%) TYP(I),XL10C(I),YLIO0C(I),XL20C(I),.YL20C(I) HLOCL) ,WLOCID,
x

MIXHRU(I);MIXNLD(I),CC
GO TG 90
READ (5,%) TYP(I),XL20CI),YL20C(I),HLO(I),HLO(I),
MIXWROD(YI),MIXWLO(I),CC

TYP = HIGHWAY TYPE

1=AG: AT-GRADE

2=DP: DEPRESSED (CUT)

3=FL: FILL

4=BR+ BRIDGE

5=PK: PARKING LOT

6=IN: INTERSECTION (MODAL LINK)
XLICI)=XL2(SKIP)
YL1CI)=YL2(SKIP)
XL10CIXY=XL20(SKIP)
YL10CID=YLZ20(SKIP)
IF (TYP{I).NE.6} GO TO 110
IF (PTYP.EQ.1) GD TO 100
HWRITE (6,1940)
S%OENTERSECTION LINK CDMPATIBLE WITH CO (PTYP=1) ONLY
MLNUM=MLNUM+1
MODLNK(MLNUM) =T
READ (5,%) STPLOCI),DCLT(I).ACCT(L),SPD(ID
STPL{I)=SCAL*STPLO(I)
LDCLEI)=(SPD(I)/2.)%XDCLT(I)*0.44704
LACCCLI)=(SPD(I)/ 2. )%ACCT(I)%0.449704

! LENGTH OF ACCEL. AND DECEL. IN METERS

XL1(I)=3CAL*®XL10{(I)
XL2(I)=5CAL®XL20(I)
YLICI)=SCALxYL10CI)
YLZ2(I)=SCAL*YLZ20(I)
HLCI)=SCAL¥HLO(I1)
WLCI)=SCALXHWLOCI)
MIXWR(I)=SCAL*MIXHWRO(I)
MIXWL(I)=~SCALXMIXWLQC(I)

XL1,ETC. = LINK ENDPOINT COORDINATES (M)
HL = SQURCE HEIGHT (M)
WL = MIXING ZONE WIDTH (M)
MIXNR = MIXING WIDTH RIGHT (M)
MIX = MIXING WIDTH LEFT (M)
TP(I)= TEYP(TYP(I))
LLCI)=SQRTCCXLIC(IDI-XL2(I) ) %%2+(YL1CI)-YL2(I))I*x%2)
1 LINK LENGTH
IF (LL(I).GE.WL(I)) GO TO 120

HRITE (6,1925)

STOP

IF (ABS(HL(I)).LE.10.) GO TO 130
WRITE (6,1930)

STOP
CONTINUE

%%x¥%% 1LOOPS TO GENERATE LINES AND SPACES exxx

140

141

XXX

DO 140 K=1,80
LINECK)=DASH

b0 141 K=1,70
SPACEI(K)=5PACE

ASSIGN UNITS, DISTANCES, AND COORDINATES FOR JOB OUTPUT 3%x

DO 150 I=1.2
R1=SCALULI)}*1.01

CAL0Z2890
CALDZ900
CAL02910
CAL02920
CAL02930
CAL 02940
CAL 02950
CALD2960
CALD2970
CALOZ2980
CAL0O2990
CALO3000
CALO30ID
CALO3020
CALO3030
CALO3040
CALO3050
CALO3060
CALO5070
CAL0D3080
CAL03090
CAL03100
CALO03110
CALO03120
CALO3130
CALO3140D
CALO3150
CALO31640
CALO3170
CALOD3180
CAL03190
CALO3200
CALO3Z10
CALO3220
CALO3230
CALO3240
CALO3250
CAL03260
CAL03270
CAL03230
CAL03290
CALO3300
CALD3310
CAL03320
CAL03330
CALB3340
CAL03350
CAL03360
CAL03370
CALO3380
CALB3390
CAL03400
CALO3410
CALO03420
CALO03430
CALD3440
CALO03450
CAL03460
CALO3470
CALO3480
CAL03490
CALD3500
CALO3510
CALO3520
CALD3530
CALD3540
CALO3550
CALO35610
CALO03570
CALO3580
CAL03590
CAL03600
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R2=SCALUCI)*0.99 CALO3610
IF (SCAL.GT.R1 .OR. SCAL.LT.R2)> GO TO 15C CALO3620D
UNIT=UNT3S(I) . CALO3630
GO TD 995 B CALO36410
150 CONTINUE : CALO365¢0
c T OUTPUT GIVEN IN METERS, USERS UNITS NOT FOUND CALO3660D
_ UNIT=UNTS(1) CAL03670
DO 160 I=1,NR. CAL03680
XRD(I)=XR(I) CAL03690
YRO(ID=YRC(I) CALO3700
: ZRO(II=ZR(I) . CAL03710
160 CONTINUE B CALQ3720
DO 170 I=1,NL _ CALO3730
XLIO(I) XL1CI) ) CAL03740
XL20¢1)=XL2(1) : CAL03750
YLIO0CI)=YL1(I) . CALDB3760
YL20C(IX=YL2(]1). CALO3770
STPLO(I)=STPLC(I) CALO3780
HLeCI)=HL(I) ? CALO3790
WLOCI)=KHLCI) B CAL03300
MIXKMRO(I)=MIXWR(I) : CALO3810
MIXWLOCI)=-1.%MIXWLC(I) CALD3820
170 CONTINUE CALO3830
c CAL03840
~C xxx% INPFUT RUN DATA (VEHICLE, EMISSION, INTERSECTION, METEOR.) ¥%x% CALO3850
c CALO03360
995 RR=1 T CALO03870
1000 DO 1005 J=1,20 ; CALO3830D
CADDC J) =0, : CAL03890
S s CTOTCJS)=0 . CALO3900
“.°1005 CONTINUE . o CAL03910
- . COWNT=1 : CAL03920
RUNOUT=0 CAL03930
' NOPRNT=0 . : CAL03940
c 7 : CALO3950
c1010 READ (5,1920,END=9990) RTYP,VPHCOD, EFLCAD, INTCOD, METCOD, RUNCRR) gﬁtggggg
C. RTYP = RUN TYPE . CAL03920
C OPTIONS: 1 = STANDARD RUN CALO3990
C 2 = MULTI-RUN CALD40D0
c 3 = WORST-CASE WIND ANGLE CALD4010
. € 4 = MULTI-RUN/WORST-CASE CAL04020
C 9 = LAST RUN OF MULTI-RUN CALD4030
C VPHCOD = TRAFFIC VOL. CODE 0=USE PREVIOUS RUN DATA CALO0G040
C EFLCOD = EMISSION FACTOR CODE b CAL0G05¢
C INTCOD = INTERSECTION PARAMETER CODE b CALO4060
c METCOD = METEOROLOGY CODE " CALO04070
S C. : CAL04080
C RUN = RUN TITLE (12 CHAR. MAX.) CAL04090
c _ CAL04100
: IF (RTYP.LT.9) GO TO 1020 CALO4110
RUNOUT=RTYP : CAL0G120
_ RTYP=SRTYP ' . CALO04130
G0 TO 103D : CAL04140
1020 SRTYP=RTYP ' ‘ CALO%4150
1030 IF (VPHCOD.EQR.D) GO TD 1040 CALOG160
n READ (5,%) (VPHL(ID),ID=1,HNL) CALD4170
1040 IF C(EFLCOD.EQ.0) GO TD.1050 CAL04180
READ (5,%) (EFL(ID),ID=1,NL) . CAL04190
1050 IF (INTCOD.EQ.0) GO TO 1070 _ CAL0G200
DO 1060 J=1,MLNUM ; \ CALO42Z10
I=MODLNK(J) CAL0G220
READ (5,%) NCYCCI),NDLACY),VPHOCI), EFI0CI),IDT1CI),IDT2CI) gg%gg%gg

- C ‘
C NCYC = NUMBER OF “VEHICLES - LIGHT CYCLE ~/ LANE CAL04250
C NDLA = NUMBER OF VEHICLES DELAYED - LIGHT CYCLE - LANE CALDG260
C VPHDO = NUMBER OF 'OUTGOING VEHICLES CAL0G270C
- C EFID = IDLE EMISSION FACTOR (G/MIN) CAL0D4280
€ IDTL = IDLE TIME 'OF FIRST VEHICLE IN QUEUE (SEC> CAL0G290D
c IDTZz = IDLE TIME OF LAST VEHICLE IN QUEUE (SEC) gﬁtggggg

e

-6
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¥ MODAL CONVERSIONS AND COMPUTATIONS %xx

VPHI{I)=VPHL(I)
EFICI)=CEFIO(I}/60,)%*1E6

! IDLE EMISSIONS (EFIY IN MICRO-GRAMS/VEHICLE-SEC
ACCR(I)=SPD(IJ}/ACCT(I)
DCLR(I)=SPD(I)/DCLT(I)
AS=ACCR(I)%3PD(I) 2.
BAG2=EFL(I)%16.-60.

! BAGZ2 IN GRAMS/MINUTE
EFA(I)=BAG2XALPHALXEXP(BETAL1XAS}%1E6/60,

T ACCELERATION EMISSION FACTOR (EFA) IN MICRO-GRAMS/VEHICLE-SEC
EFC(I)=BAG2%{ALPHAZ+BETA2XSPD(I)%%X2)%¥1E6/60.

! CRUISE EMISSION FACTOR (EFC) IN MICRO-GRAMS/VEHICLE-SEC
EFBC(I)=EFI(I)%1.5

! DECELERATION EMISSION FACTOR {(EFD) IN MICRO-GRAMS/VEHICLE-SEC
LQUCI)=NDLA{I)*VSP

! CHECK FOR STOP LINE >= QUE+DECEL
SDC=STPLCI)-LQUCI)~LDCL(I)
IF(SDC.GE.0.) GO TO 1060

SDC=SDC/SCAL

QL=LQUCTI)/SCAL

DL=LDCL{I)/SCAL

WRITE (6,1955)

WRITE €6,1970) I,STFLOCI),QL,DL

STOP
CONTINUE
DO 1080 J=1,NL
STOVCCOWNT, J)=VPHL(.J)
STOECCOUWNT,J)=EFL(J)
CONTINUE
IF (METCOD.EQ.0) GO TO 1105
IF (PTYP.NE.2) GO TO 1090

0X INPUT

READ (5,%) BRG,U,CLAS,MIXH,SIGTH,TEMP,03,NOA,NO2A,KR
KF=51.7%(EXP(-1450./(TEMP+273.3))
! KF IN (1/(PPMXSEC))
AMB=NOZA
GO TO 1100
READ (5,%) BRG,VU,CLAS,MIXH,SIGTH,AMB, TEMP

U = WIND SPEED (M/S)

BRG = WIND DIRECTION (DEGREES)
SIGTH = STANDARD DEV. OF WIND ANGLE (DEGREES)
CLAS = STABILITY CLASS (A-G)
MIXH = MIXING HEIGHT (M)

AMB = AMBIENT CONCENTRATION (FPPM)

VPHL = TRAFFIC VOLUME (VEH/HR)

TEMP = TEMPERATURE (C}

%¥%% NOX INPUTS xx

03 = AMBIENT OZONE (PPM)
NOA = AMBIENT NO (PPM)
NO2A = AMBIENT NO2 (FFM)
KR = REVERSE REACTION RATE (1/SEC)

FPPM=(0.02241%((273,.+TEMP)/273./
EXP(-~.03G17%ALT/(TEMP+273.))))/7MONT
! FACTOR MICRO~GRAMS/METERX%%3 TO PPM
IF (PTYP.EQ.4) FPPM=1.
! PARTICULATE OUTPUT IN MICROD-GRAMS/METERXx%3
BSTO=BRG
GO TO 1495
BRG=BSTO

! USE 1ST ELEMENT TO HOLD INFO IF NOT WORST CASE
IR=1

CAL0OG320
CALDG330D
CAL0G3460
CALOG350
CALGG3610
CALO4370
CALOS380
CAL04390
CAL 06400
CALO0G410
CAL04420
CAL0%430
CAL04440
CALO04450
CALOG460
CALOGG70
CALOGSRE0
CAL04490
CALD4500
CALD4510
CAL04520
CAL0O4530
CAL0G540
CALO4G550
CAL0G560
CAL04570
CALO4580
CAL04590
CALOG600
CALO4610
CAL0G620
CAL0G630
CAL04640
CALO04650
CALO04660
CALOG670
CAL0G680
CAL0G690
CAL04G700
CALOG710
CAL0G720
CALUGG730
CAL04740
CALO4G75D
CALOG760
CALO4770
CALD4G780
CAL04790
CALO4800
CALO4810
CALOG820
CAL04830
CAL04840
CAL04850
CAL04860
CALD4870
CALD4820
CALDOGE90
CAL04900
CALO4910
CALO4920
CALO04930
CAL0G940
CAL04G950
CALD4960
CAL04970
CALO4G980
CAL04990
CALD5000
CALO5010
CALO5020
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IF C(RTYP.NE.3 .AND. RTYP.NE.4) GO TO 1700 CAL05030

C CALD5040
C xxxx SELECTION OF RANGE FOR WORST CASE WIND ANGLE SEARCH xxx CAL05050
C : _ CAL05060
IR=0 CALD5070

1500 TR=IR+1 CAL05080
IF (IR.GT.NR) GO TO 7200 CAL05090
CHOLD(IR) =0, . CAL05100
BRHOLD(IR) =0, CALO5110

D0 1550 I=1,NL CAL05120
ARMI=3QRT( (XLICI)-XRCIR))¥%2+(YLICI)~YRCIR) )%%2) CAL05130
AXD1=XL1CI)-XR(IR) CAL05140
AYD1=YLICI)-YRCIR) CAL05150

IF (ARM1.LT.DABS(AXD1)) ARM1=DABS({AXD1) CAL05160

IF (ARM1.EQ.D.) GO TO 1510 CAL05170
ABRG1(I)=DEGX(DACOS(DABS(AXD13}/ARML)) CALD5180

G0 TO 1520 CAL05190

1510 XD=XL2C(I)-XL1(I) CALO5200
YD=YL2C(I)-YL1(I) CAL05210

IF (LLCI).LT.DABSC(XD)) LLCI}=DABSC(XD) CAL05220
LB=DEGX(DACOS(DABS{XD)/LL(I))) CAL05230

IF (XD.GT.0. .AND. YD.GT.0.) LB=90.-LB CAL05240

IF (XD.GE.0. .AND. YD.LT.0.) LB=90.+LB CAL05250

IF (XD.LT.0. .AND. YD.LE.0.) LB=270.-LB CAL05260

IF (XD.LT.0. .AND. YD.GE.0.) LB=270.+LB CAL05270
"ABRG1(I)=LB - CAL05280

1520 IF (AXD1.6T.0. .AND.AYDL.GE.0.) ABRGI1(I)=90.-ABRG1(I) CAL05290
IF (AXD1.GE.Q0. .ANB.AYDL.LT.G.) ABRG1(I)=90.+ABRG1(I) CAL05300

IF CAXD1.LT.0. .AND.AYD1.LE.0.) ABRG1(I)=270.~ABRG1(I) CAL0O5310

IF (AXD1.LE.0O. .AND.AYD1.GT.0.) ABRG1(I)=270.+ABRG1(I) CAtogggn

c CAL05330D
' ARM2=SQRT((XL2¢I)-XRCIR))%%2+(YL2CI)-YRCIR))%%2) CAL05340
AXD2=XL2(I)-XR(IR) CAL05350
AYDZ2=YL2(I)-YR(IR) CAL05360

IF (ARM2.LT.DABS(AXD2)) ARM2=DABSCAXD2) CALD5370

IF (ARMZ.EQ.0.) GO TO 1530 CAL05380
ABRG2(I)=DEGX{ DACOSCDABS(AXDZ)/ARM2)) CALD5390

GO TO 1540 €AL05400

1530 ' ABRG2(I)=ABRGI(I) CALD5410
1540 IF (AXD2.GT.0. .AND.AYD2.GE.0.) ABRG2(I)=90.-ABRG2(I) CALL5420
IF C(AXD2.GE.C0. .AND.AYD2.LT.0.) ABRG2(I)=90.+ABRG2(I) CAL05430

IF CAXD2.LT.0. .AND. AYD2.LE.0.) ABRG2(I)=270.-ABRG2(I} CAL05440

IF (AXD2.LE.0. .AND.AYD2.GT.D.) ABRG2(I)=270.+ABRG2(I) CAL05450

c - o CAL.05460
ADIF=ABRG2(I)-ABRG1(I) CALD56470

IF (ADIF.LE.-180.) GO TO 1550 CALO5480

IF (ADIF.GE.0. .AND.ADIF.LE.180.) GO TO 1550 CAL05490
SAVE=ABRG2(I) CALO5500
ABRG2(I)=ABRG1(I) CAL05510
ABRGI(I)=SAVE CAL05520

1550 CONTINUE | CAL05530
c o : CAL05560
ANGL=0. CAL05550
PRVBRG=-1, : CAL05560
PREV1=0. CAL05570
PEAH=D, _ CAL05580
IS10AV=0 y CAL05590
CLOSE=0. CALDO560D

1560 ANGL=ANGL+10. CALD5610
_ IF (ANGL.GT.360.) G0 TO 7060 CAL05620

DO 1570 I=1,NL CAL05630

IF (ANGL.GE.ABRG1(I).AND.ANGL.LE.ABRG2(I)) GO TO 1600 CAL05640
ADIF=ABRG2(I)-ABRG1(I) CALD5650

IF (ADIF.GT.0.) GO TO 1570 CAL05660

IF (ANGL.GE.O. .AND.ANGL.LE.ABRG2(I)) GO TC 1600 CAL05670

IF (ANGL.GE.ABRG1(I).AND.ANGL.LE.360.) GO TG 1600 CALD5630

1570 CONTINUE CALO5690
G0 TO 1560 CALO5700

(1600 BRG=ANGL CALO5710

: CALD5720
' c xx%% END RANGE SELECTION LOOP ¥%x CAL05730
_ CAL0O5740

p-8
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1700 SIGT=RADX(SIGTH)
BRG1=BRG

c ! WIND ANGLE FOR OUTPUT
BRG=BRG+180.
IF (BRG.GE.360.) BRG=BRG-360.

c ! CONVERSION TO VECTOR ORIENTATION

¢ .

E ¥x¥ ZERO CONCENTRATION MATRIX
IF (RTYP.NE.3 .AND. RTYP.NE.4) GO TO 1710
DO 1705 I=1,NL
C(I,IR)=0.

1705 CUNTINUE

GO TO 1720

c
1710 DO 1715 I=1,NL
DO 1715 J=I,NR
C(I,J)=0.
C1715 CONTINUE
C xxxxx% LINK LOOP %xxx
c

1720 IM=1
E.6)Y GO TO 1725

.OR.
) GO TG 1730

MN

* TYP(IL
H=HL(IL)
GO TO 1735
1730 H=0.
1735 W=HL{IL)
CYNBLF=.FALSE.
CANYON=,FALSE.,
IF (MIXWRCIL).NE.O0 .OR. MIXWL{IL).NE.O) CYNBLF=.TRUE.
IF (CYNBLF) ICFl=1
IF (MIXWRCIL).NE.O .AND. MIXWLCIL).NE.0) CANYON=.TRUE.
IF (.NOT.CYNBLF .OR. (RTYP.NE.3 .AND. RTYP.NE.4)) GOTO 1800
WRITE (6,1945) RTYP
c sTopP

C »xxxx% LINK ROUTINE 2%xxX
€ EIEIEIEIEIEIEIEKE I 36 26 36 3636 96 36 36 36 26 76 I 36 2 26 26

C
1800 Wz2=Wr2.
Q1=0.1726%VPHXEF

C T LINEAL SOURCE STRENGTH PARALLEL TO HIGHWAY IN MICRO GRAMS/
C (METER¥SEC) -
XD=XL2(IL)~-XL1C(IL)D
YD=YLZ2CIL)-YLICIL)Y -
IF (LLCIL).LT.DABS(XD)) LLC(IL)=DABS(XD)
LB DEG*( DACOS(DABS(XD)/LLCIL)))
c T LINK BEARING
IF (XD.GT.0. .
* YD.GE.Q.) LB 90 ~LB
IF (XD.GE.0O. .
*x YD.LT.0.D LB 90.+LB
IF (XD.LT.D. .AND,
£ YD.LE.0.) LB=270.-LB
IF (XD.LE.G. .AND.
* YD.GT.0.3 LB=270.+LB
LBRG(IL)=LB
c ! LINK BEARING MATRIX FOR OUTPUT

PHI=ABS(BRG-LB)
IF CCYNBLF) PHI=J.

c ! WIND ANGLE WITH RESPECT TO LINK
IF (PHI.LE.90.) GO 70 1820
IF (PHI.GE.270.) GO TO 1810
PHI=ABS(PHI-180.)

CALO5750

CALO5760
CALOL7?70
CALO5780
CALO5790
CALO5800
CALO5810
CALD5820
CALO5830

" CAL05840

CAL05850
CALO5860
CALO5870
CAL05830
CAL05890
CALO5900
CAL05910
CAL05920
CAL05930
CAL05940
CAL05950
CAL05960
CALO5970
CAL05980
CAL05990
CALD6000
CALDGO10
CALD6D20
CALOGO30
CALDBG04D
CAL0O6050
CALO60GD
CALO6070
CALOGOSD
CALO6090
CAL0OGLOG
cALO6110
CAL06120
CALDG130
CAL06140
CALO4150
CALDG6160
CALO6170
CALOG6180
CAL06190
CAL06200
CAL0&Z10
CAL06220
CAL06230
CAL06240
CALD6250
caLo6260
CALO6270
CAL06280
CAL06290
CALO0S300
CALO6310
CAL0O6320
CALD6330
CAL06340
CALD&350
CALO6360
CALO6370
CALD&380
CAL06390
CALO6400
CALDEG1O
CALDO6G20
CALO64G30
CALO6GGD
CALO64G50
CALO6G6D



1810
1820

€

cALINEﬁ ‘FORTRAN LISTING
June 1989 Version

GO0 TO 1820
PHI=ABS(PHI-360.)

T SET ELEMENT. GROWTH BASE
BASE=1.1+PHI%*%3/2.5E5
PHI=RADX(PHI)

1 CONVERSION OF PHI FROM DEGREES TO RADIANS
- IF (PHI.GT.1.5706) PHI=1.5706
. IF (PHI.LT.0.00017) PHI=(Q.00017
- DPHI=DEGXPHI : '
- SPHI=SIN(PHI) '
~ CPHI=COS(PHI)
- TPHI=TANCPHI)
IF (DPHI.GT.45) WMIX=WH2/SPHI
IF (DPHI.LE.45) WMIX=W2/SIN(RADX45)
_ DMIX=W2/SPHI
IF- CDMIX.GT.LLCIL)) “DMIXSLLCILY -
1. CHECK FOR MAXIMUM DMIX N
SYCRIT=W2/0.67646
c 1 SIGMA Y AT WHICH HALF EMISSIONS' OUT OF
c T1e 30rglxme ZONE GIVEN PARALLEL WINDS
 SYFAC=0.9%SYCRIT/SQRT (UXTI) ,
DMIXM=( (SYFAC+SQRT(SYFACXX%2,+G . XSIGTXSYCRIT) )/ (2XSIGT) )%x%2.
IF C(DMIXM/U).LE.550) GO TO 1830
CSA=-SYCRIT/SIGT
€3B=-28 . XSYCRITXSQRT(U)/SIGT
CSAB=CSBX¥X2/4 . +CSAX%3/27 ,
IF (CSAB.LT.0) GO TO 1830
CSAB=SQRT(CSAB)
CLA=(CSAB~C53B72.)%%(1./3. ) |
CLB=-CSAB-CSB/2. -
IF (CLB.GE.0) CLB=CLBX%(1./3.)
IF (CLB.LT.0) CLB=-C-CLB)XX(1./3.)
. DMIXM=(CLA+CLB)*%2.
1830 IF (DMIX.GT.DMIXM) DMIX=DMIXM
. IF (DMIX.LT.WMIX) DMIX=KMIX
CALL MSGZ(VPH,U,CLAS,N,COMPT,SGZB)
IF (COMPT) GG TO 1850
WRITE (6,1960) U,CLAS,STBC(CLAS),RUNCRR)
WRITE (6,2025)
IF (RTYP.NE.2 .OR. RUNOUT.GE.6) GO TO 1000
, NOPRNT=1
GO. TO 1010 _
coL '
C %¥xxx DEPRESSED SECTION oeeex
A O
“ 1350 IF_(HLCIL).LT.-1.5) 60 TO 1855
: DSTR=1. .
HDS=1.
: GO TO 1860
1855 HDS=HL(IL)
_ DSTR=D .7 2%ABSCHDS)%%0 .83
c 1 RESIDENCE TIME FACTOR

© € wexx  SIGMA Z DISPERSION CURVE 3

1860

. C

c

C

TR=DSTR*WMIX-U
! RESIDENCE TIME

. 56Z2I=1.5+0.1%TR

IF (TYPC(IL).EQ.5) SGZI=1,
1 INITIAL SIGMA Z .
RFAC=(Z0/10.)%%0.07
! ROYUGHNESS FACTOR.
IF (.NOT. CANYON) GO TC 1865
CALL MSGZ(VFH,U CLAS {MIXWRCIL)Y-MIXKLCIL)),COMPT,SGZF)

T SIGMA Z AT 10 KM (MODIFIED STABILITY-CANYON)
GO TO 1870

. SGZF=SGZF%RFAC

1865 SGZF=AZ(CLAS)%RFAC

! SIGMA Z AT 10 KM (PASSIVE RELEASE)

C
c1870 SGZB=SGZBXRFAC

T BASELINE SIGMA Z AT 10 KM (MODIFIED STABILITY MIXING ZONE)
D-10
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PZ2=(ALOG(SGZB)~ALOG(SGZI) )/ (DREF-ALOG(HMIX))
;E§=EXP((ALOG(SGZB)+ALOG(SGZI)-PZZ*(DREF+ALOG(NMIX)))/2.)

IF (PDMIX.GE.10000. .OR. CLAS.EQ.1) GO TO 2995
PZ3=ALOG((SGZF/SGZBI%*(]./ALOG(10000./7DMIX)2)7AL0G(10000, /DMIX)
IF (-PZ2/(2.%PZ3).GT . ALOG(10000./DMIX}) GO TO 1880
PZ3=-PZ2/(2.%ALOG(10000./DMIX))

Cc
C x%x INITIAL NOX CALCULATIONS xxx

c
1880 IF (PTYP.NE.2) GO'TO 2995
NO=NOA+(0.925%Q1/ (3, 5%U)IXFPPM*x(46./30.)
ND2=NOZA+(0.075%Q1l/ (3. 5%U)IXFPPM
AA=KF%03%N0-KR*xNO2
BB=—(KF%03+KF%ND+KR}

CCC=KF :
PP=SQRT(BB%x%2-4%AA%XCCC)

C
C xx%%%x END OF LINK ROUTINE %xx%x
C

C
g xxxxx% RECEPTOR LOOP  %x%3%

2995 %E 5RTYP.EQ.3 .OR. RTYP.EQ.4) GO TO 3010
3080 IF (RTYP.EQ.3 .OR. RTYP.EQ.4) GO TO 30190
IR=IR+1
IF (IR.GT.NR) GO TOD 5000
3010 RDX1=XRCIR)-XLIC{IL)
RDYV1=YRCIR)-YL1C(IL)
A=RDX1%%X2+RDY]%%2
B={XRCIR)-XL2(IL))%x2
B=B+(YR(IR)-YL2(IL) )%x2
L={B-A-LLC(IL)%%2)/{2 .%LLCIL))
c ! OFFSET LENGTH
IF (A.GT.L¥%2) D=DSQRT(A-L¥x2)
F (A.LE.L*%2) D=0,

r
RN Rate
Pt =

i

~

-

—

ot

L 3

fus

I DOWNWIND LENGTH
CRM(IL,IR)=CRL(4G)
IF (.NOT.CYNBLF) GO TO 3045
TXVEC=XVEC
TYVEC=YVEC
IRLOC=D
RLR=(XD*RDY1)-({YD*RDX1)>
IF RLR < 0 RECEIVER ON RT. RLC > 0 RECEIVER ON LT.
IFCRLR.GE.D) GO TO 3012
RECEIVER ON RIGHT. IN OR OUT OF CANYON?
TF(MIXWR(IL).GT.0.AND.MIXWRC(ILY.LT.D) IRLOC=1
GO TO 3014
C RECEIVER ON LEFT. IN OR OUT OF CANYON?
3012 IFCMIXWLCIL) . LT.0.AND. MIXWLCIL)Y%(~1).LT.D)IRLOC=1
c IF L<0 DOWN LINK. L+LL<0 UP LINK.
3014 IF(L.GT.0.J)IRLOC=IRLOC-2 .
IFCL.LT.0.AND.LLCIL)+L.LT.0.)IRLOC=IRLOC+Z
c SET CAN/BLUFF MATRIX, PRINTFLAG, AND BYPASS CALC IF OUTSIDE
CRMCIL,IR)=CRL{3)
IFCIRLOC.NE.O0) ICF2=1
IF(IRLOC.EQ.1.0R.IRLOC.EQ.(~1).0R.IRLOC.EQ.3) GO TO 4000
IFCIRLOC.EQ.2.0R.IRLOC.EQ.(-2)) CRM(IL,IR)=CRL(2)
IFC(IRLOC.ER.0) CRM(IL,IR)Y=CRL(1}

c
C CHECK USERS BRG FOR CANYON LINK
c
DO 3040 IB=1,2
UBRG=BRG1
CB=lB-180.+180.%IB
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IF (CB.GT.360.) CB=CB~360.
IF (CB.GT.1.) GO .TO 3020
CB1=CB+361. 7
CB2=CB+359.
IF (UBRG.LT.359)"UBRG=UBRG+360.
GOTO 3030
IF (CB.LT.359.) GOTD 3025
IF (UBRG.LT.358.) UBRG=UBRG+360
CB1=CB+1.
CB2=CB~1. =
IF (UBRG.GT.CB1 .OR. UBRG.LT.CB2) GOTOD 3035
BRG1=CB
BRG=CB+180.
IF (BRG.GE.360. ) BRG=BRG-360.
GOTO 3045.
IF (IB.EQ.1) GOTD 3040
WRITE €6,1950) BRGI, LB, RUNCRR)
STOP
CONTINUE
XVEC=COS CRAD¥(450 .. ~BRG+0.01))
YVEC=SINCRADX(450.-BRG+0.01))
1 VIRTUAL DISPLACEMENT VECTORS
IF (D.EQ.0) XPRI=XR({IR)+XVEC
IF (D.NE.0O) GO TO 3050
YPRI=YR(IR)+YVEC
G0 YO 3055 .
XPRI=XRCIR)+D*XVEC °
YPRI=YRCIR)+DXYVEC
APRI=(XPRI-XLICIL))%%2+CYPRI-YL1(IL))X*2
BPRI=CXPRI-XL2CIL))%»2+(YPRI-YL2(IL))*%2
LPRI=(BPRI~-APRI-LLCIL)*%2)/(2.%LL(IL))
IF (APRI.GT.LPRI%¥2) DPRI=DSQRT(APRI-LPRI¥%2)
IF (APRI.LE.LPRIX¥¥2) DPRI=0.
IF (DPRI.LT.D) D=-D

. X1TOX2=0

3060

3065
£
c

E3

3070

3080
E33

AKX

IF CLPRI-L) 3060,3065, 3065

THMP=UKL

UNL =-DHL

DHL=-THP

X1TOX2=1

IF (TYPC(IL).NE.2 .AND.
TYP(IL)}.NE.3) GO TO 3070

g% ﬁ§+2 XABSCHLCIL))D

' SINGLE PRECISION TO DOUBLE PRECISION FOR LOGICAL ‘IF'
IF (DABS(D).GE.D1) GO TO 3070

T 2:1 SLOPE ASSUMED
IF (DABS(D}.LE.DP2) Z=ZR{IR)-HLC(IL)D
IF (DABS(D).GT.B2) ~

Z=ZR(IR)-HLCIL)%(1.-{DABS(D)~W2)/(2.%ABSCHL(IL)I))

GO _TO 3080
Z=ZR(IR)

®»ox CALINES ROUTINE ~¥xxex
FHHHHHHHNIHHHHHHHKLHHIHH XXX KAKN

SGN=1.
DETERMINES DIRECTION ALONG LINK
+1 —-> UPWIND ELEMENTS; -1 -—> DOWNWIND ELEMENTS

ELEMENT NUMBER AND FLAG INITIALIZATION

MFLG=1 ' '

IF (TYPCIL).EQ.6) MFLG=¢

NE=10

FLAGU=0.

FLAGD=0.

IF(MFLG.NE.®. .AND. UWL.LE.G. .AND. DWL.LT.0.) SGN=-1
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C xxxxx ELEMENT LODOP xx¥x

c
3100

C
3110

3160

3250
c

Ly

QOO0 O 0

3305

3315
3335

3345

o 000

IF (DPHI.GT.45) EDR1=DFAC¥%(]l./TPHI)-W2
éﬁ (DPHI.LE.45) ED1=DFAC-W2
IF (XITOXZ ER.1) SH=-
IF (TYP(IL).EQ.8) EDI (STPLCIL)+L)%SH
IF CED1.GE.UWLJ) SGN=-1,
IF (SGN.EQ.-1.AND.EDI.LE.DWL) GO TO 4000
ED2=ED1+SGNx*KH
1 INITIALIZATION OF ELEMENT LIMITS
IF (SGN.EQ.~1.) GO TO 3160
(ED!.LE.DHL .AND. ED2.LE.DWL) GO TO 3770
IF (ED1.GT.DWL .AND. ED2.LT.UWL) GO TO 3250
IF (EDY.LE.DHL) ED1=DWL
IF (ED2.LT.UKWL) GO TO 3250
ED2=UWL
FLAGU=1.
GO TO 3250
IF (ED1.GE.UWL .AND. ED2.GE.UMWL) GO TO 3770
IF (ED1.LT.UWL .AND. ED2.GT.DWL) GO TO 3250
IF (ED1.GE.UHL) ED1=UWL
IF (EDZ2.GT.DWL) GO TO 3250
ED2=DHWL
FLAGD=1.
EL2=ABS(ED2-ED1)/2.
! ELEMENT HALF-DISTANCE
IF (EL2.EQ.0) GO TO 3762
ECLD=(ED1+ED2)/2.
" ELEMENT CENTERLINE DISTANCE
ELLZ=W2/CPHI+(EL2-WZ2XTPHI)*%SFHI
! EQUIVALENT LINE HALF~LENGTH
IF (PHI.GE.ATAN(W2/EL2)) C3SL2=W2-/SPHI
IF (PHI.LT.ATANC(W2/EL2)) CSL2=EL2/CPHI
T CENTRAL ZONE HALF-LENGTH
EM2=ABS((EL2-W2/TPHI)*3PHI)
T CENTRAL ZONE HALF-WIDTH
EN2=ELL2-EM2
! PERIPHERAL ZONE WIDTH

-
ai!

¥¥x%x% RECEPTOR DISTANCE LOOP  oexxx
! CALCULATE CENTRAL SUB-ELEMENT LINEAL SOURCE STRENGTH (Q1)

IF (TYPCIL).NE.6) GO TQ 3335
IF (X1TOX2.EQ.1) GO TO 3305
ZD1l=-1+ED1
ZD2=-L+ED2
GD TO 3315
ZD1=-L-ED1
ZD2=~L-ED2
CALL MODAL(ZD1,ZD2,IL,Q1)
QE=Q1%CSL2/W2
FET=(ECLD+DXTPHI)*CPHI
! ELEMENT FETCH
IF (FET.GT.10000. .AND. SGN.EQ.1) GO TO 3820
! ELEMENT DDES NOT CONTRIBUTE
HYP=ECL D¥X%2+Dxx2
SIDE=FET%%2
(SIDE.GT.HYP) YE=0.
(SIDE.LE.HYP) YE=DSQRT(HYP-SIDE>
YE DISTANCE FROM ELEMENT CENTER TO RECEPTOR
(ECLD.EQ.0.) GO TO 3345
(ECLD.GT.0. .AND. PHI.GT.DATAN(D/ECLD)) YE=-YE
(ECLD.LT.0. .AND. PHI.LT.DATAN(D/ECLD)) YE=-YE

o B o L |
T~

¥xx%¥x DETERMINE SIGMA Y AND SIGMA Z x¥xxx

IF (FET.GT.-CSL2) GO0 TO 3350

! ELEMENT DOES NOT CONTRIBUTE
IF (SGN.EQ.-1) GO TO 4000
IF (SGN.NE.-1) GO TO 3768

D-13

CALO3630
CALDB640C
CALO8650
CALD8660
CALOBG70
CAL03680
CAL0O8690
CAL0B70C0
CAL0O871D
CALDR720
CALG&7 30
CAL08740
CAL08750
CALO8760
CALO8770
CALOB780
CALO08790
CALO8B00
CALO08810
CALO0B820
CALOBB30
CALO8&840
CALO8850
CAL0OZ860
CALD8870
CAL08880
CALO8890
CALDB9GO
CAL08910
CAL08920
CAL08930
CAL08940
CAL08950
CAL08960
CAL08970
CAL08930
CALD8990
CAL0O9000
CAL090190
CAL09020
CAL0O9039
CAL09040
CALU19050
CALOS060
CAL0O90790
CAL 09030
CAL09090
CALQ9100
CALD9110
CALD09120
CAL09130
CALD9140
CAL0OY9150
CALO9160
CAL09170
CALO91&0
CAL09190
CAL0O9200
CAL092110
CAL09220
CAL09230
CAL09240
CALO9250
CAL09260
CALOD92710
CAL09280D
CAL09290
CAL09300
CAL09310
CALG9320
CALO09330



o

oo o O

3350

3355

o 0O 66 O

3360
3365

c
3390

c
3400

L

CALINEG FORTRAN LISTING
June 1989 Version

IF (FET.GE.CSL2) GO TD 3355
T RECEPTOR IS NOT COMPLETELY DOWNWIND OF ELEMENT BOUNDARIES
FET=(C5L2+FET)/2.
SGZ=3GZI
T CONSTANT OVER MIXING ZONE
IF CFET.GT.WMIX) SGZ=PZ1XFET®XPZ2
T BASELINE CURVE
IF (FET.GT.DMIX) SGZ=SGZX((FET/DMIX)%%PZ3)%x(ALOG(FET/DMIX))
T ADJUSTMENT TO BASELINE CURVE BEYOND DMIX
KZ=SGZ*¥2.*U/(2.*FET) i
VERTICAL DIFFUSIVITY ESTIMATE
TT=FET/U
TI=300.
IF (TT.GT.550.) TI=,001%(TTx%2.)
F1=1.7(1.+.9%(TT/TI)*%.5)

5GY=FETXSIGT*F1

I SIGMA Y
FAC1=0.399/(SGZ*V} ..

I SOURCE STRENGTH - WIND SPEED FACTOR
IF (PTYP.NE.2) GO TO 339¢

"x%%%% NOX CALCULATIONS -233€%

TIPP=TTXPP

IF (TTPP.GT.88) G0 TO 3360
TOP=2X¥AAXCEXP(TTPP)-1)
BOT=BBX(1—-EXPC(TTPP))+PPX(L+EXP(TTPP))
XCON=TOP/BOT

GO TO 3365

XCON=(~BB=PP )./ (2%CCC)

NO2T=N02+XCON

IF ((NO2T-NO2A).LE.0) QE=0Q

IF C(C(NO2T-NO2A).GT.0) QE=((NOZT-NOZ2A)/(FPPM/(3.5%U)))I%(CSL2/7H2)

FAC2=0.

TYE=YE
RTSIDE=.TRUE.
LEFTRF=.FALSE.
CYNDUN=.FALSE.
CNTR=1

YMIN=AMAX1((-YE-ELL2)/SGY, ~

C Y(1)=AMINL((ELL2-YE)~SG6Y,3.)

c
3405

3410

NCTRIB=(Y(1}.LT.-3. .OR. YMIN.GT.3.)
IF (MFLG.ER.0 .AND. NCTRIB) GO TO 3830
;EL(MELG EQR.0 .AND. .NOT.CYNBLF) GO TO 3405
G=

IF (NCTRIB .AND. CNTR.EQ.1) GO TO 3830

T ELEMENT .DOES NOT CONTRIBUTE
LEFTRF= NCTRIB .AND. CANYON .AND. .NOT.CYNDUN
IF CLEFTRF) GO TO 3535

! REFLECTIONS OF LEFT SIDE OF CANYON
IF (NCTRIB) GO TD 3550

! NO MORE CONTRIBUTION FROM BLUFF OR CANYON
DO 34190 I=1,6
Wi(1)=0.
CONTINUE
IF (FET.GE.C3L2) GU TO 3430

1 RECEPTOR NOT COMPLETELY DOWNWIND OF ELEMENT BOUNDARIES
IF CECLD.LT.-EL2) YVI=YE
IF (ECLD.GE.-EL2) YV1=C(ECLD+EL2)/SPHI+YE
YV2=—(D+H2)/CPHI+YE
IF (ECLD.LT.~EL2) YH=~(D+W2)XCPHI+YE
IF (ECLD.GE.-EL2) YH=YV1-{YV1-YV2)%CPHI*x2
YMIN=AMAX1(YMIN, (YV2-YE)/3GY)
Y(1)=AMIN1(Y(1),(YVl—YE]/SGY)
NCTRIB=(Y(1).LT.-3. .OR. YMIN.GT.3.)
IF (MFLG.EQ.0 .AND. NCTRIB) GO TO 3830
ﬁgLéMELG EQ.0 .AND. .NOT.CYNBLF) GO TD 3430
IF (NCTRIB .AND. CNTR.ER.l) GO TO 3830

! ELEMENT DOES NOT CONTRIBUTE
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LEFTRF=NCTRIB .AND. CANYON .AND. .NOT.CYNDUN
IF C(LEFTRF) GO TO 35
c ! REFLECTIONS OF LEFT SIDE OF CANYON
IF C(NCTRIB) GO TO 3550
! NO MORE CONTRIBUTION FROM BLUFE OR CANYON
3630 INTG(1)=PDENSCY(1))
IF (YC(1)-INT(Y(1)).EQ.0) GO TO 3440
IF (YC1).LT.0) Y{2)=INT(Y(1))-1
IF (Y(1).GE.0) Y(2)=INT{Y(1))
G0 TO 3445
3440 Y(2)=Y(1)-1
3445 DO 3500 I=2,7
IF (YCID.LT.YMIN) Y(I)=YMIN
INTG(I)=PDENSCY(I)>
Cc 'Y ADJUSTMENT FOR ELEMENT END EFFECT
SED1=Y(I-1)%SGY+YE
SED2=Y(I)}%SGY+YE
IF (SED1.EQ.SED2) GO TO 3470
. LIM1=AMAX1(SED2Z, EM2)
ULIMZ2=AMIN] (SED1.,EM2)
LLIMZ=AMAX]1(SED2,-EM2)
LIM3=AMINI1 (SED1,-EM2)
ZON1=0.
ZON2=0.
ZON3=0.
IF (FET.GE.CSL2) GO TO 3460
c ! RECEPTOR NOT COMPLETELY DOWNMIND OF ELEMENT BOUNDARIES
IF (SED1.LE.EM2) GO TO 3450
ASED=(SED1+LIM1)/2.
IF (ASED.GT.YH)Y PSSF=(YV1-ASED)X*TPHI/(2.%C5L2)
IF (ASED.LE.YH) PSSF=(ASED-YV2)/(TPHI*Z. !CSLZ)
SSF=AMIN1(PSSF, (ELL2-ASED)/EN2)
ZON1=(SED1- LIMI)*SSF
3650 IF (SED1.LE.-EMZ2 ,OR. SED2.GE. EM2) G0 TO 3455
ASED=(ULIMZ-LLIM2)/2.
IF (ASED.GT.YH) PSSF=(YV1-ASED)IXTPHI/(2.%C5L2)
IF (ASED.LE.YH) PSSF=(ASED-YVZ2)/(TPHI%Z.%C5L2)
ZONZ2=(ULIM2-LLIM2)*AMINI(PSSF,1.)
3455 IF {SED2.GE.-EM2) GO TO 3465
ASED=(SED2+LIM3)-/2.
IF {ASED.GT.YH) PSSF=(YV1-ASED)XTPHI/(2.%C3L2)
IF (ASED,LE.YH) PSSF=(ASED-YV2)/(TPHI%Z.%CSL2)
SSF=AMIN1(PSSF, (ELL2+ASED)/EN2)
ZON3=C(LIM3-SED2)%5SF
GD TO 3465

3460 IF (SED1.GT.EM2) ZON1=(SED1~LIM1)®((ELLZ2-(SED1+LIM1)/2. )/ENZ)

IF (SED1.GT.~EM2 .AND. SED2.LT.EM2) ZONZ=ULIM2-LLIMZ

IF (SED2.LT.-EM2) ZON3=(LIM3-SED2)X((ELLZ2+(SED2+LIM3)/2.)/EN2Z)

3665 WT(I-1)=(ZON1+ZON2+Z0ON3)/(SED1-SED2)
IF (WTC(I-1).LT.0.0) WT(I-1)=0.0
IF CYCI).EQ.YMIN) GO TO 3510
3670 IF (YC(I).NE.YMIN) Y{I+1)=Y(I)-1
3500 CONTINUE
3510 DO 3530 I=1,6
IF (WT(I).EQ.0.) GO TO 3535
IF ({SIGN(1.,Y(ID}).EQ.(SIGN(L.,Y(I+1))))
* PD=DABSCINTG{I+1)-INTG(I))
IF CC(SIGNC(I1.,YCI))) . NE.C(SIGN(1.,Y(I+1)))
¥ .0R. (Y(I+1).EQ.0.))
Ed PD=1.-INTG(I)~INTG(I+1)
C %% NORMAL PROBABILITY DENSITY FUNCTION

c
FAC2=FAC2+PDXQEXWT(I)
3530 CONTINUE

c
C xx¥xx% CANYON AND BLUFF CONTRIBUTIONS 3363
c

3535 IF (.NOT.CYNBLF) GO TO 35590
IF (MIXWR(IL).EQ.0) GO TO 3546
IF (MIXWL(IL).EQ.0) GO TO 3542
IF (LEFTRF .OR. .NOT.RTSIDE) GO TO 3538
c ! RIGHT REFLECTIONS OF CANYON
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YE=2XMIXWRCIL)-YE ~ CAL10780
RTSIDE=.FALSE. g CAL10790
CNTR=CNTR+L CALIOBDO

GO TO' 3400 CALIDS1D

c T LEFT REFLECTIONS OF CANYDN CAL10820

_ 3538 IF (.NOT.LEFTRF) GO TO 3540 CAL10830
EEA YE=TYE CALIDBGD
;. CYNDUN=.TRUE.. . CAL10850
‘3560 YE=2XMIXWLCIL)-YE CAL10860

) o RTSIDE=.TRUE. ‘ CAL10870
o g CNTR=CNTR#1. CAL10880
S0 ..+ 60.TO 3400 : CAL10850
e ! RIGHT BLUFF CAL10900
35642 IF (CNTR.GE.2) GO TO: 3550 CAL10919
! YE=2%MIXWRCIL)-YE CAL10920
CNTR=2 o CAL10930

6D TO 3600 : CAL10940

C 1T LEFT BLUFE . CAL10950
3546 IF (CNTR.GE.2) GO TO 3550 CAL10960

T YFE2xMIXWLCIL)-YE CAL10970
CNTR=2 - CAL10930

GO TO 3400 CAL10990

c. N . CAL11000
3550° FACT=FACL%FACZ2 , : CAL11010
¢ CAL11020
C %xxx% DEPRESSED SECTION: X¥xx¥ CAL11D30
c CAL11040
IF (HDS.LT.-1.5 .AND: CAL11050

* DABS(D).LT.(W2-3.XHDS)> GO TO 3560 CAL11D60

GO TO 3580: CAL11070

3560 TF C(DABS(D).LE.W2) FACT=FACTXDSTR CAL11080

IF (DABS(D).GT.W2) FACT=FACT*{DSTR~{DSTR-1.)%(DABS(D)-KW2)~ CAL11D090

* (—3.%HDS)) _ : CAL11100

c ! ADJUST FOR DEPRESSED SECTION WIND SPEED CAL11110

C . ‘ CAL11120
C xxxxx DEPOSITION CURRECTION NN - CAL11130

c CAL11140
3580 FAC3=0. ' CAL11150

IF (V1.EQ.0.) GO TO 3670 CAL11160
ARG=V1%SGZ/ (KZXSQRT (2. )+ (Z+H)/{SGZ%SQRT(2.)) CAL11170

IF (ARG.GT.9.) GO TO: 3762 CAL11180
T=1./C1.+0.67067%ARG) CAL111990

EFRC=( . 3680262%T—. 0958798 % %2+ , 7GTE556XTX%3 INEXP(—1 . XARG*%2) CAL11200
FAC3=(SQRT(2.¥PI)XVIXSGZXEXP(V1%{Z+H)/KZ+.5X(V1%XSGZ/KZ)%%2) CAL11216

* ¥XEFRC)/KZ CAL11220

IF (FAC3.GT.2.) FAC3:= =2. CAL11230

C . CAL11240
C %xx%% SETTLING CURRECTION HHHKK CAL11250
C ) CAL11260
3670 IF (VS.EQ.0.) GO TO 3710 CAL11270
FACG=EXP (-VSX(Z-H)~ (2. %KZ)-(VSXSGZ/KZI%%2/8.) CAL11280
FACT=FACT*FAC4 : CAL11290

c. ‘ CAL11300
- C ®xxx%x INCREMENTAL CONCENTRATION 3%kx CAL11310
= CAL11320
-37Y0 FACS=0D. CALI1IZ3D
CNT=0. ¥ CAL11340

3720 EXLS=0, : CAL11350
3730 ARGl=-0.5%((Z+H+2.¥CNT®MIXH)/562)%%2 CAL11360

- IF (ARG1.LT.-87.) EXPl=0, CAL11370

" IF CARGL.GE.-87.) EXP1=EXP(ARGL) CAL11380
ARG2=~0, 5%( (Z-H+2 . XCNTXMIXH)/ SGZ)%*%2 CAL11390

IF CARG2.LT.-87.) EXP2=0. CAL11400

1F (ARGZ.GE.-87.) EXP2=EXP(ARG2Y CAL11410
FAC5=FACS+EXP1+EXP2 CAL11420

; - IF (MIXH.GE.l000. OR. MIXH.EQ.0.) GO TO 3760 CAL11430
C BYPASS MIXING HEIGHT CALCULATION CAL1146G0
IF (C(EXP1+EXP2+EXLS).EQ.0. .AND. CNT.LE.0.) GO TO 3740 CALI1450

IF _(CNT.GT.0.) GO TO: 3750 CAL11660

‘ CNT=ABS(CNT)+1, CAL11470
- GO TO 3720 . CAL11480
3750 CNT=-1_.%CNT : CAL11490
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CALINE4 FORTRAN LISTING
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EXLS=EXP1+EXP2
60 TO 3730

INC=FACTX(FACE—FAC3)
! INCREMENTAL CONCENTRATION FROM ELEMENT

C(IL,IR)=CCIL,IR)+INC
! SUMMATION OF CONCENTRATIONS

MFLG=1

IF (FLAGD.E®Q.1 GO TO 4000
IF (FLAGU. EQ G0 TO 3820
NE=NE+1.

5TP=1.

IF (TYPCIL).NE.6) STP=BASEXXNE
! STEP FACTOR

ED1=ED2
ED2=ED2+SGN%STPxW
! INCREMENT TO NEXT ELEMENT
GO0 TO 3110
NE=0
SGN=-1,
FLAGU=0.
GO TO 3100
IF (SGN.EQ.1. .AND. YMIN.GT.3. .AND. D.GT.-W2) GO TO 3820
IF (SGN.EQ.-1. .AND. Y(1).LT.-3.) GO TO 4000
GO TO 3762

xx¥%x% END OF CALINEG ROUTINE & 2esxxx

xxxxxX END LOOPS X%%x%x

4000
5000

6000

7010

7020

7030

c
7040

7050

IF (RTYP.EQ.3 .OR. RTYP.EQ.4) GO TGO 5000
GO0 TO 3000
IF C.NOT.CYNBLF) GO TO 6000
XVEC=TXVEC
YVEC=TYVEC
CONTINUE
IF (RTYP.NE.3 .AND. RTYP.KE.4) GO TQ 7200
T WORST CASE WIND ANGLE
CTOTC(IR)=0,
Do 7010 I=1,NL
C(I,IR)=C(I,IR)XFPPM
CTOTC(IR)=CTOTCIR)+C(I, IR}
CONTINUE
CTOTC(IR)=CTOT(IR)+AMB
IF (CLOSE.GE.1) GO TO 7110
' SET INCREASE TO 0 FOR NON-CONTIGUOUS VALUES
IF (BRGI-10.NE.PRVBRG.OR.PRBRG2+10.NE.PRVBRG) PREVZ = CTOT(IR)
! SAVE 10 DEGREE VALUE FOR WRAP ARDUND
IF (BRG1.NE.10.) GO TG 7020
SAVELO=CTOTCIR)
IS10AV=]
PRPEAK=PREV1+.12x%ABS(PREV2-CTOT(IR))
IF (PRPEAK.LE.PEAKH) GO TO 7050
PEAKH=PRPEAK
CHOLD{IR)=PREV]
BRHOLD(IR)=PRVBRG
DO 7030 I=1,NL
CLNK(I, IR)=PRCLK(I)
GO0 TO 7050
! SET FOR LAST PROJECTIOHN
CLOSE=1
CTOT(IR)=PREV2
IF (BRG1l.EQ.360.AND.IS10AV.EQ.1) CTOTC(IRI=SAVELD
BRG1=BRG1+10.
GO T0 7020
! STORE AND LOOP
PREV2=PREV1
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FREV1=CTOT(CIR): CAL12220

PRERG2=PRVERG: _ CAL12230
PRVBRG=BRGL: R CAL12240
DO 7060 I=1,NL CAL12250
7060 PRCLK(I)=CCL,IR). : CAL12260
IF (CLOSE.EQ.0) GO TO. 1560, CAL12270

c _ CAL12280
c ! CLOSE ROUTINE , CAL12290
ANGL=BRHOLDCIRI~L. - CAL12300

G0 TO: 7170 ' : CAL12310

7110 IF (CTOTCIRY.LE.CHOLDCIRY) GO TO¥ 7130 CAL12320
CHOLB(IR)=CTOT(IR) CAL12330
BRHOLD( IR} =BRG1 CAL12360

DO 7120 I=1, NL _ CAL12359
7120 CLNK(I,IR)=CCI, IR CAL12369
7130 IF CCLOSE.NE.2) 60. T0 7140 - CAL12370

_ ANGL=BRG1+2 CAL12380

~ GOTQ: 7170 CAL12390

71640 IF (CLOSE.NE.3) GO T0' 7150 CALl2400
IF (PREVI.LT. CTOTTIR)) GO TO 7150 CAL12610
ANGL=BRG1-9" CAL12620

GG T0 7170 CAL12430

7150 ANGL=BRGI+1 CAL12640
7170- IF CANGL.LT.0.) ANGL=ANGL+360. CAL12650
IF (ANGL.GT.360.) ANGL=ANGL-360:.. CAL12460

1F (CLOSE.EQ.10) GO TO' 1500 CAL12470
CLOSE=CLOSE+1 CAL12430
PREV1=CTOTCIR) ‘ CAL12490

60 TO 1600 ‘ CAL12500

cC_ .. CAL12510
7200 IF (RTYF.GP.L) GO: TOV 7300 r CAL12520

c "t REGULAR' RUN: CAL12530
DO 7220 J=1,NR i CAL12540

DO 7210 I=1,NL ' CAL12550

- C(I,d)=C(1, IIXFPPM CAL12560

c 1 CONCENTRATION OF CO FROM MICROGRAMS/M%xX3 TG PPM CAL12570
CTOT(J) CTDT(J)+C(I JY CAL12580

7210 CONTINU CAL12590
CTOT(J)= CTOT(J)+AMB CAL12600

7220 CONTINUE CAL12610
KRNI GO TO 8011 CAL12620
4~ 7300 IF (RTYP.GT.2) GO TO' 7400 CAL12630
i c T MULTIPLE RUN AVERAGES CAL12640
DO 7320 J=1,NR CAL12650

DO 7310 I=1,NL CAL12660
C(I,J)=C(I,J)%FPPM CAL12670

CADDC J)=CADDCJI+CCT, ¥ : CAL12680

7310 CONTINUE CAL12690
CADD(J)=CADD(J)+AMB CAL12700

7320 CONTINUE ‘ : CAL12710

T G0 TO 7500 CAL12720
7600 IF (RTYP.NE.4) GO T0 8011 CAL12730
DO 7410 J=1,NR CAL12740

7610 CADD(J)= CADD(J)+CHOLD(J) CAL12750
7500 STOUCCOWNTI=U CAL12760
STOB(COWNT)=BRG1 CAL12770

SRR STOCCCOWNT ) =CLAS : CAL12780
et ER STOACCONNT ) =AMB . CAL12790
s STOM(COWNT 3=MIXH : CAL12800
AR STOSCCOWNT3}=SIGTH CAL12810
STOT(COWNT)=TEMP CAL12820

IF (.NOT.NOX) GO TO 7510 CAL12830
SNO2(COWNT)=NO2ZA CAL12860
SNO(COWNT)=NOA ; CAL12850
SO3(COWNT)=03 CAL12860

S . SKRCCOWNT)=KR : CAL12870
" 7510 COMNT=COWNT+1 CAL12880
_ IF (RUNOUT.GE.6) GO TO 7520 CAL12890
RR=RR+1 CAL12900

- GO TO 1010 CAL12910
7520 IF. C(NOPRNT.EQ.1) GO TO 1000 CAL12920

c , CAL12930
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C xxxxx OQUTPUT e%xxXx
363636 36 36 36 36 36 IE IE I 26 3 36 36 JEIEIEIEIE

Cc
C 3HIENENRN 8 172 X 11 OUTPUT FORMAT X%X%XXXX

c

c
8011
8010

8020

8040

8045
8050

8060

8100
8110

o0

! INITIALIZE QUTPUT BLOCK ARRAYS
bo 8010 I=1,6
NUMLNCI)=0
MCOWNT=COWNT-1
MTYP=RTYP
IF (MTYP.EQ.4) MTYP=2
GO TO (8020,8040,8060), MTYP
IF C(NL.LT.11) IOH=1
IF (NL.GE.11) I0H=2
IF (NL.EQ.1) IOH=3
NUMLN(2)=NL
NUMLNC(3)=NL
NUMLNCG)=NR
NUMLNC5)=NR
NUMLNC6)=NR
GO TO 8100
IF {NL.LT.11) IOH=4%
IF (NL.GE.11l) IOH=5
NUMLN(2)=MCOWNT
NUMLNC3)=NL
IF (MCOWNT.LT.13) GO TO 8045
ICOWNT=12
GO TO 8050
ICOWNT=MCOMWNT
NUMLN(G)=3%ICOWNT
NUMLNC5)=33%ICOWNT
NUMLNC6)=NR
GO TOD 8100
IF (NL.LT.9) IOH
IF (NL.GE.9) IOH
IF C(NL.EQ.1) IOH
NUMLN{2)=NL
NUMLN{3)=NL
NUMLN{4)=NR
NUMLN{5)=NR
NUMLN{6)=NR
DO 8110 I=1,6
OHC(I)=0HS(I,IO0OH>

! SPECIAL OUTPUT ADJUSTMENTS (ND2,BLUFF,CANYON,ETC.)

6
7
8

IF (.NOT.CYNBLF .AND. MLNUM.EQ.0 .AND. MTYP.NE.2) OH(3)=0

IF (MTYP.EQ.2 .AND. CYNBLF) OH(3)=0H(3)+1

IF (NOX .AND., (MTYP.EQ.1 .OR. MTYP.EQ.3)) OH(1)=0H(1)+4
IF (PTYP.NE.2 .OR. MTYP.NE.2) GO TCQ 8200

OH(2)=0H{(2)+6

NUMLNCZ2)=2%MCOWNT

C
C XX BEGIN OUTPUT IEE 23

c
8200

82046
8206

IF(ICFl,.EQ.0.0R.ICF2.EQ.0.0R.RR.GT.1} GO TO 8208
WRITE (6,2430)

WRITE (6,2432)

JSPACE=((NL%2)-4)/2

MRITE (6,2440) (SPACEI(M),M=1,JSPACE},(TITLEL1(M),M=6,9)
WRITE (6,2450) (COD(M),M=1,NL)

JSPACE=2%NL

WRITE (6,2660) (LINE(M),M=1,JSPACE)

DO 8206 J=1,NR

IF (RC.EQ.1) GO TO 8206

WRITE (6,2670) J,J,(CRM(M,J),M=1,NL)

GO TO 8206

WRITE (6,2472) J,RCP(J),(CRM(M,J),M=1,HL)>
CONTINUE

WRITE (6,2480)

WRITE (6,2482)

HRITE (6,2484)
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WRITE (6,2486)

- WRITE (6,2025)

8208

8210

o

OO0 _o00 -

8400

8410

8415

aon

8420

8425
8430

noo

8640

' 8645

8650

. 8455

84660

CALL HEADER
NUMOLN=45
DO 9500 1I=1,6
IF (OH(I).EQ.0) GO 7O 95040
MLBLK=QHCI)+NUMLNCI)
T START NEW PAGE, NOT ENODUGH LINES LEFT ON PAGE.
IF (NLBLK.GT.NUMOLN) .GO TO 9010
G0 TC (8400,8600,8800), MTYP

REGULAR RUN

60 TO (8410 8420, 8440 8670,8500,8515), I

1. SITE VARIABLES

WRITE €6,2000)

IF (NOX) GO TO 8415

WRITE (6,2005) U,Z0,UALT,UNIT,BRGL,VD1,CLAS,STBCCLAS]),

x VSl MIXH AMB SIGTH TEMP
"GO 'TO 9000

WRITE (6,2225) U,Z0,UALT,UNIT,BRG1,VD1,CLAS,STB(CLAS),VSI,
MIXH TEMP, SIGTH NO2A,NOA,03,KR

GB TO 9000 '

II. LINK VARIABLES

SPLIT=0

WRITE (6,2010)

WRITE (6,2015) UNIT, UNIT UNIT

HRITE (6,2020)

DO 8430 J= 1,NL

IXLl?INTGR(XLlO(J))

IXL2=INTGR(XL20(J))

IYL1=INTGRCYL10CJ))

IYLZ2=INTGR(YL20CJ))

IVPHL=INTSRCYPHL(J))

IF (LC.EQ.1) GO TO 8425

NRITE (6,FMT12) CODCJ),CODCJ),IXLL,IYLY,IXL2,IYL2,TPCJ),IVPHL,
EFLCJ), HLO(J);HLO(J)

GU TO 8430

WRITE (6,FMT13) CODCJ),ENK(J)Y, IXL1,IYLL,IXLZ,IYLZ,TPCJD,
IVPHL, EFL(J) HLU(J) NLU(J)
CONTINUE

WRITE (6,2030)
Go TO 9000

IT. LINK VARIABLES CON'T.

IF (SPLIT.EQ.0) GO TD 8445

WRITE (6,2305)

IF (MLNUM.EQ.0) GO TO 8460

WRITE (6,2310) .

WRITE (6,2315)

WRITE (6,2320) UNIT,UNIT, UNIT

WRITE (6,2325)

IM=1

DO 8455 J=1,NL

IF (MODLNKC(IM).NE.J) GB TC 8450

IM=IM+1

TVPHO=INTGRC(VPHO{J)).

ISTPL=INTGR(STPLOCJ)D

HRITE t6,2330) CODCJ) , MIXHLOCJ) ,MIXWROCJ) , ISTPL, BCLT(J), ACCT (),
-7 SPDCI), NCYCLJ), NDLACS) ) IVPHO, EFT0CJ), IBT1(J), IDT2CJ)

*50 To 3455

WRITE (6,2335) CODCJ), MIXNLU(J) MIXWROCJ)

CONTINUE

WRITE (6,2030)

GO 10 9000

WRITE (6,2310)

WRITE (6,23640)
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CALINEG FORTRAN LiSTING
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WRITE (6,2345) UNIT,UNIT

WRITE (6,2350)

DO 8465 J=1,NL

WRITE (6,2355) COD(J) MIXWLOCJD, MIXNRO(J)
CONTINUE

WRITE (6,2030)

60 70 9000

III. RECEPTOR LOCATIONS

IF (NL.GT.l) GO TO 8485

HRITE (6,2036)

WRITE (6,2037) UNIT

WRITE (6,20338)

DO 8480 J=1,NR

IXR=INTGR(XRO(J))

IYR=INTGRCYROC(J) )

IF (RC.EQ.1) GO TO 8475

WRITE (6,FMT05) J,J,IXR,IYR,ZR0OCJ),CTOTCJ)
GO TO 8480

WRITE (6,FMT08) J,RCP{J3,IXR,IYR,ZR0O{J),CTAT(I)
CONTINUE

WRITE (6,2030)

GO TO 9000

WRITE (6,2035)

WRITE (6,2040) UNIT

WRITE (6,2045)

DO 8495 J=1,NR

IXR=INTGR(XRO(J))

IYR=INTGRCYROCJ))

IF (RC.EQ.1) GO TO 8490

WRITE (6,2050) J,J,IXR,IYR,ZROCJ)

G0 TO 8495

WRITE (6,2051) J,RCP(J)I,IXR,IYR,ZRO({J)
CONTINUE

WRITE (6,2030)

GO TO 9000

IV. MODEL RESULTS AND RECEPTOR-LINK MATRIX

KK=NL

MM=1

IF (NL.GE.11) KK=10
JSPACE=(KK-13}%2.5-1
KSPACE=JSPACE+2
BLINE=KKx%5

SPLIT=10

HRITE (6,2055)

WRITE (6,2061) (SPACEI(

M 1,JSPACE),({TITLE1(M),M=1,9)
HRITE (6,2066) (SPACEI(H
»

M=

M=1, KSPACE), (TITLE2(M),M=1,5)
WRITE (6,2071) (COD(M) M.,
WRITE (6,2076) C(LINEC(M) 1,
PO 8510 J=1,NR
IF (RC.EQ. 1) GO TO 8505
WRITE €6,FMTO1) J,J,CTOTC(J), {C(M,J3,M=MM,KK]
G0 TO 8510
WRITE (6,FMT02) J,RCP(J),CTOT(J),(C(M.J);M-MM,KK)
CONTINUE
WRITE (6,2030)
GO TO 900¢C
KK=NL
II=NL-10
MM=11
JSPACE=(II-13}%2.5-1
KSPACE=JSPACE+2
BLINE=I1Ix5
IF (SPLIT.EQ.1) GO TO 8520
WRITE (6,2031)
NUMLNC5)=NUMLN(5)~-1
GO To 8525
WRITE (6,2056)

Ki)

),
),
=M
M=1,BLINE)

WRITE (6,2060) (SPACEI(M),M=1,J5PACE). (TITLEI(M) M=1,9)"

bB-21

CAL14380
CAL14390
CAL14400
CAL14410
CALl4420
CAL14430
CAL16460
CAL14650
CAL14460
CAL14470
CAL1443D
CAL16490
CAL14500
CAL14510
CAL14520
CAL14530
CAL14540
CAL14G550
CAL16560
CAL14570
CAL14580
CAL145%0
CAL16600
CALl4610
CAL14620
CAL14630
CAL14640
CAL16650
CAL14660
CAL14670

€AL14680
CAL14690
CAL14700
CAL14710
CAL14720
CAL14730
CAL14740
CAL14750
CAL1G760
CAL14770
CAL14780
CAL147940
CAL14800
CAL14810
CAL146820
CAL14830
CAL148410
CAL14850
CAL14360
CAL14370
CAL14830
CAL14890
CAL14900
CAL14910
CAL14920
CAL14930
CAL14940
CAL14950

. CAL14960

CAL14970
CAL14980
CAL1499D
CAL15000
CAL15010
CAL15020
CAL15030
CAL15040
CAL15050
CAL15060
CAL15070
CAL15080
CAL15090



.h’f’. _..

CALINEG. FORTRAN LISTING
June. 1989. Versian

WRITE (6,2060) (SPACEI(M), » KSPACEY, (TITLEZ(M) M=1,5)
WRITE: (65 2070) (COD(M),M= MM KKD
WRITE: (63 2075) (LINECM),M=1, BLINE)
30135555J;1;NW:
IF* (RCLERQ:1) GO"TO- 8530.
WRITE: (6, FNTO3) J, J, CCIM, J) , M=MM; KK
GO TO 8535
8530 HWRITE .(63FMT069 J,RCR(J),; (CIM,J),M=MM;KK)

"8535 CONTINUEL.

0o _0oo

OO0 -

J
C
8625 WRITE (6 2103) J, RUN(J+NN) sSTouc.), STOC(g

o000

HWRITE: (63 2030)
GO~T0;90005

MULTIPLE RUN AVERAGE®
8600 GD TO. (8610,8615,8660,8675,8680,8735), I
I. SITE VARIBLES. '

8610. WRITE. (6,2000):
WRITE (6)2006 VD1,Z0,UALT,UNIT;VS1
GO TO: 90090

II. METEOROLOGICAL CONDITIONS

8615 IF {(NOX) GO. TO: 8635

WRITE (6,2085)

WRITE (6,2090)

WRITE (6,2095)"

NN=RR-MCOWNT

DO. 8630 J=1, MCOWNT

IF (SRTYP.EQ:4) GOTO:8625:

WRITE (6,2101) J, RUNCJHNND,STOUCJS),STOBL
x STB(STOC(J)),STOACI),; STOM
60 TO 8630

3,S5T0CCL),
J),3T05C¢J),STOTCI)D
)

J

»
* STBCSTOC(J)), STOACS ), STOMCJ) ,STOSCJ), STOTCI)
8630 CONTINUE
WRITE (6,2030)
G0 TO 9000
8635 NN=RR-MCOWNT
WRITE (6,2200)
DO 8645 J=L,MCOWNT
WRITE (6,2206) J,RUNCJ+NND,STOUCJ),STOBCJ),STOCLY),
x STBCSTOCCJ)),STOMCY), 5TOSCD), STOT(J)
8645 CONTINUE -
WRITE (6,2031)
WRITE (6,2210)
DO 8655 J=1,MCONNT
WRITE (6, 2216 gKE%§§J+NN) , SNO2€J) , SNOCU) , SD3CJ),

8655 CONTINUE
WRITE (6,2030)
GO TO 9000

ITI. LINK GEOMETRY

"8660 IF (CYNBLF) GO TO 8672

WRITE (6,2105)
WRITE (6,2110) UNIT,UNIT,UNIT
WRITE (6,2115)
DO 8670 J=1,NL
IXLL=INTGRC(XL10(
IXLZ2=INTGRCXLZ20(
IYL1=INTGR(YLLOC
IYLZ2=INTGRCYL20C
IVPHL=INTGRC(VYPHLCJ) ).
IF (LC.EQ.1) GO TO 8665
WRITE (6,2120) CODCJ),CODCJ),IXL),IYLY,IXLZ,IYLZ,TP{J),
* HLOCJ), NLD(J) .
GO TO 8670
8665 WRITE (6,2121) COD(CJ), LNK(J) IXL1,TIYL1,IXL2,IYL2,
TPCJD, HLU(J) HLO(J)
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CONTINUE

WRITE (6,2030)

GO TO 9000 y

WRITE (6,2105)

WRITE (6,2106)

WRITE (6,2111) UNIT,UNIT,UNIT,UNIT,UNIT
HRITE (6,21164) !

DO 867¢ J=1,NL
IXLI=INTGR(XL10¢CJ
IXLZ2=INTGR(XL20C(J
IYL1=INTGR(YL10(CJ
IYLZ=INTGR(YL20(J
IVPHL=INTGR(VPHL{J2)

IF (LC.EQ.1) GO TO 8673

WRITE (6,2122) COD(J),CODCJ), IXLY,IYLL,
* HLOCJDY, HLOCJ ), y MIXHLOCJ) , MIXWROCJ)

GO 70 8674

NRITE (6,2123) CODCJY,LNKCJ),IXL1,IYLL,IXLZ, IyLz,

TPCJ), HLG(J) NLD(J) MIXNLD(J) MIXWROC(J)

CONTINUE

WRITE (6,2030)
GO TO 9000

IV. EMISSIONS AND VEHICLE YOLUMES

SPLIT=0
MORE=0
IF (MCONNT GT.12) MORE=1

(I EQ.4) MM=1
(I.EQ.4 .AND. NL.GE.11) KK 10

(I.EQ.5) MM=11

=KK

(I.EQ.5) II=KK-10

PACE=3%I1

CLINE=3+6%I1

IF (I.EQ.4 .AND. SPLIT.NE.1) GO TO 8695

IF (SPLIT.EQ.1} GO TO 8690

HRITE (6,2031)

GO TO. 8700

WRITE (6,2126)

GO TO 8700

HWRITE (6,2125)

WRITE (6,2130) (SPACEI(M), M=1,JSPACE) (TLINK(M),M=1, 4)
WRITE (6,2135) (COD{M),M= MM,KK) 3

WRITE (6,2137) (LINE(M) M=1,CLINE)

IF (MCONNT LT.13) GO TO 8714 :

IF (MORE.EQ.0) GO TO 8705

))
))
))
3)
J

111-1
 MMM=12

- 8705

8710

8715

8720
8725

GO TO 8715

III=13

MMM=MCOWNT

GO TO 8715

III=1

MMM=MCOWNT

DO 8725 J=III,MMM

WRITE (&6, 2140) J, (STOVCJ, KD, K=MM, KK)
IF (NOX) GO TG 8720

HRITE (6,2145) (STOE(J,K),K= MM KK)
GO TO 8725 .

WRITE (6,2146) (STOE(J,K),K= MM;KK)
CONTINUE

WRITE (6,2030)

IF (MORE.NE.I) GC TO 9000

CALL HEADER

- NUMOLN=45

NUMLN(I)=3%{MCOWNT-12)
SPLIT=1

MORE=0

GO TO 8685

IXLZ,IYL2,TPCJD,
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V. RECEPTOR LDCATIDNS AND MULTI-RUN AVERAGES

WRITE (6, 2150)

HWRITE (6,2155) UNIT

WRITE (6,21602

DO 8745 J 1,NR

CAVE= CADD(J)/(CONNT 1)
IXR=INTGR(XR0OCJ)) B

IYR=INTGR(YRO(J))

IF (RC.EQ.1) GO TO 8740

WRITE (6,FMT08) J,J,IXR,IYR,ZR0OCJ),CAVE
GO TO 8745

WRITE (6,FMT07) J, RCP(J) IXR,IYR,ZR0O(J),CAVE
CONTINUE

WRITE (6,2030)

GO TO 9000

WORST CASE WIND ANGLE
GO TO (8805,3820,8840,8870,8900,8915), I
I. SITE VARIABLES

WRITE (6,2000) )

IF (NOX) GO TO 8810 °

WRITE (6,2007) U,Z0,UALT,UNIT,VD1,CLAS,STB(CLAS],
x VS1,MIXH,AMB,SIGTH, TEMP

GO _TO 9000

WRITE (6,2220) U,Z0,UALT,UNIT,VD1,CLAS,STB(CLAS),VS1,MIXH,
* TEMP, SIGTH, NO2A, NOA, 03, KR

G0 TO 9000

II. LINK VARIABLES

SPLIT=0

WRITE (6,2010)

WRITE (6,2015) UNIT,UNIT,UNIT
WRITE (6,2020)

PO 8830 J=1,NL
_IXL1=INTGR(XL10(J))
IXL2=INTGR(XL20(J3) -
IYL1=INTGRCYL10(J)) -
IYLZ2=INTGR(YLZ20(JJ)
IVPHL=INTGR(VFHLCJ) )

IF (LC.EQ.1) 6O TO" 8825
WRITE (6,FMT12) CODCJ),COD(J), IXLl IYL1,.IXL2,IYL2,TPC(J),

* IVPHL, EFL(J) HLG(J) HLDCY)

GO To 3330 5

WRITE (6,FMT13) CODCJ),LNKCJ),IXLL,IYL1,IXL2,IYL2Z,
* TPCJ4), IVPHL, EFLCJ Y, HLOCJI) , HLOC)
CONTINUE

WRITE (6,2030)

GO TO: 9000

II. LINK VARIABLES CON'T

IF (SPLIT.EQ.0) GD TD 8845
WRITE (6,2305)

IF (MLNUM £Q.0) GO TO 8360
WRITE (6,2310)

WRITE (6,2315)

WRITE (6,2320) UNIT,UNIT,UNIT
WRITE (6.,2325)

IM=1 b

DO 8855 J=1,NL

IF (MDDLNK(IM) NE.J) GO TO 8850
IM=IM+1

- IVPHO=INTGR(VPHOCJ)):

ISTPL=INTGR(STPLO(J))

WRITE (6,2330) CODCJ),MIXHLOCJ),MIXHROCJ),ISTPL,DCLTL{J) ,ACCT(J),
* 55 SPDCJ), NCYC(J) NDLA(J) IVPHO, EFID(J) IDTl(J) IDT20J)
‘G0 TO 38

b-26
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8850 WRITE (6,2335) COD(J),MIXHLOCJ),MIXHROL))
8855 CONTINUVE

WRITE (6,2030)

GO TO 9000
8860 WRITE (6,2310)

- HWRITE (6,2340)

WRITE (6,2345) UNIT,UNIT

WRITE (6,2350)

DO 8865 J=1,NL

WRITE (6,2355) COD(J),MIXWLOCJ),MIXHROC(J)
8865 CONTINUE

WRITE (6,2030)

GO TO 9000

ITI. RECEPTbR LOCATIONS

3870 IF (NL.GT.1l) GOTD 8885
WRITE (6,2170)
WRITE (6,2175) UNIT
WRITE (6,2130)
DO 88380 J=1,NR
IXR=INTGR(XRO{J))
IYR=INTGR{YROCJ))
IF (RC.EQ.1) GO TOD 8875
WRITE (6,FMT089) J,J,IXR,IYR,ZR0OCJ),BRHOLDCJ),CHOLD(J)

GO 70 3880
8875 WRITE (6,FMT10) J,RCP(J),IXR,IYR,ZR0OCJ),
x BRHOLD(J),CHOLDCJ)
3880 CONTINUE
WRITE (6,2030)
G0 TO 9000

8885 WRITE (6,2035)
HWRITE (6,2040) UNIT
WRITE (6,2045)
DO 8895 J=1,NR
IXR=INTGR({(XRO(J)})
IYR=INTGR(YRO({J3)
IF (RC.EQ.1) GO TO 8890
WRITE (6,2050) J,Jd,IXR,IYR,ZROCJ)
GO0 TO 8895
8890 WRITE (6,2051) J,RCP(J3,IXR,IYR,ZROCJ)
8395 CONTINUE
WRITE (6,2030)
GO TO 9000

1V. MODEL RESULTS AND RECEPTOR-LINK MATRIX

8900 KK=NL
MM=1
IF (ML.GE.9) KK=8
JSPACE=(KK~1)%2.5-1
KSPACE=JSPACE+2
BLINE=KKx5
SPLIT=0
WRITE (6,2255)

WRITE (6,2261) (SPACEI(M),M=1,JSPACE),(TITLEL(M) M=1,9
WRITE (6,2266) (SPACEI(M),M=1, KSPACE) (TITLE2(M),M=1,5
WRITE (6.,2271) (CODCM),M=MM,KK) '
WRITE (6,2276) (LINEC(M),M=1,BLINE)

po 8910 J=1,NR
IF (RC.EQ.1) GO TGO 8905

WRITE (6,FMT14) J,J, BRHOLD{J),CHOLBCJ), (CLNK(M,J),M=MM, KK)

GO TO 3910

8905 WRITE (6,FMT15) J,RCP(J),BRHOLD(J),CHOLD(JD,
* CCLNK(M, J2, M=MM, KK)

8910 CONTINUE

WRITE (6,2030)
G0 TO 9000
8915 KK=NL
II=Ni-8
MM=9
JSPACE=(II-1)%2.5-1
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KSPACE=JSPACE+Z ) o : CAL17980
BLINE=II%5 CAL1I7990

IF (SPLIT.EQ. 1) GO TD 8920 : CALI8000

WRITE €6,203L) . CAL138C10
NUMLN(SN'NUMLN(S) 1 CAL13020

GO TGO 8925 : CAL13030

8920 WRITE (6,2256) ; CAL18040
8925 WRITE (6,2060) (SPACEI(M) M=1, JSPACE), (TITLEL1(M),M=1,9) CAL13050
WRITE €&,2060) (SPACEI(M), M=IrKSPACE),(TITLEZ(M),M= +5) CAL18060

WRITE (6,2070) (CODCM),M= MM,KK) CAL18070

WRITE (6,2075) (LINE(M) M=1, BLINE) CAL18080

DO 8935 J I,NR CAL13090

IF (RC.EQ. 1) GO TO 893 CAL18100

WRITE (6,FMTO03) J,J,.CCLNK(M,J),M=MM, KK) CAL18110

. GO T 8935 CAL18120
. 8930 WRITE (6,FMT04) J,RCPC(J), CCLNK(M,J¥,M=MM,KK) CAL18130
- . 8935 CONTINUE ' CAL18140
T WRITE (6,2030) CAL181548
Gor TO 9000 CAL18160

C CALLB170
9000 NUMOLN= NUMULN‘OH(I) NUMLN(I) CAL18130
GO TO 9500 CAL18190

9010 CALL HEADER CAL18200
- NUMDLN=45 ) CAL1821¢0
SPLIT=1 : S CAL13220

GO0 To 8210 : CAL18230

" 9580 CONTINUE . CAL18240
" . COWNT=1 CAL18250
RR=RR+1 CAL13260

GO TO 1000 : CAL18270

C ) CAL13230
- C ¥%x%x% FORMATS xxxxx ’ CAL18290
C IEXXXEXMNMENIINII KRN K CALI8300
o ) CAL18310
C ®x3%%%¥%  INPUT FORMATS €3eexx CAL18320
C . CAL18338
1900 FORMAT (A4() CAL18340
1905 FORMAT (I1,A30) : CAL18350
1910 FORMAT (A8). ) CALIB360
1915 FORMAT (Al2) CAL18370
1920 FORMAT (51I1,A12) . CAL13380
1928 FORMAT (80Al12 CAL18390
(o4 ) : CAL18400
C EE 3333 ERROR FORMATS XHHHK CAlL184]10
. C v : CALl1&g20
1925 FORMAT ¢//," PROGRAM RUN TERMINATED.?!,///, CAL13430
%X v % ¥ LINK LENGTH MUST BE GREATER THAN OR EQUAL TO LINK WIDTH.'> CAL18440

1930 FORMAT (-/,' PROGRAM RUN TERMINATED.',///, CAL18450
% t ¥ ¥ SOQURCE MUST BE WITHIN 10 METERS OF DATUM.') CAL134610

1935 FORMAT (/7,' POLLUTANT TYPE (PTYP) OUT OF RANGE. ") CAL184670
1940 FORMAT (/7," PROGRAM RUN TERMINATED.',”//7, CAL18480
%X ¥ % ¥ INTERSECTION LINK COMPATIBLE WITH PTYP=1 (CO) ONLY.') CAL18490D

1965 FORMAT (//,'" RTYP= ',11,' INCOMPATIBLE WITH CANYON LINK.'/r, CAL18500
¥ ' PROGRAM RUN TERMINATED.') CAL18510

1956 FORMAT (-/' WIND BEARING OF ',F4.0,"' NOT COMPATIBLE'~s CAL18520
X ' HITH CANYON“LINK BEARING QF '",F4%.0," (DEGREES)'~ CAL18530

. x " IN RUN ',Al2,".7} CAL18540
1955 FORMAT (/-,' PROGRAM RUN TERMINATED.',///) CALL8550
1960 FORMAT (/s' WIND SPEED OF ',F6.1," NOT COMPATIBLE'/ CAL18560
* T WITH AMBIENT STABILITY CLASS ',I2," (',AL,")' CAL18570

%* * IN RUN ',Al2,'.%) CALI&580

1970 FORMAT (-//,' STOP LINE DIST. LESS THAN QUE + DECEL.',-., CAL138590
© %Y LINK *,I2," S§TPL= ',F5.0,"' LQU= ',F5.0," LDCL= ',F5.0) CAL186040
1975 FORMAT (/7," ALTITUDE OUT OF RANGE. ALTITUDE= ",F6.0) CAL1I8610
c . _ ) CAL13620
C %xxxAX  OQUTPUT FORMATS  3xxxX CAL18630
C CAL18640
2000 FORMAT (4X,'I. SITE VARIABLES'/) CAL18650
2005 FORMAT ( CAL18660
X TX," U= *,F5.1," M/S Z0= ',F4.0," CM ', CAL18670

x ' ALT= ',F6.0,1X,A4,” CAL186810

X 7X,* BRG= ',F5.1,' DEGREES VD= 1,FG.1,' CM/5'/ CAL18690
‘ . D-26 '
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V5= ',F4.1," CMsSY/

x 7X,' MIXH= *,F5.0,' M AMB= ',Fq.1,"' PPM'/
* 7X,'SIGTH= ',F5.0,"' DEGREES TEMP= Y,F4.1,' DEGREE (C)'//)
2006 FORMAT ( .
% 7X," VD= ",FG.1," CMs5S Z0= ',F6.0,' CM ',
L t ALT= *,F6.0,1X,4A4,7
x 7X,' Vs= ', F4.,1," CM/5'//)
2007 FORMAT ( .
X 7%, U= *,F5.1," M/S Z0= ',F4.0," CM LIPS
* r ALT= ",F6.0,1X,A4,/
X 7X,' BRG= WORST CASE VD= ',F4.1,"' CM/SY/
% 7X," CLAS= ',I5,% (',Al,") ¥3= *,F4.1," CMsS'/
¥ 7X," MIXH= ",F5.0," M AMB= ',F4.1," PPM's
% 7X,'SIGTH= ",F5.0,' DEGREES TEMP= ',F4.1," DEGREE (C)'//)
2010 FORMAT (3X,'IXI. LINK VARIABLES'/)
2015 FORMAT (BXp'LINK E* LIN& COUR&IN%TES Y,AG,Y % Y,
* '/, -
% 5X,'DE5CRIPTION * X1 ¥1 X2 Yz % ¢,
* "TYPE VPH (G/MI) ',A4,2X,A4)
2020 FORMAT (2X,16('—"),*%",25("-"*),"%",30(*~"))
2025 FORMAT (*1*")
2030 FORMAT (/)
2031 FORMAT (2X)
2035 FORMAT (2X,'III. RECEPTOR LOCATIONS *'/)
2036 FORMAT (2X,'IXII. RECEPTOR LOCATIONS AND MODEL RESULTS'/)
2037 FORMAT (14X, 'x',23X,"'* PRED '~
%* 14X, "% COORDINATES ',A4,° %X CONC'/
%* X, 'RECEPTOR X Y Z x (PPMO*)
2038 FORMAT (2X}12('_'),'*l’23('_')p'*'pé('-'))
2040 FORMAT (14X,'* CUDRDINATES Y,AG,/
* 4X, "RECEPTOR * Y Z'
2045 FORMAT (2X,12('-'), '*',21('-'))
2050 FORMAT (1X,12". RECPT vL,I2,v % *,2(16,1X),F5.1)
2051 FORMAT (1X,12,'. ',A8,"' x ',2(I16,1X),F5.1)
2055 FORMAT (3X,*'IV. MODEL RESULTS (PRED. CONC. INCLUDES AMB.)'/)
2056 FORMAT (3X,"IV. MODEL RESULTS (PRED. CONC. INCLUDES AMB.)',
% : " (CONT.)"/)
2060 FORMAT (146X,"'*%"',59A1)
2061 FORMAT (14X, '* PRED %Y,58A1)
2066 FORMAT (14X,'* CONC x',58A1)
2070 FORMAT (3X,'RECEPTOR %',12{3X,A1,1X))
2071 FORMAT (SX,'RECEPTOR % (PPM) % *',100(2X,Al1,2X))
2075 FORMAT (2X,'--————————- *',63A1)
2076 FORMAT (1X,'————w————————Yowmmm e x',58A1)
2085 FORMAT (3X, II METEURULDGICAL CUNDITIUNS' s )
2090 FORMAT (21X, U BRG CLASS AMB MIXH SIGTH TEMP'/,
x %UX (ggv) x (M/5) (DEG)',9X, "(PPM) M (DEG)',
*
2095 FORMAT (2X,19('-%),"™=7,48("-"'))
2101 FORMAT (1X,12,'. ',AlZ,* X ',F4.1,4X,F4.0,2X,1I1,
* * {',Al,') ',F4,1,3X,F5.0,1X,F6.2,2X,F4.1)
2103 FORMAT (1Xx,12,'. ',Al2,"' ¥ ',F4.1," WORST *,I1,' (',
x* Al,') ',F4.1,3X,F5.0,1X,F6.2,2X,FG.1)
2105 FORMAT (2X,'I1I1I. LINK GEOMETRY '/)
2106 FORMAT (65X, "MIXWT)
2110 FORMAT (8X, "LINK ¥ LINK COORDINATES ',A4," % ',
* 'H W'/5X, *DESCRIPTION == X1 Y1l X2,
%* ' Y2 % TYPE ',A4,2X,A4)
2111 FORMAT (SX;'LINK *¥ LINK COORDINATES '",A4,' ¥ ",
% 'H L - R'b5X,"DESCRIPTION x Xl1°7,
* '™l X2 Y2 % TYPE ',A4,2X,A4,3X, A4 1X AG)
2115 FORMAT (2X,X6("—*),*%x",24("~*}, *x?', 16('"'))
2116 FORMAT (2X,16("-"),"%',26("—-"),*%",16("-"2,11("-"))
2120 FORMAT (2X,Al,*. LINK ',Al,"* I';Q(I5’1X),'* v,AZ,2X,
¥* F4.1,2X,F4.1)
2121 FORMAT (2X,Al,'. *,Al2,Y %*,4(15,1X),"* *',A2,2X,2(F4,1,2X))
2122 FORMAT (2X,Al,'. LINK *,Al," X', 6(1I5,1X), "% ',A2,2X,
¥* FG.1,2X,F4.1,2X,F6.0,1X,F4.0)
2123 FORMAT (2X,Al,". ',Al2," %',4(I5,1X),'* ',A2,2X,2(F4.1,2X),
* FG.0,1X,F4.0)
2125 FORMAT (3X,"'IV. EMISSIONS AND VEHICLE VYOLUMES *'/)
2126 FORMAT (3X,'IV. EMISSIONS AND VEHICLE VOLUMES (CONT.)'/)
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FORMAT (8X,™%',66A1).

FORMAT (3X,'RUN ¥ ", 10(Al, 5X))

FORMAT (2X,?'—————— *'.67A1)

FORMAT (8X,"%'s/1X,12,' VPH *',IO(IX I5))

FORMAT {4X,'EF %',10(2X,F4.0))

FORMAT (46X, 'EF %',10¢(2X,F4.2))

FORMAT (QX,'U RECEPTGR LOCATIONS AND MULTI-RUN',

AVERAGE CDNCENTRATIUNS'/)

FORMAT (4X ' COORDINATES *',A4,°* ¥  AVG'/
GX,'RECEPTOR x X Y Z ¥ (PPMD )

FORMAT (2X,12('-7),"%7?,26('="1),"*x"',7('=-"))

FORMAT (2X,'III. RECEPTOR LOCATIONS AND MODEL RESULTS',
* (HORST. CASE WIND ANGLE) '/)

FORMAT (14X, '¥',23X," ¥ PRED'~
4x,! ¥ COORDINATES ',A4,° %X BRG X CONC'”/
QX,'RECEPTOR x X Y z ¥ (DEG) x (PPMO")

FORMAT (2X,12(*=t),"%",23(" =), 1%?,7(*="),¥%",7('-"))
FORMAT ESX,‘II METEORLOGICAL CDNDITIONS' 721X,
*

U BRG CLASS MIXH SIGTH TEMP '/
10X, "RUN ¥ (Mr5) (DEG)',10X,'(M) (DEG) cH?
/ZX,IQ('—'):'*' G3(*-"))"
FORMAT (IX,IZ, . ',A12,! ®x T,F4.1,4X,F4.0,2X,1I1," ('",AL,

)y T',F5.0, 1X F6.2,2X,F4.1)
FDRMAIO§8X,'N0X VARIABLES'//

¥ NO2 NO 03 KR/
10X, *RUN . % (PPM) (PPM)  (PPM) (1/SEC) '/
2X,19C1=1), 1%¥,40¢1-1))
FORMAT (1X,I2,'. ',Al2," % ',F4.2,6X,F4.2,6X,F4.2,7X,F5.3)
FORMAT ( o
7" U= *,F5.1, % M/s - Z0= ',F6.0,' CM ',
' ALT= ',F6.0,1X,AG,/ _
7X," BRG= WORST CASE VD= ',F4.1,' CM/S v
7X," CLAS= ',I5,' {7,Al,') ' vsS= ',F4.1,' CM/S'/
7X,? MIXH= ' F5.0,1 M - TEMP= ',F4.1,' DEGREE (C)'/
7X,'SIGTH= ',F5.0,7 DEGREES'//
7X, *NOX _VARIABLES'// o
7X,77 No2= 1 F4.2," PPM NO= ',F4.2,' PPM 03= ',F4.2,
PPM .KR= ',F5.3," 1/SEC'//)
FORMAT ¢ L '
7%, U= *,F5.1,% M/S Z0= ',F4.0,"' CM ',
' ALT= 1, F6.0,1X,A%,/
7X," BRG= ',F5.1,' DEGREES VD= ',F4.1," CM/S v
7X, 1 CLAS= 1, 15,% (*,AL, ") VS= T,F4.1,' CM/S '/
7X, " MIXH= ',F5.0," M TEMP= ',F4.1," DEGREE (C)}'/

7X, 'SIGTH= Y,F5. 0,' DEGREES'//

TX,'NDX VARIABLES'//

7X, ¥ NO2= ',F4.2,' PPM NQF ',F4.2,* PPM 03= ', F4.2,
' PPM KR= ',F5.3,' 1/SEC'//)

2255 FORMAT (3X,'IV. MODEL RESULTS (WORST CASE WIND ANGLE 3'/3
2256 FORMAT (3X,'IV. MODEL RESULTS (WORST CASE WIND ANGLE) ',

*

¥ {CONT.)"7)

T 2261 FORMAT (14X, 'x 7% PRED %',58A1)
.2266 FORMAT (14X,'* BRG X CONC X',58Al1)

2271 FORMAT (3%, 'RECEPTOR’ ¥ (DEG) * (PPM) % ',10¢(2X,A1,2X))
2276 FORMAT (1X,13('=1), "%t 7('-"), %", 7("="1), "%7,58A1)
2505 FORMAT (3X,°L11. LINK VARIABLES CUN"T )

2310
2315

*
2320
£

2325
2330
%
2335
2360
2365
2350
2355

FORMAT (8X,'X MIXHW®)

FORMAT (8X,'x L R STPL DCLT ACCT®,
' SPD', 20X, "EFI IDTL. IDTZ2'")

FORMAT (SX,'LINK ® ', AG,1%,A4,1X.A4,1X, "(SEC) (SEC) ',
*{MPH)} NCYC NDLA VPHO (G/MIN) (SEC) (SECI'")

FORMAT (3X,"————- *',70('—'))

FORMAT (GX,Al,'. X :',2(F6.0,1X),I%,2X,2(F3.0,3X),
F3.0,2X,14,2X,I3,1X, 15 2X,F5.2, 3X,F4 0,2X,F4.0)

FORMAT (46X, Al, . X ,Z(Fﬁ 1X))

FORMAT (8X,'*® L R™

FORMAT (3X,’LINK X Y, AG,1X, AQ)

FORMAT (3X,'~———- K ')

FORMAT (4X,Al,'. % ',F4.0, 1X,F4 0)

-C
C FORMATS FOR CANYUN/BLUFF INFO

CAL19420
CAL19430D
CAL19440
CAL19450
CAL19460
CALL19470
CAL19430
CAL19490
CAL19500
CAL19510
CAL19520
CAL19530
CAL19540
CALI9550
CAL19560
CAL19570
CAL19580
CALI9590
CAL19600
CAL19610
CAL19620
CAL19630
CAL19640
CAL19650
CAL19660
CAL19670
CAL196810
CAL19690
CAL19700D
CAL19710
CAL19720
CAL19730
CAL19740
CAL19750
CAL1976C
CAL1977%
CAL19780
CAL1979¢
CAL19800
CAL19810
CAL19820
CAL19830
CAL193410
CAL19850
CAL19860
CAL19870
CAL19880
CAL19890
CAL19900
CAL19910
CAL19920
CAL19930
CAL19940
CAL19950
CAL19960
CAL199710
CAL19980
CAL19990
CAL20000
CAL20010
CAL20020
CAL20030
CALZ20040
CAL20050
CALZ20060
CALZ20070
CALZ0080
CALZ20090
CALZ20100
CAL2011C
CAL20120
CAL20130



'y

CALINE4G FORTRAN LISTING
June 1989 Version

2630 FORMATC'1',/777720%, "CANYON/BLUFF RECEPTOR-LINK INFORMATION'//)

2632 FORMAT(-/76X, "NOTE:*/
%6¥, "COLINEAR LINKS MUST BE ASSIGNED COMPATIBLE CANYON/BLUFF'/
®6%, TWALL SPECIFICATIONS. THE MODEL CANNOT ACCURATELY HANDLE'/
¥6X, "TRANSITIONS FROM CANYON/BLUFF LINKS TO FLAT TERRAIN, NOR'/
*¥6X, TCONVERGING OR DIVERGING WALLS. MODEL RESULTS ARE BASED'-s
¥6X, "ON THE FOLLOWING:*~///)

2440 FORMAT(L14GX,"'%",40Al)

2450 FORMAT(3X,"RECEPTOR ®T,20(1X,A1)?

2460 FORMAT(1X,13('-"),"%',40Al1)

2670 FORMAT(1X,I2,7. RECPT *,I2," %*',20(1X,Al))

2672 FORMAT(1X,I2,7. *,A8," ¥',20(1X,Al))

2480 FORMAT(-//5X,'(0) - OMITTED. '/
%11X, "WARNING! RECEPTOR IS OUTSIDE OF LINK WALL OR EXTENTION OF'/
%11X,"MALL . CONCENTRATION FOR THIS LINK AT THIS RECEPTOR HAS v/
%11X, "BEEN SET TO 0.%)

2682 FORMAT(/BX,'(X) - EXTENDED.'s/
%11X, "CAUTION. CALCULATIONS ASSUME EXTENTION OF LINK MWALL{(S) TO'/
%11X, "RECEPTOR. CHECK YOUR GEOMETRY TO VERIFY THAT THIS'/
%] 1%, "ASSUMPTION IS VALID.")

2686 FORMAT(/5X,*'{.) — NORMAL.'s
%11X, "RECEPTOR IS PROPERLY POSITIONED WITHIN CANYON/BLUFF AND'/
¥11X, "NO ACTION IS NECESSARY.®™)

2486 FORMATC(/5X,"C ) — N/A'/
¥11X, "NO CANYON/BLUFF CALCULATIONS FOR THIS LINK.')

c
9990 IF (PGCT.GT.1) GOTO 9999

O O000

g$ITE (6,'C"" FOUND UNEXPECTED END OF FILE WHILE READING 1'')*)
or .
9999 WRITE (6,2025)

END

¥%%%¥ SGZ MODIFICATION FUNCTION 33ax
SUBROUTINE M5GZ (VPH,U,CLAS,HIDTH,COMPT,S5GZ)

REAL AZ(7),SMOD(7,6)
INTEGER CLAS
LOGICAL COMPT

BATA AZr1112.,566,,353.,219.,124.,56.,22./

DATA SMOD-/0.2,0,.27,0.52,99.,99.,99.,99.,
0.38,0.45,0.58,0.7,99.,99.,9%.,
0.78,0.86,1.01,1.26,1.36,99,.99.,
2.21,2.38,2.86,3.45,5.9,13.5,27.35,
5.61,6.25,7.59,10.21,16.76,25.51,1¢00.,
9.34,10.82,14.12,21.11,100.,99.,99.7

HFF=6.82
1 HEAT FLUX FACTOR (MWXHR/CMsVEH)
IF (CLAS.GT.1) GO TO 200
MCLAS=1
GO YO 250
200 HF=HFF%VPH/(100%WIDTH)
! ROABWAY HEAT FLUX (MW/CM%x2)
Ws=1.5
DO 210 I=1,6
IF (U.LT.WS) GO TO 220
WS=WS+1.
210 CONTINUE
220 K=8-CLAS
KNT=K
IF (SMOD(I,K).EQ.99.) GO TO 260
DO 230 J=K,6 '
IF (SMOD(I,J).GE.99.) GO TO 240
HF=HF-SMOD(I, J)
IF (HF.LT.0) GO TO 240
KNT=KNT+1
230 CONTINUE
260 MCLAS=3-KNT
250 IF (MCLAS.EQ.1 .AND. U.LT.4.) SGZ=AZ(MCLAS)
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IF (MCLAS.EQ.1 .ANﬁ. U.GE.4.) GO TO 260 CAL20860

IF (MCLAS.NE.1) SGZ=AZ(MCLAS)+(AZ(MCLAS-1)~AZ(MCLAS))X CAL20870

x CHF+SMODCT, KNT))/5MaDCT, KNT) CAL20880
COMPT=.TRUE. - CALZ0890

60 T8 270° ' CAL20900

260 COMPT=.FALSE. CAL20910
56Z=99999. . : CAL20920

270 RETURN . , : CAL20930
END By ' CALZ20940

c CAL20950
C %x¥%X MODAL EMISSIONS SUBROUTINE  %x%xx CAL20960
C _ CAL20970
SUBROUTINE MODAL (ZD1,ZD2,IL,Ql} CAL20980

c > CAL20990
COMMON /M STPL,LQU, LACC, LDCL,NCYC,NDLA, VSP CAL21000
COMMON /MT~ DCLT,ACCT,IDT1,IDT2,ACCR,DCLR,SPD CAL21010
COMMON /ME- EFA,EFC,EFD, EFI,VPHI,VPHO CALZ1020

c - - CALZ21030
REAL IDT1{20),1IDT2(20),IDT3,LAC,LACC(20),LDC,LDCL(20), CAL21040

x Laucz0), L1, 102, Les CAL21050

c CAL21060
INTEGER NCYC(20),NDLAC20),N1,N2,N3 CAL21070
DIMENSION ACCR(20),ACCT(203,DCLR(20),DCLT(20), ECUM(2,4), CAL21080
EFAC20), EFGC20), EFD(20), EF1(20),SPD(2G),STPL{20), CAL21090

X VPHI(20),VPHO(20),ZD(2) CALZ1100

c _ CAL21110
ZD(1)=ZDL - CAL21120
~ZD(2)=ZD2 o CALZ1130

N1=0 ¥ : CALZ1140

N2=0 . : CAL21150
LQ1=0. CAL21160
LQ2=0. CAL21170
IF{NDLACIL).GT. NCYC(IL)) GO TO 1 CAL21180
N3=NDLACIL) | CALZ21190
LQ3=N3xVSP CALZ1200
IDT3=IDT1C(IL) : CALZ21218

: G0 TO & CAL21220
c : CALZ2123%
1 IFCNCYCCIL).LT.(NDLACIL)-NCYC(IL))) GO TO 3 CAL21240
NI=NBLACIL)-NCYCCIL) CALZ21250
N3=NCYCCIL) CALZ21260
LQ1=N1%VSP : CALZ1270
LQ3=N3XVSP ' CAL21280
IDT3=IDT1CIL)+2.%N1 CAL21290

: GD TO & o CAL21300
c _ : CALZ21310
3 N1=NCYC(IL) CAL21320
N2=NDLACTL)-2.%NL CAL21330

N3=N1 : : CAL21360
LQL=N1XVSP : CALZ1350

£ Q2=N2XV5SP _ CAL21360
LQR3=N3%VSP CAL21370
IDT3=IDTL(IL)+2. xN1 CALZ21380

c : CAL21390
4  SASSTPL(IL)-LQ3 CAL21400
EA=STPLCIL)+LACCCIL)-VSP CAL21410
SBC=STPLCIL)-LQU(IL)~LDCLCIL) CAL21420
EDC=STPL(IL)-LQI-LQ2-VSP . : CAL21430
SI=STPLCIL)-LQUCIL) - CAL21440
EI=STPLCIL) CALZ1450
LAC=LACCTIL) CAL21460
LDC=LDCLCIL) | : CAL21470
SPDM=SPD(IL)%.4470% CAL21480
ACR=ACCR(TIL)%.464706 ' CAL21490
DCR=DCLR(IL)*.44706 CAL21500

DO 1000 I=1,2 CALZ21510

c ‘ CALZ1520
c CALCULATE CUMULATIVE ACCEL. EMISSIONS CAL21530
¢ CALZ21560
ECUM(I,1)=0. CAL21559

IF (ZD(T).LE.SA .OR. ZDCI).GE.EA) GO TO 90 CALZ1560

ZPRI=ZD(I)-SA CAL21570
: D-30
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N=MAXOCINTC(C(ZPRI~LAC)/VYSP+1)+]1,1)
M=MINOCINT

N
NTCZPRIZVSP)Y+1,.N3)
SUMD=0.

DD 10 J=N,M

SUMD=SUMD+SQRT(ZPRI~-(J-1)%VSP)

CONTINUE
EgU?éII%) =EFACIL)%(SQRT(Z.7ACR)Y%SUMD+{N-1)xACCT(IL))
IF (ZD(I).GE.EA) ECUMCI,1)=EFACIL)%®N3I*XACCTC(IL)

CALCULATE CUMULATIVE DECEL. EMISSIONS

ECUM(T,2)=0.

IF (ZD(I).LE.SDC .OR. ZD(I).GE.EDC) GO TO 190

ZPRI=ZD(I)~-SDC

N=MAXOCINT(C(ZPRI-LDCL(IL))/V3P+1)+1.1)

M=MINOCINT(ZPRI/V5P)+1,N3)

sUMb=0.

DO 110 J=N,M

FSPD=S5PDMxX%2-2,%¥DCR%(ZPRI-{(J-1)%V5P)

IFCFSPD.LT.0.) FSPD=0.
SUMD=SUMB+({SPDM-SQRT(FSPD)}-/DCR)

CONTINUE

ECUM(I,2)=EFD(IL)*(SUMD+(N-1>%DCLT(IL))

GO0 TO 200

IF (ZD(I).GE.EDC) ECUM(I,2)=EFD(IL)*N3%DCLT(IL)

CALCULATE CUMULATIVE CRUISE EMISSIONS

ECUM(CI, 33=0,

SUMD=0.

D0 210 J=1,N3
D1=0.

D2=0.

Z1=3DC+{J-1)%V5P

Z2=EA-(J-1)%VSP

IF (ZD(1).GT.Z1) D1-=1.

IF (ZD(1).GT.Z2) D2=1.

SUMD=SUMD+ZDC(I)-D1¥(ZD(I)-Z1)+D2*(ZD(1)-22)
CONTINUVE
ECUMCI, 3)=(EFC(IL)/SPDMIX(SUMD+{(ZD(I)®(NCYC(ILI-N3)D)

CALCULATE CUMLATIVE IDLE EMISSIONS

ECUM(I,4)=0.

IF (ZD(I)Y.LE.SI .OR. ZD(I).GE.EI) GO TO 310
IF(ZDCI).GT.(EI-LQ1-LQ2)) GO TO 220

ZQL=(ZD(I)~5I)7LQ3
ECU¥611333EFI(IL)*ZQL*NS*((ZQL/Z.)*(IDT3~IDT2(IL))+IDT2(IL))
GO

IFC(ZDCI).GT.C(EI-LQ1)) GO TO 240
ZQE=CZD(I)-(SI+LQ3) ) LQ2
ggu¥aliga;EFI(IL)X(ZQLXNZ*IDT3+N3*(IDT3+IDT2(IL))/2.)

ZQL=(ZD(I)-(EI-LQ1))5/LQl

ECUMCI,4)=EFTC(IL)*(ZQLXEN1%((]1.-ZQL/2.)%(IDT3-IDT1C(IL))
0+IDT1(IL))+N2*IDT3+N33€(IDT3+IDT2(IL))/2.)

GO TO 100

IF (ZD(I).GE.EI) ECUMCI,4)=EFT(IL)%¥(N1%CIDT1CIL)+IDT33/2.
+N2%IDT3+N3%(IDT3+IDT2(IL))/2.2

c
ClUUDVCUNTINUE
400 VPH=VPHI(IL)

IF (ZD(2).GT.STPLCIL)) VPH=VPHOCIL)
ECUM1=0.

ECUM2=0.

DO 410 J=1,4

ECUM1=ECUM1+ECUMCL,J)
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ECUM2Z2= ECUM2+ECUM(2 JYy

CONTINUE

Q1= VPH/NCYC(TL ) X% (ABS(ECUML- ECUMZ}/ABS(ZD(I) -ZD(2)))/34600,

RETURN
END

PDENS FUNCTION - x%xxxx

FUNCTION PDENS(ARG)

REAL LIM
LIM=ABS(ARG)

T=1.4(L.+0. 23164*LIM)

X¥X=LIM*%X%Z/(~2.)

PDENS=0.3989%EXP(XXY®(0.3194XT=0. 3566 XT%%2+]1 . 7815*T*¥3

¥ -—1.8213%TxxXG+]1 . 5303%T%x52

RETURN.
END

SUBRGUTINE GETENY

CHARACTER INLINE(SG)
INTEGER DECFT FIELD, FLAG, MOWT, RC

COMMON /ENV/ INLINE Z0,MOKT V5, VD,NR NL SCAL, LC RC, UALT

;IELD ={

=0
FIELD=FIELD+1
D=1

TEMP=0.0
DECPT=0

. FLAG = 0
I=I+]

IF (I.EQ.

DIGIT=
J=1

.EQ,

80) GO TO 575
IF (INLINE(I).EQ.
- IF (INLINE(I

.') GO0 TC 400
’) GO TO 600

IF (J.GT.D) GO TO 500
DIGIT=BIGITX10

J=J¥l
G0 TO 250

TEMP= TEMPXDIGIT

TEMP= REAL(INT(TEMP%G 5)

D=0.
DECPT=1
GO TO 558

TEMP=TEMP+(ICHARCINLINECI))-ICHAR('0"))/DIGIT

D=D+1

- FLAG=1

575

6010

g0 Th 200
TEMP=0.
FIELD=10

IF (FLAG.EQ.0) GO TO 200

IF (DECPT.ER.D)
IF (FIELD.EQ.1)
IF (FIELD.EQ.2)
IELD. EQ 3

ELD.EQ.8)

(F

(FI

(F1 .
(FIELD.EQ.6)
(FI

(FI
{FIELD.EQ.9)

) H I e e b
oTmmTammT M

TO 100

;EM?EREAL(INT(TEMP*DIGIT+0 .51
MOWT=INT(TEMP)

V3=TEMP

VD=TEMP

NR=INT(TEMP)

NL=INT(TEMP)

SCAL=TEMP

LC=INT(TEMP)

RC=INT(TEMP)

(FIELD.EQ.10) UALT=TEMP
(FIELD.EQ.10) GO TO 700
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CALINE4 FORTRAN LISTING
June 1989 Version

SUBROUTIKE HEADER

CHARACTERX%12 RUN(24}
CHARACTERX30 NAME
CHARACTERX40 JOB

INTEGER PGCT,RTYP,FPTYP,RR

COMMON PGCT,RR,RTYP,PTYP
COMMCN ~/DP-s JOB,NAME,RUN

IF (PGCT.GT.1) WRITE {(6,100)
WRITE (6,105) PGCT

IF (RTYP.GT.1) GO TO 10
HRITE (6,110) JOB,RUN(RR)
GO TO 50

IF (RTYP.GT.2) GO TO 20
WRITE (6,115) JOB

GO TO 50

IF (RTYP.GT.3) GO TO 30
WRITE (6,120) JOB,RUNCRR)
GO TO 50

WRITE (6,125) JOB

IF (PTYP.NE.4) GOTD 68
HWRITE (6,135} NAME

GOTO 90

HWRITE (6,130) NAME
PGCT=PGCT+1

FORMAT
FORMAT

*

*
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

FORMAT
*

RETURN
END

{(r1")

(rr772/712X, "CALINEG: CALIFORNIA LINE SOURCE ¢,

TDISPERSION MODEL'/21X,*JUNE 198% VERSION'/21X,

"PAGE ',13/)

{16X,"JOB: ',A40/16X,'RUN: 7,A12)

(16X, 'JQB: ',A40/16X, "RUN: (MULTI-RUN) ")

(16X,'J0B: ',A40/16X, "RUN: V,A12,5X, "(WORST CASE ANGLE)")
(16X, "JOB: ',A40-16X, TRUN: (MULTI-RUN/WORST CASE HYBRID)')
(10X, "POLLUTANT: ',A30//)

(10X, *POLLUTANT: ',A30/,!" (NOTE: OUTPUT IN ',
*MICRO-GRAMS/METER%%3. IGNORE PPM LABEL)',” )

D-33

CAL23010
CAL23020
CAL23030
CAL23040
CALZ23050
CAL2306D
CAL23070
CALZ23080
CAL230990
CAL 23100
CAL23110
CALZ23120
CAL23130
CAL23140
CALZ3150
CALZ23160
CAL23170
CAL23130
CALZ23190
CALZ23200
CAL23210
CAL23220
CALZ23230
CALZ232410
CALZ23250
CAL23260
CAL23270
CAL 23280
CAL23290
CALZ23300
CAL23310
CALZ23320
CALZ23330
CAL23340
CALZ23350
CAL23360
CALZ23370
CAL23380
CALZ23390
CAL 23400
CAL23410
CAL23420
CALZ23430
CAL23440
CAL23450
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