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CONVERSION FACTORS

English to Metric System (SI) of Measurement

English unit

Length

Area
Volume

Volume/Time

(Flow)

Mass

Velocity

Acceleration

Weight
Pensity

Force

Thermal
Energy

Mechanical
Energy

Bending Moment

or Torque

Pressure

Stress
Intensity

Plane Angle

Temperature
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Multiply by

To get metric egquivalent

inches {in)ox (") 25.40
.02540
feet (ft)ox (") .3048
miles {mi} 1.609
square inches (in?) 6.432 x 104
square feet (ft?) .09290
acreg 4047
gallons {gal} 3,785
cubic feet (£t3) .02832
cubic yards (yd3) 7646
cubic feet per
gecond (£t3/s) 28.317
gallons per
minute (gal/min) .06309
pounds [1b) .4536
miles per hour(mph). .4470
feet per second(fps) .3048
feet per secopd
squared (ft/s%) .3048
acceleration due to
force of gravity(G) o.gp7
pounda per cubic
{1p/£t3) 16,02
pounds {lbsg) 4.448
kips (1000 1bs) 4.448
British thermal
unit (BTU) 1055
foot-pounds{ft-1b)  1.356
foot-kips {(ft-k) 1.356
inch-pounds ( f£-1bs) .1130
footwpounds(ft-1bs) 1.356
pounds per square |
inch (psi} 6895
pounds per square
foot (psf) 47.88
kips per square )
inch sguare root :
inch (kai /7n) l.0988
pounds per sq@are
inch square root
inen (psi vin) 1.0988
degreeé {*) 0.0175
degrees - 32 o c
fahrenheit (F} 1.8
ii

millimetres (mm)
metres (m)

metres {m)
kilometres (km)
sguare metres (m?)
square metres (m2)
hectares (ha)
litres (1)

cubic metres (m3)
cubic metres {(md)

litres per second (1/s)

(1/s)

litres per second
kilograms (kg}

{m/s)
{m/s}

metres per second
metres per second

metres per second
squared (m/s2)

metres per seqodnd
squared (m/s2)

kilograms per eubie
metre (keg/m?)
newtons (N)

newtons (N)

joules (J)

joules (J)
joules (J)

newton-metres (Nm)
newton-metres (Nm)

pascals (Pa)

pascals (Pa)

mega pascals yhietre (MPa v/m)

kilo pascals vmetre (KPa /m)
radians (rad)
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INTRODUCTION AND BACKGROUND

Recent validation studies by Nol1(1), Maldonado and
Bullin(2) and Benson(3) have revealed the tendency
for the Gaussian line source dispersion model, CALINEZ2,
to underpredict CO concentrations near freeways during
- neutral to unstable, crosswind conditions and over-
predict for stable, parallel wind conditions. This
report examines vertical dispersion parameters near the
highway wunder crosswind conditions. Further research
is being conducted to correct for parallel wind over-
predictions using this initial crosswind study as a
basis for modeling paraliel wind vertical dispersion
near the highway.

The integrated form of the Gaussian expression used by
CALINEZ2 for crosswind conditions is:

—(z-H)2 - 2
C (x,y,2}= ""“““""‘"'"9—— exp[_(i_}i)_.],l_ex‘p[ {z +H) ]

(ZW)'% oy u 20‘7_-2 20'22

where, C = concentration
q = source strength/unit distance
u = wind speed
H = source height
Z = sampling height
o, = vertical dispersion parameter

Since all the terms in this equation, except o, are usually
accurately determined in validation studies, it seems
reasonable to investigate the cz-curves'used by the model
in order to explain the underprediction for the crosswind
case. Those curves, shown in Figure 1, were based on

ChibPDFE - www .fastio.com o S
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visual observations of the vertical dispersion of a smoke
tracer behind a single car (4). This paper details the
results of a more comprehensive aﬁproach used to revise
thesé curves., Analyses of existing data bases were used
as the basis to refomulate the o, curves. ‘No field
measurements were undertaken as part of this study.

In the current literature, there are a variety of o,

curves for the modeler to choose from. Hanna, et al(5),

in their Summary of Recommendations make it clear that

site conditions (urban versus rural or rough versus smooth
terrain) and source exposure (elevated versus ground
release} should be considered when choosing a set of

- curves, Immediately downwind of a freeway, however, the

condition of horizontal homogeneity under which all these
recommended curves are derived does not exist. Instead,
there is a peak turbulence over the freeway gradually
decaying to ambient Tevels some distance downwind.
Johnson(6) has constructed o, curves for freeways based
on tracer data, but his results indicate that the v,
values used in CALINE2 are too small (see Figure 2).
Since the experience to date is that CALINEZ2 underpre-
dicts for the crosswind cbndition,‘use of Johnson's still
greater values for v, would Tead to even more serious
under prediction by the model. Draxler (7) has suggested
a method for predicting 7, from in situ meaéurements of
the standard deviation of the vertical wind angle 040
Again the lack of horizontal homogeneity, plus the fact
that %% measurements "before" construction would be
meaningless to predict "after" conditions, make this
approach 1mpradtica].f0r freeways.

A number of field studies concerning dispersion of potlu-
tants near freeways have been made. Rao and Sedefian(9)

www . fastio.com
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have made detailed spectral analyses of turbulence near
a freeway and conclude that under smobth traffic flow
and neutral to unstabie atmospheric conditions the
mechanical turbulence added by the cars is significant,
while thermal turbulence from automotive exhaust heat
is not, Dabberdt(10) and Chock(11), analyzing heavier
traffic flows and more stable atmospheric, conditions,
conclude that waste heat from the traffic does add
significantly to near freeway turbulence,

In light of the problems with CALINEZ and the lack of )
2 clear solution in the 11terature} it was felt that an

analysis of several .independent data bases might yield

a set of reljable Uz curves to be used for freeway
applications. '

CONCLUSIONS AND RECOMMENDATIONS

Based on Tracer (SF6) concentrations measured during the
GM Sulfate Experiment, Gaussian curves .can adequately
describe the vertical dispersjon of relatively inert
pollutants under crosswind conditions in the area between
the highway {(the so-called mixing cell) and 100 meters

out from the highway. Initial vertical dispersion is re-
lated to wind speed or residence time within the mixing
cell. At higher wind speeds initial vertical dispersion
is reduced. The shortcomings of the axisting CALINE2 line
source model are its lack of detail in describing 1) the
residence time of the poliuted air within the mixing cell,
and 2) the turbulence energy budget within the mixing cell.

ATthough this report suggests new vertical dispersion
curves which include the effect of mixing cell vehicle
turbulence, a current research project to thoroughly

www . fastio.com
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study these two items will soon lead to more accurate
estimates of hoth oy and o curves near highways. This
project will also include a study of currently accepted
Pasquill dispersion curves to determine the feasibility
of modifying them such that surface roughness effects
are considered. Investigation of the adeguacy of
Pasquill's horizontal dispersion curve (cy) in the area
within 100 meters of a highway line source will also be
conducted,

IMPLEMENTATION

The findings of this research effort are being used to
develop an improved‘line source model, CALINE3. It is
anticipated that CALINE3 will eliminate both the under-
predictions for crosswind, unstable cases and the over-
predictions for parallel wind, stable conditions. The
new model will also incorporate traffic and ground '
roughness effects on the dispersion parameters

(cZ and cy), and will allow for the input of the length
of highway actually contributing to receptor concentra-
tions during parallel winds. Overall, the new model will
be more flexible and more accurate than its predecessor,
CALINEZ.

DESCRIPTION OF DATA BASES

Data used for this study were gathered from five indepen-
dent field studies. The first two were carried out in
Los Angeles and represented heavily urbanized sites with
large traffic volumes. The three other bases involved

ClibPD www fastio.com
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tracer gas controls and were conducted for at-qrade free-
ways in relatively uncomplicated terrain. A brief
description of each study follows,

Study 1

Caltrans' own data from sites on the freeway "surveillence
Toop" in the Los Angeles basin were used for early CALINE2
validation tria]s., Locations were chosen to represent
various roadway configurations. The configurations
included in this study were a depressed section and an
elevated section., See Figures 3, 4 and 5.

Study 2 .

The Environmental Protection Agency's "Los Angeles Calayst
Study" data were obtained and used with 1imited success,
It is believed that a nearby city street tended to bias
the relationship of the pollutant concentrations to the
freeway traffic volume. The site is along the San Diego
Freeway north of the Santa Monica Freeway.

Study 3

The General Motors (G.M.) Sulfate Experiment(12) re-
presented the most controlied conditions and consequently
had the least scatter in results. The experiment was
conducted at the G.M. Milford, Michigan Proving Grounds
Straightaway Track (5 Km 1ong)'surrounded by lightly
wooded, rolling hills., Three hundred fifty-three cars
(8 tracer veh{cles) were driven at 80 Km/hr simulating

a traffic flow of 5,462 vehicles per hour (VPH) along

a 4-lane freeway.
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Study 4

Another tracer study, conducted by the Stanford Research
Institute (SRI) along Route 107 near San Jose, California,
was in a generally urban and industrial situation. Several
empty fields surrounded the multi-lane divided freeway(13).
This represented more realistic freeway conditions with
varying traffic flow and emissions from each vehicle
(tracer results were used to deduce CO emission rates),

Study 5

A third tracer study was conducted by the New York
Department of Environmental Conservation along the Long
Island Expressway in New York(14), and represented medium
traffic volumes in a suburban setting. Only preliminary
data were available for this study.

DETERMINATION OF g, CURVES NEAR THE FREEWAY

For purposes of determining o, from -measured concentra-
tions, the data from the three tracer controlled field
experiments were divided into ground Tevel results and

"tower results. Tower results were obtained from vertical

arrays of 3 to 4 probes. Either_ground or tower results

could be used to establish o, curves, while the tower

results would also indicate how well the Gaussian model
fit the observations. '

11
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Ground Level Analysis

Estimates of o, using the ground level data were made using

- 29 |
i 2l ]

{2 m)2ucC

(ferms same as Equation 1)

Wind speeds for the GM and SRI results were measured 30 M.
upwind of the sites at Z = 4.5 M. and Z = 3.8 M., respec-
tively. The only wind speeds submitted with the preliminary
NY data were'measured in the median at Z = 8.0 M. For this
reason the final g, curves were based on only the GM and

SRI results. '

Tables 1 and 2 give o, results for the ground level
analyses. The HY o, results, aithough not used in the
final analysis, are included as Table 3. MNote that PHI
represents the horizontal angle between the wind direction
and the highway (crosswind: PHI = 90°, parallel wind:

PHI = 0°) and is not to be confused with the vertical

wind angle (¢) and its standard deviation.

Tower Anaiysis

The following P-normal equation(16) was formulated to
find the best fit-az to the tower data.

[0 0] [y -]

where Y. = observed concentration

2q [. | ¢ z 2]
Y, = ————exXp|— (2~
1 A
b 2mz b, al a'z)
‘“92 = best fit o,

§!

number of vertical probes

12
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V

An iterative computer program was used to solve for o,
The results are given as Tables 4 thru 6 for the GM data,
Tables 7 and 8 for the SRI data, and Table 9 for the NY
data (also not used). 1

An examination of the average residual differences (YHAT-Y)
between predicted (YHAT) and observed {(Y) results for the
GM and SRI tower data was made., Figures 6 and 7 summarize
the residuals and compare them to the observed concentra-
tions. For ground level results the residuals are
essentially insignificant, but significant bias 1is
indicated by their consistent negative values. In fact,
this systematic bias is shown at practically all locations,
The implication is that either the source strength or wind
speed are improperly characterized or that the concentra-
tions are not normally distributed.

~If wind speed were a signiffcant problem one would expect

negative residuals at Tow levels, zero residuals at
medium heights where the wind speed was measured, and
positive values at high levels. The observed residuals
do not fit this pattern. '

A Tack of normality would also cause a systematic irregu-

"larity in the residuals as a function of height, averaging

to zero at a particular tower. While this may exist as

. an underlying perturbation in the observed residual dis-

tributions, it does not appear to be significant. This
is additionally supported by Sethu Raman and Tichler(17)
who concliuded that medium scale turbulence in the surface
layer s approximately normally distributed except under
very stable conditions. Also, Deardorff and Willis(18)
conducted experiments showing that elevated maximums, not

13
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TAELE

i

VERTICAL DISFERSION FARAMETER (SIGMA 2Z)

CALCULATED FROM GROUND LEVEL 8Fé& CONCENTRATIONS

GENERAL MOTORS SULFATE EXPERIMENT DATA
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2750939
3000900
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3020934
3020834
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TARLE 2

VERTICAL DISPERSION PARAMETER (SIGMA Z)
CALCULATEDR FROM GROUND LEVEL CO CONCENTRATIONS
STANFORD RESEARCH INSTITUTE AT-GRADE SITE DATA

* SI16MA Z (METER 8 ¥
% , X ;
CDATE-TIME % 6M - 204  46M  &61M  76M 924 %X U FHI STAR
¥ (DOWNWIND FROM EDGE OF MIXING CELL) % (M/S) (DEG)
uuuuuuuuuuuuuu *muuu_-..-...-......-.....m............_.....................................................,..._........_.....,.,...._.......*_...........................‘............_........_._.._.......
5 FEB 1200 X 2.0 3.3 5.3 7.4 92,2 12.3 %k 2.5 46 E
% FER 1300 % 1:6 2.5 4.6 4.0 5.5 4.9 X 3.5 643 B
. 5 FER 1400 X% 1.7 2.5 4.0 4.4 5.1 5.9 %X 3,0 &7 B
28 JAN 1000 ¥ 2.3 4,2 --- 8,4 8.4 14,0 % 2.1 2 n
28 JAN 0700 X 1.0 1.8 2.8 2.6 - 3.6 %X 2.9 46 I
28 JAN 0900 %X 1,3 2.6 —-—  se= 8,4 6,7 % 2.8 51 D
28 JAN 0BOO % 1.0 1.7 2.0 2.2 - 4,1 % 3.2 55 D
5 FER 1800 %X 2.9 4.3 6.7 === 8,1 e K 143 55 It
5 FER 1700 % 2.8 3.4 5,0 4.2 - b6 X 2,3 49 I
5 FER 1500 % 163 1.5 3,9 5,0 3.5 5.0 X 4.2 72 M
5 FER 1600 ¥ 2.0 2,7 3.9 4.8 e 5.5 % 3.5 7200
21 JAN 0600 X 3.3 5.3 5,3 7.7 e 9.4 X e 7 g  F -
28 JAN 0500 % o T e 1.8 3,7 - -——— K 2.4 25 F
28 JAN 0600 % 1.9 === 4,3 4,7 e 4,3 %X 2.5 2 F
24 JAN 0700 ¥ 1.4 3.0 3.0 4,9 ——- H:8 % 1.4 37 F
24 JAN 0600 %X 2.7 5.1 53  Bef e 2.3 %X 1.1 44 F
21 JAN 0700 % 3.5 6.2 7,0 8.1 8.6 7.3 % v& 46 F
24 JAN QBOO % H5.0 9.8 —-~ 14,2 34.8 11.6 X o5 47  F
30 JAN 1900 %X 5.1 7.1 10.6 10.6 18.2 21.3 X 5 g7 ¥
24 JAN 1200 x 1.7 3.1 5.6 ~—— B.4 B.4 X 1.9 44 R
0 JAN 1400 % 2,7 5,5 e 13,7 e ——— K 149 49 B
\50 JﬁN JSOO * 146 202 40!6 e 709 T——— * 20? 50 B
24 AN 1100 X 2,2 3,9 5.3 === 13.9 Bs7 % 1,4 56 R
30 JAN 1400 % 1.1 2.2 3.8 4.4 A.8 5.7 X 2.3 46 B
21 JAN 0900 % 1.8 4.8 —== 8.6 9.5 - Kk 1.1 79 R
30 JAN 1800 X 1.6 2.2 3.4 3.0 3.2 3.4 X 1.6 40 It
30 JAN 1700 % 1.4 2.5 4.5 4.2 5.4 4.2 X 1.8 54 I

15
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TARLE 3

VERTICAL DISPERSION FARAMETER (SIGMA 20
CALCULATEDR FROM GROUND LEVEL SFé CONCENTRATIONS
ROAD*® PROJECT DATA

NEW YDRK

RUN NO.

e T 504 b e e
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1005R2
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CMNN)”
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TABLE 4

BEST FIT GAUSSIAN DISTRIBUTION
- GM SULFATE EXPERIMENT TRACER MEASUREMENTS (SF6é6 IN FFHE)
TOWER 4 (2 METERS DOWNWIND)

' ¥ 51GMA YHAT-Y (FFHR) * u FHI
RUN NO. X% Z (M) .54 3.5M .54 * (M/8) (DEG) STAR
.............. 3 e e s e s e e e e s e e e s o e i s e e
3030839 % 4.4 -23 11 ~52 ¥ 1.0 9 B
2750909 % 2,2 -7 -15 -12 ¥ 2.2 19 E
2750939 % 2.0 -20 -39 ~17 X 2.4 15 5
3000900 X% 2+ 4 -43 -8 ~36é ¥ 2.4 19 C
3020904 X 1.9 ~47 -7 -70 X 2.9 8 C
3020734 X% 2el -26 ~52 “49 ¥ 3.1 & C
3020834 X 2.1 -42 -87 ~46 X 2.4 g I
2860845 X 2.0 ~31 ~&1 ~24 ¥ 2.4 15 E
3000800 X% 2.7 ~23 ~&7 -39 X 1.8 14 F
2860815 % . 2,2 ~364 -77 ~&1 x 2.3 7 F
270804 % P ~147 2164 -1232 X 2.5 2 F
2970834 % 1.0 -12 =245 -131 k2.2 3 F
3020804 X 24l ~30 -62 -32 ¥ 1.8 14 F
2240805 X% + 9 -14 ~193 ~103 X 2.9 1 F
2960834 X 9 -& =226 P X 3.0 3 F
2830950 X% 3.4 -7 -13 - 43 ¥ 1.3 - 40 E
2760914 X 241 -23 ~51 ~10 X 2.7 47 E
2940935 X% 247 -12 -32 -24 X 1.4 39 B
3000930 X% 2.4 ~33 -74 ~30 X 2.2 21 B
2760944 % 1.9 -14 -29 -7 X 3.1 964 R
2741540 X 2.1 -1 -1 ~-11 x 3.0 68 B
2741510 X 25 3 Ed -7 *x 2.8 69 E
29409200 X 2.9 ~11 ~34 -3?2 % 1.1 30 C
2741440 x - 2.1 30 1 - ¥ 2.4 68 ©
3000830 X% 25 -33 ~81 ~27 ¥ 2.3 20 C
2860745 X% 2l ~33 —&é -15 X 2.9 22 c
- 2830920 X% 4.4 -8 22 ~& ¥ 1.1 62 C
2750809 X 4.6 -17 1] 10 X + 9 39 F
2790840 X% 27 -4 -11 ~12 ¥ 1.0 &7 F
27460814 % 1.8 -3l -104 ~-31 ¥ 2.3 29 F
27H08B3Y % 2.5 1 5 -13 ¥ 1.6 25 F
2940805 % 2.9 ~18 —~ 45 -13 X 1.6 50 F
2940835 % 2.5 ~13 -31 -13 ¥ 1.5 o5 F
2790939 X% 2.5 -0 0 -2 ¥ 1.8 70 R
2830850 X% 4.1 -4 26 5] ¥ 1.0 83 C
2790909 X 2.8 3 12 -4 X 1.4 73 C
2931100 % 2.8 é 23 -1 % 2.1 89 C
2931030 % 3.2 1 14 1 ¥ 2,0 88 n
2830819 X 3.3 0 & -1 x 1.2 74 E
2790809 X 3.2 -2 =1 ~12 X 1.0 71 F
17
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TARLE 5

BEST FIT GAUSSIAN DISTRIEBUTION
GM SULFATE EXPERIMENT TRACER MEASUREMENTS (SFé6 IN FFHE?
TOWER 5 (15 METERS DOWNWINID

* SIGMA YHAT-Y (FFHE) * u FHI
RUN NO. X Z (M) Q.M 3.0M P+ OM ¥ (M/8) (DEG) STAR
.......... S e e e o s e e o e e e e e i e e e e s e o
3030839 X D7 i -1 ~10 ¥ 1.0 9 B
2750909 X 4,2 -8 i1 ~16 ¥ 2.2 19 B
27350939 X 3.3 -3 -3 -18 X 2.4 15 B
3000900 X 344 -8 -28 ~4% X 2.4 19 G
3020904 X 4.0 -11 -28 —~1é X 2.9 8 &
3020934 X &4+2 -3 -7 -17 ¥ 3.1 b e
3020834 X 4.0 ~-11 ~23 -53 X 2.6 8 N
2860840 X Fedd -7 ~27 ~40 X 2.4 13 E
3000800 X 4.5 -9 ~23 -42 ¥ 1.8 14 F
2860815 X 3.4 ~11 -47 -&3 ¥ 2.3 7 F
2970804 X 2+6 -39 ~103 -112 X 2.5 2 F.
29270834 X 2.6 -37 ~104 -108 ¥ 2.2 3 F
3020804 X 33 ~8 ~24 -49 ¥ 1.8 14 F
2960805 X 247 ~-34 -97 ~109 X 2.9 1 F
2940834 X 2.3 -4 ~120 ~-117 ¥ 3.0 3 F
2830950 X Geb -7 -3 ~a2 ¥ 1.3 40 B
2760714 X 2.8 -10 ~35 -135 * 2.7 A7 B
2940933 X 4,0 ~11 ~44 -2 ¥ 1.4 39 E
3000930 X 4,0 - ~-22 ~34 x 2.2 21 B
2760944 X 3.1 -4 ~-21 —& * 3.1 96 B
2741540 X% 3490 0 é -13 ¥ 3.0 &8 K
2741510 % 3.7 - -é -8 ¥ 2.8 &9 E
2940905 X 4.7 ~13 -23 -92 ¥ 1.1 30 c
2741440 X% 3.8 -3 2 -2 X 2.6 &8 €
3000830 X 3.0 -8 —2b 41 ¥ 2.3 20 c
28609435 X 3.2 -3 -19 ~26 ¥ 2.9 22 G
2830920 X 9.5 ~& ] -5 ¥ 1.1 62 c
2730809 X 8.2 ~% 16 42 X +? 39 F
2790840 X 4.4 7 ~23 3 ¥ 1.0 &7 F
2760814 X 2.4 ~31 -74 -4 4 X 2.3 29 F
2750839 X 446 -1 ~12 -12 ¥ 1.6 29 F
2940805 X 3.0 -2 ~37 ~31 ¥ 1.6 30 F
2790939 X% 3.9 0 -6 -2 ¥ 1.8 70 B
2830850 X% 4.4 -9 24 12 ¥ 1.0 83 C
2790909 X 4.1 ~8 4 -23 X 1.4 73 c
2931100 X 4,4 =1 7 3 ¥ 2.1 a9 Cc
2931030 X 4.2 ~& 35 3 X 2.0 88 n
2830819 X 9.2 -4 18 8 X 1.2 74 E
2790809 X 4.6 -4 ~10 ~19 X 1.0 71 F
18
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TARLE &

REST FIT GAUSSIAN DRISTRIBUTION
GM SULFATE EXPERIMENT TRACER MEASUREMENTS (SF&6 IN FPHR)
TOWER & (30 METERS DOWNWIND)

X SIGMA  YHAT-Y (PPHE) x U PHI
RUN NO. % Z (M) - 0.5M 3.5M  9.5M X (M/8) (DEG) STAR
------------ e e et e e e e
3030839 % 23.5 5 2 ~8 X 1.0 9 B
2750909 X 743 -2 2 -4 % 2.2 19 B
2750939 % 3.6 -5 20 ~21 % 2.4 15 B
3000900 ¥ 640 -2 12 -19 % 2.4 19 C
3020904 X 7.2 ~4 ~& ~-26 X 2.9 8 C
3020934 %X 11.7 1 1 -2 % 3,1 6 »
3020834 X 6.8 ~7 ~é ~30 %k 2,6 8 D
2860845 % 4,1 ~8  -18 -38 % 2.4 15 E
3000800 % 5.8 ~12 ~11 ~41 % 1,8 14 F
2860815 X 5.6 -8 ~15 -35 % 2,3 7 F
2970804 X 4.5 -15 ~3é ~68 X 2,5 2 F
2970834 % 5.1 ~17 ~31 ~68 % 2.2 3 F
3020804 X 5.6 - -4 ~27 % 1.8 14 F
2940805 X 4.9 -13  ~31 ~58 % 2.9 1 F
2960834 * 4.5 ~20 ~26 ~73 X 3,0 3 F
2830950 * 8.6 -85 7 1 % 1.3 40 B
2760914 X 34 ~4 ~11 ~27 Kk 2,7 A7 E
2940935 X 641 ~7 ~& -24 % 1.4 39 B
3000930 % bbb -9 2 -21 % 2.2 21 B
2760944 X 4.2 -3 2 ~6 % 3,1 S56. H
2741540 % 5.3 - B 1 % 3.0 48 K
2741510 X 4.5 ~3 é 4 % 2.8 69 B
2940905 X 7.1 2 -8 ~11 % 1,1 30 C
2741440 % 6.3 4 ~3 7 X 2.6 68 c
3000830 % 51 -8 ~11 ~29 % 2.3 20 C
2860945 X 4,1 -8 ~9 ~30 % 2.9 22 c
2830920 X 8.0 ~4 9 14 % 1.1 &2 c
2750809 ¥ 17.9 14 ~24 17 %X .9 39 F
2790840 X b4 1 1 4 X 1.0 67 F
2760814 % 3.9 -9 ~30 ~52 k% 2,3 29 F
2750839 % 8.2 -4 7 3 %k 1,6 25 F
2940805 ¥ . 4.4 -9 ~5 ~27 % 1.6 50 F
2940835 X 2 ~9 10 -9 % 1.5 55 F
2790939 X 5.4 1 6 g8 % 1.8 70 B
2830850 % 10.2 2 -4 17 % 1.0 83 >
2790909 X 5.7 0 ~3 ~3 KX 1.4 73 C
2931100 % 5.4 ~11 23 1 % 2.1 89 c
2931030 ¥ 6.5 ~4 16 14 x 2.0 88 I
2830819 * 741 -5 14 14 % 1.2 74 E
2790809 X 640 ~1 -4 ~8 k1,0 71 F
19
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TABLE 7

BEST FIT GAUSSIAN RISTRIRUTION
SRI AT-GRADE SITE (CO IN FPFM)
TOWER 2 OR 4 (10.7 METERS DOWNWIND FROM EDGE OF ROADWAY)

¥ S5IGMA YHAT-Y (FFM) ¥ U FHI
RATE-TIME % 2 (M) Q.0M 3.0M &.1M 13.6HM X (M/8) (DEG) STAR
mmmmmmmmmmmm K e v e s e e e e e s e eSS e v bk b s 0 o i o i s s s s ) s sttt e e e e e
S5 FER 1200 X% 2.9 i ~eth et ~a1 ¥ 2.3 48 B
5 FEB 1300 X% 2.4 - -+ -~ o8 + 0 * 3.5 &3 R
5 FEB 1400 * 206 ~+3 Y4 -+ by ""oz * 300 6? ‘R
28 JAN 1000 X 3.8 a1 o5 s G ~e3 * 2.1 32 n
28 JAN 0700 X 1.2 -1.% -2.8 -1.8 ~l 2.9 44 n
28 JAN 0900 X% 3.9 ———— -1.3 -9 -l * 2.8 51 D
] FEB 1800 % 3.8 “"1»1 ~+3 ~+ 3 ““02 * 103 55 n
5 FER 1700 X 3.1 ~+4 ~+9 -+ -3 ¥ 2.3 &9 n
5 FER 1500 X 1,9 -7 vt -8 ——— X 4,1 72 n
S FER 1600 X 2.6 ~+ 4 =+7 =-1.0 ~-.2 | 3.5 72 I
28 JAN 0500 X 20(5 ~+ 4 ~1.3 -+ 4 "08 X 204 25 F
28 JAN 0400 X% 3.9 -l -9 -3 X 2.5 32 F
24 JAN 0700 X 3.1 -7 “400 “¢.0 "104 X 1.4 37 F
24 JAN 0800 X 3+ ~ed =7 ~+ 7 -3 ¥ 1.1 44 F
21 JAN 0700 X 4,7 =1.2 ~==-- =2,8 =3.2 X + 44 F
24 JAN Q800 x 13,5 2.3 ~1.3 =1.4 ~+3 X +3 47 F
30 JaN 1900 % 5.8 + QO - 2 e -3 X o3 a7 F
24 JAaN 1200 % 3.0 “ed  =1.4 ~1.0 ~+4 ¥ 1.9 44 E
30 JAN 1400 X% 3.8 —+l e “ 3 -4 X 1.2 49 kB
30 JAN 1500 ¥ 2:1 =1.,0 =2:3 ~1,3 -—-—m- X 2.7 50 B
30 JAN 14600 X 2.0 =1.4 ~3.1 -1.3 ~s1 ¥ 2.3 &b R
21 JAN 0900 X 4,4 - =a7  =1.3 -9 k4 1.1 79 E
30 JAN 1700 % 2.2 ~1.7 4,0 2.0 -~ X i.8 56 n

20
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TARLE 8

BEST FIT GAUSSTIAN DISTRIBUTION
SRI AT-GRADE SITE (CO IN FFM)
TOWER 1 OR 5 (30.5 METERS DOWNWIND FROM EDGE OF ROADUQY)

¥ SIGMA YHAT-Y (FPPM) * u FHI
DATE-TIME % Z (M) O.0M 3.0M 6.1M 13.6M X (M/78) (DEG) STAR
mmmmmmmmmmmm *..................................................‘..........-..............,......................A..........................*......_................................._.................
9 FER 1200 X% 3.9 + O et e ~+ 3 ¥ 2.5 44 B
) FEB 1300 * 3.7 ~+1 "“02 ""02 +0 * 3.+ 63 B
S FER 1400 X 3.5 e -3 Il T Bkt ¥ 3,0 &7 E
28 JAN 1000 X S5 ~+Q el -+ 4 ~e3 k2.1 32 I
28 JaN 0700 % 2.5 ~+3 1.4 - -+ 3 ¥ 2.9 44 1
28 JAN 0900 % 3+6 e -3 “eth e X 2.8 51 o
28 JAN 0800 % 247 ~e3 =1.4 ~1.0 -+ 3 X 3.2 855 I
5 FEB 1800 X 392 ""02 + 4 -3 00 4 1.3 55 n
5 FEB 1700 X 404 00 —+3 e td T —— * 203 &9 I‘
5 FER 1500 X% 3.8 - -3 ~:é Y- ¥ 4.1 72 D
G FER 1600 % 38 el —+bh -7 -3 ¥ 3.5 73 i}
21 JAN 0400 X 746 el L ~eb =142 X . .7 K4 F
28 JAN 0500 % 3.5 = F e —e b -1 ¥ 2.4 25 F
28 JAN 0400 % 2.0 T AL B SRR =4 ¥ 2.5 32 F
24 JAN 0700 X 4.5 ~el ~eP ~l.H e ¥ 1.4 37 F
24 JAN 0600 % 6.9 3 - o ~2 ~+3 ¥ 1.1 44 F
21 JAN 0700 X% 740 e i O =1,2 X +b 44 F
24 JAN 0800 X% 8.7 + 3 -9 +1 ~1.0 X +5 47 F
30 JAN 1900 X P b —e 2 + 2 +1 .l * G 87 F
24 JAN 1200 X 4,7 ""01 ""00 ""95 r—— * 109 44 &
30 JAN 1400 % P.3 ~+0 ~+0 ~+0 - ¥ 1.9 49 B
24 JAN 1100 X% 4.9 sl =8 1,2 e ¥ 1.4 b R
30 JAN 1800 x 4,1 e =11 =1,0 “ed ¥ 2.3 66 B
21 JAN 0200 X 7.4 ) w4 g ~el ¥ 1.1 7% B
30 JAN 1800 X% 4o e =1, 0 - - ¥ 1.6 40 n
21
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ThRLE 9

BEST FIT GAUSSIAN DISTRIBUTION
NEW YORK DATA (S5F6 IN FFHE)
TOWER 5 OR 9 (4 METERS DOWNWINI FROM EDGE OF ROADWAY?

X SIGMA YHAT~Y (FPFHE)

* u FHI
RUN NO.%x Z (M) 2.0M 4.0M 8,0M 16.0M X (M/8) (DEG) STAR
mmmmmmmm e e s o e o e £ e o e e e e s e e
1005R1 % 3.4 198 214 ~-230 -170 X K PY. 9 C
1005R2 X 3.8 -154 229 -211 -70 X 3.1 16 B
1006R1 % I.7 —-113 ~&% -175 -120 X 2.1 25 B
1006R2 X 4.1 -14 2 -24 -20 X 1.8 74 I
1007R1 X 3.0 ~327 -336 ~234 -8Q X 3+ 7 B
1007R2 % 3.6 179 242 ~224 -70 X 2.3 22 B
1008R1 X 3.4 -50 ~39 —&a9 ~10 X 2.5 44 R
1018R1 X 2 ~&3 -3 -28 -10 X 4.4 80 G
1019R1 X% 1.1 § e -640 ~520 X 1.3 o7 E
1019R2 % 1.1 23 ~395 -120 -20 X 1.9 74 b
1019R3 X 1.1 19 -344 -130 -40 X 1.8 &6 C
1020R1 X 1.0 21 -a97 -490 230 X 1.0 24 R
1021R1L % 2.8 ~142 ~135 ~5é ~10 * 7.9 48 n
102IR2 X 2.7 -187 -114 88 e X 6.0 A8 e
1115RL X 4.4 -2b 5 -38 -4% 2.0 14 C
1116R1 X% 247 ~34 -232 -33 —3 X 5.0 69 E
1i14R2 X% 2.9 -118 -~112 =&l -10 X .0 76 |
11148R3 X 1.0 29 ~-617 -17¢ -7 b ¢ 7 75 F
1117R1 X 4.1 -14 9 ~20 - b ¢ 3.4 14 I
1118R1 X 3.4 4 18 0 -3 X b.5 &5 D
1118R2 ¥ o 8 - & -3 * 6.8 70 n
22
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apparent in these data, require sufficient downstream
distance to form, and that within the ranges examined in
this report the Gaussian assumption of normality is valid.
This leaves source strength as the suspect variable.

A study of the spatial distribution of the residuals is
particularly revealing and leads to a possible explanation
of the results. In general, the residuals get smaller

as distance from the source increases. Also, the ground
level residuals are consistently smaller than the values
at higher levels. This behavior in the residuals could

be explained by the existence of an interfering compound
uniformly distributed upwind of the source and reacting
with automobile exhaust constituents downwind of the
source, (Note that the SRI CO source strength is norma-
Tized by tracer results.) Another interesting observation
is the progressively larger negative residuals (as compared
to observed concentrations) for the GM, SRI, and NY data
bases, respectively (see Table 9 for NY residuals)., This
could represent site to site differences in the ambient
level of the hypothesized interfering compound.

Typical ambient Tevels of SF6 (used as the tracer in all
three studies) are reported to be less than 0,02 PPHB(19).
This is totai]y insignificant when compared to the observed
residuals. In fact Dietz and Cote(20) have reported
significant SF6 absorption on teflon which would Tead to
positive rather than negative residuals. A1l three field
studies were designed to minimize this absorption probiem.

Noe reference in the literature cou]d be found which described
compounds that interfere with SF6 test results. It is

suggested that interference might be a problem and that
further research is needed in this area.

25

www . fastio.com


http://www.fastio.com/

As‘regards'the g, téwer measuyrements, their reliability
is reasonably independent of this type of systematic
error because of the least squares fitting technique.
However, o, estimates based on ground level results are
directly related to the source strength - measured con-
centration ratio. For both the SRI and NY data, the
large negative ground level residuals make this ratio
unreliable. Therefore, only the tower data and GM
ground Tevel results will be used to determine the
recommended g, curves.

Another very plausible explanation for the negative
residuals involves the wind direction with respect to

the highway. Study of the GM results (Tables 4 thru 6)
shows a correlation between the frequency and size of

the negative residuals and the wind angle (PHI). As the
wind direction approaches parallel to the freeway (PHI-»Q)
the negative residuals increase. This could be attributed
to a longer fetch over the source {important for receptors
close to the 1ine source). A factor of 1/sin¢ was

applied to the P-normal equation to adjust for the longer
fetch, Best fit Oz values were computed for the GM and
SRI data (Tables 10 thru 14). An examination of the GM
residuals shows a more favorable balance with a tendency
toward overprediction, i.e., positive residuals (possibly
explained by SF, absorption in the sampling train), and a
more peaked distribution than the Gaussian function pre-
dicts. However there are still systematic differences in
the residuals as a function of PHI, and the SRI data still
yields systematically negative residuals. As a result

of this confusion, the recommended o, curves were only
based on measurements taken when PHI>45°,

26
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TARLE 10

BEST FIT GAUSSIAN DISTRIBUTION _
GM SULFATE EXFERIMENT TRACER MEASUREMENTS (8Fé IN PPHRE)
TUHER 4 (2 METERS DOWNWIND)

*® SIGMA YHAT~Y (FFHE) X u FHI
RUN NO, X Z (M) O0.5M 3 e St P0M X (M/8) (DEG) STAR
e e e s et e e e 3§ 5 o s o et e 8 i ottt 0 st e et i o s e e o e
3030839 X% 40.8 -89 7 20 % 1.0 9 | 3
2750909 X 8.8 ~44 65 69 % 2,2 19 B
Q750939 X% ?.9 -54- 60 77 % 2.4 15 B
3000900 % 6.0 -4 27 27 %k 2.4 19 C
3020904 % 14.7 -&2 33 65 k 2.9 B e
3020934 % 29.7 ~&5 18 9é X% 3,1 [ C
3020834 % 17.6 ~-72 20 87 % 2.6 8 b
28460845 X 748 -32 44 64 % 2.4 15 E
3000800 X% 12.6 -33 22 103 % 1.8 14 F
2860815 X 225 -5 15 73 % 2.3 7 F
2970804 X% 33.0 ~204 70 154 % 2.5 2 F
2970834 % 27.1 ~10%5 i2 113 % 2.2 3 F
3020804 % 10.7 ~74 &4 109 % 1.8 14 F
2940805 % 673 -135 26 113 % 2.9 1 F
2960834 X% 44.9 ~173 ~&7 235 % 3.0 3 F
2830950 X% .4 ~14 26 -4 ¥ 1.3 40 B
2760914 X% 2e6 ~& ~1é -10 X% 2.7 47 E
2240935 X% 4.3 -1 49 -0 X 1.4 39 B
3000930 X% I.9 -11 42 30 % 2.2 21 K
2760944 X% 242 ~%5 -11 -7 % 3.1 96 B
2741540 x 2.2 2 - -11 % 3.0 68 B
27418510 % 247 ] 14 -7 % 2.8 &9 B
2940905 % A1 ~-19 71 30 % 1.1 30 c
- 2741440 % 2.2 4 10 - kX 2.6 68 C
3000830 X% 6.2 -3 32 37 % 2.3 20 C
28460945 % 4.8 ~8 33 10 % 2.9 22 C
2830920 % e ~10 31 8 % 1.1 62 C
2730809 % 8.2 —-44 80 P2 % + 9 39 F
2790840 % 2.9 1 8 -11 % 1,0 &7 F
2760814 % 3.1 -2 11 -28 ¥ 2,3 29 F
27350839 X 74 ~-41 88 69 %X 1.6 25 F
2940805 X I.1 -1 3 ~-12 % 1.6 90 F
2740835 % 2.9 i 7 -12 % 1.5 5% F
2790939 X% 2.6 2 g -2 % 1.8 70 E
2830850 % 4,2 -5 27 S % 1.0 83 c
2790909 % 249 4 19 -4 X 1.4 73 C
29231100 X% 2.8 é 23 -1 Xk 2.1 B9 C
2931030 % 3.2 1 14 1 %x 2.0 a8 I
2830819 % 3.4 0 11 ~Q ¥ 1.2 - 74 E
2796809 % 3.4 -1 9 -10 % 1.0 71 F
27

ClihPDF - www . fastio.com B - -


http://www.fastio.com/

TABLE 11

BEST FIT GAUSSIAN DISTRIRUTION
GM SULFATE EXPERIMENT TRACER MEASUREMENTS (SFé IN PPHR)
TOWER 5 (15 METERS DOWNWINID

¥ BIGMA YHAT-Y (FPPHR) X u FHI

RUN NO. X% Z (M) 0.5M 3.5M P.0M X (M/8) (EG) STAER
_________ 3 et e e e s i s e s e e i e s 3 e e o et e e e 2 2 e o e
3030839 X 71.9 ~-11 ~7 18 x 1.0 9 B
2750909 % 17.9 -3%5 11 38 x 2,2 i9 B
2750939 X% 19.4 -38 7 47 X% 2.4 15 R
3000900 X% 11.3 -13 7 33 x 2.4 19 c
3020904 X% 28.48 -13 -3 19 % 2.9 8 c
3020934 % 4% .4 - “-4 I3 % 3.1 & C
3020834 X 30.6 -21 -2 26 % 2,4 8 ]
28460845 X 14,2 ~22 5 40 % 2.4 15 E
3000800 x 20.8 -27 ~8 48 % 1.8 14 F
2860815 X% 30.4 ~a2 ~-13 38 » 2.3 7 F
2970804 X 6340 ~28 -8 37 x 2.5 2 F
2970834 % 44,9 -31 ~11 44 % 2.2 3 F
3020804 X 17.1 —44 5 40 X% 1.8 14 F
2960805 x  102.5 -22 -11 33 x 2.9 i F
2760834 % 43,4 ~39 -2 44 X 3.0 3 F
2830950 x 8.5 -3 ? 17 % 1.3 40 E
2760914 X 3.7 -2 -8 -11 % 2.7 47 R
2940935 X% 6.1 -3 -7 -15 ¥ 1.4 39 B
3000930 X% 11.4 -13 4 39 x 2.2 21 E
27460944 X% 344 -1 -8 -4 X 3.1 36 B
2741540 % 3.2 -{ 12 -12 X 3.0 48 B
2741510 X 4,9 -1 -2 -6 X 2.8 &% E
2940905 X Pe3 -10 14 43 % 1.1 30 C
2741440 % 4.2 -3 & -4 ¥ 2.4 &8 c
3000830 X P8 -22 27 41 ¥ 2.3 20 C
2860945 % 8.9 -Q 14 28 Xx 2.9 22 €
2830920 % 6.2 -4 13 8 % 1.1 62 C
2750809 X 16.4 -33 -3 54 X 9 39 F
2790840 X% 4.7 4 -14 11 x 1.0 &7 F
2760814 X 4.5 ~12 10 -22 X 2.3 29 F
2750839 % 12.8 ~-18 -1 96 % 1.6 25 F
2940805 x 3.9 - -3 =21 X% 1.6 50 F
2790939 X% 4,2 1 -2 1 % 1.8 70 B
2830850 X 6.4 -9 24 13 % 1.0 83 [
2790909 % 4.3 -9 7 -20 X 1.4 73 C
2931100 % 4.4 -1 7 % 2.1 89 C
2931030 % 4,2 -7 35 3 % 2.0 88 n
283081% X Se.4 -4 2 12 x 1.2 74 E
2790809 X% 4.8 -4 -3 -13 % 1.0 71 F
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TABLE 12

BEST FIT GAUSSIAN DISTRIBUTION
GM SULFATE EXPERIMENT TRACER MEASUREMENTS (SF& IN PPHR)
TOWER & (30 METERS DOWNWIND) ‘

SIGMA  YHAT-Y (PPHB)

X X u PHI

RUN NO. % Z (M) 0+5M 3.5M P.OM X (M/8) (DEG) STAR
uuuuuuuuu 3 i e e et 1 s 1 s o e e e J e 5 5 - e e e o e e e
3030839 % 157.4 4 1 -6 X 1.0 ? E
2750909 X% 26.9 ~12 -2 17 % 2.2 19 B
2750939 X% 23.3 ~44 18 34 x 2.4 15 B
3000900 X% 19.4 -7 -7 20 Xx 2,4 19 c
3020904 X 49.4 -3 1 2 % 2.9 8 C
3020934 % 130.5 -3 -0 3 % 3.1 6 C
3020834 % 4643 -7 2 9 X 2.6 8 I
2860845 X 17.1 -16 -0 28 x 2.4 15 E
3000800 X% 24,7 ~17 -1 22 % 1.8 i4  F
2860815 % 4844 -11 ~3 17 % 2.3 7 F
2970804 % 105.7 ~-& -7 12 % 2.5 2 F
2970834 % 7741 ~& -3 7 ¥ 2.2 3 F
3020804 X 2642 ~22 -2 29 % 1.8 @ 14 F
29460805 % 181.6 -5 -7 13 % 2.9 1 F
2960834 x* a1.7 ~10 4 6 X% 3.0 3 F
2830950 % 14.3 b 4 -4 8 % 1.3 40 B
2760914 % 4.7 -8 é ~14 Xx 2.7 47 B
2940935 X% P9 -5 é 16 % 1,4 39 R
3000930 X 19.2 ~14 é 13 x 2.2 21 B
2760944 X Sl -3 8 1 x 3.1 36 B
2741540 % 967 -3 9 3 x 3.0 68 B
2741510 % 7.0 -3 7 7 ¥ 2.8 69 B
2940905 X i5.8 ~-11 -9 35 % 1.1 30 c
2741440 X 6.8 5 -1 11 % 2.6 468 G
3000830 X% 15.7 -13 -0 24 % 2.3 20 C
2860945 % 11.3 ~11 8 18 x 2.9 22 c
2830920 X% ?.3 -7 ? 22 ¥ 1.1 62 C
2750809 % 29,5 i1 ~28 19 x +? 39 F
2790840 X 7.0 2 4 13 x 1.0 &7 F
2760814 X% 748 -3 2 -4 ¥ 2.3 29 F
2750839 X 23.7 ~-17 - 22 % 1.4 23 F
2940805 X 5.8 -7 10 -3 % 1.6 30 F
2940835 X 643 -8 19 ? ¥ 1.5 99 F
2790939 X% Ge9 1 8 12 x 1.8 70 E
2830850 X 10.2 1 -4 ig8 %x 1.0 83 (M
2790909 X G.9 1 ~1 O % 1.4 73 C
2931100 % 5.4 -11 23 1 X 2.1 89 c
2931030 % 645 -4 14 14 % 2.0 88 D
2830819 X 7.4 -3 14 17 % 1.2 74 E
2790809 % 63 0 -3 -3 % 1.0 71 F
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TARLE 13

BREST FIT GAUSSIAN DISTRIBUTION
SRI AT-GRADE SITE (CO IN FPFM)
TOWER 2 OR 4 (10.7 METERS DOWNWIND FROM EDGE OF ROADWAY)

X SIGHMA YHAT-Y (FFM) X u FHI
DATE~TIME % Z (M) O.OM 3.0M &6.1M 13.6M X (M/8) (DEG) STAR
____________ *................................................................_.........._..._.......................................*................_...-..._._.............-—-..
9 FEB 1200 X 307 “‘01 -+ 3 ""¢4 -1 * 2’5 44 B
] FEB 1300 X 2.7 — - s 4 -4 +Q X 303 63 B
9 FER 1400 % = 2,7 -3 -+ v ~+2 X 2.9 &7 R
28 JAN 1000 x 8.7 el =+l v 1 X 1.5 32 I
28 JaN 0700 X% 2.2 -4 9 20 1.7 -l X 247 44 n
28 JaN 0900 x 4,0 e - ~ef -2 X 2.4 91 n
5 FEBR 1800 % Pl - o0 + 7 +4 X 7 S8 I
5 FEB 1700 X% 496 ~+Q +1 01 -+ 3 X 1.5 69 n
5 FEBR 1500 X 1.9 ~+b v b ~e8 - X 4.2 72 n
5 FEB 14600 X% 3.0 -+ 3 -4 -8 -2 X 3.1 72 n
28 JAN 1100 % 27,0 e -0 o3 X + 7 78 n
28 JAN 0500 % 3e3 0 -1.2 -3 ~+8 X 2.4 25 F
28 JAN 0600 X% .9 =l e ~+4 -2 X 2.5 32 F
24 JAN 0700 % 4.7 8 ~2.0 -+l =-1.3 X 1.1 37 F
24 \JﬁN 0600 ¥ 4.5 --.O -2 -+ 3 —e D * 1.2 44 F
21 JQN 0?00 X 603 ""+9 o -~ “"194 ~2e7 ¥ 06 44 F
24 JAN 0800 % 21.2 244 =1.2 ~1.5 + 2 X + 4 A7 F
30 JAN 1900 % 11,9 ~+1 ~+0 + 4 o7 X «3 az F
24 JAN 1200 X 3.8 =0 —+ 9 ~+b -4 XK 1.7 44 B
30 JAN 1400 * 5}9 ~a+1 *-.0 ii —+3 b 4 197 49 B
30 JAN 1500 % 246 web =1ed =14l e=—— X 245 S50 R
30 JAN 14600 % 2:3 -1.0 =-2.46 1.2 —el X 2.2 b6 B
21 JAN 0900 X 4.8 e ~ed ~1l.1 -2 X 1.0 Va4 R
3Q JAN 1700 % 263 ~1le4 -3ebd 1.9 - X 1.9 36 D

30
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TARLE 14

BEST FIT GAUSSIAN DISTRIBUTION
SRI AT-GRADE SITE (CO IN PFM)
TOWER 1 OR 5 (30.5 METERS DOWNWIND FROM EDGE OF ROADNGAY )

¥ SIGMA YHAT~Y (FFM) ¥ u FHI
DATE~TIME % Z (M) 0,0M 3.0M 6.1M 13.6M % (M/8) (DEG) STAR
____________ *................................................._......._......................................_...........*..................._......-.......................
5 FEB 1200 X 507 +0 -+l T ———— “"02 * 245 46 B
9 FER 1300 % 4.2 =0 =+l ' | +0 X .3 63 B
5 FER 1400 % 3.7 =43 et el e ¥ 2.9 67 E
28 JAN 1000 % 13,0 +0 + 0 | 20X 1.5 32 n
28 JAN 0700 x 3.2 +0 VAR -3 X 2.7 44 D
28 JAN 0900 x 4.6 +0 3 a3 e % 244 51 I
28 JAN 0800 X% 3.3 ~+2 =1.,0 -8 ~+3 X 2.8 55 ]
5 FEB 1800 X 900 ~eth o7 8 v X o7 55 H
3 FEB 1700 % 70 o1 ~e2 N 1.5 69 n
9 FER 1500 % 3.8 el -+ 3 -+ 3 ~+b X 4.2 2 In
5 FEB 1600 * 4&0 R | “"04 ~+9 -+ 3 * 301 72 D
28 JAN 1100 % 39,3 + O —e ~el 2 X o7 78 I
21 JAN 0400 % 38.4 kb -+ 0 o3 X ' ? 4 F
28 JAN 0500 X e “sl e -4 ~-+1 X 2.4 25 F
38 JﬁN 0600 b 4 3+1 + O —+ 2 e —— - 4 X 305 32 F
24 AN 0700 % 8.0 2 -2 —ed - X 1.1 37 F
2 JQN 0600 X ?40 1»4 -+ 4 + 0 00 * 102 44 F
21 JAN 0700 % Z.5 T BN 7 -+2 X ] 46 F
24 JAN 0800 x 13,7 3 - 8 s+ +1 X 4 47 F
30 JAN 1900 *x  22.3 =+ + O +1 R o3 87 F
:?4 JﬁN 1200 ¥ 609 ! y! ""02 - ¥ 10? 44 B
30 JQN 1400 * 1404 w0 "”90 00 -.0 * 1.7 49 B
24 JaN 1100 x 5.8 +3 Y] s P e X 1.3 T B
30 JAN 1400 % 4,2 e -8 - 8 -+2 X 2.2 b6 B
21 JAN 09200 % 8.2 22 -+ 4 =~ ~+4 X 1.0 79 B
30 JAN 1800 % 443 e -+t ~e7 -+ X 1.9 40 n
31
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In the interest of further testing the validity of the
Gaussian assumption near the freeway, GM observed and
predicted (assuming a normal distribution) averages for
'PHI>70° are plotted in Figure 8 (7 cases). Here a slight
lack of fit is shown at the 3.5 meter height, but con-
sidering the expected irregular vertical distribution

of mixing intensity near the freeway, the degree of fit
to a normal distribution is remarkable. These results
show that the Gaussian formulation can be used very near
the freeway under crosswind conditions.

Figures 9 thru 12 graphically summarize the ground level
and tower o, data for various atmospheric stability con-
ditions. The appropriate g, curve presently used by
CALINE? is plotted on each graph. The error bars
represent a + one standard deviation in the data.

Despite the considerable scatter in the results, the
expected overprediction of o, near the freeway by CALINEZ
is apparent. Another significant feature of the graphs
is that the o, values within 10 to 15 meters of the free-
way appear to be independent of stability class. This
would support the contention that very near the freeway,
dispersion is dominated by traffic flow characteristics,
not ambient atmospheric stability.

Best fit g, curves of the form o, = uxB, where y =
downwind distance from the source in meters, were computed
for each of the stability classes studied. In accordance
with results from the residual analysis, the data were
limited to tower results at 2, 10.7, 15, 30 and 30.5
meters for the GM and SRI studies, and ground level
results at 50 and 100 meters for the GM study. Further-
more, conditions were restricted to ¢>45° and U>1.0 m/s.
Table 15 give the resulting values of o and g for the

32
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fodk stab11ﬁty cTasses studied. Also, the index of deter-
mination (rz) is given to provide a relative measure of the
scatter of the data and the correlation between o, and yx

(r2=1 for perfect correlation),.

Table 15
Stability »
Class Cases r & B
B 39 0.71 1.24 0.42
C 25 (GM only) 0.76 2.01 0.40
D 20 0.36 1.25 0.36
F 19 (GM only) 0.87 2.00 0.32

B

A power function such as o,ux may be equivalently stated as:

Ino,=1lnd+Binx

where o can be thought of as the initial o, at the downw-
wind edge of the freeway (oz=a when x = 1 meter), and B
represents the rate of change of 1n o, with 1n y, or slope.
The results in Table 15 show a clear organization of B8
with respect to stability class. For more unstable con-
ditions g, is increasing more rapidly with downwind
distance, as would be expected. No such organization
emerges for o, however.

Because of the suspected dominance of traffic-induced
turbulence near the freeway, it was felt that o should
be predicted by parameters that characterize the traffic
flow rather than atmospheric stability. The likely
candidates were traffic volume, vehicle speed, or some
combination of the two. The GM data could not be used
for this analysis since traffic volume and speed were
held constant during their studies. The NY data base

38
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came from a preliminary report for which no traffic data
were available, Also, high residuals had already made
their use questionable. The SRI data base did contain
traffic volumes and speed measurements, however, and was
used to determine the effects of these variables on o,
estimates made at the 10.7 m tower.

A series of simultaneous temporal plots of g, traffic
volume (VPH), traffic speed (SPD), and wind speed (U)
was made to see if any clear correlation existed (see
Figures 13 thru 15)., Naturally, an inverse relation
between VPH and SPD was observed. But further examina-~
tion of the plots did not support the expected direct
relation between v, and either VPH or SPD. Instead, the
values of a, at the closer tower seemed to be inversely
related to the wind speed.

The two primary modes of turbulent mixing, bouyant and
mechanical, are considered to be significantly augmented
by the traffic flow. Additional bouyant turbulent
kinetic energy is supplied from the waste heat emissions
of the vehicles(10). Also, mechanical turbulent kinetic
energy is added in the form of turbulent wakes accompany-
ing vehicle motion{9). For purposes of the new model
development, however, bulk indicators of the bouyant and
mechanical components of turbulence due to the traffic
were used. VPH was taken to represent the waste heat
Toading, hence the energy available to form bouyant
turbulence. The term VPH*SPDZ, 8s a measure of the
total kinetic energy of motion of the traffic stream,
was taken to represent the mechanical turbulence
generated by the traffic flow.
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Both VPH and VPH*SPD®

the 10.7 meter tower for U>1.0 m/s (see Figures 16 and 17).
Absolutely no correlation was exhibited.

were plotted against a, measured at

Next, measures of rdadway turbulence derived from SRI
bivane data at z = 2.0 meters were compared to VPH and
VPH = SPD2 (Figures 18 and 19). 1In these plots, o and

¢
O, Were computed as follows: r
r _
= (o- 2 - o Ja‘ . Standard deviation of the vertical
o ‘#medicn ¢3OM spwind wind angle due to roadway
turbulence
n Standard deviation of the horizontal
oy = (0.2 — o2 )2 - Wwind angle due to roadway
r 8 median ‘ J turbulence

30M uvpwind

The graphs show that for most normal freeway traffic flows,
the roadway turbulence terms remain within a relatively
constant band and that the magnitude of this turbulence

is significant. Only for the one low flow condition, do

G¢r and cer drop below these bands. Figure 20 shows a

similar plot for o (standard deviation of the verticatl
wind speed) data at z = 3.8 meters against VPH % SPDZ.

The interpretation is the same at this higher level.

The currently accepted method for estimating oy from
bivane data is, oy=zeogX-. f(X)
which derives from oy =oyt-f(:-1)

where TL = Lagrangian Time Scale (5).-
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The SRI UVW anemometer results were compared to the a,
estimates at the 10.7 meter tower to evaluate the following
analogous functions for g,

o7 T g X 9 (X)

oy = owt: g(..T.tL_)

Values ofcrqu and o,t were computed as follows:

0¢X = 183 o C+ 107,

% median ® oM. downwind

183 10.7
o'wi"( U ) O.w'median +( )O‘WIOM.downwind

The results, shown in Figure 21, are far from conclusive
but do give a reasonable value of 0,5 for g (t/TL) at 10
meters downwind from the freeway

The graph also points out the importance of considering
the travel time, hence wind speed, when predicting_cz
near a freeway.

To help explain the foregoing results and provide a
practical method for predicting o (initial cz) the
following hypothesis 1s proposed. Assume that the
dominant source of turbulent mixing near the highway

is mechanical in nature and thus related to VPH*SPDZ.
Because of the inverse relation between VPH and SPD,

the magnitude of VPH*SPD2 on an urban freeway remains
relatively constant during the day from say 0600 to

2000 hours. Thus, during this time period the amount

of initial mixing at the freeway is predominantly deter-
mined by the residence time within the "mixing cell". If
this were true, one would expect an inverse relationship
between the initial o, and U.

49

ChibPDFE - www . fastio.com


http://www.fastio.com/

ChhPD

wyiw . fastio.com ™

30

- ' S
: F A . [
| 7 i i [
i il | T
i i Fi E i
: f i i
i - XN
25 | I R
f i
L :
I & :
[ [} f
7 " :
y | i
- : 1 !
E ; ‘ I
0 20 7 T
H o H :
Q . ‘
= g . fl i'
~— L
S : 3
t
_ / [
P 15 H f’ T
XID ! / :
2 i
= / T
N /J KL}+)
o |
f T
G- 10 . NG o L
0 24
x O_D o i
PR |
"-\flt '
o 1
5 \ -
_. [e) |
Ok M
T
T
0 — =t
0 .5 10 15

G, (Meters)

Fig. 21 Evaluation of g({x) and
9 (t/T) Functions
SRI Data, Bivane Results
at Z= 3.8 Meters

50


http://www.fastio.com/

ClibhPDF -

www . fastio.com

To test this hypothesis, data from the‘GM, SRI and LA
field studies were used. Estimates of o, for the LA
study were based on ground level measurements at the

edge of the San Diego Freeway (Site 3) for the 75°'i¢
<81%, with no tracer control. These results were
incliuded because they offered a wider range of wind
speeds than the tracer studies. The results are shown

in Figure 22. The wind speeds were measured upwind of.
the freeway at distances from 30 to 40 meters and heights
ranging from 3.8 meters for the SRI data to 8.8 meters
above the road surface for the LA data. The GM and LA
resuits agree quite closely. The SRI results are some-
what higher, but this would be expected since these'oz's
were computed 10.7 meters downwind from the freeway, while
the GM and LA results were 1 to 2 meters downwind.

The implications of Figure 22 seem clear, but another
possible hypothesis could explain the'exhibited‘behavior.

~If the traffic flow so affected the mean wind speed sueh

that the wind speed immediately downwind of the freeway
remained constant and independent of the<upw1nd wind

'speed, the. same type of plot would be expected. Paired

upw1nd and downwind wind speeds for the SRI data at

z = 3.8 meters shown in Figure 23 demonstrate that this
is not the case. A similar check of the GM wind results
revealed the same approximate 1 to 1 reTatiOnshjp.

The GM and LA results were combined (70 cases,. r’ = 0.90)
to compute the fina1‘version of the initiaT-oi-equation.
This yields an overall model for g, values (1n meters)

of the form, g, = axB,lfor a range of 100 meters down-
~wind of a freeway (see Table 16).
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Table 16

Stability o
Class (Initial o ) _B_
B (0.081 + 0.16U)~'% .42
¢ " " 0.40
D o ! 0.36
; ,

n 1 0.32
*U measured upwind at z = 4 to 8 meters in m/s.
A comparison of g, curves between those proposed in this
report and the current CALINE2 curves is shown in Figure
24, The tendency for CALINE2 to underpredict CO con-
centrations near the freeway for neutral to unstable
crosswind conditions is evident if one accepts the new

curves as accurate. The plot also shows the extreme
importance of correctly predicting the initial g
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