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ABSTRACT

The Los Ange1és Reactive Pollutant Project (LARPP) in the autumn of
1973 involved he]fcbpter sampling of a volume of air “tagged“ by means of
three constant volume balloons (tetroons) released sihUltaneous1y from
the same point‘on the ground. Based on radar tracking of 35 tetroon triads
at a mean height 350 meters above sea level, this paper éonsiders the
variation of lateral and longitudinal standard deviation of tetroon
~ position with traye1 time and distance. In the averagé, the median lateral
standard deviation varies from 90 meters after 15 minutes to 800’meters
after 120 minutes, and from 140 meters at 2 km to 1000 meters at 20 km,
but there is more than a factor of two difference associated with gross
divisions according to time of day, atmospheric stability, and turbulence
1nten§ity. As exbeﬁted, interaction with the sea breeze front increases
the dispersion bynat least a factor of two, but there i§ evidence of
horizontal convergence prior to the sea breeze reversal. The derived
relative dispersion in the Los Angeles Basin is compared with results
obtained by other 1hvestigators in other locales, and it is shown that
the dispersion rate within the Basin is frequently anoma}ous]y small,

particularly with respect to travel time.
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1. INTRODUCTION

The Los Angeles Reactive Pollutant Project (LARPP) was carried out -
in September, October, and November of 1973. The main purpose of the
experiment was td measure the change in pollutant concentration following
a given volume of air (Lagrangian approach) rather than at a fixed point
(Eulerian approaﬁh), as done previously. Towards this.énd, triads of
constant volume balloons (tetroons) were released simu]téneous]y in order
to "tag" a partiéu]ar volume of air. The tetroons, f]yiné,at a mean height
of about 350 meters MSL, were followed by helicopters which did the‘air
sampling. |

This paper.cénsiders only the tetroon aspect of tﬁe experiment, and
in particular, the estimate of relative dispersion obtainéd from the
spreading of the three tetroons making up each trfad. ‘The rate of dispersion
is compared with that obtained from bulk tracer experiménts in other loca-
tions, and is a]so considered as a function of time of day, atmospheric
stability, and turbu]ence intensity. So far as is knqﬁh, this experiment
represents the first direct estimate of relative dispersion within the

Los Angeles Basin over relatively large space and time intervals.

2. PROCEDURES
The tetroons;.with transponders attached, were tracked by an M-33
radar from the Air Resources Laboratories Field Research Office, Nafiona]
Reactor Testing‘Stétion (NRTS), Idaho Falls, Idaho. A sécond M-33 radar
from the NRTS Wéé used to track‘and vector the helicopters engaged in air
sampling. The tran5ponder'frequenc1es for each tetroon triad were set
at approximately 403 megahertz, with ehough fréquency separation to permit

“positive ba]]oon identification. Tetroon positions were obtained every




three minutes. A computer in the radar served to translate (in real time)
the range and azimuth and elevation angles of the tetrodns into east-west
and north-south Qkid coordinates, as we11‘as height, for the purpose of
vectoring the helicopters.

The two M-33 radars were positioned on Flint Peak (elevation 580 m)

3 km west of the Pasadena Rose Bowl. From this e]evated7sife.the radar
could track tetroons all the-way from Santa Monica fn fhe west to San
Bernardino in the east, the latter city being nearly as far as the radar
could position because of the pulse repetition rate (Timiting tracking
range 100 km). Frequently, however, the tétroons were 1osf to radar
view in the region of the Puente Hills, and these hills aisb served as
very efficient tetroon snatchers. Only occasionally did a tetroon triéd
successfully pass bver these hills into the San Gabriel Va11ey to the
east. | ‘

Some compromise4wa5‘required with respect to the éhoice of tetroon
float level. It'was desirable that the tetroons be as close to the ground
as possib1e,withoﬁt snagging power lines, etc., and if the flights had‘
been confined to the Lostnge1es Basin itself, a mean floét level near
200 m MSL would have been satisfactory. However, since an important aspect
of LARPP was the qUeétion of the source of air reaching the Riverside-

San Bernardino area‘(height approximately 300 m MSL) durihgythe afternoon,
the tetroons were Set‘to float about 350 m above sea level. Table 1

gives the date and time of the experiments'uhder consideratﬁon as well

as the meén MSL height of the three tetroons making up each triad. The
wind speed is an avefage based on the speeds derived frdm fhé three tetroons

of the triad.
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3. TRAJECTQRIES OF TETROON TRIADS

Figure 1 repfesents the trajectories of tetroon triads for those
cases when the tronsition from land to sea breeze resu]fed in a quite
abrupt change 1o trejectory direction toward the north. 1In this, and
subsequent diagrame, the triangle vertices indicate the locations of the
three simu1taneouely released tetroons at one-half hour intervals, while
the numbers a]ono the trajectories indicate the time after release in
hours (triads tracked for less than one hour‘are not included). The
dashed line represeots a subjective estimate of the mean path of the
triad. The "doWntown" launch site was located at 7th and A1ameda, or just
east of the high-rise section of downtown Loe Angeles.

It can be seen from figure 1 that the tetroon dispersion was‘gfeat1y
1ncreesed by encounter with the sea breeze from the west. 1In experiment
11 the increase was noted mainly in the lateral (cross-stream) direction |
whereas in experiment 24 it was noted mainly in the 1ong1tud1na1 (a]ong—v
stream) direction. On experiments 12 and 18 both components exhibited a
sharp increase. The effect of the sea breeze on d1spers1on will be con-
sidered quant1tat1ve1y in section 6. In experiment 34A the tetroons were
again 1ocated near the downtown Taunch site seven hours after re]ease,
but a continuous track was not possible because of new tetroon Taunches.

The top diagram of figure 2 shows that on exper1ment 11 the tetroon
height doubled due to the ascending motion associated with the sea breeze
cohvergence zone. At this time and in this general area there was a
temperature inversion between the surface and a height of 500 m. A simi-
lar tetroon height change was noted on experiment 17. The second diagram

from the top in figure 2 shows the pronounced vertical tetroon oscillations

-4 -
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the trajectory signifying the hours since release.
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associated with the large dispersion on experiment 12;‘Where there was
nearly a dry adiabatic lapse rate between the surface and 500 m.

‘Figure 3 presents examples of tetroon triads in caSés of trajectory
turnings toward the east. The increase in tetroon dispersion ét the time
of these sea breeze reversals is not nearly so pronounced as in f1gure 1,
perhpas because. most of the reversals occurred further to ‘the east where
the sea breeze “front" is not so strong. 1In this connection, the middle
diagram of figure .2 shows that there was no appreciable change in tetroon
height, i.e., no appreciable vertical air motion, atnthe time (two hours
after release) of trajectory turn1ng toward the east on experiment 21.

In exper1ment 21 the triad was Tost to radar v1ew wh11e passing east-
ward through Santa Ana Canyon (east of Anaheim) at a speed of about 5 ms -]
(there is a 540 m‘peak just to tne north of the canyon)n‘ While the tetroons
were never again picked up, if this speed were maintained the tetroons
would have been in the Riverside-San Bernardino area (40-50 km east-north-

east of Anaheim)‘in‘two‘to three hours, or between 1600 and 1700 local time.

It is believed tnis is one avenue by which pollutants from downtown Los
Angeles may reach the Riverside-San Bernardino area durinn the same day,
particularly 1in stable conditions when the air is funné1éd rapidiy through
the canyon. It 1s thus of interest that the two survivingvtetroons of
experiment 10 also moved into Santa Ana Canyon, and thét in experiment 22A,
while the triad nad to be abandoned because of new‘tetnodn lTaunchings, the
triad was later p1cked up moving northeastward in the reg1on between Santa
Ana and Anaheim, suggesting that also these tetroons may have passed east-
ward through Santa Ana Canyon. This whole matter will be cons1dered in

detail in another paper.
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Experiment éZA is also of interest in showing how.the sea breeze
turning extended‘seéward in tihe, the northernmost tetroon undergoing a
turn toWard the east considerably before the southernmost tetroon. Thus,
at least in this case (and perhaps in general in this area), one cannot
speak of an advancing sea breeze front, but rather the,heafing of the
south-facing mouhtain §1opes induces air further and further to the south
to move northeaétwa}d.

Figure 4 illustrates the dispersion of tetroon triads under conditions
of relatively stréight flow (in this figure, and particularly in fig. 5,
the tr%ang]es have occasionally been exaggerated in size.in order that
they be visible). It is seeh that, in the absence of an appreciable
gradient flow, late morning releases generally move nokthward due to the
heating of the south-facing mountain slopes, and it is this northward
‘transport of pd]]uted eir that brings about the severe~smog in places such
~as Pasadena and Glendale. By afternoon, the wester1y-sea breeze geneka11y
becomes dominant,_as shown by the eastward movement of the tetroons in
experiment 1. THe tetroon dispersion is much greater in the latter case
than in the case of northward flow, suggesting the greatef dispersion
associated with the»sea breeze regime. |

Figure 5 presents a potpourri of those tetroon trﬁads with relatively
straight paths hot eonsidered previously. Note the exfreme1y small dis-
persion on experiments 29 and 30, and the decrease in triad size at one
and one-half hours on experiment 27. We shall see in section 6 that there
frequently is a decrease in triad size also before a sea breeze reversal.
The triad released from Pomona in the afternoon moved east-northeastward

toward Cajon Pass (north of San Bernardino), but was Tost to radar view

e
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behind mountains to the northeast of Ontario. Becasue of the northward
trend, it does not appear likely that polluted air from downtown Los
Angeles reaches the Riverside-5an Bernardino area by this avenue.

The above diagrams show that in the great majority of cases the
s1mu1taneous1y re]eased tetroons remain relatively close together, i.e.,
any one of the tetroon trajectories would have suff1ced to give a good
estimate of the actual air trajectory. On two exper1ments this was not
so; as shown in figure 6. In experiment 25 one of the tetroons did not
turn‘to the northeast nearly as quickly as the other two,.and thus the
triad approached the Puente Hills on a broad front. ‘Thé trajectory dif-
ference is more spéctacu1ar in expeniment 9, wnere two of the tetroons
moved southeastwérd along the coast while the other tetroons moved east-
ward into Santa Ana Canyon. A

The two bottom diagrams of figure 2 illustrate the three tetroon
heights on each of these exper1ments. On experiment 9 the solid Tine
- represents the neight of the "anomalous" tetroon which passed eastward
through Santa Ana Canyon. There is no doubt that during the first hour
after release, when the separation was becoming appreciab]e, the height
of the Santa Ana fiight was about 100 m greater than that of the other
two (though thiélwas not so later on), and with more évfdénce of convec-
tion. Thus, 1t‘may be that this flight passed througn_a'Weak inversion
into a more unstable layer of slightly different wind direction. The
greater height of this tetroon towards the end of the flight is the result
of its passage through Santa Ana Canyon. |

On experiment 25 the dotted line represents the "anomalous" tetroon

which remained further south. At the time of most rapid separation (about

- 12 -
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four hours after release) there is 1ittle evidence of a mean difference in
tetroon height, although earlier this tetroon was flying about 100 m lower
than the other twd. Thus, we probably have here an example of the diffi-
culties that ggg qccur in attempting to specify trajectories, in that air
parcels close fagethér may, on occasion, end up far aparﬁ. For purposes
of the sUbsequent statistical analysis, neither of the aSoVe experimehts

has been eliminated from the sample.

4. LATERAL AND LONGITUDINAL DISPERSION OF TETROON TRIADS

The lateral and Tongitudinal standard deviation of-tefroon position
for each triad was determined at 15 minute intervals by drawing perpen-
diculars from the ba11oon locations to the straight 1iné~joining the triad
centroid one-half hour earlier and one-half hour 1ater'(thereby obtaining,
by the usual root mean square calculations, the 1ongitﬁd%na1 standard
deviation of position), and by drawing of perpendiculars from the balloon
locations to a 1ine normal to this connecting line (thereby obtaining the
'1étera1 standard de?iation of position). Because of the Tﬁmited accuracy
of radar positionfng, calculations of standard deviation were made only to
the nearest 10 m. Accordingly, the basic data for the subsequent analysis
consist of 1ateké1 and longitudinal standard deviations of position at 15-
minute‘intervals for the 35 experiments for whfch theAtetroon triad was
positioned at least 30 minutes. Of course, due to Toss of balloon members
of the triad, the number of experiments decreases with increase in travel
time beyohd 30 minutes.

Before discuésion of the relative dispersion values obtéined; possible
sources of bias in the technique should be considered. First of all, while

the tetroons were released simultaneously only a few meters apart on the

- 14 -




ground, by the time they reached float altitude (typica11y 250-300 m above
ground) they frequently were an appreciable distance abart due to varying
ascent rates and the effect of varying wind shear between surface and

float level. Thus, at float level we are not really starting with a point
source, and the:SUbSequent Standard deviations are somewhat too large be- :
cause of this. ’A more serious bias arises from the fact that thé tetroons
cannot be placed at exactly the same height, and thus the derived relative
dispersion is increased because of the effect of wind shear in the vertical
(see table 1 for mean tetroon height differences). These effects are |
counterbalanced to an unknown extent because of thé tepdéncy for the
tetroon to return to an equilibrium float level, a1most_énsuring that the
vertical oscillations of the tetroon are smaller than ﬁhai of the surround-
ing air. In general, one would anticipate that the actual dispersion is
usually being oyereétimated through use of the tetroons; but less so in
unstable than in Stab1e conditions. This may partly explqin why the
variation of relative dispersion with stabiTity’(sectidn 5) is perhaps not
as pronounced as expected.

Figure 7 shows the cumulative percentage of cases fdr which the
lateral standard‘deViation of position (left) and 1ongifUdina1 standard
deviation of posiffon (right) was less than the abscissa.vé1ue'for given
travel times (top) and travel distances (botfom). Since in this paper we
are dealing with the real world, all 35 experiments are fnc1uded in the
statistics, including the two "maverick" experiments of figure 6. The
intersection of the curves in the four diagrams with hbrfzonta] Tines at
cumulative percéhtages of 16, 50 and 84% yields the median value and the

one standard deviation (lo) value. Subsequent diagram$ are based on these
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values values dbtained'in a similar manner. Note that bécause of the few,
very large dispersion values (fig. 6), the median is probab]y a more rep-
resentative estimate of central tendency than the ayerage:

The 1eft,hand‘diagram of figure 8 shows the derived variation of
Tateral (dots) and Tongitudinal (circles) standard deviation with travel
timé. The vertical bars embrace 68% of the observations. Given the manner
in which we have defined lateral and Tongitudinal, there is Tittle difference
between the two, i.e., the diffusion is horizontally isbtropic. Both
standard deviatioﬁsvincrease approximately as the 1.1 power of time. Be-
fore too much importance is attached to the finding of é~power greater
than one, it shoﬁ1d be remembered that the longest tetroon flights are
those that invo]ve_a sea-breeze reversal, and we have a]ready seen that
the dispersion on thése flights is anoma]ously large. The horizontal dif-
fusivity K, obtained from the expression 02=2Kt,v1ncreases with travel
time from a value of 5x10%ems™! at 15 minutes to nearly 108em?s™1 at two
hours. | |

The right hanq diagram of figure 8 presents the comparison between
the variation oflmedian lateral standard deviation (and 1of1imits) with
travel time in fhé‘Lbs Angeles Basin, and the mean (HM) and upper (HU)
and Tower (HL) bounds of lateral dispersion estimated by Hage (1964) from a
variety of experiments. Heffter's (1965) synthesis yieredjresu1ts similar
to those of Hage, and Bauer (1974) has summarized these and more recent
findings using Hage's apparently representative estimates as a basis for
comparison. Some caution is required when comparing with these other resu]ts
because the tetroon dispersion is obtained at a height '100-300 meters above

the ground, while most other relative diffusion experiments are carried out
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at a somewhat lower level. The median value within the Los Angeles Basin
falls very nearly along Hage's Tower bound, suggesting that within the
basin, at these‘heights, the dispersion with respect te travel time is .
cbnsiderab]y 1ess‘than found in most other experiments. That this dif-
ference is not’meke1y a function of the measurement techhique is shown by
the factor of four'difference between the results at Los Angeles and the
results obtained from the release of triads of tetroons (T) for flight

at a height of 3006 m MSL at Las Vegas, Nevada (Angell et'ai 1971).

Figure 9 is similar to figure 8, but with travel d1stance rather than
travel time as the 1ndependent var1ab1e In Los Angeles;’ the lateral and
longitudinal standard deviations 1ncrease as about the O(9Fpower of distance,
a result genéra]]yhin agreement with that found by others. The right hand
diagram shows the compar1son of the median lateral standard deviation (and
1o Timits) at Los Ange]es with the results from bulk tracer d1spers1on
experiments, as summarized by Slade (1968) in "Meteoro]qu-and Atomic
Energy." The median values at Los Angeles nearly coincide with the neutral-
unstable results obtained at Idaho Falls (I) and Edwards Air Force Base (S)
but the dispersion at Point Arguello (P) is cons1derab1y greater under
both stable and. unstab]e conditions, presumably because of the hilly ter-
rain in the Tatter - area. In about 10% of the cases the re]ative dispersion
in Los Angeles is less than that measured by Hogstrom (1964) at a height
near 50 m in stable eonditions (dot-dash 1ine labeled H). The Los Angeles
dispersion is more obvious]y reduced, when compared with other data, when
viewed with respect to travel time than travel distance, the result of the

light winds in the Los Angeles Basin (Table 1).
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5. VARIATION OF LATERAL STANDARD DEVIATION WITH TIME OF DAY
STABILITY AND TURBULENCE INTENSITY

Up until now we have treated all 35 tetroon dispersion experiments in .
toto withoUt régard for variations in meteorological parameters such as
atmospheric stabiTity. In this section the relation bétween‘re1ative |
diSpérsiOn and such parameters w111 be ekamined{ BécaUSe‘df the ré]ative1y{
few tetroon-triad éxperiments, and the complications 1ntkoduced into the
dispersion statistics by the sea breeze and by hilly terrain, we shall
look at the re1atioh inkon1y a gross way, i.e., by divisioh of the total
sample into two samples of equal size based on the value of the parameter
under consideration, and appTication of the procedure of figure 7 to
determine the median and 1o values. This yields the sense of the para-
meter effect on re1at1ve dispersion, but does not 1nd1cate the exact
relation between parameter and dispersion.

Hereafter only the lateral standard deviation of position will be
considered, in part because this is the component of gréater interest and
also because the longitudinal standard deviation appeqfs.tb behave in a
similar manner.‘-Figure iO shows the median value of 1a£era1 standard
deviation (and 1o Timits) as a function of travé] time and distance, for
the 18 tetroonvfriads released between 0700 and 0900 éhd the 17 triads
released between 0900 and 1400 local time. It is seen that the lateral
dispersion is sma11ér in the morning than near midday. Thus, for a travel
time of 100 minutes, 16% of the time the lateral standard deviation was
less than 170 m in the morning, but only less than 350-mbnéar midday.

The differencevin median value increases uniformly with travel time, but
not with travel distance, and in general, the difference in the case of

travel distance is not so impressive.
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The variaticn of lateral dispersion with time of day.suggest that
atmospheric stab111ty plays an important role in d1spers1on magnitude.
Accordingly, the mean lapse rate between 1000 and 950 mb (approximately the
- lowest 500 m of the atmosphere) was evaluated at the EMSU station at Los
Angeles Ihternatioﬁé1 Airport, just north of EIl Segunde (Fig. 1), and at = =
E1 Monte, about 10 km north of Whittier (Fig. 3), during_the days of tetrooh
experiments. At about 0600 Tocal time the average labee rate at E1 Monte
and Los Angeles Airport was -0.68 and -0.330C/1OO m, reépéctive]y, while
at about 1200 the respective average lapse rates were 0?82'and_0.10°C/100 m;
i1lustrating the much smaller diurnal variation in stabi1fty near the coast.

It is, of course, difficult to estimate the mean lapse rate along
tetroon tra3ector1es from only two sounding stations. ‘we have attempted to
do so by first 1nterpo1at1ng at both stations with respect to time, and
then 1nterpo1at1ng in space. Figure 11 shows the compar1son between the
Tapse rate so estimated and the average root mean square Vértica]yve1ocity
(ow) of the tetroons making up the triad. The'corre1atton of 0.65 between
the two suggests that the derived lapse rates have some validity. Of |
perhaps more 1hterest is the evidence for an aerpt "break" in the value
of ow at the positton of the vertical dashed 1ine, or at a lapse rate of
about O.3°C/1OO m (coincidentally, this 1ine also divide; the data sample
in half). There is the suggestion here that ow remains re1ative1y small
until a critical 1epse rate is reached, at which pointiitvmay become
relatively Targe. We somewhat arbitrarily denote these two stabi]tty
classes as "neutral" and "stable". |

The left handidiagram of figure 12 shows the lateral standard

deviation of position as a function of travel time for)these "neutral"
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and "stable" cases. The standard deviation 1is about twice as Tlarge in
“neutral" as in."stable" conditions. After a travel time of 60 minutes,

in 16% of the cases the lateral standard deviation is less than 80 m

under "stable" conditions but is bounded by the much larger value of 220 m

under "neutral® cond1t1ons The letters U, N, and VS in the right hand
diagram (lateral standard deviation as a function of trave1 distance) in-
dicate the lateral standard deviations under unstable, neufra] and very
stable conditions suggested for use by "Meteorology and Atom1C'Energy,
1968." The suggested values appear conservative (small), the Los Angeles
“stable" values corresponding with the suggested neutra],"endvthe Los
Angeles "neutral" Qa1ues corresponding with the suggested'unstab1e. Re-
call, hoWever, that because of the Tight wind in the bésfn, in comparison
~ with other data the Los Angeles dispersions are not so obviously sma11
with respect totravel distance as with respect to travel time. In any
event, about 16% of the time in "stable" conditions the.Les Angeles Tateral
sfandard deviation is less than that suggested for very etab1e,condition5'
in "Meteorology and Atomic Energy.“

To help place these dispersion values in context, the dotted line
labeled F in the right hand diagram of figure 12 represents the Pasquill-
Gifford moderate]y stable category for a continuous po1nt source release,
as taken from "Meteorology and Atomic Energy, 1968." Because of mean-
dering, a continuous point s ource should, of course, yield a larger Tateral
standard deviation than an instantaneous point sourcev(IPS); and since
this F Tine correspbnds closely with the IPS median va]ue.under "stable"
conditions, the relative dispersion with respect to traVe1’distance is

not anomalously small in the Los Angeles Basin. Finally, the Tetter H in
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Figure 12.
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the Tower left corner of the right diagram represents the smallest lateral
‘dispersion obtainéd by Hogstrom (1964) under very stable conditions.

One would éxpect the Tateral standard deviation of bbsitfon to bé
- proportional to 1§tera1 turbulence intensity, or perhaps even the square
| of -lateral turbulence intensity (Pasquill, 1963); Unfortuﬁate1y, the root
mean square lateral velocity was not evaluated in the coméﬁter program be-
cause of the comb1ex1ties introduced by trajectory turnfngs, and hence the
Tateral turbulence intensity is unknown. However, since lateral and ver-
tical turbulence intensity tend to be proportional, it appeared worthwhile
to examine~thé,]atera1 standard deviation of position fn terms'of the
vertical turbulence intensity. Figure 13 shows the resﬁ}t, as a function of
travel distance only, for vertical intensities exceedinglbr'1935‘than 0.3;
Overall, there isvagain about a factor of two difference,_é]though at a
travel distance of 10 km, 16% of the time the lateral standard deviation
~is less than 280 m when the vertical turbulence intensity is greater than
0.3, but Tless than 80 m when the turbulence intensity is less than 0.3;

a factor of nearly fbur. )

In order to detérmine whether the lateral Standard deviation of posi-
tion is more likely proportional to turbulence intensity or the square of
turbulence intensity; the correlation among these parameters was determined
as a function of travel distance. Figure 14 shows that_thé correlation is
consistently higher in the case of turbulence intensity jt§e1f. Because of
the use of vertica]‘rather than lateral turbulence inteﬁsity, one hesitates
to draw any hard ahdvfast conclusions, but what evidénbe there'{s suggests

the greater usefu]ness of the linear relationship.
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6. INFLUENCE OF THE SEA BREEZE ON LATERAL DISFERSION

In this section an attempt is made to quantify the sea breeze effect
on atmospheric dispersion. The seven experiments in figure 1 have been
divided according to whether the sea breeze reversal occurred about one-
half hour after tetroon launch (experiménts 12, 14, 18, 24) or more,near]y
one and one half hours after tetroon Taunch (experimehtS'T1, 19, 34A). :
Figure 15 shows the mean lateral standard deviation of pdsitfon as a function
of travel time for these triads (dashed lines), as we11‘a$ the mean value
for the 28 remainihg triads (solid 1ine). In genera1;‘fnteractfon with the
sea breeze appears,fo increase the lateral dispersion hy at least a factor
of two. An interéSting feature, however, is theevidence on three of the
experiments for a decrease in lateral standard deviation prior to contact
with the sea breeze front, asyif strong lateral convergences existed ahead
of this "front".: Obvious1y, the statistics on 1atera1 dispersion presented
in this paper are; to some extent, dependent on the number of experiments
involving sea breeze reversals, and a more extensive field experiment will
be required to really pin down the values of re1ativeAdi§persion under

given atmospheric conditions within the Los Angeles Basin.

7. CONCLUSION
These measurements of tetroon dispersion probab1y‘réﬁresent the first
direct estimates'of relative diffusion within the LoslAhge1es Basin over
appreciable space and time intervals. The usefulness of the measurements
should be considerable, with the caveat that they were 6btained at an MSL
height of 350 m (100-300 m above ground), not near the surface. In un-
stable conditions this should make little difference, but in stahle con-
ditions the tetréoné may be underestimating the diffusion existing close

to the ground.
- 30 _




3000

.mw_
L&
=
[
“m_ﬁxUO
>
W
(]
Q
@
<
o]
Z
<
iy
n
r 300
<
o
w
-
<
J
100

Figure 15.

| | I ‘ o |
/7 1L17,34A
/
1.012,4,18,24
VAR |
o’ o
\\\ /
- _-° / —
o~ /
¢}
/
/
/
/
SEA BREEZE
, | l | . I
10 30 60 100 300 600

TRAVEL TIME (minutes)

Comparison between the mean lateral standard deviation determined from the
triads of figure 1 (divided according to whether the sea breeze was
encountered about one-half hour or one and one-half hours after release)

and the mean value determined from the remainder of the triads (solid 1ine).

- 31



To no one's surprise, the lateral dispersion within the basin is
frequently very small, particularly with respect to travei.time. Especially
in stable conditiohs, the actual dispersion may be even smaller than indi-
cated because the tetroons do not originate as a point source and often
are located at somewhat different mean heights. In any'eVent, tetroon
flights were not made at night when the dispersion may be é minimum. It
has been shown that the effect of the sea breeze is not,ohTy'to bring in
fresh unpolluted afr, but also to greatly enhance the diffusion of the éir
originally within fhe basin.

A corollary of LARPP is that in most cases a single tetroon trajectory
represents a good estimate.of the air trajectory, since‘in only two out of
the thirty-five-experiments was there a wide diversity intrajectories
within the tetroon triad. Thus, the controversial questfoﬁ of the represen-
tativeness of a single tetroon trajectory now seems to be’satisfactorT]y,
and favorably, fesb1ved. .

The tetroon-transponder system should haveAconsiderable app1ication
Vin future work dealing with urban pollution, both because the tetroon un-
doubtedly yields the best possible estimate of air trajectory, and also
because triads of tetroons give useful estimates of re1atﬁye diffusion
along the trajectory. Their use in the Los Angeles Basin.to "tag" a given
volume of air wasvéomp1ete1y successful, and points thekway to further

experiments using this technique.
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