Technical Report No.186

FIELD STUDY OF

AIR POCLLUTION TRANSPORT
IN THE

SOUTH COAST BASIN

PREPARED FOR
State of California
AIR RESOURCES BOARD

1025 P Street
Sacramento, CA95814

Contract No. ARB 658, ARB 2-349

1S MAY 1973

METRONICS ASSOCIATES, INC.

A MCANCO COMPANY

3201 Porter Drive . Palo Alto, California 94304




TECHNICAL REPORT NO. 186

FIELD STUDY OF AIR POLLUTION
TRANSPORT IN THE SOUTH COAST
AIR BASIN

LELAND M., VAUGHAN
ALEXANDER R, STANKUNAS

PREPARED FOR:

STATE OF CALIFORNIA
AIR RESOURCES BOARD
SACRAMENTO, CALIFORNIA

CONTRACT NOS: ARB-658
ARB-2-349

MAY 10, 1973

PREPARED BY:

METRONICS ASSOCIATES, INC.
A SERNCO COMPANY

3201 PORTER DRIVE

PALO ALTO, CALIFORNIA 94304




CONTENTS

Page

ACKNOWLEDGEMENTS . . « v v v vt s o v v o s v = s 1
SUMMARY. « v = v @ v a v v s n e e e e 2
CONCLUSIONS. . . & v v v v o o v e o e e e s 5

AIR POLLUTION TRANSPORT IN THE SOUTH COAST

AIR BASIN. v v v v v v o v e v e s ey 6

I. Introduction . . . « « « « « < v =« o - 6

II. Test Area and Sampler Locations. . . . . 6

III. Air.Tracer Test Procedures . . . . « » 6

A. Air Tracer Dispersal . . . . . - . . 6

B. Sampling Operations. . . « . - - - - 6

C. Meteorological Measurements. . . . . 10
D. Analysis or Data . . . - . « « - - - 10

ANALYSIS OF AIR TRACER TESTS . . . « = v v = v = ¢ 1
Test No. One, 26-27 July 1972. . . . « . - - - 12
Test No. Two, 29-30 August 1972, « o - v - - s 23
Test No. Three, 20-21 September 1972 . . - . & 35

Test No.

Four, 24-25 October 1972, . . .« . - -« 46




ACKNOWLEDGEMENTS

This study was performed under contract with the Air Resources
Board of the State of California. We wish to thank Dr. Dale Hutchisom,
Mr. Harris Samuels, Mr. Robert McMullen and Mr. Spencer Duckworth of
the ARB and Dr. James G. Edinger of UCLA for assistance and suggestions
in planning and conducting these trials.

Metronics Associates, Inc. alsc wishes to acknowledge the assis-
tance of personnel of the Alr Pollution Control Districts of Los Angeles,
Orange, San Bernardino and Riverside Counties in locating sampling sites
as well as providing air pollution and meteorological data. In parti-
cular, we wish to thank Mr. Walter Hamming of the Los Angeles APCD, Mr.
Al Cuba of Orange County, Mr. Melvin Zeldin of San Bernardino and Mr.
Anthony Hernandez of Riverside for their assistance.

We also wish to thank Mr. Donald Lust and Mr. Harvey Hastrup of the
Regional Weather Forecast Center in Los Angeles for providing forecasts
and weather information for each test.

We wish to thank Dr. Ted Smith and Dr. Don Blumenthal of Meteorolegy
Research, ine. for furnishing meteorological and air pollution data from
their aircraft measurements during the aerosol gradient program.

We also thank Mr. Vermon Andrews and the personnel of the U. S.
Environmental Protection Agency for allowing us to operate a tracer
sampling device aboard their airveraft.

The authors sincerely thank Gen. George B. Webster, Jr. for his
many valuable suggestions in both planning the tests and presenting the
results, as well as handling the many administrative details essential
to a successful research program.

We would especially like to thank the personnel of Serendipity, Inc.
(now SERNCO, INC.) and the many people in fire stationms, schools, the
U. S. Forest Service, and private homes who volunteered to operate
samplers during these tests. Through their efforts we were able to pro-
vide the large array of sampling statioms required to give an adequate
description of the transport and diffusion of the tracer from each

source area.




SUMMARY

In order to define the trajectorles and dispersion of pollutants
emitted from specified areas in the Los Angeles Basin, three different
colors of fluorescent particle (FP) air tracer material* were released
along freeways and highways in three source areas, i.e., Downtown Los
Angeles, Torrance and Santa Ana. These tracers were measured at approx-—
imately eighty sampling stations within the Los Angeles Basin and out-~
lying areas. The sampling array included Greater Los Angeles, the San
Fernando Valley, San Bernardino, Riverside, Lancaster, Palm Springs,
Indio, Oceanside, San Diego and Ventura.

Tests were conducted under typical meteorologlcal conditions during
the momths of July through October 1972. The season as a whole was not
representative of a severe "smog" season. The intensity and persistence
of temperature inversions were below normal and smog episodes were less
frequent and leas serious than usual.

Four tests were conducted, one during the latter part of each month
from July through October. The first test was conducted om 26-27 July
1972 under relatively stagnant conditions with a shallow marine layer in
the morning and a sea breeze carrying the tracer imland during the after-
noon., However, the temperature Inversion was broken by heating in the
intermediate valleys and tracer concentrations were low throughout the
eastern part of the test area.

The second test was conducted on 29-30 August 1972 under relatively
neutral stability conditidms with considerable cloudiness. The area was
influenced by a tropical storm 300-300 miles south of Los Angeles. The
sea breeze carried some tracer inland in the afternoon and evening to
Riverside, San Bernardino and the mountain areas, but it was diluted
considerably by the relatively deep mixing layer.

The third test was conducted on 20-21 September 1972 uvﬁfr rela-

tively stagnant conditions within the surface layer. Northeasterly winds

*Leighton, Philip 4., Perkins, William 4., Grinnell, Stuart W., and Web-
ster, Francis X., "The Fluorescent Particle Atmospheric Tracer,"
Journal of Applied Meteorology, Vol. 4, No. 3, June 1964, pg. 334-348.

above the surface layer deflected the tracer toward the east and south-
east with relatively little movement to the northern portioms of the
Los Angeles Basin and the mountain areas. This pattern of movement of
the polluted la&er has alsc been observed by Melvin D. Zeldin of the

San Bernardino Air Pollution Contrel District.*

The fourth test was conducted on 24-25 October 1972 under relatively
stagnant conditions, with considerable fog and low clouds at the begin—
ning of the test. Santa Ana winds developed in the San Bernardino area
about 3:00 P.M. PDT, 24 October, and the pollution and tracers were

swept out of the area during the evening.

Estimates of the average frequency of conditions similar to those
of test days were made from tabulatioms of Pasquill stability classes
for Los Angeles, Long Beach and Los Alamitos for each month., The
estimated frequencies were: Test 1, 18%;
and Test 4, 24%Z.

Comparisons of air pollution and tracer measurements at the same or

Test 2, 30%; Test 3, 17%;

nearby stations were made for the first day of each test. Ozone (or
oxidant) and carbon monoxide were used as representative pollutants.
Comparisons were made on records from Downtown Los Angeles, Anaheim,
Riverside, San Bernardino, Claremont (near Pomona) and Green River (near
Prado Park).

Comparisons at Los Angeles and Anaheim showed that the tracer from
the nearby sources was correlated with the morning carbon monoxide peak
concentration but the ozone was correlated with the tracer from a more
distant source area. This result is to be expected as some transport of
the pollutants usually occurs before the peak ozone levels develop.

At Riverside and San Bernardino no correlation of carbon monoxide
concentration with tracer concentration was observed. The best cor-
relation of pollutant with tracer at these stations was for ozone, The
highest hourly average ozone value at Riverside during the third tracer

test was 37 pphm between 4:00 and 5:00 PDT on 20 September. The

#Zeldin, Melvin D., "Oxidant Distribution and Analysis in the San Ber-
nardino Basin,” Tech. Report 73-1 San Bernardinoe Air Pollution and

Control District, San Bernmardino, Califormia, March 1973.




corresponding tracer from the Downtown Los Angeles source reached a
maximum during the period from 3:00 to 6:00 B.M. 1In Test Four, however,
the highest ozome value occurred between 2:00 and 3:00 P.M. and the
highest tracer level coinciding with this peak was freom the Santa Ana
source.

Estimates of pollutants reaching Riverside from the three source
areas were made from the volume and distribution of freeway and non-~
freeway traffic im the Los Angeles Basin* and the standard emdssion
factors for gasoline-powered motor vehicles in 1972 published by the
. S. Environmental Protection Agency.**

The known initial tracer comncentrations in the source areas were
compared to the estimated carbon monoxide production in the same areas.
The dilution of the tracer was then used as a measure of the dilution
of inert pollutant aleng the route to the more distant sampling sites.
The highest three-hour average tracer concentrations at Riverside cor—
respond to a contribution of 4 pphm from Downtown Los Angeles, 7 pphm
from Torrance and 2 pphm from Santa dna. All of these concentrations
were small with respect to measured concentrations. The total emission
of carbon monoxide from these three source areas represents approximately
30% of the total emission within the Los Angeles Basin.

Transport of pollution southward from the Los Angeles Basin to San
Diego was observed in Tests 1 and 3. In Test 1, the tracer from Santa
Ana arrived between 10:00 A.M. and 4:00 P.M., 27 July (the day following
the dispersal). In Test 3 the trécer from Torrance was observed between
10:00 P.M., 21 September, and 4:00 P.M. 22 September, with the highest
value between 10:00 A.M. and 4:00 P.M. on 22 September, two days after

the dispersal. However, the relative contributions of these sources

*Roberts, Philip J. W., Roth, Philip M., Nelson, Clarence L., "Contam—
inant Emissions in the Los Angeles Basin--Their Sources, Rates and
Distribution,” Report 71 SAI-6 Systems Applicatioms, Inc., Beverly
Hills, Calif., March 1971.

*%Compilation of Air Pollutant Emission Factors (Revised), U. S.
Environmental Protection Agency, Office of Alr Programs, Research
Triangle Park, N.C., Feb. 197Z.

to the observed pollution levels at San Diego were very small.

Estimates of tracer from =ach source remaining in the test area
through the second test day were made. The ratio of tracer counts for
Day 2 to those for Day 1 are given in Table 1. An overall average ratilo
of 0.139 or about 14% was computed. This would correspond to the
fraction of an imert pollutant remaining in the test area from one day
to the mext. The number of stations operated longer than two days was
small and the tracer concentrations too low to provide reliable estimate
for a longer period.

Samples of FP tracer taken on the EPA aircraft were too low to
provide statistically reliable estimates of concentratiens, largely
because the aireraft could not be flown less than 1,000 feet above the

terrain.




TABLE 1

RATIOS OF TOTAL FP COUNTS IN TEST AREA FOR DAY 2 DIVIDED BY TOTAL FOR DAY 1

SOURCE AREA
TEST NO. DATE NO. STATIONS L.0S ANGELES TORRANCE SANTA ANA
1 26-27 July, 72 50 0.172 0.086 0.045
2 29-30 Aug., 72 51 0.158 0.2868 0.204
3 20-21 Sep., 72 52 0.052 0.179 0.093
4 24-25 Oct., 72 4 0.145 0.068 0.199
Average 0.132 0.150 0.135
Standard Deviation 0.046 0.080 0.069
Average for A1l Sources 0.139
Standard Deviation 0.067




CONCLUSIONS

1. The transport and diffusion of ailr pollution from sources
within the Los Angeles Basin may be defined by tracer measurements for
distances in excess of 100 miles,

2. Movement of alr from the coastal regions as far inland as
Riverside and San Bernardine within twelve hours was observed. However,
the contribution of pollutants from the three source areas in the Los
Angeles Basin to Riverside, San Bernardino and other outlying areas was
small under the conditions of these tests. This may be due, in part,
to the relatively weak temperature inversions during the 1972 summer
and fall which permitted vertical mixing and dilution of the polluted
layer and to the lack of a strong onshore pressure gradient to move the
polluted layer inland. .

3. Morning peak concentrations of carbon monoxide in the area of
tracer release correlated well with the tracer concentrations from the
same area. Peak concentrations of ozone, however, were usually cor-
related with tracer from a source area some distance away because of the
time required for peak ozone levels to develop.

4. The residual tracer and non-reactive pollutants remaining in
the test area from ome day to the next averaged approximately 14%Z. The
average residual concentrations for the different source areas were
approximately the same although values for individual sources and
periods ranged from &4.3% to 27%.

5. Further tests should be conducted during a normal "

smog"'
season and particularly under conditions which produce apprecilable

transport from the Los Angeles Basin to inland areas.




AIR POLLUTION TRANSPORT IN THE SOUTH COAST AIR BASIN

1. INTRODUCTION.

In order to define the trajectories and dispersion of pollutants
emitted in the Los Angeles Basin, it was proposed that three different
colors of fluorescent particulate (FP) air tracer be releasad along
freeways and highways within three specified source areas. The tracer
material would be collected and measured in the Los Angeles Basin, In
the outlying areas of Riverside and San Bernardino, and through the
Cajon and San Gorgonio Passes to the north snd east. Measurement would
be made for a period of at least 36 hours in order to measure the
relative contributions of these sources Lo air pollution levels through-
out this area.

These tests were to be conducted under meteorological conditions
which would produce substantial air pollution, i.e., clear to scattered
clouds with mixing heights generally below 2,000 feet and the typical
diurnal circulation patterns for this season. These tests were to be
conducted during the months of July, August, September and October 1972,
II. TEST AREA AND SAMPLER LOCATIONS.

The test area included the western Los Angeles Basin, the San Fer-
nando Valley, the intermediate valleys, San Bernardino and Riverside,
outlying areas east of the San Gorgonioc Pass, Palm Springs, Indio, Lan-—
caster, the San Bernardino Mountains, the Cajon Pass, Hesperia and
Apple Valley. Samplers were operated at Ventura, Catalina Island,
Oceanside and San Diego to measure amy tracers reaching these areas.
Measurements were also made in mountainous areas including the San
Gabriel Canyon, Lake Gregory, Big Bear Lake and Trabuco Canyon southeast
of Santa Ana.

Approximately 80 sampling stations were used during each of these
rests. Most of these stations are shown on Page 7.
CIIT. AIR TRACER TEST PROCEDURES.
A. Adr Tracer Dispersal.
Three colors of FP air tracer materials were dispersed over

a two-hour period from 5:00 to 7:00 A.M. PDT from vehicle-mounted

aerosol genmerators along freeways and highways defining the

following source areas:

1. Downtown Los Angeles.

The dispersal route was north on the Long Beach Freeway,
west on the San Bernardino and Eollywood Freeways, gouth on
Harbor Freeway and east on Manchester and Firestone Boulevard.
Two clrcuits were made in each test.

2. Torrance.

The dispersal route was south on Harbor Freeway to the
Pacific Coast Highway, west and north om the Pacific Coast
Highway to Rosecrans Avenue and east on Rosecrans to Harbo-
Freeway.

3. Santa Ana.

The dispersal route was north from Dyer Road on the Newport
Freeway, west ou the Riverside Freeway, south on Valley View
Avenue and east om the San Diego Freeway.

The above source areas are shown on Page 7, along with the sampler
locations, the wind stations and the air quality monitoring stations.
A picture of one of the truck-mounted aerosol generators is shown on
Page 8.

B, Sampling Operatioms.

Most of the sampling stations were operated on a sequential
siz-hour sampling schedule beginning at 4:00 A.M. PDT on the first day of
each test and continuing for a period of 48 hours. Sequential samples
were taken at two-hour intervals at downtown Los Angeles, Claremont and
the Green River Golf Club, and three—hour samples were taken at San
Bernardino, Riverside and Anaheim., Plctures of each sampler type are
shown on Page 9. Samples are collected by impaction on the treated
surface of a rotating rod. The rod is spun at 2400 RPM and sweeps out
a volume of 52 liters of air per minute. Collection efficiency for
particles in the size range of tracer material is approximately 65%. A
picture of a rotorod sample under natural and ultraviolet illumination

is shown on Page 9.
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At selected starions in Ventura, Van Nuys, San Bermardino, Anaheim,
Palm Springs and Oceanside samples were taken for a few days following
rhe normal sampling schedule in order to measure residual levels of the
tracer in the test area.

In addition to the surface samplers a drum impactor sampler was
mounted in a C-123 aircraft furnished by the U, §. Environmental Pro-
tection Agency and samples were taken on routes across the Los Angeles
Basin and as far east as Palm Springs. Pictures of the aircraft and
gampling equipment are shown on Page 9.

C. Mereorological Measurements.

Surface wind data were obtained primarily from the Air Pol-
lution Control Districts of Los Angeles, Orange, San Bernardino and
Riverside Counties. Winds aloft were measured by EMSU* stations at
Los Angeles International Airport and El Monte and also by Pollutien
Research and Control at Fla-Bob Airport, Riverside under contract with
the Air Resources Board. Additional winds aloft measurements were made
by North American Weather Consultants, Inc. at a total of 48 stationms
along four routes: one route beginning at the center of each source
area and one near Long Beach and moving eastward into the intermediate
valleys to San Bernardino, Chino, Corona and Riverside. The routes are
shown on Page 7.

Temperature and humidity aloft in the wmorning and at noon were
determined from the EMSU statioms at Los Angeles Internatiomal Airport
and E1 Monte. Aircraft temperature soundings were made by Pollution
Research and Control at Fla-Bob Airport. In addition to these soundings,
alreraft measurements were made by Meteorology Research, Inc., Altadena,
at several airports within the Los Angeles Basin and adjacent areas.
These soundings were made three times a day beginning in the morning at
8:00-9:00 A.M. PDT with a second series starting at 12:00-1:00 P.M. and
a third at 4:00-5:00 P.M. PDT.

Using the above data the general wind flow patterns and mixing
heights were determined for each sampling period during the first day

of each test.

*Environmental Meteorological Suppert Unit

ey L

D. Analysis of Data.

The air tracer particles collected were counted and the values
normalized by dividing the count by the calibrated sampler efficiency
and flow rate and by the total number of particles in the source. In
addition, the values for each color were corrected for losses by
deposition. This source correction was small with the exception of the
red FP released from downtown Los Angeles. There was a significant
percentage of large particles, which axhibit non-ideal behavior, in
this batch of tracer material.

The EMSU balloon soundings and MRI aircraft soundings were used to
estimate mixing layer heights. These In turn were used along with size
distribution data for the FP tracer to compute deposition of the large
particles and make corrections. The adjusted counts for distant
stations were as much as 50% higher after the source correctionm.

The final values plotted on the contour maps represent the total
number of particles which would ideally be collected during the six-hour
sampling period at a sampling rate of 1 liter per minute from a source
of 1016 particles. This number is equivalent to the mean concentration,
in units of particles per cubic meter, during the six-hour period from

15

a normalized source of 3.6 x 107~ particles. Contours were drawn at

levels of 10, 100, 1000, etc.. Corrected values less than 10 were not
considered reliable because of statistical uncertainty and‘possible
low-level contamination.

Quantitative air pollution data from the Alr Pollution Control
Districts at Los Angeles, Orange, San Bernardino and Riverside Counties
were obtained from Los Angeles APCD and the Air Resources Board. These
data were compared with tracer data at the same or nearby locations.
Although the FP tracer does not simulate reactive air pollutants, it
allows us to label the air mass which was over the source area at the
time of tracer dispersal. Thus, if the arrival time of peak oxidant
concentrations correlates with the arrival of FP tracer, we can tell
where that air mass began its migratiom. Concentratiocns of relatively
inert air pollutants, such as €O, weould correlate with the tracer con-

centrations very well, but intermediate and local sources swamp out any




correlation at stations away from the source area. Comparative plots
of FP tracer, oxidant and other pollutants were made for the first day
of each test to show these correlations.

Frequencies of wind distribution by Pasquill Stability Classes for
Los Angeles, Long Beach and Les Alamitos were obtained from the National
Climatic Center, Asheville, N. C. The Pasquill Stability Classification
is given for each sampling period during a test. Since the classifica-
tion is applied to a large area with winds of varying directioms and
speeds, only the total frequency of each stability class was tabulated
for the months of July, August, September and October (Table 2). The
frequency of situations occurring during each six-hour period could be
estimated from this table as could an overall climatological frequency
of days similar to the test days.

Air tracer measurements were totalled for all stations operated
during Day 1 and Day 2 for each test and the total FP counts for Day 2
were divided by the total counts for Day 1. The resulting ratios of
tracer from each source area were a measure of the residual tracer (and

inert pollutant) remaining in the test area from onme day to the next.

TABLE 2

FREQUENCIES (%) OF PASQUILL STABILITY CLASSES FOR THE MONTHS OF
JULY, AUGUST, SEPTEMBER, AND OCTOBER AT LOS ANGELES, LONG BEACH

AND LOS ALAMITOS

MONTH CLASS LOS ANGELES LLONG BEACH LLOS ALAMITOS AVERAGE
July A 0.27 3.63 5.00 2.97
B 7.12 15.81 18.56 13.83
C 20.75 15.65 16.22 17.54
D 44,52 31.96 24.74 33.74
E 11.02 8.74 2.99 7.58
F 16.32 24.22 32.49 24.34
Aug. A 0.05 1.83 3.76 1.88
B 4.73 14.89 17.34 12.32
¢ 18.52 14.57 16.05 16.38
D 47.39 32.72 23.25 34.45
E .77 11.13 3.28 8.73
F 17.53 24.87 36.32 26.24
Sept. A 0.00 1.36 1.86 1.07
B 4.25 11.86 .28 9.13
o 11.94 13.75 13.44 13.04
o 53.75 35.47 36.69 41,97
E 11.42 9.06 3.69 8.06
F 18.64 28.50 33.03 26.72
Oct. A 0.00 0.78 1.69 0.82
B 4.96 9.41 11.67 8.68
c 13.37 12.07 13.17 12.87
D 46.43 38.01 28.95 37.80
E 11.18 9.41 3.52 8.04
F 24.06 30.32 40.99 31.79




ANALYSIS OF AIR TRACER TESTS
TEST NUMBER ONE, 26-27 JULY 1972

A. Meteorology.

On the morning of July 26 the Pacific high was located far to the
west with a ridge extending mortheastward into British Columbiz. A
thermal low was centered over northwestern Mexico extending northward
into the Coachella Valley (Page 14). A weak offshore pressure gradient
was thus established in the Los Angeles Basin. The winds were very
light and variable, the visibility was 8-15 miles, and the mixing height
was 200-500 meters.

A moderate sea breeze developed during the day with southwest to
westerly winds at 6-13 mph. The mixing height was increased by solar
heating to 400-700 meters and visibilities were 8-20 miles, These con-
ditions persisted into the late afternocon and early evening. During
the night the winds decreased to 3-6 mph but remained westerly in the
Log Angeles Basin.

A similar pattern occurred the following day of July 27 (Page 14).
Surface winds and winds aloft are shown for each test perlod on Page 15.

The climatological frequency of days similar to the test days was

estimated from Table 2 to be about 18% for the month of July.

B. Air Tracer Test.

Dispersals were begun at approximately 5:00 A.M. PDT, 26 July, at
all three source areas and were completed by 7:00 A.M. except for the
Torrance dispersal which was continued until 9:00 A.M. to disperse all
of the green tracer material.

1. Downtown Los Angeles Source.

The Downtown Los Angeles tracer spread in all directions but
principally eastward and southward during the first sampling period
from 4:00-10:00 A.M. PDT (Page 16)}.
rapidly eastward and southeastward during the second pericd

10:00 A.M.-4:00 P.M. PDT (Page 17) veaching as far east as Banning

The tracer cloud extended

and as far south as Costa Mesa.

Small residual concentrations of FP tracer remained in the area

during the night (Page 18) and the following day but disappeared
from all but the Los Angeles Zasin by the end of the gecond day.
2. Torrance Source.

The Torrance source spread northward to West Hollywood and
aastward to Pomona and Santa Ama during the first two test periods
from 4:00 A.M. to 4:00 P.M. PDT (Pages 16 and 17). Portions of
the tracer cloud moved eastward through the Santa Ana Canyon as
far as Sunnymead and northeastward through the Cajon Pass during
the late afternoon and night (Pages 17 and 18). A portion of the
tracer remained in the Los Angeles Basin throughout the test
period but almost completely disappeared frem other areas during
the second day.

3. Santa Ana Source.

The Santa Ana tracer cloud spread eastward through the Santa
Ana Canyon and northwestward toward Los Angeles during the first
two sampling periods from 4:00 A.M. to 4:00 P.M. PDT {(Pages 16
and 17) reaching as far east as Perris and Sun City and as far
north as West Hollywood during this period. The tracer rapidly

disappeared from all but the Los Angeles Basin during the night.

C. Comparison of Air Pollution and Tracer Measurements.

1. Downtown Los Angeles.

The peak hourly average ozone concentration in Downtown Los
Angeles occurred between 11:00 and 12:00 4.M. PST on 26 July and
was correlated with the FP tracer concentration for the Torrance
source which showed a peak between 11:00 A.M. and 1:00 P.M.
(Page 20).
between 7:00 and 8:00 A.M. and was closely correlated with the

The peak hourly average carbon monoxide peak occurred
peak FP tracer from the Los Angeles source. The tracer from Santa
Ana showed little correlation with either pollutant.
2. Anaheim.

The peak hourly average ozone concentration occurred from 1:00

to 2:00 P.M. PST on 26 July but comcentrations were generally high




between 10:00 A.M. and 3:00 P.M. The six-hour average FP tracer
concentrations from the Torrance and Los Angeles sources were also
highest during this period. The morning carbon monoxide peak oc-
curred between 7:00 and 10:00 A.M. and the highest six-hour average
FP concentration from the Santa Ana source occurred between 3:00
and 9:00 A.M.

3. Riverside.

No ozone measurements were available om 26 July. The morning
carbon monoxide peak occurred from 6:00 to 7:00 A.M. PST (Page 21).
This showed apparent correlation with the FP tracer from Los
Angeles. This is mest likely an error caused by contamination
since no other station between Los Angeles and Riverside showed
tracer from the Los Angeles source during this time period,

4, San Bermardino.

The peak hourly average ozone concentration occurred between
4:00 and 5:00 P.M. PST (Page 21) on 26 July and levels were gen~
erally above 10 pphm between 2:00 P.M. and 8:00 P.M. The peak
three-hour average FP tracer concentrations from Torrance and Santa
Ana occurred between 3:00 and 6:00 P.M. and the peak from Los
Angeles occurred between 6:00 and 9:00 P.M. The FP tracer from
Los Angeles arrived first (before 12:00 noon) but took longer to
reach its peak value. The highest hourly carbon monoxide con-~
centration occurred from 11:00 to 12:00 P.M. and showed no cor-
relation with the FP tracer.

5. Claremout-Pomona.

The hourly average oxidant values at Pomona increased at a
uniform rate beginning at 6:00 A.M, and reached a peak between
2:00 and 3:00 P.M. on 26 July (Page 22). The level remained
relatively high until 5:00 P.M. decreasing rapidly after this time.
The FP tracer from Los Angeles and Torrance both arrived during the
period 9:00 A.M. to 3:00 P.M. PST. The Torrance tracer concentra-
tion dropped to zero by 9:00 P.M. while the Los Angeles tracer re-

mained measurable until the end of the day.

13

6. Green River-Prado Park.

Hourly average oxidant levels increased rapidly at Prado Park
after 7:00 A.M. PST. It was 10 pphm by 9:00 A.M. and reached a
peak between 2:00 P.M. and 4:00 P.M. (Page 22), The FP tracer
sampler was mot activated until 2:30 P,M. The tracers from the
Torrance and Los Angeles sources showed sigaificant concentrations
after this time but tracer from Santa Ana did not reach a peak
until after 8:30 P,M,
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Direction is indicated by passes, show a westerly trend.
the "arrow™ as flying with

the wind.
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AIR TRACER TEST RESULTS

SITUATICN: 4:00 AM - 10:00 AM, 26 July 1972

METEOROLOGY.

SKY: Clear to scattered clouds.

VISIBILITY: 8-15 miles

SURFACE WINDS: Light-variable, 1-3 mph.

WINDS ALOFT: Light-variable, 1-4 mph.
PASQUILL STABILITY CLASS: C

MIXING HEIGHT: 700-1600 feet (200-500 Meters).

SOURCE DOWNTOWN LA.| TORRANCE | SANTA ANA
STRENGTH (Particles) 1.2 x10' { 114 x1014 ‘ 3.22x10%
DISPERSAL 5:00AM to 7:00AM, 26 JULY 1972

Contours represent the number of particles that would be collected in 6 houxs
from a source of 1016 particles.

at a sampling rate of 1 liter per minute

seessans w 10 - = 100 — 2 1000 Crosshatch = Source Area

TIMES ARE PACIFIC DAYLIGHT TIME

5 10 15 20 235 30
Map Grid - Universal Transverse Mercator Grid = 10,000 Meters

Map Scale in Miles NORTH




AIR TRACER TEST RESULTS

SITUATION: 10:00 AM - 4:00 PM, 26 July 1972

METEOROLOGY.

SKY: Clear
VISIBILITY:

SURFACE WINDS: SW to W, 6-13 mph.

WINDS ALOFT
PASQUILL ST.

MIXING HEIGHT: 1300-2300 feet (400-700 Meters).

8-20 miles.

: S5 te W, 5-15 mph.
ABILITY CLASS: B

SOURCE

DOWNTOWN L.A. TORRANCE SANTA ANA

STRENGTH (Particles)

1.2 x101° 114 x104 3.22x10™

DISPERSAL

5:00AM to 7:00AM. 26 JULY 1972

Contours represent the number of particles that would be collected in 6 hours
at a sampling rate of 1 liter per minute from a source of 1016 particles.

trvsanes = 10

- 100

= 1000 Crosshatch = Source Area

0

5

10 15 20 25
Map Scale in Miles

30 TIMES ARE PACIFIC DAYLIGHT TIME
NORTH Map Grid - Universal Transverse Mercator Grid = 10,000 Meters




SANTA ANA

TRACER TEST RESULTS

SITUATION:

4:00 PM - 10:00 PM, 26 July 1972

METEOROLOGY.

SKY:

VISIBILITY:
SURFACE WINDS:
WINDS ALOFT:

15-20 miles.

SW to MW, 5-10 mpi.

No data.

PASQUILL STABILITY CLASS: C

MIXING HEIGHT:

1300-2300 feet (400-700 Meters) .

SOURCE

TDOWNTOWN L.A.|

TORRANCE

[STRENGTH {Particles) l

1.2 x10% 114 x104

r DISPERSAL

5:00 AM to 7:00AM, 26 JULY 1972

Contours represent the number of particles
at a sampling rate of 1 1

= 10

iter per minm

= 100 —me = 2500 Cross

w

15

Map Scale 'n Miles

Map Grid - Universa Tean
3

NORTH

- that would be collected in 6 hours
crom a source of 1016 particles.
hatch = Source Area

TIMES ARE PACIFIC DAYLIGHT TIME
~varse Mercator Grid = 10,000 Meters
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AIR TRACER TEST RESULTS

SITUATION: 10:00 PM - 4:00 AM, 26-27 July 1972

METEOROQLOGY.

SKY: C(Clear.

VISIBILITY:

SURFACE WINDS:

10-15 miles.

WINDS ALOFT: No data.
PASQUILL STABILITY CLASS: F

MIXING HEIGHT:

SW to NW, 3-6 mph.

600-1700 feet (200-500 Meters).

SOURCE

DOWNTOWN LA,

TORRANCE

SANTA ANA

STRENGTH (Particles)

1.2 x1018

114x10%

3.22x10"

DISPERSAL

5:00AM to 7:00AM, 26 JULY 1872

Contours represent the number of particles
at a sampling rate of 1 liter per minute from a source o
Crosshatch = Source Area

. =10 — = 100

— = 1000

that would be collected in 6 hours

£ 1016 particles.

o]

5

10 15 20 25
==

30

Map Scale in Miles

TIMES ARE PACIFIC DAYLIGHT TIME

NORTH Map Grid - Universal Transverse Mercator Grid = 10,000 Meters
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ANALYSIS OF AIR TRACER TESTS

TEST NUMBER TWO, 29-30 AUGUST 1872

., Meteorology.

The Pacific high pressure area was centered north of its normal
‘position with a weak low pressure area centered north of Montana. A
high pressure rildge was centered over Utah and tropical storm "Gwen'
was located approximately 500 miles south of Los Angeles (Page 26). A
weak offshore pressure gradient existed at the beginning of the test
but a relatively strong south to southwest onshore flow developed during
the day. The tropical storm moved northwestward and was centered about
300 miles south of Los Angeles by the morning of 30 August (Page 26).

The entire area was covered with scattered to broken clouds with
showers in the northern and mountain reglons by the second day.

Mixing layer heights were 150-400 meters during the morning, in-
creasing to 150-1200 meters during the day. Surface winds and winds
aloft during the first day are described on Page 27.

Climatological frequencies of days similar to the test days are
estimated from Table 2 to be approximately 30%. This classification
applies only to the stability which determines the diffusion and trans-
port of air pollutants. The high humidity and cloudiness associated

with the tropical storm to the south are not typical of the season.

B. Air Tracer Test.
The dispersals were made from the three major source areas between
the hours of 5:00 and 7:00 A.M. PDT, 29 August 1972.

1. Downtown Los Angeles Source.

The Downtown Los Angeles source spread southward and south-
eastward during the first six-hour period (4:00-10:00 A.M. PDT)
with some movement of the northern fringe northeastward and north-
westward toward Pasadena and the San Fernando Valley (Page 28).
Rapid expansion of the tracer cloud occurred during the pericd
10:00 A.M.-4:00 P.M. PDT with portions of the tracer reaching as

far east as San Bernardino and Hemet and as far north as the San

Gabriel Canyon (Page 29). Portioms of the tracer remained in the

northern and northeastern area of the Los Angeles Basin and in the
Perris and San Jacinto Valleys during the night with some tracer
reaching Summit Lookout in Cajon Pass. Tracer levels were gemerally
low throughout the second day.

2. Iorramce Source.

The Torrance source showed a very peculiar and rapid transport
northward into the San Gabriel Mountains during the first test
peried (Page 28). The surface winds and winds aleft in the first
3000 feet were neither in the right direction nor had sufficient
gpeed to move the tracer such a distance. However, rawinseunde
measurements at Los Angeles and El1 Monte airports showed winds
above 6000 feet to be 15-20 mph and from the south to south-south-
west. A possible mechanism for this peculiar tranmsport would be
thar a portion of the release on the Pacific Coast Highway was
caught in an updraft on the slopes of the Palos Vexdes Hills and
injected into the upper level wind flow; then the winds trans-
ported it to the mountains above the inversion layer.

The tracer within the mixing layer spread eastward into the
Santa Ana Canyon and southeastward into Trabuco Canyon during the
period 10:00 A.M,-4:00 P.M. PDT (Page 29). During the next peried,
4:00-10:00 P.M., the tracer spread rapidly northeastward into the
San Bernardino Mountains and southeastward along the coast toward
Oceanside (Page 30) with some movement into the San Fernando
Valley to the north.

During the evening and nighttime hours (Pages 30 and 31), the
tracer remained in the area with peak concentrations in the Clare-
mont region and in the Perris Valley. The tracer cloud was
separated into distinct patterns the following day with one in the
Los Angeles Basin and the other extending northeastward from Crystal
Lake in the San Gabriel Canyon to Hemet in the San Jacinto Valley.
The tracer disappeared from all but the Los Angeles Basin by the
end of the test at 4:00 A.M. PDT, 31 August.




3, Santa Ana Source.

The Santa Ana source spread northwestward toward Los Angeles,
eastward into the Santa Ana Canyon and southeastward along the
coast during the period 4:00-10:00 A.M. PDT (Page 28). The tracer
gpread northeastward into Riverside and San Bernardine and to
Upiland and Ontario in the second peried (10:00 A.M.-4:00 P.M. PDT)
with some movement southward along the coast (Page 29). The
tracer cloud spread northeastward past the San Bernardino Mountains
and southeastward into the Perris and San Jacinto Valleys during
the evening, 4:00~10:00 P.M. (Page 30) and except for a residual
cloud in the Santa Ana area the tracer moved eastward during the

night (Page 31) and almost completely disappeared the second day.

Comparison of Air Pollution and Tracer Measurements.

1. Downtown Los Angeles.
The hourly average ozome concentration increased after 6:00 A.M.

to a peak of 20 pphm berween 11:00 A.M. and 12:00 noon PST (Page 32).

Levels remained relatively high until 7:00 P.M. and decreased
sharply after this time. The Los Angeles tracer showed a peak
between 3:00 and 5:00 A.M. and decreased rapidly after 7:00 A.M.
Tracer from the Torrance area showed a minor peak between 3:00 and
5:00 A.M. but its major peak occurred between 9:00 A.M. and

1:00 P.M., corresponding to the oxidant peak that day.

The carbon monoxide levels were generally above 10 pphm from
the beginning of the day until 11:00 A.M. with a peak between
6:00 and 7:00 A.M. The peak tracer concentration from the Los
Angeles source was well correlated with the peak carbon monoxide
levels.

2, Anaheim.

Two peaks in the hourly averages of ozome concentratiom oc-
curred, one between 10:00 and 11:00 A.M. PST and one between 2:00
and 4:00 P.M. PST on 29 August. Relatively high levels between
these two periods (Page 32) were also observed. Tracer concentra-

tions from the Torrance and Santa Ana source areas were both high

DEznowzeam: B4

during the period from 9:00 A.M. to 12:00 noon but the Santa Ana
tracer decreased after 12:00 noon while the Torrance tracer remained
high until 3:00 P.M., corresponding to the extended period of high
oxidant concentrations. A small contribution from the Los Angeles
source appeared between 12:00 noon and 3:00 P.M.

The carbon monoxide peak occurred between 6:00 and 7:00 A.M,
Only the Santa Ana tracer was present during this periocd.

3. Riverside.

Oxidant levels rose sharply after 7:00 A.M. te a morning peak
of 6 pphm from 8:00 to 10:00 A.M. PST. The highest hourly average
of 10 pphm cceurred between 5:00 and 6:00 P.M. (Page 33). The
highest three-hour average tracer concentration from the Santa
Ana source occurred between 3:00 and 6:00 P.M. The tracer from
Torrance showed a smaller peak between 3:00 and 9:00 P.M. A small
rise in oxidant level after 10:00 P.M. coincided with the arrival
of tracer from the Los Angeles source.

4, San Bernardino.

Oxidant levels increased after 7:00 A.M. showing two small
peaks of 3 pphm, one between 9:00 and 10:00 A.M. and one between
12:00 noon and 1:00 P.M. The highest peak, 5 pphm, occurred be-
tween 4:00 and 5:00 P.M. Tracer from Los Angeles reached the area
between 9:00 A.M. and 12 noon and reached a peak between 12:00 ncon
and 3:00 P.M. Tracer from Santa Ana and Torrance arrived between
12:00 noon and 3:00 P.M. The highest tracer levels from all three
sources occurred between 12:00 noon and 6:00 P.M., corresponding
to the highest oxidant levels.

A sharp carbon monoxide peak occurred between 6:00 and 7:00 A.M.
but no tracer was evident during the peried of 6:00 to 9:00 A.M.
5. Claremont-Pomona.

The oxidant level at Pomona inereased after 7:00 A.M. to a
peak between 10:00 and 11:00 A.M. with a second peak between 1:00
and 5:00 P.M. (Page 34). Due to equipment problems we were not
able to take tracer samples at this location until noon. Peak

tracer concemtrations at Claremont from both the Santa Ana and the
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Torrance sources occurred between 1:30 P.M. and 3:00 P.M. A small
peaik in the oxidant value occcurred between 9:00 and 11:00 P.M.
This might be associated with the tracer from Los Angeles which
arrived between 5:00 and 11:00 P.M.

6. Green River-Prado Park.

No FP tracer samples were taken at Green River during this

test.




3 : Surface Weather for Ajr Tracer Test No. Two
I3 ! at 5:00 A.M. PDT on 29 and 30 August 1972,
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WIND FLOW PATTERNS

AIR TRACER TEST NO. TWO

29 August 1972

Feet MPH
3000 32-37
2
5
< 2000 26-31
$
=]

2

< 1000 21-25
E, 500 15-20
; 100 aQ-la

Surface O——¢ 3-3
— 1

LI

Dirictivn is ingicasea by

Marrow Js tlying with

Lhe wind.

MORNING: Light winds. Northwesterly winds
along the coast at the surface but some
northeast winds further inland. At 2000

feet a southeast flow. At 3000 feet winds
light and tending from east-southeast.
Rawinsonde measurements at Los Angeles

and El Monte airports show strong south
wind above 6000 feet {(not shown).

AFTERNOON: Southwest surface winds along the
coast. Winds veering from east to south at
upper levels. Northeast surface winds in the
passes. EVENING: Overall westerly wind flow
established. Light along the coast, stronger
inland and in passes.
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AIR TRACER TEST RESULTS
SITUATION: 4:00 AM - 10:00 AM, 29 August 1972

METEORCLOGY.

SKY: Scattered to broken clouds at 10,000 and 20,000 feet.
VISIBILITY: 3-10 miles in smoke and haze.

SURFACE WINDS: S to W, 2-8 mph, shifting to N to W, 2-12 mph.
WINDS ALOFT: NW to NE, 2-12 mph.

PASQUILL STABILITY CLASS: D

MIXING HEIGHT 500 - 1200 feet (150-400 Meters).

SOURCE DOWNTOWN L.A. TORRANCE SANTA ANA
STRENGTH (Particles) 1.84x10™ 9.69x10% 8.39x10M
DISPERSAL 5:00AM to 7:00AM. 28 AUGUST 1972

Contours represent the number of particles that would be collected in 6 hours
at a sampling rate of 1 liter per minute from a source of 1016 particles.

=10 ————= 100 —— = 1000 Crosshatch = Source Area

o S 10 15 20 25 30 4 TIMES ARE PACIFIC DAYLIGHT TIME
Map Scale in Miles NORTH Map Grid - Universal Transverse Mercator Grid = 10,000 Meters




AIR TRACER TEST RESULTS

SITUATION: 10:00 AM - 4:00 PM, 29 August 1972

METEORCLOGY.

SKY: Broken to overcast at 10,000 to 20,000 feet.
VISIBILITY: 5-15 miles.
SURFACE WINDS:

WINDS ALOFT:

S to W, 5-15 mph.
SE to W, 5-25 mph.
PASQUILL STABILITY CLASS:

MIXING HEIGHT: 3500-400C feet (150-1200 meters).

SOURCE

DOWNTOWN L.A.

SANTA ANA

STRENGTH (Particies)

8.39x1014

DISPERSAL

5:00AM to 7:00AM, 29 AUGUST 1972

Contours represent the number of particles that would be collected in 6 hours
at a sampling rate of 1 liter per minute from a Source of 1016 particles.
Crosshatch = Source Area

=10

_————— 100

15 20 25 30

Map Scale in Miles

TIMES ARE PACIFIC DAYLIGHT TIME
Map Grid - Universal Transverse Mercator Grid = 10,000 Meters




AIR TRACER TEST RESULTS
SITUATION: 4:00 PM - 10:00 PM, 29 August 1972

METEOROLOGY.
SKY: Broken to overcast at 12,000 to 20,000 feet.
VISIBILITY: 7-15 miles.

SURFACE WINDS: SW to NW, 3-10 mph.

WINDS ALOFT: § to NW, 10-30 mph.

PASQUILL STABILITY CLASS: D

MIXING HEIGHT: 400-3,000 feet (120-900 meters).

SOURCE DOWNTOWN L.A. TORRANCE SANTA ANA
STRENGTH (Particles) |  1.84x10™ 9.69x10'3 6.39x10%
DISPERSAL 5:00AM to 7:00AM, 29 AUGUST 1972

Contours represent the number of particles that would be collected in é hours
at a sampling rate of 1 liter per minute from a source of 1016 particles.
cersnnse = 10 ————= 100 wntncimnm = 1000 Grosshatch = Source Area

0 __5 10 15 20 25 30 ‘ TIMES ARE PACIFIC DAYLIGHT TIME
Map Scale in Miles NORTH Map Grid - Universal Transverse Mercator Grid = 10,000 Meters




AIR TRACER TEST RESULTS

SITUATION:10:00 PM - 4:00 AM, 29-30 August 1972

METEOROLOGY.

Broken to overcast, clouds at 12,000 to 14,000 feet.

VISIBILITY: 7-15 miles.

SURFACE WINDS: SE to W, 4-9 mph.

WINDS ALOFT: No data

PASQUILL STABRILITY CLASS: D

MIXING HEIGHT: 1000-1500 feet (300-300 meters).

SOURCE DOWNTOWN L.A.| TORRANCE SANTA ANA
STRENGTH (Particles) |  1.84 x10™ 9.69x10'3 6.39x10"
DISPERSAL 5:00AM to 7:00AM, 29 AUGUST 1972

Contours represent the number of particles that would e collected in 6 hours
at a sampling rate of 1 liter per minute from a source of 1016 particles.

........ = 10 ————= 100 —_— = 1000

Crosshatch = Source Area

15 20 28 30 TIMES ARE PACIFIC DAYLIGHT TIME

Map Scaie in Miles NORTH

Map Grid - Universal Transverse Mercator Grid = 10,000 Meters
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ANALYSIS OF AIR TRACER TESTS
TEST NUMBER THREE, 20-21 SEPTEMBER 1972

. Meteorolegy.

On the morning of 20 September a ridge of high pressure extended
atward into Oregon, Nevada and Nerthern California (Page 37). A
féurm was centered about 200 miles off the coast of British Columbia.
es were generally clear and there was a weak offshore pressure
Foradient in the Los Angeles Basin.

3 The high pressure area spread rapidly inland and was centered in
Nebraska by the next morning (Page 37) and the storm moved to the coast
Piaf British Columbia with a cold front extending southward through
& Washington.
The high pressure inland coupled with a weak trough off the coast
of Southern California produced a weak Santa Ana flow aloft but not
strong enough to move the marine layer from the Los Angeles Basin. The
7'mixing layer was low in the morning, 150-500 meters, increasing to
" 240-900 meters during the day. Surface winds were light northerly
‘along the coast and variable inland. At 300 meters the winds were
easterly to northeasterly (Page 38). The surface winds shifted to west
in the afternoon but remained easterly at the higher levels. In the
late afterncon very strong westerly winds developed in the intermediate
valleys and passes.

The frequency of days similar to the test days were estimated for

Table 2 to be approximately 17% for the month of September.

B. Air Tracer Test.

Dispersals were made from the three source areas between the hours
of 5:00 and 7:00 AM. PDT, 20 September. An error by the vehicle
driver in the Downtown Los Angeles source resulted in a dispersal of
some of the tracer along Harbor Freeway toward the Pacific Coast High-
way. This produced a somewhat larger area source than intended but the

difference in results was not believed to be serious.

1. Downtown Los Angeles Source.

The Downtowr Los Angeles tracer spread southward and eastward
through the Santa Ana Canyon during the first period, 4:00-10:00 A.M.
PDT (Page 39), then branched southeastward along the coast and
northeastward toward Pasadena and Azusa during the period 10:00 A.M.-
4:00 P.M. PDT (Page 40) and then rapidly spread eastward to San
Bermardino, Riverside and Palm Springs in the evening (Page 41).

The tracer almost completely disappeared from the inland area
during the night but a substantial residue remained in the Los
Angeles Basin through the night (Page 42). The tracer level de-
creased rapidly the follewing day throughout the area.

2. Torrance Source.

The tracer from the Torrance area spread rapidly eastward to
the Santa Ana Canyon and southeastward along the coast during the
first period 4:00-10:00 4.M. PDT (Page 32). Some tracer moved
northward along the coast to the Santa Monica Mountains. Further
spreading northward and eastward occurred during the period
10:00 A.M.-4:00 P.M. PDT (Page 40), with some of the tracer
reaching Riverside, Additional movement northeastward to San
Bernardino and southeastward into the Perris and San Jacinto Val-
leys occurred during the evening (Page 41) but with relatively high
concentration remaining in the area near Los Alamitos. The tracer
was separated into distinct patterns during the mnight with the peak
concentrations in the Anaheim and Riverside areas (Page 42). A
low residual level of the tracer remained in the area the second
day.

3. Santa Ana Seource.

The Santa Ana tracer spread southward and eastward to Coroma
del Mar and Green River during the first period 4:00-10:00 A.M. PDT
(Page 39), then spread southeastward into the mountains southeast
of Santa Ana during the day (Page 40). The tracer cloud remained
in the Santa Apa area during the evening but was diluted to low
iévels during the night (Page 41) and rapidly disappeared the
following day.




Comparison of Air Pollution and Tracer Measurements.

1. Downtown Los Angeles,

No oxldant measurements were available between 7:00 A.M. and
noon, but the peak hourly average after noon occurred between
12:00 and 1:00 P.M. (Page 43). The tracers from both Los Angeles
and Torrance showed peak comcentrations between 11:00 A.M. and
1:00 P.M. Tracer concentrations from the Santa Ana source were
negligible. Peak morning carbon monoxide concentrations cccurzed
between 5:00 and 7:00 A.M. Only tracer from the Los Angeles source
was present at this time.

2. Anaheim.

Hourly oxidant concentrations increased rapidly after 8:00 A.M.
to a peak of 13 pphm between 1:00 and 4:00 P.M. and decreased
rapidly to zero by 6:00 P.M. Malfunction of a timer on the FP
tracer sampling unit at this location resulted in a loss of
remporal resolution between 3:00 A.M. to 12:15 P.M. PST. Tracer
concentrations from both the Santa Ana and Torrance source areas
were high during this period. The tracer concemtrations from
Santa Ana decreased after 12:15 P.M. while that from Torrance in-
creased slightly from 12:15 te 4:00 P.M. and decreased rapidly
thereafter. The tracer from Los Angeles increased to a maximum
éetween 4:00 P.M. and 9:00 P.M. The oxidant peak showed best
correlation with the tracers from Torrance and Los Angeles.

Carbon monoxide concentrations showed no sharp peaks but
secondary peaks occurred between 6:00 and 8:00 A.M. and between
11:00 A.M. and 1:00 P.M, with a sustained high level from 8:00 P.M.
to midnight. The Santa Ana tracer concentration was high until
12:15 P.M. and the tracer from Torrance persisted until 4:00 P.M.
The Los Angeles tracer increased after 12:15 P.M. and remained high
throughout the remainder of the day, corresponding to the high
level of carbon monoxide in the late evening.

3. Riverside.
Oxidant levels increased rapidly after 7:00 A.M. to 11 pphm by

11:00 A.M. and increased again in the afternoon ‘to 37 pphm between
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4:00 and 5:00 P.M. Tracer concentrations were generally low. The
highest concentrations observed were from the Los Angeles source
between 3:00 and 6:00 P.M. coinciding with the highest oxidant
concentrations.

4. San Bernardino.

Oxidant levels rose sharply after 8:00 A.M. to a peak of 6 pphm
between 10:00 and 11:00 A.M. and to a higher peak of 13 pphm be-
tween 4:00 and 5:00 P.M. (Page 44). Tracer levels were generally
low. Tracer from Los Angeles arrived after 3:00 P.M. and from
Torrance after 6:00 P.M.

5. Claremont-Pomena.

The FF tracer sampler at Clarement malfunctioned during this

test.

6. Green River-Prado Park.

Oxidant levels at Prado Park increased rapidly after 7:00 A.M.
to a peak value of 26 pphm between 3:00 P.M. and 4:00 P.M., de-
creasing rapidly after 5:00 P.M. The tracer concentrations at
Green River were low. The tracers from Santa Ana and Torrance
reached the highest concentrations between 9:00 and 11:00 A.M. and
the Los Angeles tracer was highest between 11:00 A.M. and 1:00 P.M.
and again between 7:00 P.M. and 9:00 P.M. There was no apparent

correlation of the ozone peak with any of the three tracers.
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Surface Weather for Air Tracer Test No. Three
at 5:00 A.M. PDT on 20 and 21 September 1972.




WIND FLOW PATTERNS

AIR TRACER TEST NO. THREE 20 September 1972
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AIR TRACER TEST RESULTS
SITUATION: 4:00 AM-10:00 AM, 20 September 1972

METEOROLOGY.

SKY: Clear.

VISIBILITY: 3-10 miles with smoke and haze.
SURFACE WINDS: N to NE, 1-4 mph.

WINDS ALOFT: NW to SE, 3-15 mph.

PASQUILL STABILITY CLASS: C

MIXING HEIGHT: 500-1600 feet (150-500 meters).

SOURCE DOWNTOWN LA.] TORRANCE SANTA ANA
STRENGTH (Particles) 1.86x10™ 110 x1014 5.89 x 1074
DISPERSAL 5:00 AM to 7:00AM, 20 SEPTEMBER 1972

Contours represent the number of particles that would be collected in 6 hours
at a sampling rate of 1 liter per minute from a source of 1016 particles.
soevrane =10  ———— 100 — 1000 Crosshatch = Source Area

0 __ 5 10 15 20 25 30 TIMES ARE PACIFIC DAYLIGHT TIME
— !
Map Scale in Miles NORTH Map Grid - Universal Transverse Mercator Grid = 10,000 Meters




AIR TRACER TEST RESULTS

SITUATION: 10:00 AM - 4:00 PM, 20 September 1972

METEOROQLOGY.

SKY:

VISIBILITY: 4-13 miles.

SURFACE WINDS: SW to W, 4-16 mph.

WINDS ALOFT: SW to NW, 3-25 mph.

PASQUILL STABILITY CLASS: C

MIXING HEIGHT: 800-3000 feet (240-900 meters).

Clear.

SOURCE DOWNTOWN L.A.| TORRANCE SANTA ANA
STRENGTH (Particles) 1.86x101 110x1014 5.89 x10
DISPERSAL 5:00 AM to 7:00AM, 20 SEPTEMBER 1972

Contours represent the number of particles that would be cellected in 6 hours
at a sampling rate of 1 liter per minute from a source of 1016 particles.

........ - 10

- - 100 = 1000 c: h = Source Area

S_10 15 20 25 30 TIMES ARE PACIFIC DAYLIGHT TIME
Map Scale in Miles NORTH Map Grid - Universal Transverse Mercator Grid = 10,000 Meters
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SANTA ANA

AIR TRACER TEST RESULTS

SITUATION: 4:00 PM -10:00 PM, 20 September 1972

METEOROLOGY.

SKY: Clear to scattered.

VISIBILITY: 6-20 miles.

SURFACE WINDS: SW to NW, 6~12 mph shifting to E to SE, 3-6 mph.
WINDS ALOFT: SW to NW, 12-30 mph.

PASQUILL STABILITY CLASS: C

MIXING HEIGHT: 800-2400 feet (240-730 meters).

SOURCE DOWNTOWN LA, TORRANCE SANTA ANA
STRENGTH (Particles) 1.86x10™ 110 x1014 5.89 x 1014
DISPERSAL 5:00AM to 7:00AM, 20 SEPTEMBER 1972

Contours represent the number of particles that would be collected in 6 hours
at a sampling rate of 1 liter per minute from a source of 1016 particles.

sseveiss = 10 ——— = 100 — = 1000 Crosshatch = Source Area

[¢] S 10 15 20 25 30 TIMES ARE PACIFIC DAYLIGHT TIME
Map Scale in Miles NORTH

Map Grid - Universal Transverse Mercator Grid = 10,000 Meters




AIR TRACER TEST RESULTS

SITUATION: 10:00 PM-4:00 AM, 20-21 September 1972

SKY: Clear.

VISIBILITY: 5-15 miles.
SURFACE WINDS: NE to E, 1-
WINDS ALOFT: No data,
PASQUILL STABILITY CLASS:

METEOROLOGY.

4 mph.

F

MIXING HEIGHT: 800-1800 feet (240-550 meters).

SQURCE DOWNTOWN L.A. TORRANCE SANTA ANA
STRENGTH (Particles) | 1.86x1074 110x10%4 5.89 x 10"
DISPERSAL 5:00AM to 7:00AM, 20 SEPTEMBER 1972

Contours represent the number of particles that weuld be collected in & hours
at a sampling rate of 1 liter per minute from a source of 1016 particles.

cerresse m 10 - = 100 — = 1000

Crosshatch = Source Area

0 S 10 15 20 25 30
s

TIMES ARE PACIFIC DAYLIGHT TIME
Map Scale in Miles NORTH Map Grid - Universal Transverse Mercator Grid = 10,000 Meters
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ANALYSIS OF AIR TRACER TESTS
TEST NUMBER FOUR, 24-25 OCTOBER 1972

A. Meteorology.

A high pressure area was centered over Washington with a low pres-
sure trough off the California coast on the morning of 24 October
(Page 49).

generally one-half to three miles with fog, smoke and haze.

Fog was widespread in the Los Angeles Basin with visibiliry
Winds were
light and variable. The high pressure area was moving southward and
the low pressure trough over Southern Califernia deepened (Page 49).

Santa Ana winds developed in the San Bernardino and Riverside area
during the late aftermoon of 24 October and continued through the fol-
lowing day.

Mixing heilghts were 240-600 meters in the Los Angeles Basin during
the morning of 24 October increasing to 400-700 meters during the day
and into the evening, Mixing heights were unlimited in the San Bernar-—
dino and Riverside areas after the Santa Ana winds reached the area.

The surface winds and winds aloft show the development of the sea
breeze during the day but with the onset of the Semta Ana flow, the
onshore flow weakened and reversed during the night.

The climatological frequency of days similar to the first test day
was estimated for Table 1 to be about 24% for the month of October.

B. Tracer Test.
Dispersals for the three major source areas were made between the
hours of 5:00-7:00 A.M. PDT as in the preceeding tests.

1. Downtown Los Angeles Source.

The tracer from Downtown Los Angeles spread southeasterly
toward Santa Ana and into the Santa Ana Canyon during the first
period, 4:00-10:00 PDT with some movement northwestward into the
San Fernmando Valley (Page 50).

The tracer cloud spread rapidly eastward during the second
period, 10:00 A.M.-4:00 P.M. PDT reaching as far east as San
Bernardino and Banning. The development of Santa Ana winds quickly

diluted and removed the tracer from the eastern basin during the
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evening (Page 51), leaving only a small amount of the tracer in the
Santa Ana reglon during the night (Page 52).
2. Torrance Source.

The Torrance tracer spread northward along the coast and south-
eastward to Santa Ana during the first period (Page 49).
the period 10:00 A.M.~4:00 P.M.

During
PDT the tracer spread eastward to
Mira Loma and Claremont with peak concentrations at Norwalk and

51).
Angeles Basin during the evening (Page 32) but virtwally all

the Palos Verdes Hills (Page Some tracer vemalned In the Los
tracer disappeared during the night.
3. Santa Ana Source.

The Santa Ana source spread eastward through the Santa Ama
Canyon and southeastward toward El Tore during the first period
(Page 50).
day (Page 51) but was quickly removed by the Santa Ana winds

The tracer reached as far east as Riverside during the

during the evening (Page 52).

C. Comparison of Air Pollutiom and Tracer Measurements.
1. Downtown Los Angeles.
The sequential FP tracer sampler was not operated during this

Test.

2. Anaheim.
Oxidant levels at Anaheim climbed sharply after 10:00 A.M. to
a peak of 5 pphm between 11:00 A.M. and 1:00 P.M. and dropped
sharply to zero after 4:00 P.M. (Page 54). The only significant
FP tracer sources observed during this period were Santa Ana and
Los Angeles.

The morning peak hourly average carbon monoxide concentration
of 10 pphm occurred between 8:00 and 11:00 A.M. The tracer irem
Santa Ana was highest during this period with small contributions
from the Los Angeles and Torrance sources.

3. Riverside.
The hourly oxidant levels increased after 7:00 AM. to a peak

of 22 pphm between 2:00 and 3:00 P.M., then decreased to 2-3 pphm
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after 5:00 P.M. {Page 55). The FP tracers from Santa Ana and Los
angeles arrived between 12:00 noon and 3:00 ?.M. The tracer con-
centrations from Santa Ana dropped to a low level after 3:00 P.M.
while that from Los Angeles incrcased between 3:00 and 6:00 P.M.,
then dropped to zero after 6:00 P.M. The tracer concentrations
from the Torrance area were very low and did not contribute sig-
nificantly to the total.

The morming peak carbon monoxide concentraticn was 7 pphm be-
tween 7:00 A.M. and 8:00 A.M. and a secondary peak of 4 pphm
occurred between 2:00 and 3:00 P.M. The Santa Ana and Los Angeles
tracer sources roughly correspond with the afternoon peaks.

4, San Berpardino.

The hourly oxidant levels increased sharply after 9:00 AM. to
2 peak of 11 pphm between 1:00 and 2:00 P.M. and dropped after
3:00 P.M. to 2-3 pphm. The only significant tracer concentrations
during the peak oxidant period were from the Los Angeles source
area with the highest concentration between 12:00 noon and 3:00 P.M.
No carbon monoxide data were obtained dumdng this period.
5. Claremont-Pomona.

Oxidant levels at Pomona increased after 9:00 A.M. to a peak
of 14 pphm between 1:00 and 2:00 P.M. then decreased to 1-2 pphm
after 5:00 P.M. Tracer from Los Angeles arriyed at Claremont
after 11:00 A.M. with peak concentrations between 11:00 -A.M. and
1:00 P.M. but continued significant levels until 5:00 P.M., dropping
to zero between 5:00 and 7:00 P.M. Secondary peaks arrived between
7:00 and 9:00 P.M. and 11:00 P.M. to 1:00 AM. No significant
tracer concentrations from Santa Ana and only small contributions
from the Torrance area were observed.

6. Green River—Prado Park.

The sequential FP sampler at Green River was not operated

during this test.
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WIND FLOW PATTERNS

AIR TRACER TEST NO. FOUR 24 October 1972
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" Sourse Arns
DOWNTOWN LA,

AIR TRACER TEST RESULTS
SITUATION: 4:00 AM - 10:00 AM, 24 October 1972

METEOROLOGY.

SKY: Scattered to broken clouds.

VISIBILITY: 1/2-3 miles with fog, smoke and haze.
SURFACE WINDS: SW to NE, 1-7 mph.

WINDS ALOFT: NE to SW, 1-8 mph.

PASQUILL STABILITY CLASS: D

MIXING HEIGHT: 800-2000 feet (240-600 Meters).

SOURCE DOWNTOWN L.A. TORRANCE SANTA ANA
STRENGTH (Particles) |  5.33x10™ 1.49x10™ 5.68 x1014
DISPERSAL 5:00AM to 7:00AM, 24 OCTOBER 1972

Contours represent the aumber of particles that would be collected in 6 hours
at a sampling rate of 1 liter per minute from a source of 1016 particles.

sreanene = 10 - = 100 — 1000 Crosshatch = Source Area
o] 5 10 15 20 22 30 ‘ TIMES ARE PACIFIC DAYLIGHT TIME
Map Scale in Miles NORTH Map Grid - Universal Transverse Mercator Grid = 10,000 Meters
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AIR TRACER TEST RESULTS

SITUATION: 10:00 AM - 4:00 PM, 24 October 1972

METEOROLOGY.

SKY: Scattered to broken clouds.

VISIBILITY: 2-5 miles with smoke and haze.

SURFACE WINDS: SW to NW, 2-5 mph, shifting to S to SW, 4-10 mph.
WINDS ALOFT: Light-variable, 1-5 mwph, shifting to SW to NW, 5-20mph,|
PASQUILL STABILITY CLASS: C

MIXING HEIGHT: 1400-2400 feet (430-730 Meters).

SOURCE DOWNTOWN L.A. TORRANCE SANTA ANA
STRENGTH {Particles) 533 x10™ 1.49x10™ 5.68x10M4
DISPERSAL 5:00AM to 7:00AM, 24 QCTOBER 1972

Contours represent the number of particles that would be collected in 6 hours
at a sampling rate of 1 liter per minute from a source of 1016 particles.

........ = 10 - = 100 —— = 1000 Crosshatch = Source Area

5 10 15 20 25 30 4 TIMES ARE PACIFIC DAYLIGHT TIME
Map Scale in Miles NORTH Map Grid - Universal Transverse Mercator Grid = 10,000 Meters
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AIR TRACER TEST RESULTS
SITUATION: 4:00 PM - 10:00 PM, 24 October 1972

METEQROLOGY.

SKY: Scattered to broken clouds.

VISIBILITY: 3~5 miles with smoke and haze.

SURFACE WINDS: SW to NW, 3-10 mph.

WINDS ALOFT: SW to NW, 10-25 mph, with Santa Ana winds near San
PASQUILL STABILITY CLASS: D Bernardino, N, 22-60 mph.
MIXING HEIGHT: 1300-2300 feet (400-700 Meters).

SOURCE

DOWNTOWN L.A. TORRANCE SANTA ANA

STRENGTH (Particles)

533x1014 1.49x10" 5.68 x10%

DISPERSAL

5:00AM to 7:00AM. 24 OCTOBER 1972

Contours represent the number of particles that would ke collected in & hours
at a sampling rate of 1 liter per minute from a source of 1016 particles.
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AIR TRACER TEST RESULTS

SITUATION: 10:00 PM-4:00 AM, 24-25 October 1972

METEOROLOGY.

SKY: BScattered to broken clouds.

VISIBILITY: 2-5 miles with fog, smoke and haze.

SURFACE WINDS: § to NW, 1-5 mph, shifting to N to E, 1-4 mph.
WINDS ALOFT: No data.

PASQUILL STABILITY CLASS: E

MIXING HEIGHT: 800-1000 feet (240-300 Meters).

SOURCE DOWNTOWN LA.] TORRANCE SANTA ANA
STRENGTH (Particles) | 5.33x10'¢ 1.49x101¢ 5.68 x10™
DISPERSAL 5:00AM to 7:00AM. 24 OCTCBER 1972

Contours represent the number of particles tiat would be collected in 6 hours
at a sampling rate of 1 liter per minute
------ = 10 - = 100 peam— ¥, T:1/} rosshatch = Source Area

om a source of 1016 parricles.
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Comparison of Air Pollution and Air Tracer Measurements During
Test No. Four at Claremont-Pomona, 24 October 1972.
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Comparison of Air Pollution and Air Tracer Measurements During
Test No. Four at Anaheim, 24 Qctober 1972.
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Test No. Four at San Bernardino, 24 October 1972.
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Comparison of Air Pollution and Air Tracer Measurements During
Test No. Four at Riverside, 24 October 1972.




