3.4.4 Tracer Results - Test 4

Release Location: South Fontana
Date: July 22, 1981

Time: 1300-1700 PDT

Release Rate: 10.4 g/sec. SFg

Surface winds at the South Fontana release site were moderate in
velocity during the release period, averaging 3.7 m/s. Wind directions were
consistently from the west-southwest. Figs. 3.4.21 and 3.4.22 show the
streamline patterns for 14 and 18 PDT on July 22. Flow through Cajon and
San Gorgonio Passes was well established by 14 PDT with moderately strong
velocities. In the Victorville area, westerly winds were present at 14 PDT
which shifted to southerly by 18 PDT, reflecting the start of transport from
Cajon Pass. In the Coachella Valley, northwesterly winds had already started
at Palm Springs with the boundary of the northwest flow passing Indio by
18 PDT.

Flow into the Coachella Valley was stronger than average, as
indicated by the early occurrence of northwesterly winds. This reflected
the relatively strong coast-to-inland pressure gradients present on July
22.

July 22

The summary of the tracer trajectories observed on July 22 is
shown in Fig. 3.4.23., The primary plume moved through San Gorgonio Pass
into the Coachella Valley and eastward through Desert Center. Secondary
branches of the plume moved southeastward through the Coachella Valley as
far as Bombay Beach along the eastern shore of the Salton Sea and into
the Morongo Valley and 29 Palms. A one-hour concentration of 36 ppt was
observed at Amboy at 10 PDT on July 23. Concentrations as high as 80 ppt
were found on an automobile traverse between Big Bear and Lake Arrowhead
about 18 PDT on July 22. There was no significant transport of tracer
material through Cajon Pass into the eastern Mojave Desert. A one-hour
value of 17 ppt was observed at Blythe at 18 PDT on the following day
(July 23).

Several aircraft spirals were made in the tracer plume during
the afternoon of July 22. These are summarized in Table 3.4.10,

Table 3.4.10

AIRCRAFT SPIRAL SFg DATA

Location Time Depth of Plume Maximum Concentration
Rialto 1635 PDT 2600 ft. (agl) 21 ppt
Intersect.10/111 1846 PDT 2500 ft. (agl) 58 ppt
Palm Springs 1924 PNT 1300 ft. (agl) 170 ppt
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Calculated values of Xu/Q are plotted in Fig. 3.4.24. The values
were calculated from the average wind speed observed at South Fontana (3.7

m/s) during the release period. The plotted values generally correspond to
C-D stabilities.

July 23

Automobile traverses were conducted throughout the desert during
the day on July 23 to look for possible tracer carry-over. The area from
Amboy to 29 Palms to Brawley, the San Bernardino Mts. and the Victorville/
Lucerne Valley area were covered during the traverses. No significant
concentrations were found in the desert areas.

SFg concentrations as high as 137 ppt were found in the Azusa
to Pomona areas on July 23 as a result of mobile traverses. This pattern
was similar to that observed during Test 2. Morning concentrations appeared
to peak in the Pasadena - Azusa area with the maximum apparently shifted
further east to near Pomona by mid to late afternoon. A number of hourly
concentrations between 10 and 37 ppt were also observed during the morning
of July 22 at Pasadena and Azusa.
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3.5 Test 5 27-28 July 1981, Garden Grove Release
{0500-0900 PDT, 7/27/81)

3.5.1 Meteorology

General

A well developed thermal trough was present at the surface on July
27 (Figure 3.5.1) extending as far north as Washington and Oregon. The flow
aloft was dominated by a weak ridge offshore on July 27, moving onshore by
July 28. Winds aloft were generally light and variable over the Southern
California area.

Table 3.5.1 gives the meteorological parameters of interest in and
near the Los Angeles Basin for July 27. The 850 mb temperature (22°C) at
Vandenberg AFB was slightly warmer than average for the month of July.
Pressure gradients from the coast to Daggett and Bakersfield were relatively
large, suggesting moderate transport into the desert areas. The morning
inversion height at UCLA of 613 m was relatively high; over 80 percent of
the morning inversions at LAX in July are less than this height (Keith,
1980). Maximum temperature at Ontario was only 92°F but was a warm 111°F at
Palm Springs.

July 27 can be classed as a day with only moderate air pollution
potential due to the relatively high marine layer and moderately strong wind
transport into the desert.

Transport Winds

Surface winds at the release site at Garden Grove are shown in Table
3.5.2:

Table 3.5.2
SURFACE WINDS AT GARDEN GROVE DURING RELEASE

JULY 27, 1981

Time Direction Speed
(PDT) ) (m/s)
06 300 0.3
07 180 0.3
08 360 0.3
0% 300 0.5
10 340 0.9
11 330 0.8
12 300 1.2
13 280 1.5
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Table 3.5.1
METEOROLOGICAL PARAMETERS
JULY 27, 1981

850 mb Temperature

Vandenberg AFB (0500 PDT) 22.0°C
Edwards AFB (0545 PDT) 25.7
Ontario (0830 PDT) -
UCLA (0600 PDT) 21.4
Pressure Gradients (0800 PDT)
LAX - Daggett 3.5 mb
LAX - Bakersfield 2.4
Maximum Surface Temperature
Ontario 92°F (33.3°C)
Palm Springs 111 (43.9 )
Inversion Base Height* and Temperature
UCLA (0600 PDT) 13.3°C (613 m)
San Bernardino (0700 PDT) 15.4  (Surface)
Ontario (0830 PDT) -
Inversion Top Height* and Temperature
UCLA (0600 PDT) 22.1°C (1421 m)

San Bernardino (0700 PDT) 21.3 (1120 m)
Ontario (0830 PDT) -

* A1l heights are msl
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Surface winds during the release (05-09 PDT) were light and variable,
permitting tracer concentrations to build up close to the release prior to
moving inland. Following the end of the release, a light northwesterly wind
developed, gradually increasing in velocity.

Table 3.5.3 shows the surface winds at Lancaster, Victorville and
Palm Springs for July 27 and 28. At Lancaster, moderately strong flow through
Mint Canyon into the desert started about 14 PDT on July 27 and by 11 PDT on
July 28. Light and variable winds occurred during the late night and early
morning hours.

At Victorville, flow from Cajon Pass developed by 16 PDT on July 27
and by 13 PDT on July 28. On both days the southerly flow at Victorville
lasted only until 19-20 PDT.

At Palm Springs the northwesterly flow from San Gorgonio commenced
by 17 PDT on July 27 but was delayed until 20 PDT on July 28.

Mixing Heights

Observed and predicted mixing layer tops for July 27 are shown in
Table 3.5.4. In spite of the relatively high mixing layer depths observed
at UCLA during the morning and afternoon the mixing layer tops in the inland
areas did not show the afternoon increases typical of previous tracer days.
The Ontario sounding at 1430 PDT indicated a top of 930 m (ms1) while the
aircraft sounding at Rialto showed 1100 m later in the afternoon. There was
no marked increase in visibility observed at San Bernardino or Ontario on
July 27 (Table 3.5.5). Observed and predicted mixing layer depths in the
desert and over Lake Gregory were also correspondingly low compared to pre-
vious tracer days.

Table 3.5.5

OBSERVED VISIBILITIES - JULY 27, 1981

Time San Bernardino Ontario
(PDT)

10 2-
12 3
14 4
4
5

1/2 miles 1/2 miles

16

1-

2

3

5

18 5
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SURFACE WINDS - JULY 27-28, 1981

Table 3.5.3

Time Lancaster Victorville Palm Springs
_(PDT)

06 280°/ 2.1 m/s 160°/3.1 m/s -

08 Calm 170 /3.1 170°/2.1 m/s
10 Calm 220 /3.1 Calm

12 090 / 2.6 080 /1.0 180 /2.6
14 290 / 3.1 080 /2.1 120 /4.1
16 250 / 9.8 220 /4.1 090 /3.1
18 250 /12.4 190 /7.2 300 /9.3
20 240 /10.3 210 /4.1 270 /5.1
22 240 / 6.2 Calm 270 /6.2
24 240 / 6.7 180 /2.1 -

02 230 / 2.1 230 /2.1 -

04 010 / 3.1 Calm -

06 250 / 4.1 180 /2.1 -

08 Calm 150 /1.6 110 /4.6
10 Calm Calm 080 /3.1
12 250 / 4.1 200 /3.1 240 /2.6
14 280 / 9.3 170 /7.2 090 /5.1
16 220 /11.8 180 /8.2 100 /5.1
18 250 /10.3 200 /6.2 090 /5.1
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Table 3.5.4

MIXING HEIGHTS - JULY 27, 1981

Terrain Height

150 m
150

290
290

Terrain Height

1. Observed by Rasonde
- Time Height (msl)
UCLA 0600 PDT 613 m
1200 617
Ontario 0830 600
1430 920
2. Observed by Aircraft Sounding
Location Time Height (ms1)
Rialto AP 1619 PDT 1100 m
Lake Gregory 1639 1600
Victorville 1712 1600
I-10 and 111 1828 1500
3. Predicted from Maximum Surface Temperature
Height (ms1)
Ontario 1280 m
San Bernardino 1300 +
Edwards AFB 1830

450 m
1350
900
350

Terrain Height

290 m
360
725
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3.5.2 Regional Pollutant Levels

A map of the peak hourly ozone concentrations for July 27 in the Los
Angeles basin and the desert areas is shown in Figure 3.5.2. Maximum hourly
concentration observed (25 pphm) was at San Bernardino. Fontana recorded a
value of 24 pphm and the highest at Mt. Baldy was 23 pphm. A number of
stations in the Mojave Desert exceeded the state ozone standard as did Palm
Springs and Indio in the Coachella Valley.

The times of the peak hourly ozone concentrations in the area are
plotted on the map in Figure 3.5.3. Stations in the western Mojave Desert
all show peak ozone occurrences in the late afternoon or early evening.
Twenty-nine Palms, Palm Springs and Indio show similar arrival times for the
ozone and precursors from the basin. The remainder of the stations including
Barstow, Daggett and Lucerne Valley do not show evidence of transport from
the basin on July 27. Indications from Figure 3.5.3 are that the pollutant
material passing through Cajon Pass moved northwestward and did not impact
Lucerne Valley and the Daggett areas.

Figure 3.5.4 shows hourly ozone concentrations along the transport
route to the Coachella Valley for July 27. The timing of the peak concen-
trations shows a regular progression through San Gorgonio Pass to Indio.

As on most days the arrival of the ozone-laden air at Indio is quite abrupt.
The timing of the peak concentrations at Mt. Wilson, Mt. Baldy and Lake
Gregory 1is similar to previous days in showing slightly later peak occur-
rences for the eastern stations. Fawnskin, in this case, shows no evidence
of transport from the basin. The small peak shown in the figure appears to
be locally generated, based on the time of occurrence.

rigure 3.5.5 shows the hourly concentrations aiong the route through
Mint Canyon and Cajon Pass. Transport through Cajon to Victorville is indi-
cated in the figure. A local peak (11 PDT) appears also at Victorville. The
character of the hourly concentrations at Barstow (peak at 16 PDT) does not
correspond to transport through either Mint Canyon or Cajon Pass. Evidence
is indicated in the figure of transport from Newhall to Edwards AFB on July 27.

3.5.3 Aircraft Sampling - July 27, 1981

The air quality aircraft on July 27 sampled extensively in Cajon and
San Gorgonio Passes and the immediate downwind areas. Principal objective
was to compare the characteristics of the pollutant transport along the two
exit routes from the basin. Figure 3.5.6 shows the flight pattern on July
27 and the locations of the designated points on the map are described in
Table 3.5.6. Table 3.5.7 gives further details of the flight pattern.
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Table 3.5.6

27 July 1981

Tape #258

TRAVERSE END POINT AND SPIRAL LOCATIONS

POINT LATITUDE LONGITUDE DESCRIPTION
1 34007.5¢" 117023 Rialto Airport
2 34014 .5 117016.0" Lake Gregory
3 34031.2! 117018.8" Victorville Drive-In
4 34018.8" 117028.5" Cajon Junction
5 34009.2" 117017.0* Highland
6 33056.0" 116059,5"' West of Beaumont
7 33055.5¢! 116032.5° 7 miles east of intersection of Hwys 10 & 111
8 33055.2" 116040.5" Intersection of Hwys 10 & 111
9 33049.5" 116930.5* Palm Springs Airport
10 Devore Fwy
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The initial sounding on July 27 was made at 1619 PDT at Rialto Airport
in order to document the vertical structure of the pollutants in the basin
(Figure 3.5.7). A low-level layer of ozone was present to a depth of about
800 m above the terrain. Peak concentration in the layer was about 22 pphm.
Ozone concentrations aloft to 2000 m (ms1) were near background levels.

The next sounding was made over Lake Gregory at 1639 PDT (Figure
3.5.8). A shallow ozone layer to about 300 m above the terrain is present
in the sounding. Similar layers were seen in previous soundings on July 9
and July 22. MWinds in the surface layer at Lake Gregory were from the south
at 10-14 m/s. A similar upslope wind was observed on July 9. Peak ozone
concentration measured by the aircraft was about 13 pphm. The surface ozone
value at the time was 18 pphm.

Another ozone layer was observed at a higher level (centered at 2800
m - ms1) over Lake Gregory. Peak concentration in this layer was about 11
pphm. Winds in the layer were from the north and northeast. It is Tikely
that the layer aloft represents the return of some of the pollutants which
were carried upslope at an earlier time during the day.

A sounding was then made at Victorville at 1712 PDT. In the lowest
600 m, ozone concentrations were uniform at less than 10 pphm. Winds at
Victorville in this layer were from the south-southwest, probably indicating
flow from the Cajon Pass area. Above this layer larger ozone concentrations
were observed. Peak concentration was 12 pphm at 3000 m (ms1). Winds aloft
within the upper layer at Victorville were from the southwest to northwest
at 18 PDT. Earlier, however, winds aloft at Victorville at 14 and 16 PDT
showed evidence of a deep layer of south to southeast winds within the upper
ozone layer shown in Figure 3.5.9. It is suggested that these winds trans-
ported ozone from the mountain areas prior to the time of the aircraft
sounding.

Horizontal traverses were then flown by the aircraft from Victorville
to Cajon Junction (Figure 3.5.10), Cajon Junction to Highland (Figure 3.5.11),
Highland to near Beaumont (Figure 3.5.12) and from Beaumont through San
Gorgonio Pass to a point in the desert about seven miles east of the inter-
section of Highways 10 and 111 (Figure 3.5.13).

The leg from Victorville to Cajon Junction (Figure 3.5.10) started
at about 1000 m (ms1) increasing to 1430 m (ms1) through the pass. Near
Cajon Junction the flight altitude was reduced to 1200 m (ms1). The ozone
concentration increased markedly during this descent indicating the aircraft
had entered the top of the pollutant layer. Highest ozone concentration ob-
served on this descent was about 13 pphm although the surface hourly ozone
reading at Cajon was 18 pphm at the time. Depth of the ozone layer in the
pass was approximately 500 m according to the data shown in Figure 3.5.10.
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The flight continued at 1200 m (ms1) to the southern end of Cajon
Pass. At that time the flight altitude was reduced to about 1000 m. An
abrupt increase in ozone concentrations is indicated in Figure 3.5.11 as the
aircraft entered the ozone layer in the basin. This flight altitude corre-
sponds to a Tevel near the top of the layer found at Rialto (Figure 3.5.7).
Ozone concentrations continued at over 25 pphm for the balance of the leg
to Highland.

The flight from Highland to Beaumont (Figure 3.5.12) maintained the
same altitude of 1000 m (ms1). Ozone concentrations remained high at 27-29
pphm for two-thirds of the leg decreasing to 22 pphm near Beaumont.

The flight altitude continued at 1000 m (ms1) through San Gorgonio
Pass into the desert (Figure 3.5.13). O0zone concentrations at flight level
steadily decreased to about 14 pphm in the desert. Hourly surface ozone
concentration at Banning was 17 pphm at the time of the flight through the
pass. Slightly higher concentrations existed aloft.

Figure 3.5.14 shows a sounding made at 1828 PDT at the intersection
of Highways 10 and 111. The sounding shows a deep layer of ozone (to 1500
m - ms1) being advected into the desert through the pass. Peak concen-
trations were 18 pphm in the low levels in good agreement with the surface
concentrations observed at Banning. The ozone layer aloft appears to be
the same one observed at lLake Gregory sometime earlier.

Figure 3.5.15 represents a sounding at Palm Springs Airport at 1927
PDT. Ozone concentrations were relatively uniform at about 15 pphm to a
height of 900 m (ms1). A shallow surface layer with high NO, concentrations
contributed to a local reduction of ozone in the lowest layers. According
to the surface winds and the surface ozone concentrations, ozone transported
from the basin arrived in Palm Springs at about 16 PDT on July 27. Peak
hourly concentrations of 17 pphm occurred at 19 and 20 PDT. The sounding in
Figure 3.5.15 was therefore made within the basin air carried southeastward
from San Gorgonio Pass.

The final portion of the flight on July 27 was a traverse from Palm
Springs back to the basin, ending slightly west of Rialto (Figure 3.5.16).
Flight altitude to about 1000 m (msl1) through the pass, decreasing to 750 m
(ms1) near the end of the traverse. O0zone concentrations peaked at about 23
pphm within San Gorgonio Pass decreasing to about 15 pphm on either end of
the traverse.
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3.5.4 Tracer Results - Test 5

Release Location: Garden Grove
Date: July 27, 1981

Time: 0500-0900 PDT

Release Rate: 12.1 g/sec. SFg

Surface winds at the release site were light and variable,
averaging less than 0.5 m/s during the release period. The velocities be-
gan to increase late in the release and thereafter. Starting about 09
PDT the wind direction became organized into a west-northwesterly direction.
Streamline patterns for 10 and 16 PDT on July 27 are shown in Figs. 3.5.17
and 3.5.18. Moderate pressure gradients into Bakersfield and Daggett sug-
gested good transport into the desert areas and flows through Cajon and
San Gorgonio Passes were established by 10 PDT.

July 27

Fig. 3.5.19 shows the estimated tracer trajectories on July 27.
The principal plume moved eastward through Anaheim and Corona, thence south-
eastward to Elsinore. In keeping with the low wind velocities during the
release and the initial build-up of tracer material in the Garden Grove
area, observed concentrations downwind were quite high. Concentrations
over 1000 ppt were found as far east as Corona with over 100 ppt at
Elsinore. The material carried southeastward to the Lake Elsinore vicinity
is believed to have been introduced into the Elsinore convergence zone
and transported aloft.

A later and secondary portion of the tracer plume moved north-
eastward and was observed during the afternoon at Cajon, San Bernardino and
Lake Arrowhead but with generally smaller concentrations then were observed
along the southeastward route. A portion of this plume moved into the
Coachella Valley during the late evening and was observed at Indio and
possibly at Desert Center.

Calculated Xu/Q values for the Garden Grove release are plotted
in Fig. 3.5.20. The values were obtained by using the average wind at
Garden Grove during the release period (0.35 m/s). The values shown in the
figure correspond to C-D stability except for a number of points at 40 km or
more downwind which show lower concentrations (B-C).

July 28
Automobile traverses were made on July 28 in the Coachella Valley
and in the San Bernardino Mts. No significant tracer concentrations were found

in the desert. Scattered SFg concentrations were found in the San Bernardino
Mts. (peak value 17 ppt).
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Additional traverses were made in the Los Angeles basin in the
triangle from Perris to San Bernardino to Pasadena. A maximum value of 10 ppt
was found in the Perris area. Scattered concentrations of up to 28 ppt were
observed between San Bernardino and Pasadena. No significant concentrations
were found in Pasadena or Azusa on July 27 or 28.

Aircraft sampling near Elsinore at about 07 PDT on July 28 in-

dicated a maximum concentration of 74 ppt, suggesting a small carry-over in
that area from the larger concentrations observed during the previous evening.

3-186



3.6 Test 6 30-31 July 1981, Carson Release
{0500-0900 PDT, 7/30/81)

3.6.1 Meteorology

General

A moderate low pressure trough aloft dominated the western part of
the U.S. on July 30 (Figure 3.6.1). Winds aloft over Southern California
were from the southwest with the southern portion of the trough remaining
offshore. A moderate thermal trough was present at the surface, centered in
southern Nevada and extending northwestward into northwestern California.

Table 3.6.1 shows the meteorological parameters of interest on
July 30. The 850 mb temperature at Vandenberg AFB was near to slightly
above normal for July. Surface maximum temperatures at Ontario and Palm
Springs were also moderate by comparison with seasonal averages. Pressure
gradients to the inland areas were relatively strong. The morning inversion
base at UCLA of 753 m is quite high for July; over 90 percent of the ob-
served base heights at LAX were below this value (Keith, 1980).

July 30 can be classed as a below average pollution potential day
due to the relatively deep marine layer and the moderate transport winds
into the desert.

Transport Winds

Surface winds at Carson during the tracer release are shown in Table
3.6.2:

Table 3.6.2
SURFACE WINDS AT CARSON DURING AND AFTER RELEASE

JULY 30, 1981

Time Direction Speed
(PDT) ) (m/s)
06 320 0.6
07 260 0.7
08 150 1.0
09 180 0.6
10 360 1.0
11 170 1.5
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Table 3.6.1
METEOROLOGICAL PARAMETERS
JULY 30, 1981

850 mb Temperature

Vandenberg AFB (0500 PDT) 21.0°C
Edwards AFB (0545 PDT) 24.3
Ontario (0830 PDT) 22.0
UCLA (0600 PDT) 21.1
Pressure Gradients (0800 PDT)
LAX - Daggett 4,3 mb
LAX - Bakersfield 3.4
Maximum Surface Temperature
Ontario 91°F (32.8°C)
Palm Springs 106 (41.1 )
Inversion Base Height* and Temperature
UCLA (0600 PDT) 12.4°C (753 m)
Rialto (0700 PDT) 15.5 (Surface)
Ontario (0830 PDT) 13.7 (680 m)
Inversion Top Height* and Temperature
UCLA (0600 PDT) 21.1°C (1496 m)
Rialto (0700 PDT) 25.5 (1350 m)
Ontario (0830 PDT) 22.6 (1100 m)

* A1l heights are msl
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Surface winds at Carson during the release period (05-09 PDT) were
light and variable with no organized flow pattern being established through
11 PDT. After 11 PDT a south to southwest wind prevailed in the area during
the afternoon.

Surface winds at Lancaster, Victorville and Palm Springs for July
30 and 31 are given in Table 3.6.3. Winds at Lancaster were consistently
from the west-southwest with moderately strong velocities with the exception
of 08 PDT on July 31. From 10 to 18 PDT on July 30 wind velocities exceeded
10 m/s in response to the strong pressure gradients from the coastal to the
inland areas.

At Victorville the flow from Cajon Pass was apparent from 12 to 16
PDT and, in a somewhat stronger manner, from 12 to 18 PDT on July 31.

The northwesterly flow from San Gorgonio Pass into Palm Springs began
at 18 PDT on July 30 and at 15 PDT on July 31. As at Victorville, this flow
was somewhat stronger on July 31 in spite of slightly smaller pressure
gradients compared to July 30.

Mixing Heights

Observed and predicted mixing heights for July 30 are shown in Table
3.6.4. Observed heights at UCLA (750 m - ms1) were relatively high for a
July day. Observed and predicted heights in the inland basin areas, however,
were only modestly increased from the morning values. Ontario showed 930 m
at 1430 PDT while a Redlands aircraft sounding indicated 1350 m at 1602 PDT.
The desert areas in the Coachella Valley likewise did not show extensive
mixing layer depths. There was no marked increase in visibility at Ontario
or San Bernardino and it did not appear that the inversion was broken in the
inland basin areas during the afternoon {Table 3.6.5).

Table 3.6.5

OBSERVED VISIBILITIES - JuLY 30, 1981

Time San Bernardino Ontario
(PDT)

10 2 miles 1 miles
12 2 1-1/2
14 3 3

16 5 3

18 4 3
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SURFACE WINDS - JULY 30-31, 1981

Table 3.6.3

Time Lancaster Victorville Palm Springs
(PDT)

06 260°/ 5.1 m/s 150°/0.5 m/s -

08 250 / 7.7 Calm Calm

10 240 /11.3 Calm 310°/4.1 m/s
12 240 /10.3 160 /3.1 050 /2.6
14 250 /10.3 200 /2.6 110 /4.6
16 220 /10.3 160 /2.6 120 /3.6
18 240 /10.3 260 /4.1 290 /6.7
20 230 / 8.2 200 /2.1 280 /7.7
22 260 / 6.7 230 /1.0 280 /6.2
24 250 / 8.2 180 /1.6 -

02 270 / 4.1 180 /0.5 -

04 270 / 5.1 Calm -

06 260 / 2.6 Calm -

08 Calm 150 /2.6 Calm

10 260 / 5.1 090 /1.6 110 /4.1
12 230 / 9.8 210 /4.1 Calm

14 230 / 7.7 120 /4.6 040 /2.6
16 260 /13.4 170 /2.1 280 /6.2
18 240 / 9.3 190 /6.2 290 /7.7
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Table 3.6.4

MIXING HEIGHTS - JULY 30, 1981

Terrain Height

150 m
150

290
290

Terrain Height

1000 m
450
700
350
150

Terrain Height

1. Observed by Rasonde
Time Height (msl1)
UCLA 0600 PDT 752 m
1200 758
Ontario 0830 670
1430 930
2. Observed by Aircraft Sounding
Location Time Height (ms1)
Hesperia 1532 PDT 1500 m
Redlands AP 1602 1350
Hi Desert AP 1734 2400
[-10 and 111 1818 1250
Palm Springs AP 1845 1500
3. Predicted from Maximum Surface Temperature
Height (msl)
Ontario 1350 m
San Bernardino 1300
Edwards AFB 2285

290 m
360
725

3-192



3.6.2 Regional Pollutant Levels

A map of the maximum hourly ozone concentrations for July 30 is shown
in Figure 3.6.2. Highest observed concentration was at Mt. Wilson (27 pphm).
Fontana recorded a value of 26 pphm while Mt. Baldy and Azusa both experienced
a maximum of 23 pphm. The desert areas of Lancaster and the Coachella Valley
received concentrations above the state standard. The balance of the recorded
desert observations were 10 pphm or below.

Figure 3.6.3 gives a map of the hours when peak ozone concentrations
were observed in the area. Peak arrival times in the Mojave Desert were early
evening with the exception of China Lake and Lucerne Valley which showed no
significant evidence of advection of ozone from outside areas. Desert Center
showed a small (6 pphm) peak which lasted from 16 to 22 PDT and may indicate
a minor effect of the basin.

Figure 3.6.4 shows hourly concentrations along the route from the
basin into the Coachella Valley and in the mountain areas. The peak concen-
tration time progresses successively from Riverside to Indio although the time
between Riverside and Banning is unusually long. The mountain stations show
slightly later peak times for the eastern stations. Fawnskin has a very small
peak between 18 and 20 PDT which suggests a minor effect from the basin area.

Hourly concentrations along the routes through Newhall and Cajon Pass
are shown in Figure 3.6.5. Transport from San Bernardino to Lake Gregory and
Cajon Pass is indicated. The peaks at Victorville and Barstow, however, are
relatively minor although they appear at appropriate times to suggest trans-
port into these areas. Transport is also indicated from Newhall to Edwards
AFB by the timing of the peak concentrations along this route.

Both Barstow and Edwards AFB show that peak concentrations were low
but the timing was in agreement with the concept of transport from Newhall/
Mint Canyon. Winds at Barstow during the evening were west-southwest to west,
suggesting that material observed at Barstow may have arrived via the Newhall/
Mint Canyon route.

3.6.3 Aircraft Sampling - July 30, 1981

The MRI air quality aircraft sampled in the vicinity of Cajon Pass,
San Gorgonio Pass and Yucca Valley on July 30. The principal objective was
to compare the flux of pollutants through the two passes. A secondary ob-
Jective was to evaluate the Santa Ana River Valley east of San Bernardino as
a potential transport route for pollutants out of the basin. The flight
pattern on July 30 is shown in Figure 3.6.6 and the locations designated on
the map are listed in Table 3.6.6. A further description of the flight
path is given in Table 3.6.7.
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Table 3.6.6

30 July 1981

 Tape #259

TRAVERSE END POINT AND SPIRAL LOCATIONS

PQINT LATITUDE LONGITUDE DESCRIPTION
1 34007.0' 117041 Cable Airport
2 34022.5" 117018.5" Hesperia
3 34005.0°' 11708.8" Redlands Airport
4 34010.0' 116055.5" Santa Ana River Canyon
5 3409.0' 116015.2" High Desert Airport
6 330585.2" 116040.5" Intersection of Hwys 10 & 111
7 33049.5" 116030.5" Palm Springs Airport
8 34001.2' 117006.0' Downtown Redlands
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Figure 3.6.7 shows flight data taken on a traverse from Cable Airport
to Hesperia beginning at 1513 PDT. Flight altitude started at 600 m (ms1)
and ended at 1400 m (ms1). Ozone concentrations were about 25 pphm at the
beginning of the traverse and decreased to about 18 pphm on the upwind side
of Cajon Pass. On the desert side of the summit ozone concentrations at
flight altitude dropped significantly to an average around 8 pphm.

Figure 3.6.8 is a sounding taken at Hesperia at 1532 PDT. There was
a2 shallow ozone layer in the lowest 500 m with peak concentrations of 10 pphm.
Above this layer ozone concentrations were near background levels to 2800 m
(ms1).

Figure 3.6.9 represents a sounding made at Redlands Airport beginning
at 1603 PDT. A moderate ozone layer was present to 1500 m (msl) or 1100 m
above the terrain. Peak concentrations were near 19 pphm with background
levels observed above 1500 m (ms1). This sounding was partially repeated at
1628 PDT in order to obtain a better description of the lower layer (Figure
3.6.10). Maximum concentrations to 20 pphm were found near the surface with
a top of the mixed layer near 1400 m (msl). Winds measured at Redlands at
this time were westerly within the surface ozone layer. This flow should
tend to transport the surface layer pollutants eastward into Mill Creek
Valley to the south of Mt. San Gorgonio.

The next sounding was made at 1655 PDT about 20 km downwind of Redlands
within the Santa Ana River Canyon (Figure 3.6.11). A surface layer of ozone
extended to a depth of about 900 m (top 1400 m-ms1) over the bottom of the
canyon. Peak concentration measured was 13 pphm although the spiral was only
conducted to within 200-300 m of the bottom of the canyon. At higher levels
a slight increase in ozone was observed above the surface ozone layer, At
16 PDT the surface ozone concentrations at San Bernardino and Redlands were
18 and 16 pphm, respectively. Surface winds at San Bernardino were from the
west-southwest and from the west-northwest at Redlands. It would therefore
appear that there was a divergent zone between San Bernardino and Redlands
which caused the primary pollutant transport to pass to the south of Mt.

San Gorgonio or northeastward from San Bernardino. On July 30, in any case,
the Santa Ana River Valley was not impacted to the extent expected from the
pollutant burdens in the eastern basin.

The next sounding was made over the High Desert Airport near Twenty
Nine Palms at 1734 PDT (Figure 3.6.12). The sounding shows a well-mixed
ozone layer in the lowest 1000 m with an average concentration near 11 pphm.
Concentrations aloft averaged between 8 and 9 pphm. Peak hourly surface
concentration at Twenty Nine Palms on July 30 was 8 pphm recorded at 18 and
19 PDT. Winds at Twenty Nine Palms in the ozone layer were from the west-
southwest. Figure 3.6.12, therefore, represents an example of late afternoon
incursion of pollutants into the Twenty Nine Palms area.

3-201



gdd *00s

E0 X

L186L 0€ AnLp -

1'9°¢ *bLd
YIYAdSIH 0L LY0dYIY 379vD WOYd ISYIAVYL L4VHOdIY

ANHA WIS T 40 LNIIHAd
09 O Oz 0 Oe-

8dd  "00Z XON + ]

fdd ‘002

ON 4

SH3al3W  °000h LW e 7

3aNTEA 37838 TAd

Lljlill!ll

1

: : : 18 : N
: : : d »
: : : : : 4 : L.
: : : : N ! : -
: : : &) : ! : B
: : : : 3, : : : -
ST P U S R U UTE SOUUT ORI SUTURRRROU USRS S . ISUTURIE IO ORI CARTURI
: : : : ) : o
: : : : : : -

_-__[-__-h-———____h.___—_P—I—L[h—b—_—____——rb

.__—m_——qm___—w

(L4d} 6251
1870€/ & 3160 174

| &. ™17 T;\h. T b_ ™ b. T ._ .- T _m T

Bl 8IST 13KHIL (1SW W B9RT) 2 JNIGd 0L T INIDd HOYJd 3SHIAAUYL

652 1SSHA/3dBL 1HO4SNEYL 43s

0°05

§°LE

0°se

§°e1

00

(KK)

DISTANCE FROM POINT 1

3-202



fdd
gdd
8dd
J *93q

*00S
‘002
‘002
*001

€0 X
KON -+
LN 4
dHil ©

ANTHA 3T63IS 104

8'9°¢ bL4
L86L°0E ALNP - YIYAdSIH LY 9INICANNOS L4VHOUIV

INBA 376IS 1d 4B IN3JHAd

001 08 ¢3 1] oe 0 Og-

-4

___T____r___ 00
_uWH”___Humw.."_..H_Mu_H__._m..._.....__.“.._._.. ..... SEENERE
T
..... ....... ..Wllo.ooom

2 LNIDd 1Y TudIdS

1H40d4SNUdL (43S

(L3d) 6hST DL 2€ST 13MIL
18/0€/7 ¢ :3ldd 2/6S2 %S50d/3dHl

UISH -~ W) 30nlIiy

3-203



001

6°9°¢ "BL4
186LC0E ALNP - LYOdYIY SANYIQAY LY HNIANNOS L4vdddlv

INA FW3IS 1IN 20 LN3JYE

og 09 Of o2 0 Oe-

_-—r___'r._r?_ _————h—_—hh_n__r___—_____—h—_—__—-———P—n__—_t

ddd
ddd
fdd
J "93a0

*00S
‘002
“00e
"001

g0 X
XON + ]

ON €4 -

dial ©

3N76A 37638 N4 4

veerenrens denses T o
. -
: o
: =
M . =
veeirenes R e T TS I TR T TR TR PR PRE RN 3] . IEETTERTE =
B P R R T e T care . sireiasenerisresiss sl
H : -
. =
Ceresasireskiieraersriarfrssaesrras e sesreeiesss sressadl . H sectreecsfomm

____m___—m.l___um____w.___w_-_w_._.m_-__——____—___-m____w____

£ INIOQd LB THdIdS

iBs0es L

(Lad) &191 P! E0G!
$31u0

PARTL

£/6S2 55Ud/3dUL

LHOJ4SNEdL 43S

00

0°gooe

0°000h

(ISK - W} 30nLILTH

3-204



, 0L'9°¢ "bLd
T 186L°0€ ALNP - LY0dYIV SONYIOIY LV HNIANNOS LAVHIUIV
7

INTWA 3WIS T 40 LNIOWAd
001 08 09 of 02 0 02~
) Y T—!— ) 1 _ :_t 1 1 m | N ) _’—ll— 1 1 j 11 1 1 _\P L h\_rj 1 1 1 rh\P 1 {1 m i 1 1 * 2 1 1 | m L1 ] 1 w ch
] : : : : N
L : y
W e ::::::T:::::w:::::@::::::T::::.....: R A ereeedi vevereni 0°00S
8dd  *00S g0 X -
. : : . ; : -
mmm UODN xoz + I.I'L . .:.-.;.......-...m. ..... .....-.m.-. .................... PPRET cen : ....-..:-.n-...-o....._lllo OQO“
8dd  "002 oN 4 m N
7 *930 *001 feenrensas ............. creed FUPT ll.
INWA WIS m : : -
. : ; . ....... ...w.........-. Ioﬁoomﬂ
” - A
r{t 11 r LANC LI T rrb md LENLBA md Lo L] m Trunori ‘ LA BRI m 131717 — ISR —Aw LI LA — LB l LI °-°°QN

(10d) hEST 04 8291 *:3IHIL £ LNIOd lH BHIdS

18/0€/ ¢ '318Q  B/G6SE 155Hd/3dYL 1HO4SNEHL d3S

(ISH - W) 3001117
3-205



L1"9°¢ *hLd

3NHA FWIS 1IN db LHEJE3
001 08 0y 0h 0¢

1861°0€ ALNP = NOANMYD YIATY WNY VLIMYS LY ONIQGHNOS L4VYOUIV

0 oe-

W} _ I 1 — g1 | ] _ N T 1 _ ] S S T ¢ _. U Oy A | — I e _ J O ) — | — § 1 1 — | I . — | S )

- M . =1
-— sraaaes selsesseernaensiinaana Pesfaraaasene ..........m............n............m............u............m............“............|.
. : 5 . -

T N A P AP TS SN
B . : :
L H : .
s TR R R R R R R brsresiusvereareens fesrarasanrrafrresranan rearracssfromm
] : H B [~

g0 X -
on A+ A

ddd ‘00s

*00e

8dd

gdd  "002 ON € B

3 *930 *001 dWal 0 |1.............m.. R PP _ ....... ver erasreanns ﬁ_ﬂl
I08A 31636 1704 ] w : : “

: .. -

(LOd) 907 0L SS8T *3HIL

18708/ & f3140 §/652 1S5Ud/adbl

_—~_W____.—____w__._“.__-_m_.__.___uw_—__—____‘.___~__—______

fi INIOd 1B HHIdS

LH0dSNEdL 43S

0°0

0°000h

(IsK - W) 3aniiiig

3-206



dd
gdd
add
J *9aa

WA 37838

*00S
*002
‘002
‘0ot

001

Z2L'9°¢ "biy

1861°0€ ALNp - LY0dYIV L¥3SAA HOIH LY HNIGNNOS L4VHIUIY

ANIBA YIS NG 55 LNI2YIL
c8 09 G

og 0 Ge-

!l"llllllllllLl‘J'

g0 X
XON + )

ON 4 |
-

dH3L &
]

Jnd

L

h\-r\——_—__-—-—-_x_r.[—__-__-V-P_———————_,_—

____—jnpp-_-_-j;__-h D-o

..........mla.ooﬁ

-
-

m............M............ .lllOnQon

-«_-m-_-'-#_ﬂm-qlﬂdw_-H.ﬂu.- -__-—

(10d) 9SLT BL RELT FIWIL
18/0€/ & t3ld0 97652 3SSHd/3dH1

S INID4 lB THHIdLS

140dSNUYL 43S

UISH - W) 30niILNY

3-207



A traverse was then flown from the High Desert Airport to the inter-
section of Highways 10 and 111 at the east end of San Gorgonio Pass (Figure
3.6.13). Flight altitude started at about 300 m over the terrain, well
within the mixed layer indicated in Figure 3.6.12. 0Ozone concentrations at
flight level decreased steadily until the area of the intersection was
reached. It would appear that the latter part of the traverse may have been
flown in the clean air above the surface mixed layer. As the aircraft
descended near the end of the traverse the ozone concentration increased
significantly.

A sounding was then made at the intersection of Highways 10 and 111
at 1818 PDT (Figure 3.6.14). A surface layer of ozone was present to a
level of about 1000 m above ground level. Peak concentrations of 19 pphm
were observed near the ground. Surface concentration at Banning at 18 PDT
was 17 pphm. The vertical structure of the ozone concentrations in Figure
3.6.14 do not indicate a well-mixed layer in the lowest 1000 m. Similar
profile structures were observed on July 9 and 27 at the same location. It
is suggested that the higher concentrations near the ground reflect the
effects of wave motion over and through San Gorgonio Pass. Through the wave
action in the lee of the pass, pollutants are brought to the surface layers
rather than be well-mixed in a turbulent wake downwind of the pass.

The next sounding was made at 1845 PDT at the Palm Springs Airport
(Figure 3.6.15). Surface ozone concentrations were about 15 pphm decreasing
steadily to near background levels at 2000 m (ms1). A plot of additional
parameters recorded on the same sounding is shown in Figure 3.6.16. The dew
point profile clearly defines the top of the basin air at about 1500 m (ms1).
Examination of the surface ozone values at Palm Springs indicates that trans-
port from the basin commenced at about 17 PDT. A peak hourly concentration
of 16 pphm was recorded at 19 and 20 PDT. Figure 3.6.15, therefore, repre-
sents the vertical structure of the basin air as it impacted the Palm Springs
area on Juiy 30.

The aircraft landed at the Palm Springs Airport and remained on the
ground for about two hours., After takeoff another sounding was made at
the Palm Springs Airport at 2120 PDT. This sounding is shown in Figure
3.6.17. The top of the ozone layer is more clearly defined at 1500 m (ms1)
than in Figure 3.6.15. Low-level ozone concentrations were observed to be
about 14 pphm. Surface winds at Palm Springs had continued from the west-
northwest at 6-7 m/s for the two-hour interval between soundings. Some
50 km of basin air, measured along the direction of travel, passed through
the Palm Springs area between the two soundings without appreciable change
in the vertical structure characteristics.

The final portion of the July 30 flight (Figure 3.6.18) was a
traverse from Palm Springs to Redlands through San Gorgonio Pass, beginning
at 2158 PDT. The flight altitude began about 300 m (ms1) and increased to
1000 m (ms1) at the end of the traverse. A significant increase in ozone
concentration at flight level was encountered near the east end of the
pass. Thereafter, ozone values averaged about 16 pphm for the balance of
the flight.
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3.6.4 Tracer Results - Test 6

Release Location: Carson

Date: July 30, 1981

Time: 0500-0900 PDT

Release Rate: 11.3 g/sec. SFg

Surface winds at the release site were light and variable
during the release period. Average velocities were less than one m/s.
Streamline patterns for 10 and 16 PDT are shown in Figs. 3.6.19 and 3.6.20.
At 10 PDT the wind flow in the western part of the Los Angeles basin was
1ight and southerly in direction. By 16 PDT the wind directions had shifted
to west-southwest in better agreement with the normal afternoon pattern.
Morning pressure gradients to the interior were relatively strong., These
were reflected in moderate wind flow through Soledad Canyon and Cajon Pass
by 10 PDT, increasing by 16 PDT.

July 30

Estimated tracer trajectories for July 30 are shown in Fig. 3.6.21,
The main tracer plume initially moved northward into Los Angeles before turning
abruptly eastward about 12 PDT in agreement with the shift in wind direction.
Thereafter, the tracer material moved along the southern edge of the San
Bernardino Mts. with one branch going through Cajon Pass to Barstow. A
second branch moved through San Gorgonio Pass and into the Coachella Valley
as far south as Indio. Travel times to Barstow represented an average velocity
of 2.7 m/s and 3.2 m/s into Indio. A small concentration (14 ppt) was oh-
served at Lake Arrowhead at 18 PDT. As a consequence of the light winds at
release time, initial impact of the tracer in the areas near Carson was quite
large. Concentrations over 100 ppt were observed as far east as the inter-
section of Highways 605 and 210 and near Pomona.

Calculated values of Xu/Q are shown in Fig. 3.6.22. These cal-
culations were based on an average wind speed of 0.7 m/s as observed at Carson
during the release period. The Xu/Q values correspond to stability conditions
C-D as indicated in the figure.

July 31

Extensive automobile traverses were performed on July 31. Desert
areas from Amboy to 29 Palms and southward into the Coachella Valley were
explored for evidence of carry-over from the previous day. No significant
concentrations were found in these areas on July 31.

Scattered SFg concentrations were found in the Los Angeles basin

during the day. Highest observed concentrations were 93 ppt near Santa Fe
Springs, 44 ppt near San Bernardino and 34 ppt at Upland.
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Hourly samples at Azusa and Pasadena showed concentrations of 13-
23 ppt and 10-16 ppt, respectively, beginning at 04-05 PDT on July 31 and
continuing for over six hours at each location. These occurrences are similar
to those observed on several previous tests during the field program.
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3.7 Test 7 3-4 August 1981, Dual Release
(SFg Ontario 0500-0900, 8/3/81 and CBrF3 Indio 0500-0900
PDT, 8/4/81)

3.7.1 Meteorology
General

A moderate low pressure trough aloft existed along the northwest
coast on August 3 (Figure 3.7.1), moving onshore by August 4. A surface
pressure ridge extended into the Pacific Northwest resulting in the thermal
trough being displaced to the east and southeast of its normal position.

Meteorological parameters for August 3 are given in Table 3.7.1.
850 mb temperatures were relatively cool (18°C at Vandenberg AFB) but the
morning inversion height at UCLA was near the median value for that time
of year. Surface pressure gradients into the inland areas were primarily
directed from west to east. A near-zero gradient existed in the morning
between LAX and Bakersfield. Both of these gradients had decreased by
the morning of August 4. Maximum surface temperatures were moderate at
Ontario but warm at Palm Springs.

August 3 was characterized by low pressure gradients and a moderately
low inversion height in the morning. Cool temperatures aloft, however, would
be expected to permit significant deepening of the marine layer during the
day.

Transport Winds

Surface winds during the Ontario release on August 3 are shown in
Table 3.7.2:

Table 3.7.2
SURFACE WINDS AT ONTARIO DURING RELEASE
AUGUST 3, 1981

Time Direction Speed
(PDT) (°) (m/s)
06 060 1.2
07 120 1.2
08 200 1.1
09 250 1.6
10 270 1.8
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Table 3.7.1
METEOROLOGICAL PARAMETERS
AUGUST 3, 1981

850 mb Temperature

Vandenberg AFB (0500 PDT) 18.0°C
Edwards AFB (0545 PDT) 21.8
Ontario (0830 PDT) 20.6
UCLA (0600 PDT) 19.6
Pressure Gradients (0800 PDT)
LAX - Daggett 3.4 mb
LAX - Bakersfield -0.1
Maximum Surface Temperature
Ontario 92°F (33.3°C)
Palm Springs 110 (43.3 )
Inversion Base Height* and Temperature
UCLA (0600 PDT) 15.9°C (413 m)
Rialto (0700 PDT) 15.5 (Surface)
Ontario (0830 PDT) 16.5 (370 m)
Inversion Top Height* and Temperature
UCLA (0600 PDT) 20.5°C (1076 m)
Rialto (0700 PDT) 21.1 (1050 m)
Ontario (0830 PDT) 20.6 (880 m)

* A1l heights are msl
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Surface winds at Ontario during the release period (05 to 09 PDT)
were light and variable during the first half of the release period.
During the last half and subsequent to the release the wind flow became
organized into a west to southwest flow typical of the daytime conditions
in the area.

The surface wind observations at Victorville, Lancaster and Palm
Springs are given in Table 3.7.3. The flow at Lancaster from Mint Canyon
was consistent and strong throughout August 3, decreasing only during mid-
day on August 4. Peak velocity at Lancaster was 14 m/s at 16 PDT. It is of
interest to note that the morning pressure gradient to Bakersfield was near
zero on August 3 and 4 but the gradient from LAX to Daggett was relatively
strong.

At Victorville the southerly flow from Cajon Pass was only minimally
apparent (14-16 PDT) on August 3 but was more significant on August 4 after
17 PDT.

The northwesterly flow into Palm Springs occurred on both August 3
and 4 but was more pronounced on August 3. Commencement of the flow on
August 3 was at 15 PDT but was delayed until 19 PDT on August 4.

Mixing Heights

Observed and predicted mixing layer heights for August 3 are shown
in Table 3.7.4. A marked increase in mixing layer height was observed at
Ontario from the morning to afternoon sounding (360 to 1230 m). A further
increase at Rialto to 1400 m was observed by the aircraft at 1620 PDT. Pre-
dicted maximum top at San Bernardino was 1520 m. Under these conditions
the visibility at San Bernardino and Ontario improved to 10-15 miles by
early afternoon (Table 3.7.5). Observed and predicted mixing layer tops
in the desert ranged from 1700 to 2000 m (ms1).

Table 3.7.5

OBSERVED VISIBILITIES - AUGUST 3, 1981

Time San Bernardino Ontario
(PDT)

10 7 miles 3 miles
12 10 4

14 10 7

16 7 15

18 7 15
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SURFACE WINDS - AUGUST 3-4, 1981

Table 3.7.3

Time Lancaster Victorville Palm Springs
(PDT)

06 260°/ 4.6 m/s 180°/2.1 m/s -

08 260 / 4.1 230 /0.5 180°/2.6 m/s
10 280 / 7.7 Calm Calm

12 290 / 7.7 270 /2.1 Calm

14 270 /12.4 210 /0.5 Calm

16 260 /14.4 190 /2.6 310 /9.3
18 260 /13.4 290 /5.7 300 /9.3
20 260 / 7.7 260 /5.1 290 /9.3
22 250 / 8.8 210 /3.6 270 /7.7
24 270 / 9.3 230 /2.1 -

02 270 / 8.2 160 /2.1 -

04 270 /10.3 Calm -

06 270 / 7.7 180 /3.1 -

08 250 / 3.1 170 /2.6 Calm

10 270 / 3.6 290 /1.6 Calm

12 070 / 2.6 180 /1.0 Calm

14 Calm 310 /1.0 050 /4.1
16 270 / 6.7 300 /3.1 110 /4.6
18 260 /10.3 200 /6.7 090 /5.1
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Table 3.7.4

MIXING HEIGHTS - AUGUST 3, 1981

Terrain Height

150 m
150

290
290

Terrain Height

450 m
800
1550
650
400

Terrain Height

1, Observed by Rasonde
Time Height (msl)
UCLA 0600 PDT 413 m
1200 391
Ontario 0830 360
1430 1230
2. Observed by Aircraft Sounding
Location Time Height (ms1)
Rialto AP 1620 PDT 1400 m
Cajon Pass 1640 1400
Santa Ana R. Cyn. 1727 2000
Banning AP 1754 1750
I-10 and 111 1836 1700
3. Predicted from Maximum Surface Temperature
Height (ms1)
Ontario 1540 m
San Bernardino 1520
Edwards AFB 2075

290 m
360
725
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3.7.2 Regional Pollutant Levels

Figure 3.7.2 shows a map of the peak hourly concentrations of ozone
observed on August 3 in the Los Angeles basin and nearby desert areas.
Maximum ozone concentrations in the basin were relatively low on August 3.
Highest value observed in the basin itself was 20 pphm at Pasadena. Mt.
Wilson, however, showed a peak ozone concentration of 24 pphm and Mt. Baldy
recorded a value of 23 pphm. Highest concentration observed in the desert
was 13 pphm at Lancaster, Victorville and Lucerne Valley.

A map of the time of peak ozone occurrence in the area is shown in
Figure 3.7.3. Many of the desert stations show the late afternoon or evening
peak arrival times which are typical of transport from the basin. Victorville,
however, recorded a peak at 10 PDT that could not be attributed to same-day
transport from the basin. It is probable that the ozone and precursors from
Cajon Pass were carried eastward into Lucerne Valley on this day. Another
unusual feature in Figure 3.7.3 are the early peak occurrences in the eastern
part of the basin. Perris and Riverside both recorded peak ozone concen-
trations at 14 PDT. Note also that all peak times from Burbank to San
Bernardino were 14 or 15 PDT. This is not the usual pattern of peak occur-
rences and suggests minimum ozone effects in the east basin from transport
from the central urban area.

Figure 3.7.4 shows the hourly ozone concentrations along the route
from Riverside to Indio and in the mountain areas. A pulse of ozone moving
into the desert past Banning is indicated in the figure. The magnitude of
the pulse, however, was relatively small. A higher background than usual
existed in the desert prior to the arrival of the peak. Peak occurrences in
the mountain areas showed their usual progression in time from west to east.
An unusually pronounced impact from the basin was observed at Fawnskin with
a peak ozone concentration of 12 pphm at 19 PDT.

Figure 3.7.5 shows the hourly ozone concentrations along the trans-
port route from San Bernardino and Newhall. The progression of peak times
from San Bernardino to Cajon suggest an effective ozone transport route
which did not appear at Victorville. It is not Tikely that the small peaks
observed at Barstow were associated with transport through Cajon Pass.

Surface winds at Barstow were from the west-southwest or west after 07 PDT.
The Newhall to Edwards AFB transport route is also suggested in Figure 3.7.5.
However, the large peak at Newhall is substantially decreased in the Lancaster
and Edwards AFB hourly sequences. The late peak at Barstow (23 PDT) may have
arrived from the Lancaster-Edwards AFB area.
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3.7.3 Aircraft Sampling - August 3, 1981

The MRI air quality aircraft sampled primarily in the vicinity of
Cajon Pass and San Gorgonio Pass on August 3. The principal objective was
to examine the transport of pollutants through the two passes. Figqure
3.7.6 shows the flight pattern and the locations designated on the map are
described in Table 3.7.6. Table 3.7.7 gives further details on the flight.

The initial sounding on August 3 was made at Rialto Airport (Figure
3.7.7) at 1620 PDT for the purpose of describing the vertical poliutant
structure in the basin. A well-mixed ozone layer extended from the surface
upward to 1300 m (ms1) or 800 m above ground level. Peak concentrations in
this Tayer were slightly over 20 pphm. The ozone concentrations decreased
rapidly at higher elevations.

The second sounding took place near Cajon Junction at 1645 PDT
(Figure 3.7.8). A surface layer extended upward to 1500 m (ms1) or 700 m
above the terrain at the location of the sounding. Near-surface ozone con-
centrations were about 17 pphm. The hourly ozone concentration at the
ground station in Cajon Pass was 14 pphm at 16 PDT. A strong ozone layer
existed aloft centered at about 2500 m (ms1). Peak concentration at this
level was over 20 pphm. The structure of this upper ozone layer is similar
to one observed at Cajon Junction on July 18. Winds aloft (measured at
Ontario) were from the west-southwest within this layer on both days, re-
flecting the transport of ozone from the southern slopes of the San Gabriel
Mountains to the southwest of the sounding location.

Figure 3.7.9 represents a traverse flown from Cajon Junction south-
eastward toward San Bernardino and within Cajon Pass. Flight altitude was
about 300 m above the terrain. A uniform ozone concentration of 16-17 pphm
was observed along the entire flight path.

Figure 3.7.10 shows the results of a sounding made in the Santa Ana
River Canyon at 1727 PDT at the same location as the sounding of July 30. A
shallow ozone layer with peak concentration of 17 pphm was present near the
surface to a depth of 500 m above the canyon floor. Two other layers are
indicated above the surface Tayer but with Tower concentrations. Surface
ozone concentrations measured at San Bernardino indicated 10 pphm at 17 PDT
and a peak value of 15 pphm at 15 PDT. Surface winds at San Bernardino were
west-southwest at 17 PDT and westerly at Redlands. The surface wind
directions on August 3 were more appropriate for transport into Santa Ana
River Canyon than on July 30 and the low-level concentrations in the canyon
indicate that transport from the eastern basin occurred more readily on
August 3.

Figure 3.7.11 is a sounding made at Banning Airport at 1754 PDT. An
elevated ozone layer is present in the sounding with peak concentration of
20 pphm at 1500 m (ms1) or 800 m above the terrain. Near the surface the
concentrations decreased to 13 pphm. Winds aloft at Banning at the time of
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Table 3.7.6

3 August 1981

Tape #260

TRAVERSE END POINT AND SPIRAL LOCATIONS

DESCRIPTION

POINT LATITUDE LONGITUDE
1 34007.5" 1170231 Rialto Airport
2 34017.3! 117027.5¢ 2 miles south of Cajon Junction
3 34018.8" 117028.5" Cajon Junction
4 34013.2¢ 117024.5° Intersection of I15 and Devore Fwy
5 34010.0" 116955.5" Santa Ana River Canyocn
6 33055.0! 116051.3" Banning
7 33055.5! 116032.5" 7.5 miles east of Point 8
8 33055.2" 116940.5" Intersection of Hwys 10 & 111
9 33053.7° 116941.7 South side Banning Pass
10 33058.5" 116038.8* North side Banning Pass
11 34907.0' 117041.0° Cable Airport
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the sounding were southwesterly in the low levels becoming west to west-
southwest in the upper level ozone layer. Surface ozone concentration at

18 PDT recorded at the Banning ground sampling station was 7 pphm having de-
creased from a peak value of 9 pphm at 16 PDT. The sounding indicates that
much more ozone was being transported through the pass on August 3 than was
observed by the surface station at Banning.

Figure 3.7.12 shows additional parameters for the same sounding at
Banning. bgcat values in the low layers are strongly reduced from those
characterizing the layer aloft. Figure 3.7.11 also shows that the NOy levels
were reduced in the lower layers. The Tow bgcat and NOy values in the surface
layer suggest that the low ozone values shown in Figure 3.7.11 are not the
result of reduction by NO. It is apparent that relatively clean air undercut
the main pollutant layer in the sounding area as well as at the site of the
surface ozone measurements.

After the sounding at Banning a traverse was made from Banning to a
point about 10 km east of the intersection of Highways 10 and 111. This
traverse is shown in Figure 3.7.13. Flight altitude was constant near 1500 m
(ms1). Ozone concentrations at flight level started at 20 pphm through the
pass but decreased rapidly to about 8 pphm at the end of the traverse.

It is clear from the sounding made at 1836 PDT (Figure 3.7.14) that
the top of the ozone layer in the vicinity of the highway intersection was
about 1700 m (ms1). Figure 3.7.13, however, shows that the aircraft was
above the ozone layer at 1500 m (ms1) by the end of the traverse shown. It
is implied, therefore, that the top of the layer decreased east of the high-
way intersection in accordance with the lee wave action suggested earlier.

Figure 3.7.15 shows a horizontal traverse across the exit from San
Gorgonio Pass from south to north. Flight altitude was about 1200 m (ms1)
which is about 800 m above the terrain. Peak ozone concentrations downwind
of the pass were about 19 pphm at flight level. The crosswind width of the
plume was at least 8 km of relatively high concentrations.

The final traverse on August 3 was flown from the intersection of
Highways 10 and 111 to Cable Airport beginning at 1931 PDT (Figure 3.7.16).
Flight altitude was 1000-1100 m (ms1). Ozone concentrations to 18 pphm were
present at the start of the traverse. After passage through the pass the
values decreased to average 10-12 pphm for the balance of the flight.
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3.7.4 Tracer Results - Test 7

Release Location: Ontario

Date: August 3, 1981

Time: 0500-0900 PDT

Release Rate: 8.8 g/sec. SFg

Surface winds during the release period at Ontario were light and
variable becoming west to west-southwest and increasing in velocity toward the
end of the release. Average wind velocity during release was 1.3 m/s. Stream-
line patterns at 10 and 16 PDT for August 3 are shown in Figs. 3.7.17 and 3.7.18.
Under rather flat pressure gradient conditions the flow through Soledad Canyon
and Cajon Pass was not well established by 10 PDT. The wind pattern in the
Mojave Desert was dominated by flow from the San Joaquin Valley. By 16 PDT
the flow through the passes was somewhat greater and the San Joaquin Valley
influence continued quite strong.

August 3

Plume trajectories for August 3 are shown in Fig. 3.7.19. Initially,
the main plume started toward the northwest. Observed concentrations near Up-
land and Pomona between 09 and 11 PDT were very high in light of the low wind
speeds during the release period. Thereafter, the tracer material moved toward
the northeast through Cajon Pass in response to the development of flow into
the desert. The Victorville sampler was not operative early in the day and no
evidence of plume passage was obtained at that location. By mid-afternoon
small concentrations were observed at Lucerne Valley (11 ppt). There were no
other significant concentrations observed that could be attributed to the plume
impact.

Fig. 3.7.20 shows the Xu/Q values calculated from the observed tracer
concentrations on August 3. Average wind speeds during the release period were
used in the calculations. Xu/Q values in the figure correspond to stability
conditions C-D except for one sample in which the centerline concentration was
probably not adequately sampled.

August 4

Automobile sampling was carried out on August 4 in the desert from
Niland to Joshua Tree to Victorville. Tracer concentrations were generally very
low (10 ppt or less) and are not considered to be significant.

Sampling in the Los Angeles basin generally covered the area from
San Bernardino to Pasadena. Scattered, sizeable SFg concentrations were observed,
particularly from San Bernardino to Pomona. A peak concentration of 55 ppt was
found near Colton about 10 PDT. A value of 64 ppt was observed near Pomona
between 19 and 20 PDT. Most of the samples, however, showed iess than 10 ppt
and a coherent pattern of SFg was not present. Hourly samples at Pasadena and
Azusa on August 4 did not show appreciable SFg concentrations.
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3.8 Test 8 11-12 August 1981, Brawley Release
(0600-0850 PDT, 8/11/81)

3.8.1 Meteorology
General

An extensive high pressure area aloft dominated the west coast from
August 6-9. By August 10-11 the upper level ridge was most pronounced in
the northwest and a weak trough moved southward along the eastern side of the

ridge into southern Nevada (Figure 3.8.1). A thermal trough at the surface
extended as far north as Washington.

Meteorological parameters for August 11 are given in Table 3.8.1.
The 850 mb temperature at Vandenberg AFB was above average for the time of
year. Pressure gradients inland, however, were relatively light. The base
of the morning inversion at UCLA (801 m) was quite high, permitting mixing
of the basin pollutants through a relatively deep layer.

August 11-12 followed a very warm period with maximum temperatures
of 100°F at Ontario on August 6, 8 and 9. Moderately strong pressure
gradients developed on August 9-10, resulting in a rather deep marine layer
on August 11. Surface pressure gradients decreased on August 11 from the
previous two days, reflecting the eastward movement of a weak trough away
from the desert areas.

Transport Winds

Surface winds at the release site in Brawley on August 11 are shown
in Table 3.8.2:

Table 3.8.2
SURFACE WINDS AT BRAWLEY DURING AND AFTER RELEASE

AUGUST 11, 1981

Time Direction Speed
(PDT) °) (m/s)
06 300 1.5
07 290 1.2
08 280 1.6
09 280 1.7
10 280 1.2
11 200 0.9
12 210 0.9
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Tabie 3.8.1
METEOROLOGICAL PARAMETERS
AUGUST 11, 1981

850 mb Temperature

Vandenberg AFB (0500 PDT) 23.0°C
Edwards AFB (0545 PDT) -
Ontario (0830 PDT) 20.5
UCLA (0600 PDT) -
Pressure Gradients (0800 PDT)
LAX - Daggett 2.1 mb
LAX - Bakersfield 1.8
Maximum Surface Temperature
Ontario 94°F (34.4°C)
Palm Springs 104  (40.0 )
Inversion Base Height* and Temperature
UCLA (0600 PDT) -
Rialto (0700 PDT) 16.7  (Surface)
Ontario (0830 PDT) 18.4 (400 m)
Inversion Top Height* and Temperature
UCLA (0600 PDT) -
Rialto (0700 PDT) 22.8 (740 m)
Ontario (0830 PDT) 22.5 (1130 m)

* A1l heights are msl
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Surface winds during the release period (0600-0850 PDT) were gener-
ally light from a west-northwesterly direction. After the release had
terminated a more southerly, but light, wind developed.

Surface winds at Lancaster, Victorville and Palm Springs for August
11 and 12 are shown in Table 3.8.3. Winds at Lancaster showed a moderate
flow out of Mint Canyon on August 11 until early morning on the 12th. A
stronger flow into the desert developed during the day on August 12 and
reflected increased pressure gradients toward the interior on that day.

The flow through Cajon Pass impacted on Victorville in a signi-
ficant fashion from 18-24 PDT on August 11 and from 16-20 PDT on August 12.

A flow from San Gorgonio Pass commenced at Palm Springs at about
21 PDT on August 11 but the flow did not appear to have reached Palm Springs
during the evening of August 12.

Mixing Heights

Observed and predicted mixing layer heights for August 11 are shown
in Table 3.8.4. Mixing layer depths were relatively high along the coast
and increased only moderately at Ontario by 1430 PDT. At San Bernardino,
however, the surface temperature was high enough to break the inversion,
based on the morning temperature sounding. Visibility at San Bernardino
increased significantly about 12 PDT, increasing to 20 miles at 14 PDT in
support of the inversion prediction. Visibility at Ontario improved to 7
miles at about the same time (Table 3.8.5). Mixing layer heights in the
Imperial/Coachella Valley were measured by aircraft during the morning
and near noon. lLayer tops increased from 600 m to 1300 m (ms1) in response
to the diurnal heating.

Table 3.8.5
OBSERVED VISIBILITIES - AUGUST 11, 1981

Time San Bernardino Ontario
(PDT)

10 7 miles 3 miles
1?2 10 4

14 20 7

16 15 7

18 10 7
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Table 3.8.3

SURFACE WINDS - AUGUST 11-12, 1981

Time Lancaster Victorville Palm Springs
(PDT)

06 280°/ 5.1 m/s 170°/4.6 m/s -

08 Calm 140 /5.7 270°/2.1 m/s
10 Calm 160 /3.6 070 /3.1
12 140 / 3.6 240 /3.1 060 /3.6
14 Calm 290 /2.6 080 /6.2
16 250 / 4.1 110 /1.0 090 /5.1
18 250 /10.3 180 /6.2 090 /4.1
20 250 /10.3 190 /4.6 110 /3.6
22 240 /11.3 190 /3.6 270 /6.7
24 260 / 8.2 140 /2.1 -

02 260 / 7.7 080 /2.1 -

04 270 / 7.7 190 /2.1 -

06 Calm Calm -

08 270 / 5.1 Calm 290 /6.2
10 250 / 8.2 290 /2.1 -

12 250 /10.3 230 /3.6 090 /4.1
14 250 /11.8 210 /5.1 080 /3.1
16 240 /11.8 180 /6.7 050 /2.6
18 - 160 /7.2 -
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Table 3.8.4
MIXING HEIGHTS - AUGUST 11, 1981

Terrain Height

150 m
150

290
290

Terrain Height

1. Observed by Rasonde
Time Height (ms1)
UCLA 0600 PDT
1200
Ontario 0830 400
1430 940
2. Observed by Aircraft Sounding
Location Time Height (ms1)
Brawley 1046 PDT 600 m
Palm Desert 1230 1300
3. Predicted from Maximum Surface Temperature
Height (msl1)
Ontario 1780 m
San Bernardino Inv. Broken

Edwards AFB -

-30m
0

Terrain Height

290 m
360
725
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3.8.2 Regional Poliutant Levels

Figure 3.8.2 shows the maximum hourly ozone concentrations observed
in the Los Angeles basin and nearby desert areas on August 11. Highest
hourly concentrations observed were 18 pphm at Mt. Baldy and Cajon Pass.
Lancaster experienced a peak value of 16 pphm but only Lancaster and
Victorville exceeded the state ozone standard on August 11. Most of the
peak concentrations in the Los Angeles basin were relatively low for an
August day.

A map of the times of peak ozone occurrences in the area is given
in Figure 3.8.3. All of the desert locations with the exception of Desert
Center and E1 Centro show Tate afternoon and evening peaks which correspond
to transport from the basin.

Figure 3.8.4 gives the hourly ozone concentrations along the trans-
port route from the basin into the Coachella Valley. There is evidence of
& minor ozone peak traveling from Banning through Palm Springs to Indio.
The magnitude of the peak, however, was relatively small. For the mountain
areas, the data show the typical upslope effects leading to peak ozone
concentrations in the mid-afternoon. There was no data taken at Fawnskin
on August 11.

Figure 3.8.5 shows the hourly ozone concentrations along the routes
from Newhall and San Bernardino into the Mojave Desert. Both routes show a
progression of the times of peak ozone occurrences along the routes from
Newhall to Barstow and San Bernardino to Barstow. The wind directions at
Barstow during the late evening ozone peak were from the southwest and it
is probable that the Barstow peak was associated with the flow through Cajon
Pass rather than through Mint Canyon. The peak concentration at Edwards AFB
was not very large and there are indications of a small, local peak occurring
at 12 PDT.

3.8.3 Aircraft Sampling - August 11, 1981

The air quality aircraft sampling on August 11 was carried out in the
Coachella and Imperial Valleys in support of a tracer release from Brawley.
Figure 3.8.6 shows the flight pattern on August 22 while the locations shown
on the map are described in Table 3.8.6. Further details on the flight
pattern are given in Table 3.8.7.

Figure 3.8.7 is a sounding made at Brawley Airport at 1046 PDT. Ozone
concentrations were relatively low throughout the sounding but with some slight
variations. Winds in the layer from the surface to 1500 m (ms1) were from the
south to southeast. Above this level the winds shifted abruptly to a westerly
direction. The increase in ozone aloft was therefore associated with air
advected in from the west. The low-level layer of slightly higher ozone con-
centrations may be the result of local effects.
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Table 3.8.6

11 August 1981

Tape #261

TRAVERSE END POINT AND SPIRAL LOCATIONS

POINT LATITUDE LONGITUDE DESCRIPTION
1 32059.1°" 115031.5! Brawley Airport
2 33007.6" 115016.2" Amos
3 32046.4" 115037.2¢ West of E1 Centro
4 32050.0" 115037.1" West of ET Centro Airport
5 33044.0' 116%16.0" Bermuda Dunes Airport
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Figure 3.8.8 gives the data from a traverse across the Imperial Valley
from northeast to southwest at an altitude of 300 m. Ozone concentrations
were uniform at about 5 pphm. A similar result is shown in Figure 3.8.9
which represents a traverse from near E1 Centro to the Bermuda Dunes Airport,
south of Palm Springs. Flight altitude was again at 300 m and no appreciable
variations in ozone concentration from 5 pphm were observed.

Figure 3.8.9 shows a sounding made at 1229 PDT at Bermuda Dunes
Airport. Ozone concentrations of 5-6 pphm characterized the sounding to 2700
m (ms1). A mixed layer to 1500 m (ms1) is indicated by the slight change in
temperature lapse rate.

The results of the sampling suggest that there was no significant

carry over of ozone or precursors in the Coachella/Imperial Valley on the
morning of August 11.
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3.8.4 Tracer Results - Test 8

Release Location: Brawley

Date: August 11, 1981

Time: 0600-0850 PDT

Release Rate: 8.1 g/sec. SFg

Surface wind conditions at Brawley were 1light, west-northwesterly
during the release period. Average wind speed was 1.5 m/s during the release.
By 11 PDT the wind direction had shifted to south-southwest with a velocity of
less than one m/s. Figs. 3.8.11 and 3.8.12 show the streamline patterns for
10 and 16 PDT on August 11. Under relatively 1light pressure gradients, the
flow through the passes was not well established by 10 PDT but had increased
by 16 PDT. A light southeasterly flow was present throughout the Imperial/
Coachella Valley, extending past Palm Springs.

August 11

Under light wind conditions at the release site there was little
transport during the early morning. By noon the southeasterly flow had be-
come more organized and the main tracer plume moved sTowly toward the northwest.
Although the sampling data were limited the main body of the plume apparently
continued northwestward toward Anza/Borrego. A portion of the plume, however,
moved northward and was observed the following morning at Indio. The arrival
of the plume at Indio was coincident with a wind shift to the south. Southerly
winds continued at Indio from 08 to 16 PDT. SFg concentrations up to 42 ppt
were observed beginning at 08 PDT and continuing through 1250 PDT. Transport
velocity into Indio averaged about one m/s for the period after the release.

Fig. 3.8.13 shows the Xu/Q values calculated from the SFg sampling
data for August 11. An average wind speed of 1.5 m/s during the release period
was used to obtain the Xu/Q data. A1l of the data points correspond to a C
stability condition as defined by a Gaussian model.

August 12

Automobile traverses on August 12 from 10 to 12 PDT covered the
area from Indio to Brawley along both sides of the Salton Sea. No signifi-
cant SFg concentrations were found. The area from Palm Springs to Amboy
was also explored without appreciable concentrations. Low concentrations
(about 20 ppt) were again found to the west of Pomona along Highway 210.
The Azusa and Pasadena hourly samplers did not operate during this test.
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4. DISCUSSION AND SPECIAL STUDIES

4.1 Slope Effects on Pollutant Transport

It was shown in Section 2 that Mt. Wilson, Mt. Baldy and Lake Gregory
experience hourly ozone concentrations that are frequently comparable to the
highest values observed in the Los Angeles basin. Fawnskin (Big Bear area),
however, characteristically shows considerably lower values than the other
high elevation stations. Elevations of the various stations employed in the
July-August 1981 program are shown in the following table:

Table 4.1.1
ELEVATIONS OF OZONE STATIONS

Location Elevation Upslope Wind Direction
(ft ms1) (degrees)

Mt. Wilson 5700 210

Mt. Baldy 4300 -

Lake Gregory 4500 SW

Fawnskin 6800 250

The maximum height of the afternoon mixing layer in the Los Angeles
basin during the field program was characteristically observed in the range
of 1200 to 1400 m (3900 to 4600 ft) above sea level. It is therefore apparent
that upslope motion due to heating during the afternoon is necessary to trans-
port the pollution into the higher elevation stations.

Figure 4.1.1 shows the average hourly ozone concentrations at the
four high elevation stations during the July-August 1981 observational period.
Also shown in the figure for three of the stations are the average upslope
wind components for each hour. Upslope directions were considered to be those
given in Table 4.1.1. Two wind stations were located on Mt. Wilson, one of
these reported only four times per day. Wind velocities were measured near
ground level and are undoubtedly lower than the effective transport speed due
to local roughness effects.

At each high elevation station, the average upslope wind component
peaked at 1300-1400 PST. Average ozone concentrations, however, show pro-
gressively later peaks from Mt. Wilson eastward to Fawnskin. In addition,
the curve of peak average ozone broadens considerably east of Mt. Wilson,
suggesting a more variable pollutant trajectory to the station. Maximum
average ozone concentrations at Mt. Wilson, Mt. Baldy and Lake Gregory were
similar. Fawnskin shows much lower ozone concentrations.

Peak upslope wind velocity and ozone concentrations at Mt. Wilson
occur at approximately the same time (14 PST) indicating that the source of
the pollution is relatively close to the area from which the upslope air is
drawn. To the east, the peak ozone concentrations occur after the peak in the
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upslope flow, suggesting that the pollution had to travel some distance to
reach the area where it could be drawn into the upslope flow. This is in
keeping with previous trajectories (Section 2) indicating central Los Angeles
as a main source area. On the average, then, local or nearby sources are not
as effective as contributors to peak ozone concentrations in the areas east
of Mt. Wilson.

The influence of local source areas is further examined in Figure

4.1.2. Variations in the time of maximum ozone occurrence are shown for each
of the four stations. This figure indicates for Mt. Baldy, Lake Gregory and
Fawnskin that the maximum hourly ozone concentration for the day frequently
occurred before the time of arrival of the pollution from the upwind sources
(e.g., Los Angeles). Mt. Baldy shows bimodal frequency maxima at 12 and 16
PST. The early maxima may represent the influence of residual pollution in
the east San Gabriel Valley coupled with local sources which is drawn into
the upsiope flow prior to the arrival of new pollutants from upwind sources.

On some occasions, the trajectory from the upwind sources does not
carry their pollutants into the upslope flow and the early maximum is the
only significant peak for the day. Most frequent wind directions at 13 PST
for a number of foothill stations are shown in Table 4.1.2.

Table 4.1.2

MOST FREQUENT WIND DIRECTIONS (13 PST)

Location Nirection Location Direction
ET Monte 190° Redlands WNW

La Verne 250 San Bernardino WSW
Pomona WSW Chino 240°
Pasadena S Fontana WSW
Azusa SW Ontario 240°
Upland SW Norton AFB 270°
Rialto WSW

Of the stations listed only for E1 Monte, Pasadena, Azusa and Upland
are the winds directed significantly toward the slopes of the San Gabriel Mts.
Such locations as Pomona, Rialto and Fontana show wind flow more nearly
oriented along the slopes. In the eastern part of the basin San Bernardino
and Fontana winds are directed toward the western portion of the San Bernardino
Mts. while the Redlands wind direction shows a flow more nearly parallel to the
slopes. Time variations of these wind directions during the day do not exhibit
strong upslope influences and it is concluded that the upslope flow draws air
primarily from the nearby foothill regions and that small changes in the pollu-
tant trajectory from upwind sources might prevent the central Los Angeles
pollution from reaching the slopes in a significant manner.
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Pibal observations were made at approximately two hour intervals at
a number of foothill and ridge locations during the tracer field program.
These permit calculation of air flux estimates for each location and for
various times of day. These estimates are given in Table 4.1.3. The fluxes
were computed only for the upslope components of the winds. The upslope
directions are shown in the table. Depths of the mixed layer are also shown.

On July 9 and 10 (Test 1) pibals were observed at Lake Gregory and
at Highland (northeast of San Bernardino). Maximum flux at Lake Gregory
occurred in the late afternoon with a minimum during the night. At Highland
the maximum flux also occurred during the afternoon but drainage during the
early morning reversed the flux through 08 PDT. Afternoon flux values at
Lake Gregory were about twice as great as at Highland. The upslope direction
at Highland (260°) apparently tends to feed air into the eastern slopes of
the San Bernardino Mts. whereas the flux into the western slopes (e.g., Lake
Gregory) is considerably greater.

On July 18 (Test 3) pibals were released at Crestline between 1310
and 1747 PDT. Flux estimates ranged between 3000 and 5000 mZ/s with peak
values in the late afternoon. These values are comparable to but slightly
less than those estimated at Lake Gregory on July 9-10.

Pibals were again taken at Lake Gregory on July 27-28. Flux esti-
mates within the mixed layer ranged from 1600 to 6400 m2/s with peak values
in the afternoon. Thus, all of the flux estimates near the ridge of the
San Bernardino Mts. were in substantial agreement.

Pibal measurements were made in the Santa Ana River Canyon (elevation
6300 ft ms1) on July 30-31 to investigate this valley as a potential exit
region for pollution from the basin. Flux estimates indicate values to 5000
m2/s in the late afternoon with down-canyon drainage flow from 20 PDT to 08
PDT on the following morning.

At Redlands on July 30 the flux in the afternoon was estimated to be
3900 m2/s by late afternoon based on an upslope wind direction of 270 degrees.

The Highland location (northeast of San Bernardino) has a mean up-
slope wind direction of about 260 degrees and lies at the downwind end of a
trajectory which originates in the southern portion of Los Angeles. The
consistent wind direction from the west-southwest at that location during
the afternoon and evening indicates that the mountain slopes to the east-
northeast of Highland do not offer much resistance to upslope flow as long as
the slopes are heated. Total air flux at Highland over the period from 10 PST
to 22 PST from the July 9-10 data was estimated to be 0.8 x 108 m2. Assuming
a nominal 10 km crosswind distance centered in Highland, 8 x 1011 m3 of air
would pass through the Highland area within the mixing layer during such an
upslope day. By com?%ri on, the Los Angeles basin includes a volume of
approximately 5 x 1014 m° if a uniform mixing layer depth of 600 m is assumed.
It is therefore apparent that a significant part of the basin air moves up-
slope past the San Bernardino area each day.
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Table 4.1.3

ESTIMATES OF AIR FLUX WITHIN MIXED LAYER

Location Date Time Depth of Layer Flux
(1981) (PDT) (m) (m2/s)

Lake Gregory 7/9 1417 550 6030
1645 550 6060

Upslope Direction 1800 550 6180
200° 2010 440 5770

2200 450 3720

7/10 0018 450 5010

0200 550 5050

0410 500 4100

0600 450 3490

0800 600 4560

1000 650 5360

1200 550 5140

Highland 7/9 1241 850 2180
1400 850 2940

Upslope Direction 1603 900 2130
260° 1800 700 1920

2003 400 1060

2204 - 200 200

7/10 0213 400 ' - 240

0625 450 - 300

0800 400 - 700

0955 450 320

1205 650 1600

Crestline 7/18 1310 350 3540
1402 450 3860

Upslope Direction 1510 350 2900
200° 1604 350 4210

1703 350 4500

1747 500 5010

Lake Gregory 71/27 1415 300 2260
1600 600 3630

Upslope Direction 1800 450 4040
200° 2025 450 3820

2202 450 2730
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Estimates of Air Flux Within Mixed Layer (Continued)

Location Date Time Depth of Layer Flux
(1981) (PDT) (m) (m2/s)

Lake Gregory 7/28 0006 350 1760
0445 450 1640

0823 700 3770

1010 700 3900

1200 650 6380

1400 400 3650

1600 550 4920

1800 550 5830

2032 400 4660

Santa Ana 7/30 1503 950 5140
River Canyon 1639 900 4820
1800 800 3580

Upslope Direction 2035 400 - 630
300° 2206 400 - 900
7/31 0000 300 - 630

0647 500 - 920

0800 200 - 180

1000 550 2450

1203 1000 2770

1400 1100 3260

1600 1050 4990

1800 1050 3330

1933 700 1280

2030 700 -1410

Redlands 7/30 0958 450 860
1410 650 2490

Upsiope Direction 1604 1000 3950
270° 1800 750 3920
2036 500 2740




Aircraft soundings were made at two ridge-top locations to measure
the depth of the pollutant layer passing over the ridge. Several of these
soundings are shown in Figures 4.1.3.

In Figure 4.1.3a a vertical sounding was taken near Highland at
about 1542 PDT near the location where pibal winds were being measured. The
figure shows a well-mixed ozone layer to 1400 m (ms1) followed by a sharp de-
crease above the mixed layer. Figure 4.1.3b shows a similar sounding made
over Lake Gregory at 1602 PDT on the same day. The top of the layer over
Lake Gregory was about 1750 m (ms1) while the depth was about 450 m compared
to the 900 m depth at Highland. Reference to Table 4.1. 3 shows that the air
flux within the mixed layer at Highland was about 2100 m2/s at 16 PDT while
the flux at Lake Gregory was about 6000 m /s at 1645 PDT.

Ozone loadings as estimated from the aircraft soundings are summa-
rized in a later section. These loadings and the air flux estimates can be
used to calculate ozone flux estimates for Highland and Lake Gregory. At
Highland the ozone flux estimate was 0.79 g/m sec within the mixed layer
while the comparable value at Lake Gregory was 1.28 g/m sec. Average wind
speeds in the mixed layer were 2.4 m/s and 10.7 m/s, respectively. It is
concluded that the ozone flux over the ridge at lLake Gregory was somewhat
higher than in the upslope motions at Highland in spite of a higher average
ozone concentration (21 pphm) than at Lake Gregory (17 pphm).

An aircraft sounding was made on July 30 within the Santa Ana River
Canyon at 1655 PDT, accompanied by pibal observations. 0Ozone flux was esti-
mated at 0.27 g/m sec with an average wind speed of 5.4 m/s and an average
concentration of 9 pphm within the mixed layer.

These few ozone flux estimates point toward decreasing fluxes from
Lake Gregory eastward along the San Bernardino Mts. This pattern also was
apparent in the characteristics of hourly ozone concentrations at Lake
Gregory and Fawnskin.



ALTITUDE (M - HSL)

ALTITUDE (M - MSL)

SED TRANSPORT TAPE/PRSS: 251/t  ORTEs 7 7% /81

SPIRAL AT POINT 1 TIME: 1542 T8 1559 (POT)
m.n 1 1 1 1 I $ 1 11 I F l .2 1 3 I 1.0 4 l [ .Ll 1 1 ! 1.4 1.9 ! 9 1 1 1 ! $ t £ J ! 3.4 11 !J 1 .41
2000.0 — [
2 . O TEW
4 L
3 - b NO
o 5
2000.0 —] F + Nox
N B
R F X 03
B
] F
] [
1060.0 — F
% [
0.0 e o LA SN AP - : : : : [
T T ; T B A Al A LS RALLS LAS
-20 o 4o 60 80 100
PERCENT OF FULL SCALE VALUE
a. Highland
SED TRANSPORT TAPE/PRSS: 251/2  DRTEs 7 /8 /81
SPIRAL AT POINT 2 TIKE: 1602 7O 1508 (POT)
m.o 2 8 1 1 ! 1 1 1] ! I ) ! [l lLL! 3.1 1 1 ' 12 3 ) ! I ! 1.0 t 9 l 1.1 1 lll 3t | 1 2. 4.2 ! 1.1 1
3 5
3000.0 — [
. - FULL
- (. O TEWP
: L
2000.0 — [+ nox
1 [ xX 063
1600.0 — F_
1 3
o.u N LI r LR SR S r LN NN I | x LI SR 1 T Lie v r - ' v : : [
'l I I I R ‘ LR ) Tl LB L I T8 1 3 I'I'—Y LR} I T AT I11 T T TI LI |
-20 o 20 ) 60 80 100

PERCENT OF FULL SCALE YALUE

b. Lake Gregory

AIRCRAFT SOUNDINGS - July 9,1981
Fig.4.1.3 4-9

100.
200.
200.
S00.

FULL SCALE ¥ALUE

0EG. €
PPB
PPB
PPB

SCALE VALUE

100.
200.
200.
500.

DEG. (
PP8
PPB
PPB



4.2 Transport Through the Passes

Flow through the passes is controlled largely by diurnal variations
in pressure gradients between the coast and desert areas. Diurnal changes
in average wind speed and ozone concentrations are shown in Figures 4.2.1
and 4.2.2 for several stations along the transport routes through the various
passes. Predominant wind directions at the time of maximum average wind
speed are also shown.

Figure 4.2.1 shows a progressive change in the time of the peak
velocity occurrence from Burbank to Palmdale and Lancaster with an anomalous
early peak at Newhall, perhaps due to morning heating of nearby slopes. The
pollution peak follows a similar progression but with the peak ozone concen-
trations leading the wind speed maximum by 1-2 hours. The total time of
travel for the ozone peak from Burbank to Lancaster (3 hours) is in keeping
with the travel distance of 40-50 miles and transport wind velocities of
about 15 mph.

Figure 4.2.2 shows a similar series of diurnal curves from San
Bernardino to Victorville through Cajon Pass. Approximately two hours differ-
ence in peak ozone concentrations is indicated between San Bernardino and
Victorville, corresponding to a travel distance of about 30 miles. Cajon
Pass, however, shows bimodal peaks in both wind speed and ozone concentrations.
Neither of the peaks fits in with the indicated transport from San Bernardino
to Victorville. The early peak (13 PST) at Cajon probably reflects the effects
of morning slope heating. The source area for the accompanying ozone peak is
undoubtedly the eastern Los Angeles basin rather than the central Los Angeles
area. The later ozone peak (18 PST) occurs after both the San Bernardino and
Victorville peaks and must reflect the effects of a complex flow structure
within the pass.

Figure 4.2.3 shows a series of average diurnal variations in wind
speed and ozone concentrations from Riverside (Rubidoux) to Palm Springs
through Banning. Peak ozone concentrations indicate a total travel time of
3-4 hours over the distance of 50 miles from Riverside to Palm Springs. It
is of interest to find the peak average concentration at Palm Springs some-
what higher than at Banning. As will be shown later, the flow structure
through San Gorgonio Pass is sufficiently complex that highest ozone concen-
trations occasionally go through the pass as an elevated layer while surface
concentrations at Banning remain relatively low.

Pibal observations were made on several occasions in each of the
passes. Figure 4.2.4 shows a time-section of the wind component (along 260°)
through Soledad Canyon at Acton. The top of the surface mixed layer is shown
by a dashed line as determined from wind shear indications. The mixed layer
was about 1000 m deep through most of the afternoon on July 14, increasing
near midnight. Wind flow was west to west-southwest in the mixed layer and
ozone concentrations averaged 15 pphm (Figure 4.2.5). Above the mixed layer
there was another layer (see Figure 4.2.5) with average ozone concentrations
of about 18 pphm. Wind directions in this layer were from the south to
southwest, indicating a source region along the western slopes of the San
Gabriel Mts.
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Figure 4.2.6 gives a vertical time-section of the wind component
(along 200°) through Cajon Pass on July 18. Peak velocities occurred about
16 PDT and the height of the low level, mixed layer also reached a peak at
that time (about 1000 m above ground level). Figure 4.2.7 shows an aircraft
sounding made at Cajon Junction at 1549 PDT on July 18. A low ozone layer
of 600 m depth was observed by the aircraft. The top of the ozone layer
corresponded to the height of the wind maximum as indicated by the hori-
zontal dashed line in Figure 4.2.6. A higher ozone layer was present from
1800 to 3100 m ms1l. Winds in the lower layer were southerly along the main
axis of the pass. Winds in the upper ozone layer were southwest to west,
indicating transport from the eastern slopes of the San Gabriel Mts.

Figure 4.2.8 shows a vertical time-section of the wind component
(along 260°) through San Gorgonio Pass on August 3. The low-Tevel, mixing
layer rose to about 1300 m by early evening. Aircraft soundings were made
at Banning (1754 PDT) and at the intersection of Highways I-10 and 111 (1836
PDT). Tops of the observed ozone layers are shown as horizontal, dashed
1ines in Figure 4.2.8. The sounding at Banning (Figure 4.2.9) shows an
elevated ozone layer with a peak value of 20 pphm at 1500 m msl. Lowest-
level concentrations were measured by the aircraft at 13 pphm. Peak hourly
ozone concentration measured by the surface station at Banning was 9 pphm
at 15 PST.

The sounding in Figure 4.2.10 was taken at the intersection of I-10
and 111. The same elevated ozone layer is found in the sounding with peak
concentrations aloft near 19 pphm. It is of interest to note that the high-
est hourly ozone reading at Palm Springs on August 3 was 11 pphm at 18 PST.
Although Palm Springs recorded a higher ozone value than Banning, neither
experienced the high concentrations which were observed aloft.

Air flux estimates were made from the pibal data obtained in each
of the passes during the field program. The depth of the flow was intended
to include the layer carrying the pollutants out of the Los Angeles basin.
This depth was determined from the aircraft soundings, when available, and/
or from the wind shear information provided by the pibals. In the case of
Cajon Pass the two layers defined by the aircraft and by the wind shear
were not necessarily the same as indicated in Figure 4.2.7.

The air fluxes estimated from the pibal data are shown in Table
4.2.1. These fluxes represent the total volume of air flow in a vertical
column one meter wide within a layer depth as shown in the table. These
flux estimates were generated in the same manner as those shown in 4.1.3.
The actual numbers, however, are somewhat larger than shown in Table 4,1.3,
reflecting primarily the increased depth of the pollutant layers through
the passes compared to the flow up the slopes or over the ridges. This,
in turn, is a consequence of the convergent air flow through the passes
which raises the depth of the mixed layer relative to the depth observed
over the basin. Effective air flow through all of the passes occurs over
a total crosswind width of 8-10 km. 1In spite of the higher air flow rate
through the passes the total flow out of the basin must be primarily due
to upslope flow in view of the larger areas involved (90 km along the
slopes of the San Gabriel Mts. alone).
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Table 4.2.1

AIR FLUX ESTIMATES

Date Time Mixed Layer (mZ/s) 0zone Layer (mZ/s)
(PDT) Depth Flux Depth Flux
Banning 7/09 1239 1,100 7,560
1417 1,400 8,250
1607 1,300 8,240
1809 1,200 7,270
2010 1,100 8,990
2210 1,050 7,740
Cajon Summit 7/089 1155 1,200 7,860 400 4,130
1358 1,400 16,800 600 8,690
1601 1,300 13,150 450 5,670
1758 900 10,250 350 4,680
1956 750 9,310 250 3,630
2214 400 3,120 200 2,100
Acton 7/14 1206 700 1,270
1433 1,050 4,430
1632 950 6,010
1805 950 7,160
2004 900 7,790
2212 1,100 6,750
2357 1,500 13,070
Cajon Junction 7/18 1210 700 4,300 200 1,590
1401 950 8,340 250 2,050
1605 1,100 10,840 600 6,140
1800 1,050 7,920 450 3,020
2010 850 5,670 300 2,130
2240 850 4,570 400 1,790
Banning 7/22 1443 1,200 6,730
1606 1,250 11,990
1759 1,250 9,170
2022 1,300 13,900
2159 1,050 8,380
Banning 7/27 1426 1,050 4,980
1553 1,350 10,230
Banning 8703 1400 600 3,440
1609 800 4,530
1817 1,150 9,030
2007 1,250 10,670
2002 1,200 9,570
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A number of aircraft flights were made immediately downwind of the
passes to document the impact of the transport through the passes on the
desert areas. The soundings in Figure 4.2.11 were made on July 14 in the
Mojave Desert. Two layers of ozone are shown with the interface between
the two layers at about 1300 m ms1. The upper layer apparently originates
along the southwestern slopes of the San Gabriel Mts. while the lower layer
is directly transported through the pass. Note that the base of the upper
layer is maintained at the same height above sea level from Palmdale to
Adelanto (near Victorville). Depth of the layer over the desert was about
400-500 m above ground level.

A horizontal traverse was flown by the aircraft from just north of
Lancaster to near Victorville at 1832-1858 PDT. A plot of the ozone measured
along the track is shown in Figure 4.2.12. The height of the traverse was
1676 m ms1 which corresponds to the upper ozone layer shown in the previous
figure. Peak ozone measured along the traverse was 18 pphm. On the basis
of the traverse and nearby winds aloft, a probable trajectory of the ozone
plume is shown in the figure. The significant feature of the data is that
the layer aloft maintained its identity (and strength) across the Mojave
Desert to near Victorville without being disrupted by surface heating.

The sounding in Figure 4.2.13 was made at 1712 PDT on July 27 near
Victorville. The low-level ozone layer shows an average concentration of
9-10 pphm to a height of 600 m above ground level. Farther aloft are one
or two ozone layers with a peak ozone concentration of 18 pphm. Peak hourly
surface concentration observed at Victorville on July 27 was 13 pphm at 20
PST. Similar low-level layers were observed in the Victorville/Hesperia
area on July 9, 18 and 30 as well as on July 27. In each case the depth of
the layers was 400-600 m above ground level. On some occasions, however,
the upper ozone layer was not present, apparently due to differences in
wind direction aloft.

Figure 4.2.10 showed an aircraft sounding made at the intersection
of Highways I-10 and 111 (immediately downwind of Banning) on August 3.
An elevated ozone layer was indicated in the sounding. Figure 4.2.14
shows a sounding made at the same location on July 30 at 1818 PDT. 1In this
case, the peak ozone of 19 pphm was at ground level. Peak surface ozone
measured at Banning on July 30 was 17 pphm at 17 and 18 PST. In spite of
the surface elevation differences between Banning and the highway inter-
section (Banning is 300 m higher) the surface ozone shows little dilution in
the downwind travel to the highway intersection. The action of the lee wave
flow documented by Kauper (1971) serves to keep the surface concentrations
relatively high immediately downwind of the pass.

Soundings were made at the highway intersection on five days (July
9, 22, 27, 30 and August 3). The soundings on July 22 and August 3 showed
peak ozone layers aloft. In the remaining soundings the peak concentration
at the highway intersection occurred at the surface.
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Figure 4.2.15 represents an aircraft sounding made at Palm Springs
Airport at 2121 PDT on July 30. An ozone layer about 1400 m deep is shown
in the figure with peak concentrations in the low layers near 14 pphm. Peak
hourly ozone concentration observed at Palm Springs on July 30 was 16 pphm
at 17 and 18 PST. The ozone layer at Palm Springs observed on July 30 was
somewhat deeper and with somewhat lower surface concentrations than observed
at the highway intersection in Figure 4.2.14,

Additional soundings were made at Palm Springs on July 22 and July 27.
These soundings show ozone layers to a depth of about 1200 m or less, depending
on the time of the sounding relative to the intrusion of ozone into the area.
From these observations the indications are that the ozone layers penetrating
into the Coachella Valley are somewhat deeper than those moving into the
Mojave Desert.

4.3 Transport Through the Desert

Streamline maps presented in Section 2 show the typical flow patterns
occurring in the desert during the summer. Key features of the patterns are
flow from the San Joaquin Valley and through Soledad Canyon into the Mojave
Desert, flow through Cajon Pass into the eastern Mojave Desert and pene-
tration of Los Angeles Basin air into the Coachella Valley and into Morongo
Valley.

Figure 4.3.1 shows average hourly variations in wind speed and ozone
concentrations for the July-August 1981 period at three locations in the
Mojave Desert. Most frequent wind directions are indicated at the time of
maximum wind speed. Nighttime levels of ozone at China Lake and Edwards AFB
are near 5 pphm, decreasing slightly by about 05 PST. These values represent
the ozone background levels to be expected in the area. Barstow, however,
shows lower values at night with a Tow of less than 2 pphm at 05 PST. Daggett
[not shown), on the other hand, corresponds to China lake and Edwards AFB. It
is assumed that Tocal highway traffic near Barstow is responsible for the
reduced ozone values at night at that location.

A1l three locations exhibit slight ozone peaks in the forenoon (09-11
PST) of the order of 7 phm which are attributable to local effects. On an
average basis, there is little ozone transport indicated at China Lake associ-
ated with the higher wind velocities during the afternoon. At Edwards AFB,
however, the afternoon ozone concentrations are clearly associated with in-
creased transport from the southwest. At Barstow, a minor ozone peak in the
late afternoon corresponds to the peak transport from the west to southwest.

Data from the 1980 wind energy study (Berry et al., 1981) have been
used to examine the wind flow characteristics across the northern portion of
the Mojave Desert. Locations of the stations used in the present study are
shown in Figure 4.3.2. Diurnal variations in average wind speeds at the four
locations during July-August 1980 are shown in Figure 4.3.3. A progressive
shift in the time of maximum average wind speed from Antelope to Daggett is
indicated. Total distance between the two stations is about 95 miles. The
total shift in peak times is four hours.
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Figure 4.3.4 shows isochrones of the time of peak average wind speed
throughout the Southeast Desert Air Basin. Immediately downwind of the
Tehachapi Mts. and boundaries of the Los Angeles Basin peak average wind
speeds occur from 15-18 PST. A surge of air flow seems to move across the
desert thereafter but does not usually reach the Arizona or Nevada border.
As indicated in the figure a favored trajectory appears to be eastward and
southeastward through 29 Palms.

The frequency of wind surge occurrences in the Mojave Desert can be judged
from the 1980 wind data collected by Berry et al. (1981) in Table 4.3.1.

Table 4.3.1

FREQUENCY OF WESTERLY WINDS >10 mph

Time Antelope Soledad Kramer Daggett
(PST) (%) (%) (%) (%)

20 90 72 98 78

24 93 49 79 100

04 80 37 41 83

08 67 34 34 12

Moderate to strong westerly winds occur in the northern Mojave Desert on
most evenings with the frequency of occurrence decreasing somewhat by the
following morning. This flow provides transport from the San Joaquin Valley
into the desert on a highly frequent basis but also serves to ventilate the
desert and prevent local pollutants from accumulating on most occasions.

Several examples of the wind flow structure in the desert are shown in
Figures 4.3.5 to 4.3.7 in the form of vertical-time sections oriented along
the mean wind directions which characterize the typical evening flows. 1In
Figure 4.3.5 the wind components at Barstow along a 270 direction are plotted
for July 14-15, On the evening of July 14 the wind surge commenced abruptly
between 16 and 18 PDT and accelerated to peak velocities between 20 and 22
PDT. Depth of the flow was over 1500 m and indications of the flow remained
as late as 06 PDT on the following morning.

The flow pattern at Desert Center in Figure 4.3.6 has been referenced to
240°. On the night of July 22 the wind surge commenced abruptly between 16
and 18 PDT and continued through 08 PDT on July 23. The depth of the flow
was much shallower than indicated in Figure 4.3.5 but the peak velocities
were also recorded between 20 and 22 PDT,
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Flow characteristics at Palm Springs on July 22-23 are shown in
Figure 4.3.7. Wind components in the figure have been referenced to 320°.
The wind surge was already present when the series of observations com-
menced at 16 PDT. Depth of the flow was about 1100 m but this decreased
rapidly during the evening. Shallow remnants of the northwesterly flow
continued through 04 PDT on July 23. The balance of the flow pattern was
characterized by southeasterly winds.

The map in Figure 4.3.4 suggests that the wind surge through the
northern Coachella Valley frequently reaches Palm Springs and Indio but
often does not get as far as Thermal before losing its momentum. This is
examined further in Table 4.3.2 which shows the percentage of northwesterly
winds at Palm Springs, Indio and Thermal for various times of the day in
July-August 1981:

Table 4.3.2

PERCENTAGE OF NORTHWESTERLY WINDS
(North through West)

Time Palm Springs Indio Thermal
(PDT) (%) (%) (%)
15 40.4 2.7 0.0
18 72.3 8.5 2.8
21 95.7 76.6 51.4
24 100.0 87.2 51.4
03 93.6 87.2 60.0
06 74.5 74.5 25.7
09 19,1 27.6 20.0

The frequent penetration of air from San Gorgonio Pass as far as Palm
Springs is shown in the table. However, the northwesterly flow often does
not extend as far as Thermal as indicated by the lower percentage values.

Reible et al. (1982) have demonstrated that pollutants from the San
Joaquin Valley can be transported over the Tehachapi Mts. into the Mojave
Desert. This transport is further substantiated by the wind energy studies
of Berry et al. (1981) in which west to northwest winds throughout the western
part of the Antelope Valley have been shown to be a substantial wind energy
resource.

Reible et al. (1982) also documented the flow from the Los Angeles
Basin through Soledad Canyon by means of a release in the San Fernando Valley.
The present study (Test 2-July 14) again demonstrated this transport route with
a release at Sylmar. Concentrations of SFg were observed at Palmdale, Edwards
AFB and Barstow. The center of the tracer cloud apparently passed to the south
of Edwards and Barstow after leaving Soledad Canyon.
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The relative influence of these two transport routes on the pollu-
tant levels in the Mojave Desert must vary somewhat from day to day,
depending on slight changes in regional pressure gradients. The mean
streamlines shown in Section 2 (Figures 2.5.1 to 2.5.7) suggest that the
zone of confluence between the San Joaquin Valley and Soledad Canyon flows
generally lies near or slightly to the north of Edwards AFB. To the north
of this zone the area is largely under the influence of San Joaquin Valley
flow and within the Soledad Canyon flow to the south.

One method of investigating the relative influence of the San Joaquin
Valley and Soledad Canyon flows is to examine the daily peak ozone concen-
trations at Lancaster and Edwards AFB. Edwards is located about 15 miles to
the northeast of Lancaster without intervening significant sources or sinks
of ozone. If Edwards was directly downwind of Lancaster (along the line of
the Soledad Canyon flow) dilution should be the primary reason for differ-
ences in peak concentrations between the two locations. Peak ozone
differences are shown in Table 4.3.3.

Table 4.3.3
PEAK OZONE CONCENTRATION DIFFERENCES
LANCASTER MINUS EDWARDS AFB (JULY-AUGUST 1981)

Peak Ozone Difference Percent of Cases
(pphm) (%)
0 2.8
1 11.4
2 2.8
3 14.3
4 22.9
5 22.9
6 8.6
7 5.7
8 2.8
9 0.0
10 2.8
11 0.0
12 0.0
13 2.8
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Data in the table indicate that peak daily ozone concentrations are
usually 4 to 5 pphm lower at Edwards AFB than at Lancaster. In 17 percent
of the cases, however, the peak concentrations are within 2 pphm. Pre-
sumably, these cases reflect direct transport from Lancaster to Edwards AFB.

It is to be noted that the peak ozone difference between Lancaster
and Edwards AFB on July 14 was 6 pphm. On this occasion, tracer and air-
craft sampling indicated that the center of the Soledad Canyon plume moved
to the south of Edwards AFB although SFg concentrations were observed at
Edwards. It is reasonable to assume, therefore, that in 22 percent of the
cases (6 pphm difference or more) the center of the ozone plume from Soledad
Canyon did not pass through Edwards AFB. The bulk of the peak differences
occur at 4 to 5 pphm which suggest significant but not maximum impact of the
Soledad Canyon plume.

On a qualitative basis, therefore, it is assumed that a direct impact
of the Soledad Canyon plume occurs at Edwards AFB in a limited number of
cases and a near-miss also occurs to a 1imited degree. It can be argued from
the comparative ozone concentrations and timing of the peak concentrations
that moderate impact at Edwards occurs in the bulk of the cases. This suggests
a mean trajectory for the ozone plume somewhat to the south of Edwards AFB,
continuing toward Barstow and Daggett. This is in conformance with the mean
streamline patterns given in Section 2.

4.4 Pollutant Carry-over in the Desert

Average ozone concentrations for a number of locations in the desert
are shown in Figures 4.2.1, 4.2.2 and 4.3.1 for the period July 1 to August 15,
1981, At each of the locations average ozone concentrations tend to rise to
a plateau or small peak at around 09-10 PST. Increased ozone concentrations
in the early forenoon have been attributed to the effects of local emissions
or to the carry-over of pollutants or precursors transported into the area
during the previous day. One of the objectives of the present study was to
examine the relative importance of these two effects insofar as possible.

A summary of the early forenoon ozone concentrations in the desert is
given in Table 4.4.1. Frequency distributions of ozone concentrations at 09
PST are given for the available desert stations. Most frequent concentrations
range from 6 to 8 pphm at all locations except Indio and E1 Centro which have
most frequent values of 4 and 5 pphm, respectively. Indio, however, shows a
secondary peak of 7 pphm, in agreement with the Palm Springs distribution. It
is presumed that local traffic around Indio frequently results in a reduction
in morning ozone concentrations. Greater interest, however, centers in the
number of high morning ozone concentrations (e.g., 10 pphm or more). These
occur most frequently at Lancaster, Daggett, Victorville, Indio and Palm Springs.
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Table 4.4.1

FREQUENCY OF 03 CONCENTRATIONS AT 09 PST (%)

(JULY 1 - AUGUST 15, 1981)
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A1l cases of 10 pphm ozone at 09 PST in Table 4.4.1 were examined
individually and one of the following scenarios was found in each case:

1. Moderate wind transport occurred at the desert location
throughout the night, continuing through 09 PST. Under
these conditions there is no likelihood of local emission
effects since there is no opportunity for accumulation of
precursors. 0zone concentrations therefore must result
from solar radiation acting on the transported pollutants.

2. Moderate wind transport occurred most of the night but
light wind conditions were present for at least several
hours prior to 09 PST. In this case pollutants are trans-
ported into the area during the night but the 1ight winds
early in the morning permit possible contribution from
local sources. The most significant of these cases are
distinguished by high (10 pphm or more) concentrations at
the station as late as 23 PST during the previous evening.

3. Light wind transport occurs throughout most of the night,
1imiting significant transport into the area during the
night when relatively poor vertical mixing exists. Carry-
over from the previous day is then likely to result only
from transport during the previous afternoon, if any. In
this case, local sources have a better opportunity of con-
tributing significantly to the morning ozone concentrations.

The following comments were derived from an examinatidn of the individual
cases of 10 pphm or greater as shown in Table 4.4.1.

Lancaster

During the July 1-August 15, 1981 period there were eight days when the
ozone concentration at 09 PST was 10 pphm or more. On four of these occasions
moderate transport out of Soledad Canyon continued through 09 PST (scenario #1
above). For these cases there was 1ittle opportunity for Tocal effects to be
operative. On three occasions transport into the area continued until midnight
or early morning with 1ight, variable winds thereafter. Ozone and precursors
from the Los Angeles basin were in the area during the early forenoon but the
light winds made it possible for some contribution to be made by Tocal sources.

On one occasion (July 4) there was relatively little transport from the Los
Angeles basin during the previous day and evening. Ozone concentrations of
10 pphm occurred as early as 08 PST. Local sources may have contributed in
this case but transport from the San Joaquin Valley during the night may also
have been a factor.
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Edwards AFB

There was only one case (August 7) of 10 pphm ozone at 09 PST at
Edwards AFB between July 1 and August 12, 1981. 1In this case transport
from the Los Angeles area continued through 01 PST followed by light winds
until 09 PST. Both Lancaster and Edwards AFB experienced ozone concen-
trations of 10 pphm or more at 09 PST on August 7. Victorville and Daggett
also recorded concentrations of 10 pphm on that day. It is therefore reason-
able to assume that carry-over from the previous day was widespread through-
out the Mojave Desert.

Victorville

High ozone concentrations (10 pphm or more) occurred on four days
during the July 1-August 15 period. On two of the days (August 7 and 8) high
ozone concentrations were observed at Victorville during the night and it was
clear that carry-over from the previous day was sufficient to account for the
high ozone readings at 09 PST. 1In the remaining two cases southerly winds
(from Cajon Pass) existed at Victorville until about midnight but without a
strong pollutant impact during the evening at Victorville. The major impact
may have missed Victorville during the evening and been transported into
Victorville during the early forenoon. Alternatively, local sources may have
contributed on these two days.

Barstow

A concentration of 10 pphm at 09 PST was observed on July 24. A
high concentration was also observed during the night prior to the 09 PST
observation. Transport into the area therefore occurred during the night.
Light winds in the early morning permitted the solar radiation to operate on
the pollutants left over from the previous night.

Daggett

Occurrences of 10 pphm ozone at 09 PST were observed on five days at
Daggett. In all cases high ozone concentrations (10 pphm) were observed near
midnight on the previous night at Daggett or Victorville. Clear evidence of
transport into the eastern Mojave Desert was therefore apparent in all cases
and the influence of local sources was probably minimal.

Lucerne

Ozone concentrations of 10 pphm or more at 09 PST occurred on two days
at Lucerne during the July 1-August 15 period. In both cases light wind trans-
port from the west continued all night through 07 PST, followed by light and
variable winds to 09 PST. Given the evidence of westerly winds during the
night and the lack of significant local sources the high ozone concentrations
observed in the morning are attributed to transport of pollutant precursors
into the area followed by irradiation in the early forenoon.
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Indio

Concentrations of 10 pphm or more at 09 PST occurred at Indio on
seven days in the period July 1-August 15. In all cases, there were north-
west winds through the night until at least 06 PST, usually becoming light
southerly thereafter. 1In six of the cases ozone concentrations near midnight
at Indio were at least 10 pphm, indicating strong transport from San Gorgonio
Pass. In one case (July 9) no evidence of high concentrations was observed
at Indio or Palm Springs although northwest winds continued through 06 PST.
In the absence of transport evidence, there is therefore a possibility on
this day of local effects in the Indio-Palm Springs area.

Palm Springs

Ozone concentrations of 10 pphm or more occurred at 09 PST on six days
during the period July 1-August 15. 1In all cases, northwest winds continued
through the night to at least 04 PST before becoming light and variable.
Concentrations of 8-13 pphm were observed at 23 PST during the previous eveninc
The evidence was clear for transport into the area, followed by 1ight winds in
the early morning.

The percentage frequency of northwest winds at 23 PST at Palm Springs a
Indio was shown in Table 4.3.2 to be 100 and 87.2%, respectively. The existenc
of northwest winds through the night at Indio or Palm Springs is not necessaril
evidence of carry over for the following morning. High ozone readings at 23
PST, however, can be used to indicate those specific nights when pollutants hay
clearly been transported into the area and should be available for irradiation
on the following day.

Occurrences of 10 pphm ozone or more at 23 PST at Indio and Palm Sprinc
were separated from cases of less than 10 pphm for the period July 7 to August
11. Average ozone readings for the two data sets are shown in Fig. 4.4.1.

For both Indio and Palm Springs average hourly concentrations for the period
04 to 13 PST were higher when the 23 PST ozone on the previous night was 10
pphm or more. Average differences amount to about 2 pphm during all of the
forenoon hours. Increases from the morning minimum (about 05 PDT) to the mid-
day maximum average between 3 and 4 pphm regardless of location or the occur-
rence of high ozone during the previous night. This suggests that the main
effect of the carry over pollutants is to raise the background level and that
these transported pollutants are not contributing significant reactive com-
ponents which will be subjected to radiation on the following day.

Aircraft Sampling
Aircraft soundings were made in the desert in the early morning on
four days during the field program. One objective of the flights was to

examine the pollutant levels in the desert prior to the early forenoon buildup
of the secondary ozone maximum.
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On two of the aircraft days, morning soundings were made in an area
where 09 PST ozone concentrations reached 10 pphm. These soundings were made
at Lucerne Valley on July 19 and in the Indio/Palm Springs area on July 23.
In both cases, a relatively deep layer of ozone was present over the Tocation
where the early morning maximum of 10 pphm ocurred. On both days, the ozone
layers aloft showed peak concentrations of 11 pphm with Tayer depths of 700 m
at Lucerne Valley and 1250 m near Indio. These data indicate that a deep
layer of relatively high ozone concentrations existed over the desert a few
hours prior to the 09 PST surface reading. This layer was clearly a result
of transport left over from the previous day since the surface mixing layer
could not have extended to these depths at the time of the sounding. On the
remaining days of morning aircraft sampling, relatively deep (600 to 1800 m)
layers of ozone existed over the desert but with peak cencentrations of 5-8
pphm. Evidence of some carry-over from the previous day was therefore found
on each of the aircraft sounding days.

Summary

In summary, most occurrences of high ozone concentration at 09 PST in
the desert are associated with transport during the previous afternoon and
night. In most cases, this transport slows down significantly just prior to
the 09 PST observation time. For several cases in Lancaster, however, moderate
transport continued through the 09 PST time period. In a few cases, significar
transport into the desert was not observed at any of the locations available.
These few cases offer the principal opportunity for demonstrating the effects
of local sources although transport might have occurred but been undetected in
substantial quantities by the observing network.

Data from the tracer releases are an additional source of information
on carry-over in the desert. Both fixed hourly samples and mobile automobile
traverses in the desert were continued through the night following the release
and into the next day. Small concentrations of tracer (around 10 ppt or less)
were observed frequently in some areas, particularly the Coachella Valley.
These concentrations, however, are near the noise level of the tracer measure-
ment system and cannot be attributed positively to the effects of carry-over.
A few concentrations greater than 10 ppt (10-15 ppt) were observed in the
desert on a carry-over basis but in isolated locations and at isolated times.
The evidence for significant carry-over of tracer material was therefore not
conclusive.

4.5 Pollutant Loadings

Aircraft soundings of the vertical pollutant structure provide an
opportunity to estimate the total pollutant loading at each of the sounding
Tocations. Ozone and NOy concentrations were summed vertically to the height
where a background concentration appeared to have been reached or to the top
of the sounding. Apparent ozone backgrounds in the Los Angeles basin averaged
4.9 pphm and 6.3 pphm in the desert areas for the same days.
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Tables 4.5.1 and 4.5.2 give the results of the summations. Total
loadings are given in units of g/m2 which represents concentration times a
layer depth. Afternoon values are shown in Table 4.5.1 while morning load-
ings are given in Table 4.5.2,

It is of interest to compare the pollutant loadings in the Los
Angeles basin with those measured in the mountains or desert areas. On most
afternoons the total loadings measured in the desert are a substantial
fraction of the amount observed within the basin itself. This provides
strong evidence for interbasin transport during the afternoons. Loadings in
the three pass areas are particularly high in comparison to the comparable
basin values. Variable loadings observed in the desert suggest non-uniform
distributions of pollutant transport as might be expected from the limited
number of transport routes available.

Morning values of NOy loadings (Table 4.5.2) are of more interest
than the ozone loadings due to diurnal influences on ozone values. As shown
in the table, NOy loadings in the desert can equal or exceed comparable values
found in the basin during the early morning. These data provide further
evidence of carry-over of pollutants in the desert from interbasin transport
during the previous afternoon.
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Table 4.5.1

POLLUTANT LOADINGS (AFTERNOON)

Layer Loadings (g/mz)
Location Time Depth NOy 03 03
(PDT) (m) (Above Background)

July 9

Highland 1542 1310 0.86 0.46 0.40
Lake Gregory 1602 430 0.19 0.14 0.12
E Hesperia 1615 680 0.22 0.17 0.13
Cajon Pass 1648 2100 0.30 0.26 0.18
W Cajon Pass 1713 1700 0.42 0.31 0.17
1-10/111 1809 1190 0.53 0.41 0.29
Lake Arrowhead 1843 200 0.03 0.03 0.02
E Hesperia 1854 580 0.12 0.08 0.05
July 14

Cable Airport 1535 500 0.64 0.33 0.28
Acton - 1627 2370 0.81 0.74 0.42
5 W Palmdale 1740 1470 0.50 0.41 0.21
Adelanto 1903 1060 0.45 0.31 0.16
July 18

Rialto 1521 1160 0.79 0.45 0.36
Cajon Jct. 1549 2410 0.53 0.47 0.18
Hesperia 1622 1470 0.13 0.30 0.12
W Cajon Pass 1652 1860 0.21 0.44 0.22
Victorville 1810 1680 0.38 0.35 0.15
July 22

Rialto 1635 2110 0.97 0.62 0.37
Lake Gregory 1711 1230 0.20 0.30 0.15
Cajon Jct. 1742 2210 0.59 0.56 0.33
[-10/111 1846 3340 0.89 0.79 0.23
Palm Springs 1942 2780 0.35 0.49 0.09
Palm Springs 1956 310 0.09 0.07 0.01
July 27

Rialto 1619 730 0.52 0.28 0.20
Lake Gregory 1639 1930 0.36 0.37 0.12
Victorville 1712 2180 0.33 0.49 0.22
I-10/111 1828 2240 0.76 0.57 0.21
Palm Springs 1927 725 0.46 0.31 0.11
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Table 4.5,1 (Continued)

Layer Loadings (g/m2)
Location Time Depth NOy 03 03
(PDT) (m) (Above Background)

July 30

Hesperia 1532 500 0.30 0.08 0.02
Redlands 1603 980 0.24 0.35 0.25
Santa Ana Canyon 1655 1890 0.11 0.32 0.09
High Desert AP 1734 2810 0.09 0.36 0.10
I-10/111 1818 750 0.11 0.22 0.15
Palm Springs 1845 1990 0.18 0.36 0.14
Palm Springs 2121 1300 0.19 0.29 0.16
August 3

Rialto 1620 1240 0.60 0.43 0.29
Cajon Jct. 1645 2210 0.57 0.64 0.34
Santa Ana Canyon 1727 1600 0.29 0.34 0.16
Banning 1754 1140 0.36 0.34 0.21
1-10/111 1836 2380 0.58 0.64 0.34
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Table 4.5.2

POLLUTANT LOADINGS (MORNING)

Layer Loadings (g/mz)
Location Time Depth NOy 03 03
(PDT) (m) (Above Background)

July 15

Cable Airport 0834 1260 0.58 0.20 0.02
5 W Paimdale 0906 1570 0.18 0.17 0.05
Barstow 0959 1920 0.40 0.24 0.05
July 19

Cable Airport 0657 960 - 0.16 0.05
Victorville 0732 480 0.07 0.07 0.01
Lucerne 0759 800 0.15 0.13 0.04
Barstow 0827 670 0.15 0.10 0.02
July 23

Cable Airport 0652 1610 0.38 0.25 0.11
Yucca Valley 0743 1130 0.13 0.17 0.08
Indio 0817 2220 0.51 0.36 0.15
Palm Springs 0850 2690 0.37 0.45 0.21
August 11

Brawley 1046 2040 0.13 0.23 0.07
Bermuda Nunes 1229 1300 0.20 0.15 0.01
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4.6 Restricted Visibility in the Coachella/Imperial Valleys

Visibilities in the Coachella/Imperial Valleys are frequently
restricted during the summer in spite of the presence of strong surface
heating and vigorous low-level mixing. During the field period from July
7 to August 11, 1981 Towest visibilities reported at Palm Springs, Thermal
and Imperial airports were 5, 4 and 3 miles, respectively. Sources of the
visibility restrictions are transport of pollutants from upwind sources,
local anthropogenic sources, blowing dust and nearby forest fires.

Hourly records for the three airport stations were examined for
evidence of visibility restrictions during the field program. Remarks
such as "Hazy" or "Haze A1l Quadrants" were considered to be evidence of
at least mild visibility reduction. The frequency of days with such re-
strictions is plotted in Fig. 4.6.1 for each hour at the three airport
Tocations. It is readily apparent that the highest frequency of restric-
tions occurred at Thermal where visibility was considered to have been
reduced on over one-third of the days during the field program. The
overall frequencies shown for Palm Springs and Thermal may be somewhat
higher than normal due to a major forest fire near Idyllwild on August 3
which lasted for several days and clearly influenced the Coachella Valley.

Diurnal variations in the occurrence of restricted visibilities are
also shown in Fig. 4.6.1., Peak frequencies are identified with the prevailing
wind direction at that hour of the day.

The principal peak at Palm Springs occurs at 18 PST and is associated
with direct transport from the northwest. A smaller peak occurs at 11-12 PDT
and is accompanied by southeasterly winds. There are also two peaks at Thermal
(08 and 13 PST) but these are both associated with southeast winds.

It was indicated in Section 4.4 that high 23 PST ozone levels at Indio
or Palm Springs provided an indication of potential pollutant carry over on
the following morning. Of the ten such high ozone occurrences at Palm Springs
(July 7 to August 11) seven of the cases showed restricted visibility on the
following morning. Similary, Indio had fifteen cases of high ozone at 23 PST
of which eleven exhibited reduced visibility at Thermal during the following
morning. Palm Springs had four cases of reduced visibility during the morning
(excluding forest fires) which were not associated with high ozone during the
previous night. Thermal also experienced restricted visibility during the
morning on seven additional days which were not preceded by ozone values of
10 pphm or more at 23 PST on the previous night.

These data suggest that visibility restrictions in the Coachella
Valley tend to be associated with the occurrence of high ozone episodes
resulting from transport out of the Los Angeles basin. However, there are
a number of cases of restricted visibility at both Indio and Palm Springs
which do not fit this relationship. These cases point to contributions from
local sources (particularly near the northern Salton Sea area) or, possibly,
from transport northward from the Imperial Valley.
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Data from Imperial Airport (Fig. 4.6.1) show the lowest frequency of
visibility restrictions of the three airports shown. Peak frequency occurred
at 15-16 PST and was associated with southeast winds. Reported visibility
was less than 10 miles on 12 days with some visibility restriction reported
on fifteen days between July 7 and August 11.

The high frequency of days with visibility less than 10 miles suggests
the presence of local sources. These include fugitive dust, agricultural
burning and plowing and possibly transport from Mexico.

Results of tracer test No. 8 suggest the possibility of transport from
the Imperial Valley northwestward into the Coachella Valley in a period of
24 hours or less. In this case, there should be a tendency for restricted
visibility in the Imperial Valley to be followed by restrictions in the
Coachella Valley. Of the twelve cases of less than 10 mile visibility as
reported at Imperial Airport, seven of these cases were followed by visibili-
ty restrictions at Thermal on the following day. A1l of these seven cases,
however, are included in those previously associated with transport from the
Los Angeles basin or from local sources near Thermal. The evidence for
transport from the Imperial Valley is therefore uncertain at this time.

4-53



4.7 Summary of Tracer Results
Trajectories

In addition to the tracer tests conducted during the present study,
several other tests have been carried out previously under CARB sponsorship.
These include six releases from the Haynes/Alamitos power plants (Drivas
and Shair, 1974) and a release from the San Fernando Valley {(Reible, Ouimette
and Shair, 1982). Observed trajectories from these releases are shown in Fig.
4.7.1. The trajectories for the six releases from Haynes/Alamitos can be
readily approximated by the one trajectory shown in the figure.

A1l trajectories for releases made in the Los Angeles basin exhibit
considerable similarity. Using the trajctory maps in Section 3, Fig. 4.7.1
and the most frequent wind directions shown in Figs. 2.5.1 to 2.5.7, two
figures have been constructed (Figs. 4.7.2 and 4.7.3) to show conceptually
the effects of release location in the Los Angeles basin on expected tra-
jectory. A pronounced wind shift to a more westerly direction typically
occurs in the western part of the basin between 10 and 12 PDT during the
summer. For this reason the trajectory information has been divided into
releases made prior to 10 PDT and those made in the late forenoon.

Fig. 4.7.2 outlines three areas in the basin. In the northwest
area the trajectory of pollutants is characteristically out through the San
Fernando Valley and Soledad Canyon. In the southern section, pollutants
released should generally be transported into the Elsinore convergence ozone.
Finally, there is a central sector where pollutants should be carried eastward
into the eastern San Gabriel Valley and out of the basin through Cajon or San
Gorgonio Pass or upslope along the San Gabriel or San Bernardino Mts.

Fig. 4.7.3 shows similar sectors for releases later in the morning.
The effect of the shift toward a more westerly wind is to expand the central
sector at the expense of both the northwestern and southern sectors. Trans-
port into the eastern San Gabriel Valley therefore becomes a more effective
route by late forenoon.

The sector boundaries shown in the figures are not fixed and
distinct. DNay-to-day variations in surface pressure gradients will shift the
boundaries somewhat and, as indicated, time of day also has an effect on
boundary locations. The purpose in presenting the figures is to provide a
conceptual picture which will aid in the understanding of the importance of
release location in determining exit routes for pollutants Teaving the Los
Angeles basin.
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Concentrations

Calculated values of Xu/Q for the earlier CARB tracer tests are
shown in Fig. 4.7.4, Plotted values correspond to C-D stability conditions as
defined by the Gaussian model. Values for the Anaheim release suggest slightly
lower concentration values but the sampler density was quite limited.

A1l of the tracer results from the present study together with
those shown in Fig. 4.7.4 are in substantial agreement in showing C-D stability
conditions, despite the differences in wind speed, terrain etc. Given daytime
releases and summer heating conditions, the concentrations are not at all
surprising. Within the limitations of the sampling density there appears to
be little difference in concentrations measured in the basin and the desert
Tocations when compared to the Gaussian model. Variations in wind speed
appear to have been accounted for adequately by use of an average wind speed
during release for Xu/Q calculations in spite of a more than 10-fold variation
in release site wind speeds.

The observed concentration data were treated as though maximum
centerline concentrations had been observed. 1In a program of the present
geographical scale, this assumption will frequently not be realistic. More
weight should therefore be given to the upper bound values of Xu/Q than the
Tower concentrations which may have been influenced by the inability to
sample the true centerline maximum. A range in upper bound values from
C to slightly over D covers all tracer tests analyzed.

For reference purposes, all calculated Xu/Q values are shown in
Tables 4.7.1 through 4.7.8,

Cloud Widths

Although the tracer tests were not designed to obtain data on cloud
widths specifically, data from a few traverses can be used to estimate widths
in terms of oy. The area of greatest interest for such estimates is immedi-
ately downwind of the principal pass areas. Releases from Syimar (Test 2) and
Cajon Junction (Test 3) provide a small amount of data for those estimates.

Table 4.7.9 shows calculated values of oy for two traverses immedi-
ately downwind of Cajon Pass and one downwind of SoXedad Canyon.

Table 4.7.9
CALCULATED CLOUD WIDTHS (ay)

Release Downwind
Date Location Time Distance gy oy for A Stability
July 14 Sylmar 19 PDT 112 km 12.3 km 12.0 km
July 18 Cajon Jct. 18 PDT 18 km 2.3 km 2.7 km
July 18 Cajon Jct 18 PDT 26 km 4.0 km 5.1 km
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Table 4.7.1
Xu/Q CALCULATIONS

TEST 1 - Culver City Release (13.0 g/sec. from 06-10 PDT)
July 9, 1981

(average wind during release 1.0 m/s)

Travel
Location X max Time Distance Velocity Xu/Q
(ppt) (PDT) (km) (m/s) (m-2x10-7)
Hourly
Banning 67 1800 144 4.4 .308
Azusa 51 1200 42 3.9 .235
Bombay Beach 19 2100 275 6.4 .087
Indio 36 2000 210 5.3 .166
Arrowhead 37 1700 108 3.7 .170
Palm Springs 13 2000 178 4.5 .060
Riverside 46 1500 93 4.3 212
San Bernardino 75 1600 101 4.0 .345
Palmdaie 13 2200 83 - 1.8 .060
Auto

Highway 134 1627 1130 22 2.4 7.48

San Fernando 522 1300 33 2.3 2.40
Suntand 242 1400 33 1.8 1.11

San Fernando 208 1400 35 1.9 .957
Palmdale 30 1600 94 3.7 .138
Barstow 14 1830 203 5.9 .064

Airplane

San Fernando 134 1400 33 1.8 .616
Barstow 26 1800 203 6.3 .120
Banning 123 1800 144 4.4 .566
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Table 4.7.2

Xu/Q CALCULATIONS

TEST 2 - Sylmar Release (9.9 g/sec. from 11-15 PDT)
July 14, 1981

{average wind during release 2.0 m/s)

Travel
Location X max Time Distance Velocity Xu/Q
(ppt) (PDT) (km) (m/s) fm‘2x10'7)

Hourly

Barstow 10 2000 152 6.0 121

Edwards AFB 25 1700 82 5.7 .302

Palmdale 36 1500 43 6.0 .435
Auto

E of Newhall 96 1430 15 4,2 1.16

SW of Lancaster 85 1645 42 3.1 1.03

N of Victorville 119 1900 118 5.5 1.48

Victorville 78 2200 121 3.7 .942
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Table 4.7.3

Xu/Q CALCULATIONS

TEST 3 - Cajon Junction Release (9.4 g/sec. from 13-17 PDT)
July 18, 1981

{average wind during release 6.9 m/s)

Travel
Location X max Time Distance Velocity Xu/Q
(ppt) (PNT) (km) (m/s) (m-2x10-7)

Hourly

Lucerne Valley 14 2000 50 2.8 .614
Victorville 33 2200 26 1.0 1.45
Auto

NW of Cajon 288 1545 15 5.5 12.64
NW of Cajon 117 1615 24 5.3 5.14
WSW of Victorville 44 1645 24 3.8 1.93
W of Victorville 29 1910 34 2.3 1.27
W of Barstow 19 2200 79 3.1 .834
E of Barstow 14 2215 88 3.4 .615
Airplane

N of Cajon Pass 153 1710 15 1.9 6.72
N of Cajon Pass 122 1730 15 1.7 5.35
WNW of Barstow 24 1730 83 8.2 1.05
Victorville 51 1820 25 2.1 2.24
SW of Barstow 26 1900 60 4.2 1.14
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Table 4.7.4
Xu/Q CALCULATIONS

TEST 4 - South Fontana Release (10.4 g/sec from 13-17 PDT)
July 22, 1981

(average wind during release 3.7 m/s)

4-63

Travel
Location X max Time Distance Velocity Xu/Q
(ppt) (PDT) (km) (m/s) (m-2x10-7)
Hourly
Big Bear a? 1800 59 5.5 .894
Indio 23 1900 120 8.3 .489
Lake Arrowhead 22 1600 27 7.5 .468
Joshue Tree 17 2100 118 5.5 .362
Riverside 27 1600 13 3.6 .574
29 Palms 35 0000 136 4,2 .745
Amboy 36 1000 186 2.7 .766
Blythe 17 1800 276 2.8 .362
Bombay Beach 10 0000 189 5.8 .213
Desert Center 22 0600 202 3.7 .468
Auto
San Bernardino 600 1400 22 6.1 12.76
W of Redlands 421 1430 20 3.7 8.96
Highland 432 1800 30 2.8 9.19
Big Bear 84 1730 43 4.8 1.79
1-10/111 97 2000 87 4.8 2.06
Desert Hot Springs 34 2215 96 3.7 .723
W of Desert Center 67 2300 170 5.9 1.42
Airplane
Banning 163 1845 57 4,2 3.47
San Bernardino 157 1810 39 3.4 3.34
Banning 52 1830 65 5.2 1.11
1-10/111 58 1900 87 6.0 1.23
1-10/111 62 2015 87 4.6 1.32
Desert Hot Springs 170 1940 96 5.7 3.62



Table 4.7.5

Xu/Q CALCULATIONS

TEST 5 - Garden Grove Release (12.1 g/sec. from 05-09 PDT)
July 27, 1981

(average wind during release 0.5 m/s)

Travel
Location X max Time Distance Velocity Xu/Q
(ppt) (PDT) (km) (m/s) (m=2x10-7)
Hourly
Corona 654 1200 35 2.4 1.62
Cajon 83 1400 83 3.8 .205
Desert Center 117 2100 262 5.6 .289
Lake Arrowhead 14 1500 90 3.6 .035
Indio 13 0100 179 2.9 .032
Perris 49 1500 70 2.8 121
San Bernardino 21 1700 77 2.4 .052
Upland 20 1200 45 3.1 .049
Auto
SE of Anaheim 4379 1000 12 1.7 10.82
E of Anaheim 902 1030 12 1.3 2.23
Corona 206 1100 34 3.1 .509
E of Anaheim 1776 1100 16 1.5 4.39
SE of Anaheim 594 1050 12 1.2 1.47
Corona 1251 1200 34 2.4 3.09
E of Corona 536 1330 37 1.9 1.32
SE of Pomona 70 1400 33 1.5 .173
SE of Pomona 13 1430 48 2.0 .032
Lake Elsinore 118 1600 68 2.4 .292
San Bernardino 21 1645 72 2.3 .052
Lake Eisinore 106 1610 73 2.5 .2672
Elsinore 72 1700 73 2.3 .178
Airplane
Elsinore 59 1800 92 2.5 141
Elsinore 47 2000 82 1.9 .116
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Table 4.7.6

Xu/Q CALCULATIONS

TEST 6 - Carson Release (11.4 g/sec. from 05-09 PDT)
July 30, 1981

(average wind during release 0.7 m/s)

Travel
Location X max Time NDistance Velocity Xu/Q
{(ppt) (PDT) (km) (m/s) (m-2x10-7)
Hourly
Azusa 51 1600 43 1.5 .187
Barstow 16 0200 177 2.7 .059
Cajon 33 2000 102 2.4 121
Lake Arrowhead 14 1800 112 3.1 .051
Pasadena 40 1600 32 1.1 .147
San Bernardino 24 1700 98 3.0 .088
Upland 45 1800 56 1.6 .165
Victorville 27 1800 126 3.5 .099
Indio 19 0200 206 3.2 070
Palm Springs 17 0300 176 2.6 062
Perris 16 0400 120 1.7 .059
Auto
W of Carson 2560 0930 2 2.4 9.40
S Los Angeles 34 1030 19 2.1 .125
S Los Angeles 37 1145 22 1.6 .136
Highway 605 130 1400 22 1.0 .477
Highway I1-5 153 1400 22 1.0 .562
S of Pomona 51 1340 30 1.5 .187
NW of Pomona 176 1545 51 1.8 646
SE of Azusa 76 1645 55 1.7 .279
SE of Azusa 76 1830 95 2.5 .279
SE of Azusa 48 2130 93 1.9 .176
SE of Azusa 54 2100 94 2.0 .198
NW Palm Springs 20 2200 155 3.1 .073
N Palm Springs 22 2345 168 3.0 .081
Airplane
Banning 26 2210 136 2.7 .095
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Table 4.7.7

Xu/Q CALCULATIONS

TEST 7 - Ontario Release (8.8 g/sec. from 05-09 PDT)

Location

Hourly

Cajon

Upland

San Bernardino
Lucerne Valiey

Auto

E Pomona
E Pomona
E Pomona
E Ontario

Airplane

Rialto

August 3, 1981

(average wind during release 1.3 m/s)

X max

{ppt)

70
3457
44
11

4577
1532
1237

94

67

Time

(PDT)

1300
0900
1200
1500

0930
1030
1045
1330

1650

Distance

(kn)

4-66

35
11
32
95

WO W~ WU

21

Travel
Velocity

(m/s)

WM W
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OO O
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oW oW

0.7

Xu/Q

(m-2x10-7)

.618
30.54

.389

.106

40.43

13.53

10.93
.830

.768



Location

Auto

S Salton
W Salton
W Salton
Indio

Table 4.7.8.

Xu/Q CALCULATIONS

TEST 8 - Brawley Release (8.1 g/sec. from 06-0850 PDT)

Sea
Sea
Sea

August 11, 1981

(average wind during release 1.5 m/s)

Travel

X max Time Distance Velocity Xu/Q
(ppt) (PDT) (km) (m/s) (m=2x10-7)
147 1220 21 1,2 1.63
24 1700 40 1.2 .266
44 2045 42 0.9 .A87
42 13/12 98 1.0 .465
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It can be seen from the table that the observed cloud widths
correspond closely to A stability conditions in spite of the Xu/Q values
which suggest that C-D would be more appropriate. If the few cloud widths
observed are indicative, it would be assumed that horizontal divergence
accompanied by vertical convergence occurs immediately downwind of the pass
exits where the unconstricted flow from the passes is allowed to spread
horizontally.

Tracer Impact on Desert Areas

Tables 4.7.10 and 4.7.11 summarize the maximum tracer impact
(Xu/Q) values observed at various desert stations. These data were taken
from Tables 4.7.1 through 4.7.8 and were divided into Table 4.7.10 (impact
from western Los Angeles basin) and Table 4.7.11 (impact from eastern basin
and pass ares). These values were the highest observed during the tracer
tests but may not represent the true maximum because of incomplete sampling
of the centerline concentrations.

Table 4.7.10

MAXIMUM TRACER IMPACT FROM WESTERN LOS ANGELES BASIN

Test No. Release Location Sampling Location Maximum Xu/Q
1 Culver City Barstow .0064x10-6m-2
1 Culver City Palmdale .0138
6 Carson Palm Springs .0081
1 Culver City Indio .0166
1 Culver City Bombay Beach .0087
6 Carson Victorville .0099

Table 4.7.11

MAXIMUM TRACER IMPACT FROM BASIN BOUNDARIES

Test No. Release Location Sampling Location Maximum Xu/Q
2 Sylmar Rarstow .0121x10-0m-2
2 Sylmar Edwards AFB .0302
2 Sylmar Palmdale .0435
2 Sylmar Victorville .0942
3 Cajon Jdct. Lucerne .0614
3 Cajon Jct. Victorville .1449
3 Cajon Jct. Barstow .0834
4 South Fontana Indio .0489
4 South Fontana Joshua Tree .0362
4 South Fontana 29 Palms 0745
4 South Fontana Amboy 0716
4 South Fontana Blythe .0362
4 South Fontana Bombay Beach .0213
4 South Fontana Desert Center .0468
4 South Fontana Desert Hot Springs  .0723
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Tracer Carry Over

A major effort was made during the study to sample tracer con-
centrations in the desert areas on the day following the tracer release. A
principal objective of the study was focused on the potential carry over
of pollutants transported into the desert and their influence on pollutant
level during the followng day.

In spite of extensive sampiing there was littie evidence of a
coherent pattern of carry over tracer of as much as 10 ppt. The few cases
observed with higher concentrations were isolated and not convincingly related
to the previous day's release. The one exception was a series of nine samples
taken at Indio between 0800 and 1250 PDT on August 12. These samples ranged
from 17 to 42 ppt. and are believed to have come from the previous day's
release at Brawley.

From the standpoint of tracer concentrations the evidence for
pollutant carry over is very minor,

San Gabriel Valley Concentrations

During the course of a large number of automobile trips between
Pasadena and San Bernardino a number of relatively high SFg concentrations
were observed. Many of these appeared somewhat unrelated to tracer releases.

Details of the concentrations observed are given in Section 3 for
each of the tracer tests. Table 4.7.12 summarizes the maximum concentrations
measured between Pasadena and San Bernardino on the day following each of the
tracer tests.

Table 4.7.12

MAXIMUM SFg CONCENTRATIONS PASADENA TO SAN BERNARDINO

Test No. Date Maximum Concentration

1 July 10 127 ppt

2 July 15 >150

3 July 19 none

4 July 23 137

5 July 28 28

6 July 31 44

7 August 4 55

8 August 12 20
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The most frequent location for the highest observed concentration
was to the west of Pomona in the vicinity of the intersection of Highways 210

and 605,

There are several factors which might contribute to the presence
of these concentations:

1.

2.

There may be a sporadic, extraneous source
of SFg in the area.

There is a possibiiity that some of the observed
material released on one day may be recirculated
back into the basin through drainage flows during
the night and early morning.

Small amounts of tracer may be carried over within

the basin from day-to-day. Buildings, terrain, trees,
and bushes all provide sheltered areas where the tracer
material may remain after the primary cloud has passed.

This question should receive further attention prior to the conduct
of further SFg tests near the San Gabriel/San Bernardino Mts. siopes.
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5. CONCLUSIONS

1. The northern portion of the Mojave Desert is affected primarily
by flow from the San Joaquin Valley. The southern portion is
influenced primarily by flow through Soledad Canyon from areas
to the south and southwest. The zone of confluence is located
in the vicinity of Edwards AFB, shifting north or south on a
day-to-day basis.

The portion of Los Angeles County emissions which feed into the
Soledad Canyon flow represents about twice the total emissions
of NOy and THC produced by Kern County. Consequently, the im-
pact of transport from Los Angeles County into the Mojave Desert
is significantly greater than the contribution of Kern County.

2. A southeasterly monsoon flow covers the southern and eastern
portions of the Southeast Desert Air Basin. This flow domi-
nates the Coachella and Imperial Valleys until late afternoon.
The western boundary of the southeasterlies shifts to the east
during the late afternoon and evening and moves back westward
by the following morning.

3. A strong wind surge from the west and northwest frequently occurs
during the night, particularly in the Mojave Desert. Peak ve-
locities are reached around 20-22 PDT with a layer depth of
1500 m or less.

4, Convergent zones occur during the night between the westerly and
southeasterly flows, and between separate branches of the sea
breeze flow. Convergent areas include the Coachella Valley,
Elsinore, E1 Mirage and the vicinity of the Ord Mts., south of
Daggett.

5. Most frequent wind directions for high ozone episodes in the desert
indicate a trajectory through the various passes.

6. Backward trajectories from the average time of peak ozone at
desert locations indicate a source region in central Los Angeles
from Burbank to Anaheim. Two desert areas, (Daggett-Barstow and
Edwards AFB), however, suggest trajectories from the San Joaquin
Valley on a most frequent basis.

7. High altitude locations in the San Gabriel and western San
Bernardino Mts. frequently experience high ozone occurrences.
The hourly ozone concentrations during the July-August 1981
field program was 35 pphm at Mt. Baldy, Lake Gregory and Fontana.
Mt. Wilson experienced a peak value of 29 pphm,
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10.

11,

12.

13.

A significant portion of the basin air exits through the region
from Mt. Baldy to Lake Gregory. The pollutant flux decreases
sharply to the east of Lake Gregory but increases again through
San Gorgonio Pass. Peak hourly ozone occurrence at Fawnskin was
15 pphm during the field program. The Santa Ana River Canyon
was not a major exit region for pollutants on the two days when
sampling took place in the area.

Ozone concentrations at Mt. Baldy and Lake Gregory frequently
showed a midday peak value associated with local pollutant
sources in the eastern San Gabriel Valley as well as an after-
noon peak which was related to transport from the central Los
Angeles area.

In each of the three major passes there was evidence of two or more
layers of ozone being transported into the desert. The Tower layer
consisted of direct transport through the lTow levels of the pass.

The upper layer was associated with up slope flow along the shoulders
of the pass which delivered pollutants to a level where they could

be transported through the upper portion of the pass. This, in
effect, substantially increased the transport through the pass
region.

Downwind of San Gorgonio Pass the upper layer was brought to the
surface, on occasion, by the effects of lee wave action on the
desert side of the pass. This led to higher ozone concentrations
in the desert than were observed in the pass at Banning. Down-
wind of Soledad Canyon and Cajon Pass the upper layer continued
aloft across the desert without surfacing on those days when
observations were made.

On each of four mornings when aircraft flights were made in the
desert, relatively deep layers (700 to 1200 m) of ozone were
observed, particularly in the Coachella and Lucerne Valley
areas. Peak ozone concentrations were 10-11 pphm on two of the
days. These layers were associated with transport into the area
during the previous afternoon and evening.

Total NOy loadings as measured by morning aircraft spirals in the
desert were comparable to those in the Los Angeles basin. After-
noon loadings were highest in the basin and in the immediate
vicinity of the passes. These data provide another indication of
transport and carry over into the desert areas.
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14.

15,

16.

17.

18.

19,

On 10-15% of the days during the field program high ozone
concentrations (10 pphm or more) were present at 09 PST at
Indio and Palm Springs. These high concentrations were
associated with transport from the Los Angeles basin. Diurnal
ozone increases on these days, however, were similar to ob-
served increases on days with low morning concentrations. It
is suggested that the principal effect of the carry over is
to provide a high background level of ozone rather than to
provide additional precursors.

Morning visibility restrictions observed in the Coachella Valley
are generally associated with transport from the Los Angeles
basin but evidence of local contributions is apparent. Local
sources are the primary contribution to restriction in the
Imperial Valley.

Tracer trajectories carried SFg material along the San Fernando-
Newhall-Lancaster route, through Cajon Pass and San Gorgonio
Pass, up the slopes of the San Gabriel and San Bernardino Mts.
and into the Elsinore convergence zone, depending on release
location and time. Primary tracer impacts in the desert from
Los Angeles basin releases were found at Palmdale, Victorville,
and Indio. Smaller impacts were noted as far as Barstow, Amboy,
Blythe and Bombay Beach. There was no evidence of tracer im-
pact at China Lake from any of the releases in spite of exten-
sive sampling at that Tocation.

Similarities in tracer trajectory routes led to a schematic perspec-
tive in which source regions in the northwest fed into Soledad
Canyon, regions in the south fed into the Elsinore convergence

zone and, in the central zone, sources fed into Cajon and San
Gorgonio Passes as well as the San Gabriel/San Bernardino Mts.
slopes. The boundaries of the zones shift somewhat from day-to-

day and diurnally.

Maximum observed tracer impacts from Culver City were comparable
at Palmdale and Indio. From Carson the maximum impacts were
similar at Victorville and Palm Springs.

An area of anomalous SFg concentrations was observed on a number
of occasions between Pasadena and Pomona. Further investigation
is recommended before additional tracer studies are made near
the mountain slopes.
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6.

RECOMMENDATIONS

1.

It has been determined from the present program and from
previous studies that slope flow along the San Gabriel

and San Bernardino Mts. provides a significant mechanism

for removal of pollutants from the Los Angeles basin.

There is, however, considerable variation along the

ridge line with a major contribution observed in layers
within an extended crossection of Cajon Pass. Because of
this east-west variation in effectiveness it is difficult

to quantify the total pollutant burden exiting from the

basin along this route. In addition, the fate of the upslope
pollutants is not clear. There is considerable evidence that
they form a layer aloft (subject to upper level wind direc-
tion) which may or may not subsequently contribute to ground
concentrations elsewhere. Additional studies of this mechan-
jsm would aid in the development of more realistic modeling
of the basin and would determine whether significant down-
wind impacts could be associated with the effects of the up-
slope flow.

The relative contribution of the Los Angeles basin and the

San Joaquin Valley to pollutants in the Mojave Desert is a
matter of considerable interest. Evidence suggests that the
northern part of the desert is influenced by the San Joaquin
Valley and the southern part by the Los Angeles basin. Through
the use of aircraft and pibal soundings, pollutant flux calcula-
tions could be made along a vertical plane (e.g. from south of
Palmdale to north of Mojave). These would permit delineation

of the effects of the two flows and permit the requirements for
upwind control to be better evaluated.

The eastern San Gabriel Valley (Pomona - San Bernardino -
Riverside) appears to be a light-wind reservoir where late
afternoon pollutants from Los Angeles can reside overnight and
combine with local pollutants to produce significant local con-
tributions during the following morning. These affect the
mountain slopes as well as the eastern basin. Under some
episode conditions, the residence time of pollutants in the
area may be longer than one 24-hour period. With the forecasts
of rapid population growth in the area, the ventilation of the
eastern basin under episode conditions should be examined.
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4.

The hypothesis was advanced in this study that carry-over
of pollutants in the Coachella Valley contributes to the
background ozone level but that the reactive component of
these pollutants did not seem to contribute greatly to
lTocal concentrations. This could easily be checked by re-
active hydrocarbon measurements in the Palm Springs - Indio
area under a range of morning background ozone levels.

Suggestive indications of transport from the Imperial Valley
into the Coachella Valley were obtained during this study.

A more serious study could evaluate the extent of this con-
tribution from the Imperial Valley.

A number of apparently extraneous SFg concentrations were
observed in the eastern San Gabriel Valley during the field
program. Although they did not create a major problem for the
present study, they may limit the usefulness of tracer techniques
in certain areas of the basin. A few mobile surveys of the area
might be able to define the extent of the potential problem,
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