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DISCLAIMER

The statements and conclusions in this report are those of the con-
tractor and not necessarily those of the California Air Resources Board.
The mention of commercial products, their source, or their use in con-
nection with material reported herein is not to be construed as either
an actuval or implied endorsement of such products.



ABSTRACT

SRI conducted an experimental study during the period 17 September
to 8 October 1980 to examine the transport of air pollutants (princi-
pally ozone) into and within the North Central Coast Air Basin (NCCAB).
Ozone conditions during the study were the highest ever recorded in the
NCCAB. The study employed two inert, nontoxic gaseous tracers (sulfur
hexafluoride and bromotrifluoromethane) released at different locations
or times on each of eight test days. Up to 1000 measurements of each
tracer were made on each test day using aircrafrt, vehicle, and station-
ary sampling. Aerometric measurements were made by the airplane and two
surface monitoring stations. 1In addition to the tracer tests, two air-
borne ozone mapping tests were conducted off the coast from Monterey to
San Francisco. The measurements documented significant ozone transport
from San Francisco to the NCCAB over the coastal waters and onshore in
Monterey Bay. Transport was also documented from San Jose to Hollister
through the Santa Clara Valley, although less dramatic than the offshore
transport. The Santa Clara Valley transport pattern is impeded and com-
plicated by the complex terrain and meteorology. Significant ozone
transport was not observed over the Santa Cruz Mountains between Los
Gatos and Scotts Valley, although transport of the tracer did occur.

The strong marine inversion over the coast on the two relevant test days
inhibited elevated emissions from Moss Landing from dispersing to the
surface within the NCCAB. Other prevailing meteorological regimes may
result in different impacts than those observed during the eight tests.
Recommendations are provided for more quantitative and more detailed
analyses of the data.
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I INTRODUCTION

The basic objective of the study was to collect atmospheric data to
resolve and quantify the origin and fate of the high surface oxidant
concentrations occasionally monitored within the North Central Coast Air
Basin (NCCAB). An experimental program was conducted during the period
17 September through 8 October 1980 to measure ambient aerometric param-—
eters as well as the dispersion of two inert tracer gases released at
various locations both within and outside the basin,

The NCCAB comprises Santa Cruz, Monterey, and San Benito counties.
Four mountain ranges influence atmospheric transport and residence
patterns throughout the basin. Figure 1 shows the location of the moun-
tain ranges and valleys within the air basin.

Prior to this study, three principal routes had been postulated for
atmospheric transport from the San Francisco Bay Area into the NCCAB;
these are shown in Figure 2. An additional three transport routes that
had been identified within the basin are illustrated in Figure 3. The
most frequently discussed interbasin transport route is through the
Santa Clara Valley (Number 1 in Figure 2). The northern end of the
route is known to be an effective funnel of oxidant and oxidant-
precursors into the Morgan Hill area, although a convergence zone in the
Gilroy-Hollister area has been postulated to impede or retard the south-
ward transport in that region. The mountain pass that parallels Highway
17 between Los Gatos and Santa Cruz has been identified as another,
though less effective, transport route (Number 2). Lastly, there has
also been speculation that occasionally high oxidant concentrations
along the Monterey Bay from Scotts Valley and Santa Cruz to Monterey and
Carmel have been the result of over-water transport down the coast from
the San Francisco Area (Number 3).

Five routes had also been postulated as significant to oxidant
advection within the NCCAB. First, there is transport from Moss Landing
to Hollister and Gilroy (Number 4 in Figure 3); this route can converge
with the Santa Clara Valley transport route to produce the convergence
zone referenced earlier. Second, there is ozone transport down the
Salinas Valley toward King City (Number 5). Third, the on- and offshore
transport between Monterey Bay and the adjacent coastal plain (Number 6)
is in response to the combined effects of the diurnal land and sea
breezes and the prevailing synoptic flow. The fourth route (Number 7)
is from the Santa Cruz area inland to Scotts Valley, and last, the pos-
tulated route (Number 8) inland from Monterey to Carmel Valley.
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Prior to this study, the highest oxidant levels on record in the
NCCAB occurred during several closely spaced periods in September and
October 1976. Peak concentrations in Hollister and Aptos were 14 pphm,
while Scotts Valley had the all-time maximum of 21 pphm on 9 September
1976.

A total of eight dual-tracer atmospheric tests were conducted over
the period 17 September through 8 October 1980. Table 1 summarizes the
characteristics of the tracer release times and locations for the vari-
ous tests.

Meteorological conditions were ideal for the study insofar as they
helped to create what perhaps has been the severest ozone concentrations
recorded up to that time within the NCCAB. Four of the test days had
ozone concentrations equal to or exceeding the national ambient stan-
dard;* four different stations within the basin had these high readings
on at least one of the four days. The Watsonville station had high
readings on three of the four days and was inoperative on the afternoon
of the fourth day. Additionally, five neighboring BAAQMD stations
recorded above-standard ozone levels on all four of these days plus two
additional days. For orientation purposes, peak-hour concentrations are
summarized in Table 2 for each of the test days for all stations in the
NCCAB and those that are nearby but within the BAAQMD.

Figure 4 illustrates the day-to-day variation of several key meteo-
rological and air quality parameters throughout the period. The ozone
concentration in the illustration is the peak hourly value at Gilroy,
which is representative of maximum concentrations in the study region
(see Table 2). Temperature is the 12Z (05 PDT), 850-mb value on the
Oakland RAOB, and winds are the 850-mb winds from the 00Z QOakland sound-
ing (i.e., 17 PDT); westerly and southerly wind components are denoted
as positive values. Surface pressure differences (122Z) are those
between San Francisco (SFO) and Reno (RNO).

Data from 14 existing air quality monitoring stations were obtained
and analyzed for each test day. Six of the stations are located in the
NCCAB: Scotts Valley, Aptos, Salinas, Monterey, Carmel Valley, and Hol-
lister. The remaining eight are in the BAAQMD: Gilroy, Los Gatos, San
Jose, Redwood City, Fremont, Hayward, Livermore, and San Leandro.

*The national ambient air quality standard for ozone requires the daily
peak-hour average concentration not to exceed 12 pphm (240 pg m‘3) more
than once per year.
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Table 1

SUMMARY OF TRACER TESTS

Tracer Release Points*

Date
(1980) Type of Test S F13B1F
17 September Simultaneous, surface, Newark Cupertino
dual-tracer release (0931-1131) (0936-1136)
22 September Simultaneous, surface, Newark Cupertino

24 September

25 September

26 September

30 September

1 October

2 October

6 October

7 October

8 October

dual-tracer release

Simultaneous, surface,
dual~-tracer release

Carryover study--surface
and aircraft measurements

Simultaneous, surface,
dual-tracer release

Sequential, surface,
dual-tracer release

Coastal air quality
mapping with aircraft

Simultaneous, surface,
dual-tracer release

Simultaneous surface
and elevated dual-
tracer release

Carryover study--surface
‘and aircraft measurements

Simultaneous surface
and elevated dual-
tracer release

(0900-1100)

Fairgrounds,
San Jose
(0900

Coyote Park,
San Jose
(1000-1200)

San Jose
City College
(0900-1100)

Santa Cruz
(1030~-1230)

Moss Landing,
PG&E stack
(1049-1249)

—

Moss Landing,
PG&E stack
(1100-1300)

(0900-1100)

Vasona Park,
Los Gatos
(0900

Vasona Park,
Los Gatos
(1000-1200)

San Jose
City College
(1030-1230)

Monterey
(1015-1215)

Moss Landing,
surface
(1030-1230)

Moss Landing,
surface
(1100-1300)

*
Release period (PDT) shown in parentheses

TSF6 release rate: 26 kg h_1 for surface releases
52 kg h~! for elevated releases

*FlBBl release rate:

34 kg h! for all tests
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Two special air quality monitoring stations were established for
this study: one in Morgan Hill* to fill the gap between Gilroy and San
Jose; the other in Watsonville to fill the void between Aptos, Hollis-
ter, and Salinas. The following measurements were made at both sta-
tions: ozone, oxides of nitrogen, wind speed and direction (10-m
height), ambient temperature, and solar radiation (Watsonville only).

As discussed earlier, the principal objective of this study was to
quantify the origin and fate of ozone and its precursors into and within
the North Central Coast Air Basin. To meet this objective, a quasi-
controlled atmospheric sampling program was conducted, including

e Controlled release of two gas tracers: sulfur hexafloride (SF6)
and bromotrifluoromethane (F13Bl).

e Concurrent release of constant density-altitude balloons.

e Mobile (both aircraft and vehicular) and fixed site sampling for
the tracer gases.

e Aircraft aerometric measurements.

® Surface aerometric measurements.

Sulfur hexafluoride (SF6) and bromotrifluoromethane (F13Bl) were
released at different locations or times early on each of the eight
tracer test days. The gases were released at a constant rate over a
two-hour period. 1In all, 10 different tracer release points were used
(summarized in Table 1).

Tetroons were launched at each tracer release location midway
through the gas release period. The position of the tetroons was deter-
mined in two ways: visual observation by light aircraft (Cessna 152) of
one tetroon, and visual tracking plus radar fixes from SRI’s Beechcraft
Queen Air aircraft (used primarily for aerometric and tracer sampling).

Tracer concentrations at ground level were determined by collecting
air samples in the field and subsequently analyzing them in a laboratory
set up for this purpose adjacent to the Watsonville Airport. Two types
of samples were collected:

e Hourly samples collected automatically in 5-liter Tedlar bags at
25 locations by portable, programmable samplers.

¢ Instantaneous grab samples collected manually in 20-cm3 dispo-—
sable syringes by up to four automobiles that traversed the
region.

*The Watsonville station was located about 0.4 km south of the airport

and about 1.5 km east of Highway 1. The Morgan Hill station was on the
eastern portion of the State Department of Forestry facility, near the

intersection of Watsonville Road and Highway (Business) 10].

10
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Figure-5 illustrates the 44 sampler locations that were used for one or
moré of the eight tests. Each sampler collected 12 one~hour samples in
sequence, commencing within an hour or so of the end of the_ two-hour

. . 3 4
period. Instantaneous grab samples were collected in 20-cm” disposable
syringes by each of up to four sampling crews traversing the area in
automobiles.

Airborne tracer and aerometric sampling used the SRI twin-engine

Beechcraft A-80/8800 Queen Air to provide three general types of
measurements:

¢ Meteorological--temperature, dewpoint, turbulence, altitude.

e Air quality--ozone, nitric oxide, oxides of nitrogen, light-
scattering aerosols, and cannister samples for hydrocarbon
speciation.

™ Tracer——ZO—cm3

syringe grab samples for SF6 and F13Bl analysis.
Approximately three cannisters were filled on each test day while flying
over the San Jose portion of the San Francisco Bay Area; the cannisters
were subsequently turned over to the Bay Area Air Quality Management
District for analysis by Washington State University. The samples were
taken as a courtesy to the District for use in their hydrocarbon specia-
tion study.

Two basic sampling procedures were used by the sampling aircraft:

e Horizontal traverses through the plume at multiple levels

e Spirals through the planetary boundary layer.

Typically, each test day began with a series (usually three) of spirals
at area airports; ascent rates were about 150 m min™* to/from a maximum
altitude of 1500 m. ' The lower height of the spiral was restricted on
several flights because of early-morning stratus. These flights
generally were conducted between 0630 and 0800 PDT, and served two
purposes:

e To define ambient background meteorological and air quality con-
ditions prior to the onset of the daytime photochemistry.

e To provide temperature structure information with which to
determine the height at which the tetroons would be flown, and
to specify the required free lift and superpressure.

Spirals were also flown around midday at two or three locations and
again in the late afternoon. The primary purpose of these spirals was
to document meteorological and air quality conditions, although syringe
samples were taken when the spiral location was within the area of the
tracer plume(s).

11
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2
2A

3A
4A

5A
6
6A

8A

9A
10
11
11A
12
124
13
13A
13A
14
14A
15
15A
15A
16
16A
17
17A
18
19
194
20
21
22
23
24
25
25A
26

*,
lest

(IR S N

~

LOCATION

Watsonville Base, Airport Boulevard at Hangar Way
Freedom Boulevard and Highway 1, Aptos

hupitol Expressway (G21) at Cunningham, San Jose
Highway 17 at Pasatiempo Drive, Santa Cruz

Almaden Fxpressway at Redmond, San Josc

Santa's Village at Highway 17, Scotts Valley

Cooper Road at Watsonville Highway (183), between Salinas and Castroville
Summit Road, ! mile NW of Soquel-San Jose Road, Laurel
101 at Somavia Road, between Salinas and Gonzales
Soquel-san Jose Road, north of Soquel

Highway 1 at Lone Star Industries, Davenport

Mount Madonna

Highway 152 atr 8 (Watsonville Road)

Hiphway 156 at Highway 152

Edmundson at (len Avenue, Morgan Kill

Highway 25 at Panoche Road, Pacines

Dunne Avenue at Highway 101, Morgan Hill

Dunne Avenue at Anderson Reservoir, Morgan Hill

Felton Empire Road at Highway 9, Felton

Bailey Avenue at Monterey Road, San Jose

Reservation Road at Highway 1, Marina

Highway 82 at Capitol Expressway, San Jose

McKean Road at Almaden Road, San Jose

Highway 101 at Thorne Avenue, Greenfield

Capitel Expressway at Almaden Expressway, San Jose
ltighway 101 at .Johnson, Conzales

Camden at Union, San Jose

Highway 280 at Saratoga Avenue, Cupertino

Highway 68 at Toro Park Estates, between Salinas and Monterey
Blossom Hill Road at Vasona Park, Los Gatos

Carmel Valley Road at Ford Road, Carmel Valley

Highway 17 at Fire Station near Lexington Reservoir
Highway 101 at G12 (San Miguel Canyon Road), Prunedale
Monterey Road at Highway 152 (Hecker Pass Road), Gilroy
Canada Road east of‘ﬂighway 152, Cilroy

Point Lobos, SW of Entrance to Hiphway 1

Fairview at Sunmyslope, Hollister

Highway 129 at Soda Lake (Riverside Drive)

Moss Landing

Highway 68 just east of Highway 1, Monterey

Natividad Road near East Laurel, linas

DeAnza College at Stevens Creek Boulevard, Cupertino
Highway 101 at Highway 156, near San Juan Bautista

San Juan Road at Highway 156, San Juan Bautista

Day Date (1980)
9/17
9/22
9/24
9/26
9/30
10/2
10/6
10/8

FIGURES LOCATIONSBY TEST DAY (concluded)
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Horizontal traverses were (usually) made at up to three heights, at
roughly equidistant height intervals up to the marine inversion. The
traverses consisted of the collection of 12 syringe samples at equal
time (and distance) intervals perpendicular to the plume’s transport
direction when it could be determined. Additional samples were taken
when longer traverses were made. When the plume transport was ill-
defined, traverses were made along routes perpendicular to each other.

Flight maps were prepared for each day, indicating the location of

traverses and spirals made on that day. Corresponding tables indicated
the time, altitude, and number of syringe samples for each maneuver.

14



IT SUMMARY OF THE TEST-DAYS

A. Test 0917: 17 September 1980

The western states were dominated by a broad, flat high-pressure
region; a weak thermal trough was centered in extreme southwestern
Arizona, but was restricted to southern California on its northern end.
At the 850-mb level, winds in the test area were strong (8 m s~l) from
the SSW and the temperature (16°C) was nearly equal to the climatic norm
for the period (15.3°C). The peak hourly ozone concentrations occurred
during the hour 13-1400 PDT, with the maximum value of 80 ppb recorded
at the Gilroy station. The release of SFg was from 0931-1126 PDT in
Newark, about 1.5 km east of the Dumbarton Bridge, and the F13Bl was
released from 0936-1129 PDT at DeAnza College in Cupertino.

F13Bl tracer gas was transported: (1) through the Santa Clara Val-
ley, and (2) along and over the ridge line between Los Gatos and Watson-
ville and into the Pajaro coastal plain. Transport to Moss Landing was
observed on the surface around 1800 PDT, while the leading edge of the
F13Bl at 300 m agl was detected around 1530 PDT in the vicinity of Gil-
roy. Significant F13Bl concentrations persisted at the Watsonville sam—
pling site until midnight when sampling ceased. Very little of the SFg
tracer released from Newark was present in the air samples. Aircraft
traverses indicated some SFg aloft on the eastern side of the northern
end of the Santa Clara Valley (near Alum Rock). Although the transport
pattern was not detected from the tracer measurements, the mid-morning
streamline analysis suggests the possibility of transport into the
Livermore Valley.

B. Test 0922: 22 September 1980

Ozone concentrations at Gilroy peaked at 90 ppb during the hour
16-1700 PDT, the highest this day throughout the study area. The 850-mb
temperature reached the period norm, and was up 5°C from the previous
calendar day, while the Gilroy peak-hour ozone also increased (20 ppb)
above the September 21 peak. The SFO-RNO pressure difference decreased
significantly from -1.4 mb on September 21 to -5.7 mb on this day. The
drop was in response to the thermal troughing over California. Except
for a wet frontal system in northwestern Washington State and British
Columbia, the synoptic map was devoid of weather in the western states.
Similar to the previous test, SFg was released from 0900-1100 PDT in
Newark and F13B1 from 0900-1053 in Cupertino.

Summarizing the transport patterns depicted by the tracer measure-
ments: There are different patterns for each of the two tracers. The

SFg, released in late-morning from Newark, is detected along two

15



"corridors" in the afternoon and evening. (Because of the topography,
the. sampling was done along geographic corridors. In reality, it is not
possible from the data to determine the lateral extent of these corri-
dors or if they are indeed separate transport routes rather than a
larger, contiguous transport pattern.) One corridor exteunds along High-
way 17 from Los Gatos to the summit and then generally southward along
and over the ridge line to Scotts Valley and Watsonville. Movement
along this western corridor results in transport to Moss Landing at
21-2200 PDT, about 12 hours after initiation of the tracer release in
Newark--a net transport rate of 2.9 m s~l. The southern corridor
extends through the Santa Clara Valley. SFg transport was first
observed around 1300 near San Jose Municipal Airport by one of the
mobile sampling vehicles; the next significant observation was for the
hour 15-1600 PDT at Morgan Hill. Both the mobile and fixed-network sam-
ples indicated a relatively compact plume. By early evening, a broad
plume was observed in the Morgan Hill-Gilroy area with higher concentra-
tions. The plume persisted, varying in size and intensity, throughout
the evening. This sudden onset of high concentrations over a broad area
of the Valley suggests that more than one trajectory transported SFg
from Newark to the upper Santa Clara Valley. Several alternative tra-
jectories are possible for the evening transport; for example, horizon-
tal transport through the Bay Area, and vertical transport to the moun-—
tain ranges during daytime and return flow to the valley floor with
evening drainage winds. No SFg was observed beyond (i.e. south) of Gil-
roy,* indicating transport into the NCCAB did not occur on this day
through the Santa Clara Valley.

The F13Bl observations indicate transport occurred primarily along
the western corridor. By mid-afternoon, concentrations measured bythe
fixed network were near-zero throughout the region, although the mobile
sampling vehicles continued to detect isolated and widely scattered
F13B-pockets. However, a significant F13Bl sample (32 ppt) was observed
for the hour 18-1900 in Salinas. Mobile samples taken around 1900 in
this area did not detect F13Bl in Salinas, but similar concentrations
were detected between Castroville and Moss Landing.

C. Test 0924: 24 September 1980

The surface synoptic weather pattern for virtually all of Califor-
nia and Arizona was dominated by a well-established thermal trough cen-
tered in northwestern Mexico. The SFO-RNO pressure difference decreased
an additional 0.4 mb from September 22 to a value of -6.1 mb. The Gil-
roy peak-hour ozone reached 90 ppb at 15-1600 PDT; Watsonville had a
corresponding ozone level of only 63 ppb. However, during the preceding

*A single syringe sample (33 ppt) containing SFg was collected at 1833
PDT in Hollister; however, the isolated nature of the SFg sample sug-
gests 1t is not indicative of a broad transport pattern.

16



hour (14-1500 PDT), Watsonville recorded a daily maximum hourly concen-
tration of 101 ppb. The area-wide maxima for the day were observed at
Los Gatos (110 ppb at 13-1400 PDT) and Fremont (130 ppb at 16-1700 PDT).
By comparison, Hollister peaked for the day at 80-ppb ozone during the
hour 15-1600 PDT. The F13Bl tracer was released from 0900-1100 in
Vasona Park in Los Gatos to study the effectiveness of Transport Route 2
(Figure 2), also denoted here as the western corridor. SF6 was released
simultaneously from the Santa Clara County Fairgrounds in south San
Jose. Tetroons were launched at 1000 PDT from both locations. On
release, the Vasona Park tetroon become entangled in a tree and was
unable to work itself free; the Fairgrounds tetroon headed north over
downtown San Jose but could not be located visually or by radar. The
San Jose surface winds indicated light downvalley flow from the SE and
SSE throughout most of the morning with a reversal during 11-1200 PDT
and NW-NNW until 1900 PDT. At Morgan Hill, the winds were crossvalley
out of the east until mid-afternoon when there was an apparent shift to
an upvalley flow (several missing values in the afternoon preclude a
definitive analysis). In Hollister the winds were also variable, blow-
ing from the NW from 1000 to 1400 PDT and then increased in speed out of
the west from 1400 to 1700 PDT; during the period 17-2100, the winds
varied between northwest, west and variable. Summarizing, the surface
winds in the Santa Clara and San Benito Valleys did not reflect either a
strong or consistent transport pattern; instead, they suggested a situa-
tion dominated by local effects that vary throughout the day.

The fixed-sampling network detected F13Bl dispersion from Vasona
Park, Los Gatos, into and over the Santa Cruz Mountains. Beginning at
1200 PDT, when all fixed samples were operating, moderate F13Bl concen-
trations continued to be observed at Lexington Reservoir, while hour-—
average concentrations were very low in Watsonville and south San Jose.
The 13-1400 PDT tracer map indicated F13Bl1 transport to Soda Lake (mid-
way between Hollister and Watsonville), while a trace was measured at
14-1500 in Monterey. Later in the afternoon, F13Bl traces were observed
at various locations throughout the study region, including Morgan Hill,
Gilroy, and Santa Cruz. In the evening, the F13Bl continued to be
observed at low concentrations in various isolated locations. Carry-
over measurements the following morning (06-0900 PDT) continued to show
concentrations in the 5-ppt range at Lexington Reservoir and the ridge
line station, Santa Cruz, Morgan Hill, and south San Jose.

The SFg released from 09-1100 PDT at the County Fairgrounds in San
Jose exhibited a more systematic transport pattern than did the F13Bl
(released in Los Gatos). The first trace detected by the fixed network
was 11-1200 at Lexington Reservoir; trace~values were subsequently
observed throughout the day at this and surrounding stations. This sug-
gests either a continuous transport into the area throughout the day or
an initial transport from the release point with long-term residence in
the small air basin that partially envelops Los Gatos and the immediate
areas to the west and south. Of the two, the latter mechanism is more
likely in view of the relatively short duration of the release. The
more significant transport feature is movement down and up the Santa
Clara Valley. From late morning to early afternoon, the SFg first moved
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NW and .then SE in response to the wind reversal in the area. By
14-1500, the tracer cloud had moved SE with a peak concentration of 75
ppt at south San Jose and 10-17 ppt values in Morgan Hill, Transport
continued SE during 15-1600; an 8l-ppt peak in Morgan Hill indicated
movement to the SSE at a speed of about 3.7 m s~l. The mobile data for
this hour indicated the plume had an 8-km length along Highway 101, cen-
tered just north of San Martin. However, there continued to be no sig-
nificant SFg levels farther south until the next two hours when Gilroy
recorded very low (5-6-ppt) levels; the central portion of the cloud was
not detected at this time by either the fixed or mobile samples. The
19-2000 tracer map indicated a second cloud entered the northern end of
the Santa Clara Valley where 25 ppt SFg was measured at Site 14. The
cloud moved SE at 2-4 m s~l for the next 1-2 hours, but did not progress
beyond south San Jose which had concentrations of 87 and 35 ppt for the
hours 20-2100 and 21-2200, respectively. The precise mechanism that
produced the second SFg cloud is unknown, but it appears likely that a
bifurcation accompanied the wind reversal during the morning hours.

D. Test 0926: 26 September 1980

The thermal trough that had persisted over California the previous
two test days was present only in the extreme southern portion of the
state. A weak, surface low-pressure area was off the Washington coast
and the eastern edge of the Pacific high extended into south-central
California. Th SFO-RNO surface pressure difference had all but disap-
peared (-0.8 mb), although the 850-mb temperature exceeded the climatic
average by more than one standard deviation. Winds at 850 mb were SSW
at 10 m s~1. The maximum hourly surface ozone concentration at Gilroy
was very low (50 ppb), and the maximum at any of the fixed monitors in
the basin was similarly low (60 ppb). Mobile ozone-sampling, however,
did measure a short-term peak of 113 ppb in the foothills near Uvas
Reservoir, west of Morgan Hill.

Both tracers were released during the two-hour period 10-1200 PDT,
SFg from Coyote Park (10 km NNW of Morgan Hill and 2.5 km SSE of sam-—
pling Site 12) and F13Bl from Vasona Park in Los Gatos. Tetroons were
launched at 1000 PDT from both sites. The trajectory of the Vasona Park:
tetroon indicated a slow movement (1l m s~1) nearly due south into the
mountain pass surrounding the Lexington Reservoir; the tetroon became
entangled in trees as it attempted to rise over the 600-m western edge
of the pass opposite the reservoir. The Coyote Park tetroon drifted
erratically for about two hours, first north and then south, within 2 km
of the launch site maintaining an altitude of 500 m. At 1203 PDT, when
it was about 1 km WSW of the launch site, it began a systematic movement
past San Jose Municipal Airport (1304 PDT), Milpitas Airport (1345), and
into the Livermore Valley; about 1530 PDT it reversed direction to the
SSW and was last observed at 1730 PDT near Mission Peak (4 km NE of Mil-
pitas Alrport).
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The 0700-PDT aircraft sounding at San Jose indicated a slightly
stable  layer (-0.65°C/100 m) from the surface to 420 m, capped by a very
stable layer (+5.3°C/100 m) to 650 m with isothermal and slightly stable
layers above. Ozone was uniformly low (25 ppb) in the near-surface
layer and peaked at 110 ppb in the isothermal layer at 900 m. Fog and
low clouds at Hollister extended to 600 m at 0730 PDT; between 600 and
1500 m, ozone was nearly uniform around 80 ppb except for a narrow
150-ppb peak at 900 m.

The tracer transport pattern is diverse and complex, reflecting the
morning variability of the surface winds. The 12-1400 F13Bl measure-
ments from the fixed network indicated a high concentration remained in
the Los Gatos release area. Otherwise, traces were measured in various
locations: Scotts Valley, Cupertino-San Jose, Gilroy, and Hecker Pass.
Southeastward transport was observed into San Jose during 15-1600. The
next two hours (16-1800) had F13Bl transport up the Santa Clara Valley
as far south as Morgan Hill. Then, F13Bl levels decreased abruptly at
18-1900 and remained low at scattered locations throughout the evening.

The SFg released from Coyote Park was first detected at 12-1300 PDT
at the sampling site (Number 12), about 2 km NNW of the release point,
The 33-ppt is very low considering the proximity to the release point,
the low air movement during the late morning, and the short transport
time from release; the implication 1is that only the edge of the tracer
cloud passed over the site during the hour. Other locations detected
only very low-level SF6 traces during the hour. Conditions were rela-
tively unchanged the following hour (13-1400). The trend continued from
14-1500 with SFg at Site 12 up to 111 pt; the only other significant
measurement was west of Gilroy where a 42 ppt was observed. The 15-1600
pattern again showed the maximum concentration (40 ppt) in south San
Jose, but no other significant values at any of the fixed sampling
sites. The following hour (16-1700), east Morgan Hill had the only sig-
nificant concentration (38 ppt) and from 17-1800 there was no measure-
ment greater than 6 ppt. The samples obtained up to this time account
for only a very small fraction of the total SFg mass released. Recal-
ling the tetroon trajectory, it appears likely that the main SFg cloud
was transported northward out of the sampling grid, and the measurements
from south San Jose, west Gilroy and east Morgan Hill are indications of
one or more secondary plumes that bifurcated away from the main cloud.
There is some evidence to support the hypothesis in the evening tracer
measurements. At 19~2000 PDT, the Cupertino sampling Site 25 measured
an SFg concentration of 851 ppt while west Gilroy measured 21 ppt for
the hour. Site 25 missed the next 3 hours; however, west Gilroy
decreased to zero while Hecker Pass increased to 20 ppt during 20-2100
PDT. The following hour had no measurements above a trace, but during
22~2300 Morgan Hill (Site 10) registered 357 ppt; the origin of this
very high concentration 10 hours after cessation of the tracer release
1is unknown. Even more unusual are some of the 23-2400 observations:
one, Site 10 was missing, yet none of the adjacent stations registered
any concentrations greater than a trace; and two, Site 25 in Cupertino
recorded a daily high of 2059 ppt for the hour.
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In summary, it appears that large percentages of the two tracers
were initially transported northward out of the sampling grid and were
subsequently transported southward later in the afternocon and evening.
Some of the tracer did, however, move southward throughout the day
although none was transported into the NCCAB.

E. Test 0930: 30 September 1980

Test 0930 (30 September) was the first test day where ambient ozone
concentrations in the study region exceeded the one-hourly standard of
120 ppb; Watsonville peaked at 120 ppb (hour average) and Hollister at
140, while San Jose, Los Gatos, Gilroy, and Morgan Hill recorded maxima
ranging from 150 to 190 ppb. Peak hourly readings were up from 40 to 80
ppb over peak values measured the preceding day. Maximum surface tem-—
peratures along the central California coast rose about 6°C from 28 to
29 September, in response to light airflow out of the Central Valley; a
thermal trough centered in Baja California began to develop in the
western half of the state. On 30 September the trough persisted, with
the pressure pattern in Northern and North-Central California appearing
very similar to the previous day’s. The SFO-RNO pressure difference
decreased markedly from the previous test (26 September) to -5.7 mb.

The maximum surface temperature at San Francisco International Airport
increased 9°C from the preceding calendar day to 30°¢C (87°F). At 850
mb, the temperature of 23.8°C was 8.5°C (or 1.7 standard deviations)
above the climatic norm for the period. Afternoon 850-mb winds were
from the NNE at 10 m s™l. Winds on 30 September were very light at the
surface in the interior portions of the study region.

Both tracer/tetroon releases were made at the San Jose City Col-
lege; SF6 was released from 0900 to 1100 PDT and F13Bl1 from 1030 to
1230. The 1000 tetroon drifted slowly to the ESE at a speed of about
1.1 m s~ for approximately two hours when it grounded on a hill near
the County Fairgrounds. The 1130 tetroon drifted SE at about 2 m s~
before grounding in the Santa Teresa Hills northwest of the Calero
Reservoir on the western edge of the Santa Clara Valley.

The SF, tracer measurements indicate there was organized transport
both along the southern corridor (Route 1) and the western corridor
(Route 2) in addition to some poorly organized dispersion of secondary
elements of the main tracer plume. At 12-1300 PDT, the principle SF6
measurement was a 136-ppt concentration in south-central San Jose. How-
ever, there were also trace measurements (5-10 ppt) from Morgan Hill to
Hollister. The SF6 core moved southward during the next hour with 228-
and 375-ppt concentrations observed in the Almaden-Santa Teresa Hills
region indicating slow transport at 1-2 m s’l; trace values continued
along the southern corridor as well as in Santa Cruz. Transport
accelerated from 14-1500 along the southern corridor: the peak hourly
average of 149 ppt was located in Morgan Hill, equivalent to SSE trans-
port at 5-6 m s~1. Also, the first significant indication of transport
into the western corridor was the 82-ppt SF6 concentration in Los Gatos.
During the ensuing hours, some transport continued along the western
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corridor although the concentrations were small and erratic, and the
rate of movement could not be estimated. The principal trace cloud con-
tinued movement down the southern corridor, and was detected in the
Hecker Pass-Gilroy area by the 15-1600 measurements; the inferred trans-
port speed for the hour was about 3 m s~l. Beginning with the 16-1700
hour and continuing throughout the evening, there were no further SF
measurements above trace level. With strong late-afternoon WNW winds at
Hollister, it is assumed that the plume was diluted by the 5-7 m s—!
winds and transported in the general direction of Pacheco Pass.

The 12-1300 F13B] samples located the tracer core in south-central
San Jose and low-to-moderate traces (<27 ppt) in east and west San Jose
and up the Santa Clara Valley to Gilroy. A broader pattern is reflected
by the 13-1400 PDT samples (nominally, two hours after the release).
The F13Bl plume had spread throughout most of San Jose; the peak value
of 1230 ppt occurred in the Almaden section. Traces continued to be
found in the Santa Clara Valley as well as in Santa.Cruz. By 15-1600,
the plume had spread throughout virtually all of the Santa Clara Valley
south of the release point; concentrations ranged from 17-82 ppt as far
south as Gilroy. However, neither the San Benito Valley nor the Pajaro
Coastal Plain measured any of the tracer. There was some evidence of
transport into the western corridor with 31- and 16-ppt samples in Los
Gatos and Lexington Reservoir, respectively. During the next hour,
16-1700, moderate-to-high concentrations persisted throughout the Santa
Clara Valley, and a small concentration was first observed in Hollister.
In contrast to some of the other tests, there was no discernible core of
F13Bl that dispersed up the valley. Instead, the tracer was well mixed
throughout the entire 50-km length of the Santa Clara Valley. Concen-
trations in the western corridor essentially doubled from the previous
hour, although only low-level traces were observed at the summit and
farther south. Transport into Scotts Valley occurred during the 17-1800
hour and persisted through 22-2300. Santa Cruz and Soquel did not mea-
sure tracer until 22-2300.

Significant tracer concentrations first occurred in Hollister dur-
ing the hour 1900+2000 PDT, although the two preceding hours at that
station had missing data. The mobile tracer measurements indicate a
slow dispersion of tracer from San Jose down the Santa Clara Valley at
an effective transport speed of about 11 km h™! or 3 m s™!. There
appears to be little transport out of the Hollister area or dilution
within the area from the time the tracer first arrived until cessation
of sampling at 2300-2400.

Contrary to expectation, the highest surface ozone concentrations
in the region during the late morning hours were centered in the NCCAB
between Moss Landing and Hollister. This high-ozone zone expanded
throughout the afternoon, linking up with rising concentrations in San
Jose. However, the core of the afternoon ozone maximum shifted only
slightly northward into Gilroy and Morgan Hill, where'O3 values were
higher than those in San Jose, Los Gatos, and Fremont every hour. The
afternoon SE transport indicated by the tracer data are reflected in the
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ozone pattern. From 1400-1500 PDT onward, there is first a stagnant
situation, followed by a slow progression of the high~ozone core toward
Hollister.

The high ozone readings at the Watsonville base station continued
with the arrival there of the sea breeze around 1300 PDT. This sug-
gested either a local pollution reservoir over the Monterey Bay (perhaps
due to nocturnal offshore tranmsport) or the occurrence of long-range
transport. To evaluate these hypotheses, the aircraft broke off its
inland tracer sampling in mid-afternoon and initiated an aerometric map-
ping survey at 150 m altitude over the Monterey Bay and up the coast to
San Francisco, before returning along the coast to Watsonville.

The offshore mapping flight provided the following observations of
ozone structure over Monterey Bay and along the coast from Monterey to
San Francisco:

e Flying at 150 m msl from Moss Landing due west 24 nmi (39 km)
toward the coastal Air Defense Intercept Zone (ADIZ), ozone con-
centrations oscillated for the first 24 km between about 40 and
120 ppb with an effective wavelength about 4 km; oscillations
continued to the west end of the traverse, but with lower peaks
(approximately 60 ppb). No similar variations occurred in the
NO, records, which remained nearly uniform around 10 ppb.

e Fifteen kilometers due west of Santa Cruz, ozone concentrations
rose steeply to about 175 ppb and remained at this magnitude to
a point about 22 km WxS of the Ao Nuevo State Reserve, where
they decreased to the 80- to 110-ppb range. Heading northeast
to Pescadero, ozone levels again increased to above 200 ppb.
Along the ensuing northwesterly leg, ozone varied from 50 ppb to
200 ppb. The subsequent NNE leg had near-uniform ozone around
140 ppb.

e From the Half Moon Bay waypoint northward to San Francisco,
ozone concentrations were uniformly low--70 ppb.

e The return flight from San Francisco to Santa Cruz (same 150-m
altitude) displayed a similar spatial variation of ozone, except
the areas of high ozone had increased concentrations.

® Areas marked by high ozone showed similar increases in air tem-
perature, oxides of nitrogen, and particulates. NOx concentra-—
tions were around 20 ppb in these regions with NO:NO, ratios in
the 15~ to 20-percent range.

e The 1830 PDT aircraft sounding at Watsonville showed an inver-
sion from the surface to 350 m msl. Ozone in this layer varied
from 40 ppb near the surface to about 90 ppb at the top of the
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inversion layer. Immediately above, ozone decreased slightly
and then increased markedly to an average value near 150 ppb.
This ozone reservoir consisted of two parts:

— A primary layer from 400 to 900 m msl

- A secondary layer of lower concentration from 900 to 1200 m
msl.

~ Above 1200 m, concentrations dropped rapidly from 125 ppb in
the upper layer to 50 ppb above it; 50 ppb is typical of
ambient background concentrations above clean environments.

e The evening’s two-level flight pattern over Monterey Bay from
Moss Landing to a point 24 nmi due west verified the continued
presence of moderate ozone levels over the Bay.

The observations indicate a transport down the coast of ozone and
ozone precursors (i.e., NOx) from the San Francisco Bay Area (south of
Half Moon Bay) to the Monterey Bay, where the secondary wind circulation
over the bay and the afternoon sea breeze transport the air into the
interior valleys (e.g., Hollister). However, the tracer and ambient
pollution measurements also indicate a SE transport down the Santa Clara
Valley from the greater San Jose area to Hollister.

F. Test 1001: 1 October 1980

Ozone peak-hourly concentrations were very nearly identical to the
previous day’s; Hollister decreased slightly (4 pphm, from 14 to 10),
while Gilroy, Morgan Hill, and Watsonville increased 2 to 3 pphm. The
0500 PDT surface weather map is a near replica of the previous morning’s
map with pressure changes less than 2 mb throughout the state. The
SFO-RNO pressure difference decreased further to -6.8 mb and the 850-mb
temperature increased 2°C to 25.8°C (2 standard deviations above the
climatic norm). No tracer releases were made this day; however, exten-
sive aerometric mapping over the coastal waters was undertaken to iden-
tify more accurately the extent and magnitude of the ozone reservoir off
the coast between San Francisco and Monterey.

The day began much like Test 0930: A late-morning ozone maximum
around 100 ppb was seen at Watsonville, while a secondary maximum
extended from Morgan Hill to Hollister but with lower concentrations (60
to 70 ppb); at this hour, the San Jose area was still reporting very low
concentrations around 30 ppb. The sea breeze was observed to penetrate
to the Watsonville base station at 1410 PDT; ozone concentrations
increased nearly 30 pphm from the previous hour (in fact, ozone was
nearly comstant at 100 to 115 ppb for the previous four hours). With
the persistence of the sea breeze, concentrations remained high for the
next few hours, peaking at 150 ppb in Watsonville at 1500-1600 PDT.

With the retreat of the sea breeze, concentrations dropped 40 ppb in one
hour and decreaséed erratically into the evening. At 2100-2200 PDT, Wat-
sonville ozone was only 36 ppb.
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In contrast to the previous day, Hollister exceeded 100 ppb only
one hour (1300-1400 PDT, 110 ppb). However, Morgan Hill and Gilroy
exceeded 100 ppb seven and five hours, respectively, and they peaked
around 200 ppb, as did Fremont further north. 1In contrast to the morn-
ing hours that suggest the significance of ozone transport from
of fshore, the late evening hours suggest no such influence. This is
consistent with the surface wind flow at Watsonville in the evening when
a persistent offshore land breeze was observed.

The offshore aircraft flight pattern resulted in the following
features:

e A significant ozone reservoir persisted offshore. Over Monterey
Bay, concentrations were about 90 ppb over the eastern portions
while the western portions reached 125 ppb and did not decrease
out to the 30-nmi waypoint. Further south and east, there was a
steady decrease to the 85-ppb level in Monterey.

e A marked increase in ozone concentration was observed offshore
(both on the outgoing and return traverses) in the vicinity of
the Afio Nuevo Reserve. Concentrations increased rapidly from
110 to 125 ppb south of this boundary to 175 ppb and higher to
the north. Near-uniform concentrations up to 200 ppb were
observed from just offshore to a point about 18 nmi offshore;
further west, measured concentrations remained above 100 ppb.

e Elevated concentrations 175 ppb and higher were present as far
north as San Pedro Point, Farther north, there was a gradual
decrease to 125 ppb at the Marin headlands west of the Golden
Gate (i.e., Point Diablo).

e On the southerly return traverse, the north-south ozone distri-
bution was observed again except that concentrations were about
5 to 10 percent lower. However,. this may reflect ozone destruc-
tion by the land surface in that the return flight paralleled
the coastline at a distance of 3 to 4 nmi.

The distribution of ozone offshore and the diurnal cycle of surface
concentrations inland provide the basis for postulating the importance
of the southerly transport of ozone and its precursors during high-ozone
episodes in the NCCAB. The apparent origin of this ozone~rich air is
likely the San Francisco urban area, although the dynamics that lead to
its transport from the interior out over the coastal waters are not
understood at this time., Indeed, Test 0930 and 1001 may provide an
excellent case study and data base for understanding this phenomenon.

From a purely subjective analysis, the data imply that the polluted
interior air is transported from the San Francisco Bay area to the coast
in the Half Moon Bay to Pacifica Region, and is then transported down
the coast during the daytime when surface winds are strongest.
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G. Test 1002: 2 October 1980

The weather pattern of the preceding two days presisted through 2
October. The thermal trough through California elongated and the 1012~
mb core moved off the coast. The SFO-RNQO pressure difference decreased
substantially to -9.3 mb, while the 850-mb temperature reached 26.4°C,
or 2.4°C above the climatic maximum for October. Hourly ozone peaks
throughout the region are comparable to Tests 0930 and 1001, except that
Salinas and Carmel Valley recorded peaks of 120 and 140 ppb, respec-
tively, while Watsonville recorded 170 ppb. Scotts Valley reached a
peak of 100 ppb, and was oriented downwind of the Santa Cruz Lighthouse
tracer (SF6) release point. The other release point, Fisherman’s Wharf
in Monterey, was upwind of the Carmel Valley station on this day.

The peak ozone hour in the NCCAB is 1600-1700 PDT with Watsonville
at 167 ppb, Carmel 130 ppb, Salinas 120 ppb, Scotts Valley 100 ppb, and
Hollister 110 ppb. Throughout the day, the distribution of ozone in the
NCCAB appeared to be independent of conditions in the Santa Clara Valley
where Morgan Hill and Gilroy peaked at 190 ppb, while Los Gatos regis-
tered 150 ppb at 1200-1300 PDT before going off-line for the remainder
of the day. Moreover, ozone levels in the NCCAB appear to be augmented
or dominated by transport down the coast from the San Francisco urban
area to Monterey Bay and environs. In addition to the offshore measure-
ments of the two preceding days and the shape of the surface (interior)
ozone contours, there are also three other independent sets of measure-~
ments that support this hypothesis:

e Tetroon trajectories from Santa Cruz and Monterey
e Offshore ozone mapping from Monterey to Big Sur

e Vertical ozone profiles in the NCCABR.

The midday trajectories originating in Santa Cruz and Monterey con-
firm the general northerly flow along the coastline and the onshore
transport in the Monterey Bay resulting from the so-~called Santa Cruz
hook in the prevailing flow pattern. The "hook" refers to the cyclonic
curvature induced by the shape of the coastline relative to the normal
northwesterly flow. Under high-ozone conditions as were observed 30
September through 2 October, the circulation is an effective mechanism
for transporting coastal, ozone-rich air onshore; the effect is enhanced
by the sea breeze under clear-sky conditions. Further south, the Mon-
terey trajectory substantiates the downcoast transport.

The midday Salinas ozone profile shows concentrations not far above
background except for a layer between 250 and 400 m that peaks at 100
ppb; the profile-average ozone is only 57 ppb. Seven hours later, how-
ever, the profile-average concentration has increased to 104 ppb with
multiple peaks of 160, 175, and 195 ppb through a layer that extends
from the surface to 1150 m msl. It is unlikely that such a large and
rapid increase in ozone could result from local production. Transport
is more reasonable, and the likely transport route is from the coastal
waters under the influence of the sea breeze and prevailing flow.
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Hollister shows a similarly dramatic increase of ozone aloft from 1300
to 1900 PDT, although the transport route(s) cannot be implied easily
(i.e., down the Santa Clara Valley or inland from the coast, or both).

SF6 was released from 1030 to 1230 PDT at the Santa Cruz Light-
house, while F13Bl was released from 1015 to 1215 PDT at the Fisherman’s
Wharf parking lot in Monterey. From 1200-1300 PDT, Felton and Scotts
Valley (Santa’s Village) registered SF6 peaks of 354 and 177 ppt,
respectively, while Gilroy and Morgan Hill were at 7 and 6 ppt. The
following hour, Felton had decreased to 72 ppt and Scotts Valley to 54
ppt. Santa Cruz (Site 3, Highways 1 and 17) had an SF6 concentration of
328 ppt for the hour (1300-1400 PDT). The tetroon was nearly stationary
above Scotts Valley after 1300 PDT. Santa Cruz concentrations continued
at 252 ppt and Scotts Valley at 66 ppt, while Lexington Reservoir meas-
ured 10 ppt. From 1500-1600 PDT onward, Scotts Valley and Felton showed
a steady decline in tracer concentration. However, there is an indica-
tion of transport into the Santa Clara Valley as a result of an increase
in SF; seen during the evening, starting with 2100-2200 PDT and persist-—
ing until the last sampling hour (2300-2400 PDT).

The major features of the transport away from Santa Cruz are fur-
ther substantiated by the instantaneous tracer samples collected in the
three vans. Perhaps most intersting are the 10-ppt surface SF. concen-
trations detected around 1430 PDT between Salinas and Chualar along
Highway 10l--a distance of 15 km. Similar concentrations were detected
later (1611 to 1741 PDT) from Gonzales to King City--30 km. In con-
trast, the afternoon (1430-1800 PDT) sampling route that surveyed the
area between Santa Cruz, Watsonville, Hollister, Morgan Hill, and Red-
wood Estates detected no traces of SFg.

Very little of the F13Bl released at midday in Monterey was
detected by either the surface network, airplane, or vehicles. Sporadic
traces (1 to 3 ppt) were seen at Moss Landing, Aptos, Hecker Pass, Hol-
lister, and Salinas; these were observed starting at 1400 PDT. Grab
samples from the vans indicate a discontinuous plume of F13Bl between
Castroville and Gonzales; the measurements, which peak at 25 ppt, were
taken between 1338 and 1500 PDT. Later in the day (1700-1840 PDT) F13Bl
concentrations around 10 ppt were observed from Salinas to King City.
The tracer sampling vans also detected isolated traces of F13Bl in the
midafternoon in the 5- to 10-ppt range between Santa Cruz, Watsonville,
Hollister, and Morgan Hill; they do not appear to indicate any organized
transport.

In summary, it appears that transport away from Santa Cruz is a
complicated phenomenon, while little was learned of transport out of
Monterey. Two transport routes can be identified for Santa Cruz: one
to the north into the mountain valleys of Scotts Valley and the San
Lorenzo Valley; the other to the southeast down the Salinas Valley. The
initial structure of the Salinas route is not known, though it may
entall transport over Monterey Bay. The northerly route is probably
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complicated by terrain effects. However, the lack of tracer found in
the Watsonville-Aptos area does suggest some bifurcation of the puff
over the two-hour period of the release.

H. Test 1006: 6 October 1980

A thermal trough was aligned NW-SE through central California. The
SFO-RNO surface pressure difference increased from Test 1002 to -3.6 mb.
The 850-mb temperature (22°C) was 1.4 standard deviations above the
period norm, while the 850-mb wind was from the south at 12 m s~!. Sur-
face winds at Watsonville varied considerably throughout the test
period: from 09-1300 PDT, winds were SE-SSE at 1-2 m s~1; 13-1600 winds
generally were WSW at about 4 m s~l; then SSW at 1.5-3 m s~! from 16-
1900; and approximately SW at 0.5-1 m s~! until 2100 PDT when they began
veering to the NW while staying light. Stratus was widespread in the
morning; Hollister and Watsonville had tops of 400 m msl in the early
morning. 1Insolation dissipated the stratus around noon at the coast-
line, and earlier inland. The hourly ozone peak for the day occurred at
15-1600 PDT at Gilroy with a value of 140 ppb. However, the peak was
rather isolated and short-lived, particularly in contrast with the
preceding week’s ozone episode. Peaks within the NCCAB included 100 ppb
at Hollister, 90 ppb at Watsonville, and 60 ppb at Salinas and Gilroy.
The Hollister peak-value occurred abruptly at 13-1400 PDT; the preceding
hour had only 50 ppb ozone and the following hour, 60 ppb. The explana-
tion for the short-lived peak is in the Santa Clara-San Benito Valley
transport pattern. The wind backed abruptly to WSW at Hollister begin-
ning at 14-1500 PDT.

Both tracers were released during late morning at Moss Landing.
SFg was emitted from 1030-1230 PDT at a rate of 54 kg h~l from one of
the 150-m stacks at the PG&E Moss Landing Power Plant. FI13Bl was
released at the surface at 35 kg h~l from 1049-1245 PDT at a location
about 400 m NW of the SFg release. The tetroon was launched at 1140 PDT
from the PG&E yard. At 1215 PDT the tetroon was only 50 m offshore at
an altitude of 400 m southwest of the launch. At 1254 PDT, the tetroon
was at 660 m, 1.5 km due south-southwest of the launch site. An hour
later (1347 PDT), the tetroon was up to 945 m, 2.5 km north-northeast of
the power plant. The tetroon continued its erratic movement throughout
the afternoon. At 1516 PDT, it was 3 km southwest of the town of Aromas
near Pajaro Gap; at 1554 PDT it was still heading north-northeast (alti-
tude, 840 m). However, around 1800 PDT the tetroon was still at 760 m,
but was now 0.8 km west of Fremont Peak (essentially midway between Hol-
lister and Salinas).

The F13B1 data indicate either a bifurcation or spread of the plume
into the Salinas and San Benito Valleys. Transport occurred into the
Hollister-Paicines area by late afternoon, reflecting a net transport
rate of 5.5 km h=1 (1.5 m s~1). However, the fixed Hollister site mea-
sured F13Bl during only one hour, inferring that the measurement
reflected either transport of a secondary fragment of the plume or a
measurement along the edge of a broad plume. Transport up the Salinas
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Valley was more systematic: The plume was transported at a rate of about
2.8 m s~1, and after 4~5 hours had diffused in the longtitudinal direc-
tion to 40-km in length.

The SFg tracer data reflect an equally complex transport pattern.
First, a 25- to 30-ppt pocket persisted at the Marina site for the first
three hours of sampling (12-1500 PDT), but did not appear on any subse-
quent measurements at that site. Transport occurred into the Salinas
Valley with the 13-1400 hour: the Toro Park Estates fixed site (midway
between Salinas and Carmel Valley) registered 9 ppt while numerous sites
detected 2- to 3-ppt trace levels. Transport to Gonzales was first
observed at 14-1500 and SFg continued to be observed there the next
three hours. At 15-1600, the plume extended to Greenfield on the south
and Carmel Valley to the west of the Valley. The plume passed south of
Greenfield during 17-1800 when only a trace was measured. However,
transport up the surface of the Pajaro Coastal Plain began at 16-1700
with 6- to 20-ppt measurements in Aptos, Santa Cruz, Felton, and Scotts
Valley. Transport continued during the next hour northward to Lexington
Reservoir and eastward to Morgan Hill and Soda Lake. SFg persisted in
the Santa Clara Valley until 2000 PDT and in the Santa Cruz-Scotts Val-
ley area until 2100 PDT. Only trace-values were detected at 21-2200
PDT, but scattered hourly measurements up to 17 ppt were observed from
22-2400 in Scotts Valley, Felton, Gilroy, and Hollister.

Backing of the wind during the release period probably resulted in
multiple "puffs'" of tracer being transported in several directions. The
low-to-moderate hourly tracer concentrations at the surface are the
result of a strong elevated temperature inversion that dominated the
region.,

The temperature structure this day was typical of onshore flow con-
ditions where cool marine air is capped by a subsidence inversion at
500-1000 m. During clear, daytime conditions, surface heating creates a
thermal internal boundary layer (TIBL) that grows during the day and in
pProportion to the fetch from the coastline. Pollutants emitted aloft do
not mix to the surface until the TIBL has extended to the effective
height of their release. 1In this respect, Test 1006 is quite typical of
summertime coastal conditions.

I. Test 1008: 8 October 1980

Test 1006 and 1008 were designed to study transport of surface and
elevated sources at Moss Landing. During Test 1008, F13Bl was released
from 1100-1300 PDT from the same ground-level location; the release rate
was maintained at the earlier value of 35 kg h-l, SFg was released over
the same period at a rate of 54 kg h-1 through one of the 150-m PG&E
stacks. A single tetroon was launched at 1200 PDT from the power plant
site.
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The thermal trough over California that was so pronounced the pre-
vious week was still present but was less intense in the northern half
of the state. The SFO-RNO pressure difference was still —-4.7 mb and the
850~-mb temperature a very warm 22.4°C. Coastal stratus were present
through noon in Moss Landing, though slightly inland (0.5 km) skies were
clear and temperatures warm. The highest hourly ozone concentrations in
the NCCAB were 100 ppb in Watsonville and Scotts Valley, while Salinas
peaked at 40 ppb, Hollister at 80 ppb, and Monterey at 40 ppb.

The height of release from the PCG&E stacks, plus the nominal plume
rise in view of the strong inversion at and well above the top of the
stack, would have placed the initial height of the tracer at 300 m or
less, well within the 500-m inversion top measured at Moss Landing dur-
ing the tracer release period. WNone of the afternoon soundings show the
presence of a neutral or unstable layer from plume height to the sur-
face. Therefore, it is consistent that no significant SFg concentra-
tions were detected either by the sampler network or the vans.

The surface F13Bl plume was transported through Prunedale and San
Juan Bautista in the early afternoon and Paicines down the San Benito
Valley in the middle afternoon. No concentrations were detected aloft
except for sporadic trace measurements (<5 ppt). The five vehicles col-
lecting grab samples on this day provided details of the surface tran-—
sport pattern. From 1315-1400 PDT, large concentrations (100 to 870
ppt) were detected along a 13-km segment of Highway 101 between Prune-
dale and the San Juan Bautista exit., Lower concentrations (around 10
ppt) were observed along the coast highway from Watsonville to Castro-
ville during the same hour. Large concentrations were again encountered
the following hour (150 to 325 ppt) from Gilroy to Prunedale. From 1440
PDT to 1530 PDT, an elongated plume 32 km long was observed between San
Juan Bautista and Paicines. From 1300-1400 PDT, moderate concentrations
(<100 ppt) were also detected as far south as Salinas. Around 1630 PDT,
sporadic low levels of 10 to 20 ppt were detected in the vicinity of
Greenfield. ‘

In summary, surface transport from Moss Landing followed at least
two identifiable routes. The primary route having the highest concen-
trations (<1000 ppt) passed through Prunedale, San Juan Bautista, Tres
Pinos, and Paicines in the San Benito Valley. The secondary route with
lower concentrations (around 50 ppt) passed down the Salinas Valley with
tracer detected as far south as King City (the southern extent of our
sampling). No transport or diffusion was observed to the north.
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IIT CONCLUSIONS AND RECOMMENDATIONS

A. Conclusions

A detailed qualitative analysis of the tracer, air quality,
and meteorological measurements has provided the following primary
conclusions:

Ozone transport from the San Francisco Bay Area to the North
Central Coast Air Basin was evaluated along each of three pro-
posed transport routes with the following results: One, trans-
port up the Santa Clara Valley to Hollister--Route one--was
observed to occur, though ineffectively and sporadically; the
intrusion of marine air from Monterey Bay apparently sets up a
convergence zone in the northern San Benito Valley that gen-
erally inhibits transport south of Gilroy. However, this flow
reglme was observed during the tests to break down for short
periods, enabling transport to Hollister from the NW. Two, sig-
nificant ozone transport was not observed along proposed Route
two from Los Gatos to Scotts Valley and Aptos. Three, signifi-
cant amounts and concentrations of ozone were transported on
several days along offshore Route three, resulting in excee-
dances of the amblent standard at several locations in the
NCCAB. The mass of ozone discovered offshore during two tests
extended about 50-km off the coast from the vicinity of San
Francisco on the north to (at least) Monterey on the south; con-
centrations increased rapidly from about 100 ppb at the coast to
nearly 250 ppb and decreased very gradually. Similar concentra-
tions were observed offshore on a third test, extending south-
ward to Big Sur where they decreased rapidly. The atmospheric
dynamics of the phenomenon and the proportions of advected and
locally generated ozone in the NCCAB remain to be determined.

Transport of the gaseous tracers from the Bay Area to the NCCAB
was evaluated on five test days, only one of which had ozone
peaks in excess of the ambient standard. Transport to Hollister
along Route one generally reinforced the conclusions of the
ozone analysis above. Tracer transport along Route two was com-
plex and sporadic, although transport was observed on several
occasions as far south as Moss Landing, Salinas and Monterey.
However, the actual transport pattern does not appear to confirm
effective transport through the mountain passes. Rather, the
measurements suggest transport up the heated slopes and then
along the ridge line of the Santa Cruz Mountalns with subsequent
dispersion into both the Santa Clara-San Benito Valley and the
Pajaro Plain.
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Tracers released in the morning in the San Jose area documented
complicated flow patterns associated with the transition from
early-morning downvalley flow out of the Santa Clara Valley to
midday conditions characterized by upvalley and upslope flow.
On one occasion tracer was transported first northward from San
Jose to Fremont and eastward into the Livermore, and then later
southward entering the lower portion of the Santa Clara Valley
in the early evening. Tracer emitted at Los Gatos showed a
similar overall pattern with significant transport measured up
the peninsula as far north as Portola Valley (where sampling
terminated). These thermal-orographically driven flows prevent
morning emissions from the Bay Area from being initially trans-
ported (until afternoon) to the NCCAB on days with light synop-
tic winds and clear skies.

On two days, large tracer concentrations (from releases in
Newark and San Jose) were observed to occur abruptly during the
late evening in the San Jose area. These represent situations
where emissions from a given source region may have contaminated
twice the same air mass or parcel, e.g., once in the late morn-
ing and again in the evening. The sudden onset and localized
extent of the high evening concentrations also indicate little
dispersion had taken place. The transport mechanism causing
this recirculation is unknown. One possibility is transport
first up the valley walls during midday and afternoon, and sub-
sequent transport to the valley floor with nocturnal drainage
flows. Other possibilities include strictly horizontal tran-
sport along closed trajectories.

Tracer material transported from San Jose to Hollister was
observed during one test to disperse slowly in the Hollister
area, where the rate of dilution in the evening and night fol-
lowed an exponential decay of the form X = X, exp - 6t2, where X
is the concentration, t is time in hours following the time of
peak concentration in Hollister, and b has a value calculated to
be 0.029 h~2, This suggests that the Hollister area may on
occasion be a reservoir of pollutants that remains to contribute
to the succeeding day’s ozone levels.

Intrabasin transport within the NCCAB was documented on three of
the tests using the tracers. Tracers released at ground level
indicated: moderate transport along postulated Route four from
Moss Landing to Hollister; significant, long-range transport
from Moss Landing down the Salinas Valley and limited transport
into the Carmel Valley (Route eight); and some transport up the
Pajaro Plain to the Santa Cruz-Scotts Valley area.

Morning tracer emissions from Monterey on a day with high ozone
concentrations in the NCCAB were observed to be transported
first offshore and then down the coast (although not inland), as
a result of the combined effects of the residual land breeze and
the synoptic flow. Santa Cruz emissions on the same day were
bifurcated with transport observed both into the Scotts Valley
area (Route seven) and southeastward into the Salinas Valley.
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® A strong, elevated marine temperature inversion was present on
" the two tests with releases at Moss Landing. During one test,

surface heating was only able to generate a surface, near-
adiabatic boundary layer up to 200 m. The elevated tracer plume
was embedded in the elevated inversion above and virtually none
of the elevated tracer was dispersed to the surface over the
broad extent of the sampling area. 1In the other test, an adia-
batic layer extended to nearly 400 m through part of the day and
diffused the elevated tracer to the surface. The resultant hor-
izontal transport occurred in two directions. First, one seg-
ment moved up the Salinas Valley during early afternocon and then
a second segment moved northward during mid afternoon through
evening into the Pajaro Coastal Plain, the Santa Cruz Mountains,
and parts of the Santa Clara Valley. Corresponding surface-
released tracer was transported into the Santa Clara, San
Benito, and Salinas Valleys.

B. Recommendations

The present study was designed to measure the transport of ozone
and precursors into and within the NCCAB, and to archive and analyze
subjectively the tracer, air quality, and meteorological data. These
objectives have been satisfied completely. Because of the adverse
nature of air quality conditions during the test period, the measure-
ments provide a unique and valuable data base with which to better
understand the structure of ozone episodes in Northern California, in
general, and to develop an improved implementation plan for the MUAPCD,
in specific. However, to achieve these two objectives, there is a con-
tinuing need to design and implement a systematic, objective analysis
program using the special measurements from this study and other avail-
able meteorological and air quality data from the study period. Below
are three recommendations that are an initial attempt to specify the
types of analyses that would be valuable; others need to be developed in
response to the needs of local and state agencies.

° Transport!and diffusion of contaminants from the San Jose por-
tion of the BAAPCD to the Hollister portion of the NCCAB should
be analyzed objectively using the meteorological, ozone, and
tracer data from this program and the routine measurements of
oxides of nitrogen, hydrocarbonsj and winds. Trajectory ana-
lyses should be performed and chemical kinetics models applied
to estimate the percentage of ozone observed in Hollister that
can be attributed to NCCAB sources and to BAAPCD sources.

e Similar analyses should be undertaken of the offshore ozone
measurements to quantify the magnitude of the impact of trans-
ported ozone/precursors on ozone levels in Monterey, Watson-
ville, Santa Cruz, and Hollister. There is a need to understand
the residence, formation, and destruction characteristics of
this offshore ozone reservoir.
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. Additional effort is required to understand better the contribu-
" tion of Moss Landing emissions on air quality in the NCCAB in
the presence of a strong marine inversion. This analysis should
examine available ambient SO, and NO, measurements, in addition
to the measurements collected in the current study.
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Appendix

LOCATOR MAPS OF THE NCCAB-BAY AREA STUDY REGION
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