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ABSTRACT

An intensive field program was carried out to acquire a data base to
document transport and quantify the impact of pollutants from offshore
oil and gas sources in the Santa Barbara Channel to onshore receptors
in southern Santa Barbara County and Ventura County. As part of that
effort, Meteorology Research, Inc. (MRI) established a network of

meteorology and air quality monitoring stations to supplement existing

data resources for a one month period beginning in niid-September 1380.

During the environmental monitoring period, the California Institute of
Technology'(c-altecﬁh') éonducted’ sik atmospheric tracer studies. These
-studies utilizéd' sulfur h'e'xaﬂuor.ide (SFé), rellela.sed fl;om a number of
locations in the Santa Barbara Channel. The coastal and inland impacts
of the tracer (and thus gaseous pollutants erhitted from those locations)
were determined quantitatively by measuring concentrations of SF6 as a
function of time and position. Concurrent with the tracer studies, MRI
obtained intensive observations of winds aloft from seaveral lo'ca.tions;
and measured air quality and meteorology on a regional basis with an iﬁ-
strumented airplane. The data base thusly acquired will provide data to

execute and verify regional air quality models,

This report consists of a test-by-test surnma;ry' of the tracer resuilts
and the vmetfeorology with emi:ha.sis on the t;anspor? winds. SF6 was re-
- leased from several locations within the Santa Bé;;;tzara Channel which
were selected on the basis of being known or proposed pollutant sources,
and ranged from Point Conception at the west end of the channel to Point
Huenerne on the east end. Generally the meteorology experienced éuring

the study was characteristic of conditions in September and which

exemplify worst case conditions. More specifically, the base of the



marine inversion was typically low over the channel dﬁring the study
imh;‘biting vertical mixing, and strong differential heating between N
the channel and inland produced a well developed diurnal land-sea breeze
circulation. These studies indicate that during the nighttime when

offshore flows dominate along the coast and localized light flows dominate

in the channel, emissions of gaseous pollutants from any of those

sources within the chazmel can lrnpa.'-t wrtually' any area within the

channel During all tests the SF 6 was further transnorfed onshore b;

"afternoon sea breezes. SF6 was not generally transported onshore west of

Gaviota. However, on the one instance when Gaviota Pass and the Santa

Ynez Valley were impé.cted, the tracer was released from the east end of tvhe

channel. Generally, tracer material would be ‘transported by an upslope-
flow in the a.fternoon over Ca51ta.s Pass into the Ojai Valley SF(, in the
v"ch 2 of Ventura and Ox:na.rd was’ prlma.nly tra.nsported by- a sea breeze |
reinforced by westerly flow in tbe channel _mla.nd along the Santa Clara
River Basin. The inland e:{ﬁen‘;of' tracer transport was determined by

the timing of beginning of the westerly flow in the channel and the location

of the SFy plume offshore. The nighttime land breezes tended to transport

© S¥, from inland areas back towards the coast, Thus, SF, Was detected at

coastal and inland sites for periods much longer than the release duration.

To assist in the selection of periods to be used for modeling purposes,

statistical tables which summarize the gaseous pollutants (03, NO, NOX.

S50O5) measured by the MRI a_lrcra;t have 2150 been included in this report.
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1. Introduction

During September and October of 1980, a field study was impiemented
jointly by Meteorology Research, Inc. (MRI) and the California Institute
¢ Technology {Caltech) to develop a data base for use in modeling the

impact of offshore drillind operations on the coastal and inland valley
i Varea..:. To thlS end, MRI eSLabllshed a month long e‘1v1ro'1rnenta.1 morn-“.
toring program Whlch consxsted of the followmcr key e*ements‘ .

% Measurements of winds aloft on a scheduled twice-daily
basis and on a more frequent basis during tracer ex-
periments from the Santa Ynez, Ojai, aﬁd Simi Valleys.

¢ Scheduled twice‘- daily aii“plane‘tempei'_a.ture soundings.

- over the Santa Ynez OJa.I a.nd Simi Va;lleys. _
o '“Contmuous measure'nents of surface wind and temperature
from ten locations to supplement existing data resources.
To supplement existing air qﬁality‘ monitoring data, ozone
was contmuously monitored from two locations, ca.rbon
monoade at one location, and at a fourth location. ozone,
oxides of nit"rogen,_ carbon monoxide, and total hydro-— '
carbons Were monitored.
Airborne measurements of air quality on a regional basis
during selected periods. ' |
Continuous measurements of \-rerti'ca.l mixing and at.mospheric
stabxhty' with an acoustic radar.
The data. base thusly acquired has been submitted to the Ventura Air
Pollution Control District in a Technical Report (MRI 80 DV-1793)
dated 10 December 1780 and to the California Air Resources Board

on magnetic tape.

Six atmospheric tracer experiments were carried out concurrently by
Caltech and reported in detail to the Ventura Air Pollution Control Dis-
trict in a technical reported dated 13 January 1281,




This report summarizes the tracer experiments and airborne air quality
sampling. In Section 2, the results of the tracer experiments are sum-
marized and the meteorology during those periodsis described on a

. test-by-test basis. Section 3 contains the statistics for selected param-

eters measured by the MRI sampling aircraft.




2. Test Summaries

2.1 Test 1 17 September 1980 - Release f{rom Point Conception
(1100 - 1600 PDT)
2.1.1 Meteorology

General

. .The synoptic. me»eo;oloby on 17 September was. chaJ a.r-..erLzed by a be.t L _

of high pressure at the surface \Vhlch extended across Cal 1forma. to the
Great Plains (Figure 2-1a). Aloft at 500 mb (Figure 2-1b), a closed low
was p051t10ned about 600 miles off the central Cahfornxa. coast and was
rnovmg east , contmx‘nng 2 trend whlch had been esta.bhshed over

the past‘vsev.era.; weeks. Genera.lly' clear or saa‘tered sky conditions

emsted over the channel a.nd C&lllnga were unhmlted

Tra’nsport Winds

Figures 2-2 to 2-4 show surface streamline maps for the study region during
- and after the tracer release -period The flow in the channel at the start

of the relea.se is depicted by the surface st reaz‘nhnes on Figure 2-2. The
flow is seen ’co be generally westerly throughou’c the channel with air di- -
verging towards the coast east of Gaviota Pass, directed towards the
Santa Ynez_Valley,' and over Ca.sit.a.s Pass into the Oja; Valley. The main
- streamlines continue onto, the Oxnard Plamand mto the interior val 1eys
‘The same basit flow pauterﬁ continued mto the afternoon with one nofa’nle
exception. By 1500 PDT (Figure 2-3) the flo*v was directed offshore at
Gaviota. PaSs one of the few such afternoon occurrences. - Typically an
eddy forms in the lee of Po; nt Conceptxon a,nd an upblope flow'is observed
in Gaw.ota Pass. A strong onshore "10w (5-8 m/s) continued at the
aat end of the cha:mnel and into the interior’ vall ey‘s The 2 1')0 PDT w1nds

-' (Flgu-e 2 4) depict the erosion of the. da.y'flme 'low pa.t:te‘xn and show

the -.ra.nsltmn.pemod between onshore and offstore flow regimes. ‘During
the transition, wind speeds are genérally u.g':‘.t (<J. m/{s) along the

-coast and inland, and wind direction becomes va_ri.able.-
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The surface winds {rom Point Conception, tabulaied in Table 2-1, show
the-persistence of the flow during the test. VVi}l:ldS in this period were
from the westnorthwest and increased from 7 m/s at “he start of release
to a maximum of nearly 12 m/s at 1600 PDT., Wind velocities thereafter

gradually decreased to 4 m/s during the night.

Cfamiasr
Surface Winds at Point Conception

17 septennber'xaso

- Time (PDT)__ Wind (m/s) _ Time (PDT) ____Wind (m/s)
1100 - . ,;‘295/7 2 .- 1700 - 280/9.0 |
1200 v U290/8.0 4. 1300 281772 T
1300 286/13.2 1300 296/5.1
i4oo 278/8.9 2000 301/5.4
1500 - 285/9.6 2130 302/4.3
11600 278/11.7 2200 351/4. 4

-‘Mixing“i-leights ) -
Mixing heights were deu ermined by either of two means. One method

" uses the soundmgs made by the MRI sampling aircraft by noting the -
. top of the surface pollutwn layer or, if within the marine ;ayer the dis-
continuity of dewpoinf» The second method is 'nerelf noting the vertlcas
-A“dls*'r"‘but’O‘l of SF6 obtavned by eLthe; ‘the Ca’tecH or MRI sa: npuﬁg air- .-
crafs when within t‘1e tracer pLame at a dow-nwmd distance adequate to

a.Jow suff 1c1en* m1x1n° time..

: _Soandijgs taken by' the MRI samphng alrcraff Just offshore of Pomt Con-

cep’clon and SanLa Barbara 1ndxca.te max:.mum vert 1cal mixing to 500 ft



2.1.2 Tracer Results

This test showed that pollutants from sources in the '-}icinity of Point Con-
\..eDthLl can be transported into the Santa Barbara Channel. Pollutants
within the Santa Barbara Channel can then he transported onto shore

- during afte noon sea breezes. From there, pollutants can be transported
further mland:"f.Foi"this' particular’ test, the tracer trijectory from Point -
Conception was found to pass over Platform Hondo in the Santa Barbara :
Channel. The majority of the tracer was then transported over land in

Santa Barbara County. So*ne materlal was a.lso transported into Vemura.

- County near Ventura and Oxna'-d. Some of the tracer detected along the-

o Se_nta. Barbara County coastlme was tra.nspor»ed 1nto the O]a.x Va.lley over

the Caszta.s Pass. Reversa.l of the day‘txme wind ﬂow pa.tl:er”ls caused
mgch of the SF(: t‘ra:nspor;ed_ onshore to be returned to the coast during
the night. The tracer transported across the Ventura County coastline
during the day preferentially impacted the Santa Clara River Ba.sin, in-
cluding the towns of Santa Paula a.hd'Piru. Reversal of the daytime wind
- flow patterns also returned SF6 towards the Ventura County coastline

- in much the same manner as the return flow in Santa Barbara. Coum:y'.

. The mland areas of Santa Paula. and P1ru showed S¥ 6 tnrougnoau the

-sample period. Thus a significant por.t;on of the airborne polluta:nﬁs

- ¢ros sihg’ the coastline in mid and iate'aﬂ:ernoon requirebd more than 24

hours to be tra.nsported out of the study area. If the pollutants from the

Santa. Ba.rbara. Cha.nnel arnved onshore ear 11er Lhan mid a.fternooq »
proportlonately more of the-pollutants would have been transported out

of the study area by nighifall. .



2.2 Test 2 22 September 1980 - Release from 3 Mi S of Point Con-
" ception (1100 - 1600 PDT)
2.2.1 Meteorology

General

The synoptic meteorology of 22 September was characterized by a

- thermal'trough--established at the surface over.the interior.of Calif- L
ornia (Figure 2.5a), atypical condition during fhe warmer months of the
year. Aloft at 500 mb (Figure 2-5b), a weak short-wave trough mov;ed

_ across t’le state havmg a destab1hzzng effect on t‘ue atmosphere and in-

S ,ereasn'ig t’ie depth: of the rnar‘ne la.]er in the study area. ‘When conditions

. permitted, fw1ce—da11y' a1rcraft temperature sounchngs were made by
MRI over the Simi, Oja.i, “and Santa -Ynez_t Va.lley's., ,’I'he tempera.’cure‘s' ‘
"2t 5000 £t (or ar;g;s'-;;m'ta;‘s‘sc‘;ﬁss‘ lowered from 22-23°C, measured
during the first test, to 17-13°C in response to the trough passage.
Skies remained geﬁe rally overcast to broken throughout the area with
ceilings in the range of 500-13500 ft. Visibilities were restricted to

4-5 mlles in haze.
T.ra:as‘pe’r‘;» Winds -

The serearnhnes OL Flgure 2-6 deplct the genera.l flow in the early penod
of the’ traces release. . ;[‘he major feature of the Jow at this time is the

‘ » ea..:..eﬂy ﬂoxv..r.n the r‘ler’;h.ofxth‘e”ehyahﬁei.‘ :Thus, initially SF6 was being
transporied out of -I-"ae cil&.nné’ﬂ- On the east side e'f the channel, the flow--
- was. genera.lly' frorn the southwest and veered to the west mla,nd. The .

winds. rema.zned hgm: at the = eleaae area until a.ff'er 1400 PDT. A kite,

Whlch requlred a 2 m/s Wlnd velothy to operate was employed to ob- -
tain winds above the release- boa.t. It was not until approximately 1430

) PDT that wind speeds had 1ncreased to the threshold for sustaining flight.

Winds at the release site increased to 6 m/s later in the a.fternoon. The

onboard observer first noted a shift in the wind to a westerly component 2

1C
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Surface Streamlines
22 September 1980

Figure 2-6.,

1100 PDT
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1300 PDT. The 1500 PDT streamlines, shown on Figure 2-7, show that by
that time a general westerly flow had developed in the channel. The major
difference between the afternocon flows during this test and the previous
test is the development of the e‘ddy in the lee of Point Conception with the
flow over Gaviota Pass. By 2100 PDT, the onshore flows-along the coast

had ceased and a pattern similar to the morning regime was developing.

‘Mixing Heights "

MRI aircraft samplings taken near Point Conception, Gaviota State Beach,
Santa Barbara, and Oxnard sh;\v vertical mixing over the channel ranged
from 1500-2000 ft, the deepgst'ﬁﬂeasuréd during the field study.’ o o
2.2.2° Tracer Resti_lrs- |
- Because: of the wind r'e.;;;e’rsvai“'a.ﬁ-t‘lie‘ relea.se éite; fhe tra;g:el; Wé.s fﬁdl‘ie‘ |
dilute entering the Santa Barbara Channel tha.n during the previous Point
Conception release. While this caused the onshore SFg levels to be
lower during this test, the path of SFG transport between the two tesis
was quite similar., The highest on-land SF6 levels were detected west

of Santa Barbara. S'F6 was also transported toward the east at-the base
of the coastal mountains. ‘Also as a result of the early westerly transport
at the release site,'Slf"6 was not i;ransported very‘. far into the inland

| valley areas a.rLd the Ventura- O}é:.na.x_'d Plain before the nighi:-éime wind
“reversal.’ Thi_s: le.d fo .h.ighe;: nightﬁme concentrations 'a.long the cbést 2

‘than during the first tg_est',

13
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2.3 Test 3 26 September 1930 - Release from near Platform Hondo
- (0200 - 0700 PDT)

2.3.1 Meteoroloegy

General

The meteorology on the 26th was characterized at the surface by the ex-

) e'1=1on of "’1e Pacific *-hgh 1'1to cemral Callfornla (Flgure 2 8a). _‘The

o Rta o

': Lherma.l trough vva..,.no»‘ We11 deve}.oned ovei" ..1e m».enor of ualy.for'na N
" but .pre re gra.dlents never Lheless were onshore. The pressure field
aloft at 500 mb was eﬂm-em.ely flat over the southwest United States

- (Figure 2- 8b) There was evxdence of a.weak closed low aloft Just south
-..of the Me‘acan borde*, but 1ts mea.ct 1f a.ny, on the study- area was

' -1e°u1g101e. ‘Tempe*auures at 9000 ft in the study area warmed to 23 C
comparable to 17 September (Test 1) Aloncr the channel coao..,‘ overca.,L e
“to broken sky conditions.were reported in the mornlng with ceﬂmgs ra_ngmg
200-900 ft, and visibilities 1ower1rm to less than a mile in fog. The
stratus.burned off by noon and skies were reported clear in the afternoon.
Weather observations taken from Grace unti.lilOO PDT indicate fog and
‘:overcaot skies also preva.ﬂed in the channel with VlSlbllltleS as low as

one half mile- early in the release and mcreasmg to 4 ml- by late morning.

Tra;nsnort WVinds. j AR R IR . AP e

Plgv res 2- 9 to 2-11 show surfa.ce surea:mlme maps for the Sa.nta Barbara »

Chan*mel dur ng a.nd after the tracer Lelea.se nemod The strea.mlmea ‘

. on ] Flerur 2-9 are cha.ra.cterlstlc of the ﬂow in the early mormng wh11e

he tra.cer releaae Was ongomc. The flow within the cha_nnel appears to.

‘be 1a‘~ce1y 10callzed The resu..t is de‘cucted on the figure asa ~;r<~Lon-
ically dlrec»ed ﬂow c1rculat1ng th cha_nnel. The \v1ndo durmg the
morning and af e;noon at Platform Hondo near the release location, R

‘are tabula..ed in Table 2 2. Winds at Hondo rema.lned light and va.nable in

d'recuon until late afterncon. Beginning about 1600 PDT, the Hondo winds

be\.a*ne wes»erly and mcrea.sed in velocity.

15



o
-t hany

ks

Figure 2-8. (a) Surface Weather Map (Upper Panel)
{(b) 500 mb Height Contours {(Lower Panel) .
for 26 September 1380 '
- 15



4 <
Ry IRPPRRRFERIRR 12N
eamlines

Str

face

26 September 1380 0200 PDT k

Sur

2-9.

17




Table 2-2

Surface Winds at Platform Hondo

25 September 1780

Time (PDT) __ Wind (m/s) ___Time (PDT) Wind (m/s)

0200 072/2.7 1000 240/0.9
0300 072/1.8 1190 . . .136/0.9. .

o006 7 Togzro.e T 1200 - 113/1.3
0500 ~ 080/1.8 1300 138/0.9
0600 . .042/1.3 1400 215/0.4
Q700 o o;o/o;é. , - 1500 192/0.4.
0800 306/0.4 1500 249/1.8
0900 [ {!;27010;9.; 1700 o 256/3.1
ST 1300 268/4.9

At the end of the release period, the geaeral flow in the channel began
o shift gradually into the pattern depicted by the streamlines on Figure 2-10.
A generally westerly wind field had developed with an expanded eddy
. region in the northwest of the channel. An onshore componeni to the
wind existed every'where d.long the coast a.djacent to the channel. By
early afternoon a more typical wind field, more ‘oredormna."ely westerly,
had developed in the channel (Figure 2-11). Afternoon wind speeds ranged
from less than l_ rn/s‘at Hondo to greater than 15 m/s at Anacapa and
_ Point Conceptidn, By 2200 PDT an offshore »v1nd had developed along

.. the coast and dra.lna.ae ﬂows were es"a.bhshed in the passes.

Mixing :Iaghts ‘ - » _

The Caltech. sa.rr:fbling aircraft spiraled within the tracer plume at several
locations during the e_*.fternoon; Table 2-3 gives the mixing heights at

those locations as determined from the S Fé data.

13
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Table 2-3

Mixing Heights ~ 26 September 1380

Time (PDT) ___ Location _ ____ _ Mixing Height (ft-msl)
1355 Santa Barbara Airport 500
1505 Camarillo 1000
1525 Santa Paula L 2000
1550 Sa_ntaSusa_aa.A:.rport "-.--150().-‘: gl
1605 ‘Santa Paula - 2000
1526 Santa Barbara o 1000
1739 . Pira - 2000

1301 . Venmtwra - 0 04T 1000

L 2.3.2 :"Tra"c'er Results

This ter;t differed from the first two tests in that the SF6 was released
bearly in the moraing rather than in the late morning and early afternoon.
This ca.used the SF6 to.be transported by the nighttime 1and ‘oree”es and
spread over a wide area before the onset of the day time sea breezes.
This led to the tracer being spread rather unlfor‘:nly over the coastline
»-duri.na the afternoon; By,mid after:roon, SF6 levels along the entire
‘Santa Barbara Channel coasthne from Gaviota Pass to Oxnard were
sentially constant at a.bout 20-40 PPT (48 96 PPT/1b-mole released/nr)
Consxderlng the 1‘11t1a.1 Westerly' tra_nspor ' the Wmds at the releaae
. site (Table 2-2) do not support the observed timing of tracer movement
to the OXnar‘d-Ventura.} coast. As m prevmus tests, 'che SF, was.
tranéportved inl a.nd duringh 4":he afternoon into the Ojal Valley, the Santa
Clara Rwer Basin a.nd the Ventura-Oxnard Plain. Also-as in prévious
tests, nighttime land breezes caused transport back ‘cowa.rds the coaat—”

~line. Due tq the initial dlsperoy.on of the tracer, all SF6 concentrations

detected during this test were lower than during previous tests.

21



2.4 Test 4 28 September 1980 - Release from the Acania, 4 Mi W
" Ventura Marina (1240 - 1900 PDT)

2.4.1 Meteorology
General

The major synoptlc meteorological feature during the test was the

occurrehCe of-za'_'diss1pa.tmg;waather ;front- which ‘a“cv 0500 in the morning. ..

was located east of Los‘Anéeles (Figﬁre 2-12a). Ridging at the surface

followed the passage of this weak weather system. As a consequenc e,

- the therma.l trough typmally' esta.bhshed over the interior of California,

was less pronounced Sup’oort ‘aloft is reflem.ed on the 500 mb chart

(F}.gure 2 12b). by the short wave trough, which, at the map time, was
+ located com_cldent with the- surface-"siy'steni.' “ Generally clear or scattered
sky conditions and unlimited ceilings exiisted over the study area durizig
the test. Skies partially obscured (>1/10) were reported between 0700
‘and 1700 PDT at Point Mugu and between 1300 end 1400 PDT at Oxnard.
Visibilities ranged between 7-10 mi during the test.

Transport Winds

- Streamlines depicting'the flow during the release are shown on Figure 2-13,

The winds in the channel remained remarkably consistent during the

a.fternooh. " This consistency was reflected in the winds at Surfers

~ Point on the coé.st downwind of the release, After 1700- PDT the wirids

were from the southwest and ranged from 2- 3 m/s. These are shown
"'mTable 2-4. A 2 m/s wind component up Gaviota-and Casitas Paases

: permsued throughox.t the afternoon until early evenmg By 2100 PDT, a
‘la.nd"breeze regime Wa_.s again developmg (Figure 2-14). .Noteworthy fea-
tures of the streamﬁeld‘ during the developing period is the flow conver-

gence between Platform Grace and the coa.st and a weak eddy offshore from

Gaviota Pass in the vicinity of Platform Hondo. The latter feature con-

tinued throughout the night..
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Table 2-4
Surface Winds from Surfers Point (Ventura)

28 September 1380

Time (PDT) Wind (m/s) _ _ Time (PDT)_ __ _ Wind (m/s)
1200 - -210/2.4 . 1700 - - 235/3.3
1400 225/3.3 1300 219/0.7
1300 - - . 225/3.3 - 2000 320/0.8

1600 - . ¢ .235/3.2 - 2100 - 110/0.%
 Mixing Heights -~

. Afternoon mlxmg ﬁ:eighfs over the chammel were determined by the MRI

sampling aircraft to be between 200-300 ft. Inland in the Santa Clara

River Valley, mixing as determined by SF6 vertical distributions

extended to approximately 2000 ft.

.2.4.2 Tracer Results .

This test was conducted under. the simplest daytime coastal meteorological
regime.. The release was ‘no’c begun until after the onset of the a_ftérnoon

‘ sea breeze, Thus the SFﬁ éa.rnpling during the‘releaf.se was mea.surin‘g

~ the direct downwind irﬁpact of a Santa..Bé.rb‘ar'a Channel pqllﬁtant source
durihg the typic aliy strong and uniform aftei'noén flow. "]’:‘he complexities

- of flow reversal did not become important until after the end of the release. .

: Automqbile traverses along the". coaét fii'st'det_ected the plume on shoz;e
in Venture between 1400-1500 PDT, Continuing traverses across the
plume meésux;ed peak SFé"cvoiﬁceﬁtrations of about 10000 PPT (29800
PPT/'lb. ;mole). The plume characteristic thusly acquirgd could be

accurately modeled assuming a Pasquil-Giffard stability class E or .



After crossing the coastline near the Ventura Marina, the bulk of the

SF6 plume was transported eastward along the Sante Clara River Valley.
Low but detectable levels of SF6 were measured in the late afternoon
and early evening inland on the Ventura-Oxnard plain and east as far

as Thousand Oaks and Santa Susana. The characteristics of the sea-
land breeze wind reversal during this test was similar to the previous
tests. Most of the tracer aDpeared to have a re51dence 'cune w1thm

' 'the study a.rea in eXCess of one da.y “ The ‘nghttlme wmd reversal R
caused SF6, to be transported back towards the coastline and beyond.
Even though the release was made into a westerly wind from near
Ventura, the highttime land breeze transported pollutants as far west

as Santa Barbara, about 30 miles west of the release point.

27



2.5 Test 5 1 October 1980 - Release from near Platform Grace

(0600 - 1100 PDT)
-2.5.1 Meteorology
General

The symoptic meteorology during the test was characterized by a thermal

.;»frough established at the surface over the interior of California and by

' high ﬁres suré or r-id‘ging aloft a,long.t'he‘ Wjést Coé..st- (Ili‘-iguresi 2-15a and.'
2-15b). Ternpera.tﬁres at 5000 ft over Simi and Santa Ynez Valleys
were 28°C or among .thé highest measured during the study. Sky condi-
tions were varied within the .stu'.dy.‘ af\éa.during the test. Point Mugu re-
ported fog througﬁout ‘most 6f the dé.-y with visibilities ranging from 0 to
5 mi. Oxnard reported visibilities as low as 1/10 mi in fog during the
'morning,' but clear skies afterAb‘;)jOO PDT. At Platform Grace, fog was
likewise present until 0900 PDT. Santa Barbara reported clear skies
with no. restrictions to visibility until late in the evening (0000 PDT on

the 2nd).
Transport Winds

As" shown by the streamlines on Figure 2-16, the test began under a
well developed offshore flow regime. In the channel, out of the land
breeze, the flow was directed hovrthw‘est and west roughly paralleling
the coastline. Thus, tracer released from Grace would be transported
west in thé channel.- By 1000 PDT (Figure 25 17), the winds along the

" coast had shifted to onshore. The flow in the middle of the chammel re-
‘mained éast tb west, but at rechiuc:e.d velocitiés (1 m/s as opposed to

3-6 m/s earlier). In the aftei-noén, a westerly flow gradually developed.
Figure 2-18 shows the streamlines for 1600 PDT with both the westerly
flow in the c'hannel and onshore flbw a.lo.ng the coast well es;cablished.
Additional details on the surface wind flow in the channel near Platform

Grace are shown in Table 2-5. The easterly to southeésterly flow persisted
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1 October 1380 1600 PDT

Figure 2-13. Surface Streamlines




at Grace until after 1400 PDT. An important Eea‘ture.to be neted from V
the table is that, with the exception of 1500 PDT, the winds in the east

channel did not exhibit a component towards the Osnard- Ventura coast-
- line, which during the previous tests had reinforced the sea breeze.

Over an approximate two hour period, the flow shifted from southeasterly

o V\._i_to northwesterly or in, elther case, para.llel to Lhe coastlme.l These

flows were reflected in the streamhnes on Flcures ..-16 to 2-18.

Table 2- 5
Surface Winds at Platform Grace

-1 October 1980

'vl"'irrbxe(‘PD'.I') i ""vVi’ﬁd' ('rﬁ/s)‘f"-'f ‘Tirnre (PDT) - .  Wind (m/s)

0600 115/2.8 1200 ©170/1.9
0700 : 120/2.7 1300 ' 140/3.9
0800 . 120/2.1 | 1400° 150/3.6
0990 ~105/0.9 . 1500 215/3.1
1000 . 110/0.6 | 1600 310/3.1
1100 150/0.6 1700 350/2.7

Mixing Heights.

As might be expected‘-frorri‘fhe‘ substa.ntia.l'wa;rming at 5000 ft, the at-

" mosphere was e*d:remely sta.ble durmd the test, esnecia.lly in the lower
- 2500 ft. From the MRI sa.mplmc aircraft data, vertical m1x1ng over . ‘
~ the \_hannel near Ven’cura and at Grace appeared to be confined to below
_ 300 ft. The Caltech sampling aircraft data shows rmxmg_to 500 ft in

| the channel near Saﬁvtra;.. Barbara and through.'e. 1000 ft layer in the Ojai
Valleg, - - oo T o o
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2.5.2 Tracer Results

B The'SFé release for this test was completed just before the onset of the
afternoon sea breeze. Thus part of the SF6 plume was widely dispersed
before being transported towards shore and part of the SF6 plume was
transported almost directly onshore. Two distinct plumes were detected

~ by automoblile traverses a.long 101 near Santa Barbara. In one, the pea_k

75 SE, concentratlon def‘ected was about 13000 PPT (41000 PPT/lb-mole T

6

released/hr). In the other plume, which was spread over a larger area

and present for a longer period of time, the maximum SF6 concentration

- detected was about 3000 4000 PPT {9500~ 12700 PPT/lb mole released/hr)

CAs in prevmus tests the S’:‘6 Wa.s detected further and further east a.long
the coastline as the afternoon progressed ' SF6 was transported into the
" Qjai Valley over the Casxtas Pass and mto the Ventura-Oxnard Plain via-
- the Ventura coastline. Durzng the night, the reverse land breeze trans-
ported SF6 back towards ﬁhe coastline., This effect was most noticeable

at Santa Barbara arnd Carpinteria.
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2.6 Test 6 3 October 1980 - Release from 4 Mi SW Point Hueneme
(0045 - 0545 PDT)

2.6.1 Meteorology

General

- During this test, the west coast of California was located in a col region

at the surface w1th h:.c*h pressure’ centered m the eastern Pac1f1c a.nd .
Idaho and low pressure areas centered in the norther*l Gulf of CahfornLa. :
and off the coast of Washington (Figure 2-19a). Aloft at 500 mb (Figure
2-v19b) a high pressure cellwas centered over Nevada and intense ridging
was present from uhe western Umted States well into the Northwest Terrl—

tory of Canada.' The. wa.rmmg trend aloft noted durmg the prev1ous test

'b-‘contmued and tempera.tures a.t 5000 ft mcrea.sed to 34°C over Sa.nta. '

Ynez Valley and 33°C over Sl’nl Valley. Low celhngs. and visibilities
restricted to less tha.n 1 mi in fog were the rule in the channel and along
the adjacent coast. Low stratus and fog also shrouded the Oxnard Plain

throughout the test.
Transport Winds -

Figures 2-20 to 2-22 show several surface streamline maps which depict

the flows during this test. The general flow during the release period is

. shown by the 0600 PDT streamlznea on Flgure 2- 20 Similar to the pre- -

‘vious test {1 October), the test bega.n under a well developed offshore S

flow regime. Inthe channel, away from the land breeze influence, the

'_'""low was d1rected northwest and west. roughly parallelmg the coasuhne. |

The s»reamhnes for 1200 PDT (Flgure 2- 21) show the wmd field after

the wmds along the coa.s'c Had shifted to onshore. Transport in the channel |

was generally' to the northwest during the early a.u.er'loOn. _By 1600 PDT, -

the flow in the cha.nnel had shifted to the southwest (Figure 2-22) and

gradually developed into a pattern similar to the afternoon of the previous

test (Figure 2-18) with streamlines in the channel paralleling the coast

and transport to the east.
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3 October 1980 1200 PDT

Figure 2-21. Surface Streamlines
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Mixing Heights

Due to the low ceilings throughout the channel and on the Oxnard Plain,
airplane vertical sampling was not possible during the test. Mixing was,
however, observed to 1000 ft above the ground in the Santa Ynez Valley

where flying coaditions allowed for sampling

26,2 Tracer Results .

This.test was d‘esigz'led {o -inv‘es‘ciga’ce the possibility of transport from

the castern end of the Santa Barbara Channel towards its western end.

' AThis test took ‘§dva.}1(:é.g‘e,: of _t_l:xety*pical easterly winds at night in the

" Santa Barbara Cha;nnel for fhis vpurpo se. Due to a combination of the
early release t Lme and the la.te development of a westerly ﬂow in the

' cha.nnel, the 6 was tra.nsported further west than on any of the prior
tests. The bulk of tracer material was detected near Gaviota Pass and
in the Santa Ynez Valley. Unlike the previous tests in which releases
were made lmd.er nighttime flow regimes, the SF6 was not returned to
the east channel coast. No significant concentra.tidns of tracer material

.were detected east of Santa Barbara during the test. In additior;',' only

during this test was SF, transported through Gaviota Pass. This test

6
combined w1th the others. provxded evidence that SFy could be transported
from almost any point within the Sa.nta Barbara Cha.nnel to any other

- point within the channel dependmg upon the tlmmg of the release and the

partlcular W1nd condlta.ons established at that time.

40



o most likely represent woTst case pollution potentla_l from local : sources,

2.7 Conclusions and Recommendations

The principal conclusion which can be d_i'awn from these stﬁdies is that
under the various flow regimes encountered during the study, a parcel
of air along with its associated pollution burden can be transporied from
virtually any location within the channel to any other location in the
channel. In spite of the complexities of the ﬂows expemenced some
genera.hzatlons can be. made. S :--v«f'- o T
° Dxurna.l land/sea breeze condl.tmns domwnau.e the flow

alond‘ the channel coastline.
® At some time durhng the a.fternoon, generally westerly
winds. developed m the cha.nnel.
The affernoon Westerly' W1nds remforce »he sea breeze ~

f._falong the east cha.nnel coast and thus tne x.n'nmg of thell‘ L

development deterrrnnes the e*{tent of transport inland.

A simple Gaussion model can be used to describe diffusion from an off-
shore source while under the influence of a sea breeze, which typically
approximates a simple stveady- state flow, so long as experimentally
determined dispersion coefficients are ased. The modeler is con-
fronted with a C'onside;ably more difficult e.a_ek to describe the dynamic

“and changingvnature-ef the flows encountered in the channel at night and
in the mornin_g;_v and the flow eddy strucfure which develops offshore. However
under cO’ldi‘tiOnszh:‘Ich I.Jrno'duce lb\v inverdsions over the channel and ‘

- these flows result in efﬂclent lateral mixing 1n the channel sudgeatmc

" that. sunple box models may amply descnbe the dlspersmn charac..er-

1st1cs of aged po‘lutants. ' | A

Cleerly‘;a_. deta.ile‘d Vunderstendiﬁg of‘the.chani"lei“fld-we was;er;—ously'
limited by a lack of win‘d data {n’_the chanunel itself. Much of our know-

ledge gleaned from this study was inferred from the tracer experiments.
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When operative, three wind sites were available in the channel which
simply was not adequate. It is therefore recommended that any further
studvy place a high priority on obtaining additional winds, expecially

in the west channel where the least data is available. It is further
recommended that, since possible sites are few and the existing sites

even fewer, backup instruments be provided to minimize data losses.
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3. Aircraft Air Quality Sampling Summary

The MRI Cessna 206 airplane was utilized in the field study to sample
the air cuality and provide meteorological data on a regional basis. A
surmmary of the sampling missions is given in Table 3-1. The objective
of the airborne sampling was to provide a data base for use in regional

modeling studies. Special attention was criven to documenting the areal

-+ distribution .of ozone.: Thls section offers users of the aircraft data -

base st_a_tls.tlca; tables which summarize the gaseous pollutants '(03,
~NO, NOX, SOZ) measured during the study. The tables are intended to

assist in the selection of periods to be used for modeling purposes.

3.1 Sa:nphng Methodology

: The samn'le routes 1nc1uded somé a.ssu.med ma]or tra.nspor.. sourée re-
ceptor pathways such as the Gaviota and Casitas Passes, the Santa Clara
River Valley, and Lhe Oxnard Plain to the San Fernando Valley. Spirals

were flown both zlong the coast and in the interior valleys. Emphasis

- was placed equally on sampling in the northern and southern regions of

the study aréa. during the first three flights, but shifted to the sout‘lern

poftio during the 1a.ter sa_mpla.ng as the tracer releaee locations movnd

~south.,

The specific flight plan for é_ny given sampling missidn dépended upon
«th.e particular goals of L‘h>a.t. test, but 'n'evertheles_s cdﬁsisted of a combin-
ation of spiral ascents (-or descents) wﬁigh‘ map the atmosphere above a
location as 2 funétion of al*;itude é_nd of horizontal traverses. The.tra-
verse altitudes were selected by the observer in the airplane after review
{ the spiral normally flown at or near the tra.vz. se art pom The
altitude selection would be based on the de'oth of the surfa.ce mixing layer
or the oécurren‘-:e of regioas of high ozone concentrations aloft, Sampling
was thusly designed to define the horizontal variability within the mixing

layer or to define the extent of elevated pollutan'cs.-
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3.2 Explanation of Tables

In Tables 3-2 to 3-5 which follow, average and maxirmnum concentrations
of ozone (03), oxides of nitrogen (NO, NOX), and sulfur dioxide (SO )

measured during the aircraft sampling are listed. The data in the tab

are identified by date and observational units referred to as ''passes’’,
- Wmch are either a traverse or a splral In this manner ea.c": travprae
or spz.ra.l can'be um.quely 1dent1f1ed by' a daw and ‘Daba number.A Maps
showing the sampling 10cat10ns and tables giving the particulars (altitude,
end points, etc.) of each pass a.revincluded in the appendix of this report.

More apeclﬁc mforma.‘.z.on of tra.verse end point, and spiral loca.tlons i

"~ can be found in the Sa.nta Barbara. Channel Oxidant Study Da.ta. Volume

' dated 16 December 1980 It should be noted that each- fhgh’c mcludes one - -
tor two "zero’ spxra.ls wh:.ch are used to defme the instrument zero- altl- |
tude rejlation-smps, a relationship used durmg data processing. Since
during those types of passes the gas sampling monitors are ia zero

mode, the data have not been Ainclude-ci in the following tables.
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3.2 Explanation of Tables
In Tables 3-2 to 3-5 which follow, average and maximum concentrations
of nzone (03), oxides of nitrogen {(NO, NOX),. and swlfur dioxide (SOZ)
measured during the aircraft sampling are listed. The data in the tables
- are identified by date aad ooserv:uonal units referred to as "'passes’,
. w}uch are euher a traverbe o,a splral In .,h:.s *nan.ner, each travp:ae.
or spl.ra.l ca.n be unlquely 1dent1fied by a da.w a.nd pass number. Maps
showing the samphnd locations and tables giving the partlcula.rs (alt;tud?e.
end points, etc.) of each pa.ss are. mcluded in the appendix of this report.
: More spemﬁc mformatvon of traverse end point, and spiral 10ca.tmns

can be found in the Sazlta. Barbara. ‘Channel Oxidant Study Data Volume '

dated 16 December 1980 : It should be noted tha.t each ﬂ:.ght mcludes one

or two "zero' spxrals whzch are used to define L’qe mstrurnent zero-alti-
tude rela.tionships, a relationship used during datz processing. Since
during those types of passes the gas sampling monitors are ia zero

mode, the data have not been included in the following tables.
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Santa Barbara Channel Oxidant Study
'fa;ﬁe 181

17 September 1980

TRA\’ERSE END POINT AND SPIRAL LOCATIONS

r

| POINT | LATITUDE | LONGITUDE DESCRIPTION
1 34°25.7' | 119°50. 2" Santa Barbara Airport
2 426,70 | 120°27. 3! Off Pt. Conception
3] L340 29 01} 1e0%13.4" | .1_‘West End of Gavmta Pass -
"4 ] 34°37.31 | 120°11.8' | Bueliton
5 34°37.0' | 120°13.0' | Wash, SW of Buellton
6 34°36,5' | 120°04.6' | Santa Ynez Airport
7 34224.1° | 119°31.4* - | West Side of Carpmterla g
'8 | 34°27.6' . | 119°14.0' | NE of Ojai -
L9 | 3ec2s, 1 | 119°20, 2t .|  NE of Lake Casitas
{0 ["3de2z 5 |119°19. 7 | Casitas Lake Dam
11 34°27.0' | 119°16. 5! NW of Ojai
12 34°20. 8! 119°03.9' Santa Paula Airport
13 34°10.4' 1119°12.4° Oxmard Airport
14 32°16.3' | 118°42, 31 Santa Susana Aupor; __
: Offsbore Santa Barbara

—
W

34°25.1' | 119°44. 8"
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22 September 1980

MRI 206 SAMPLING FLIGHT 7
Santa Barbara Channel Oxidant Study

Tape #182
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*Santa Barbara Ché_ﬁnel O=idant Study
Tape 182

22 September 1980

TRAVERSE END PQINT AND SPIRAL LOCATIONS

119°41.0'

 POINT LATI_';}T_D_:E_ LONGITUDE DESCRIPTION
1 34°24. 7! 119° 50. g! University of California Santa Barbara
2 34°26.0' | 120°27.5' Four miles SE of Pt. Conception
3| 34°26.7'. | 120°27.3' | - Off Pt." Conception '
| 4 | .34" 29. o _ iZO“lB. 41 Near End of Gavicta Pass
5 34°37. 3! 120°11.8' | Buellton
6 V34.‘A’ 36. 5! '120° 04 6‘ Santa Ynez Air'po‘rt
7| 34241t | 119°31.40 West End of Carpinteria
- 34°27.6' | 119°14. 0" NE of Ojai -
©9 .| 34°25,11 ] 119°20.2" | NE of Lake Casitas
10  34°.20. 8! | 119°63, é‘ Santa Paula Airport |
11 4°17, 41 119°07. 0! East of Oxnard Airport
i2 34°10, 4! 119°12, 47 Oxmard Airport
13 34°16.3' | 118°42,3' | = Santa Susana Airport
14 34°14,0! 119°15,4! South of Oxnard Marin;
-15 | 34°15.4' - | 119°15,0° Oxnard Marina -
16 | 34°2¢,5' | 119°41, 2 Santa Barbara Marina |
17 34024, 0" South of Santa Barbara Marina
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26 September 1980

. MRI 206 SAMPLING FLIGHT
Santa Barbara Channel Oxidant Study

Tape #183
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M)TSanta Barbara Chanrel Oxidant Study
Tape 183

26 September 1980

TRAVERSE END POINT AND SPIRAL LOCI\TIONS’

12

L POINTS] LA TIT[_J:P‘E_‘ LONGITUDE DESCRIPTION
1 34°16. 37 118°42, 3! Santa Susana Airport
2 34°15, 0 119°17. 0! 32.5 nm 107° Radial SBA VOR
30| 17t | o119022.20 2 0 nm 107° Radial SBA VOR .. "
a | 3sezrer ""119°14 0 | NE of Ojai o
L - 5 - 34°25, 1" 119°20.2' | 'NE of Lake Casitas
6 34°24.5' | 118°55.0° West of Fillmore
7 34°16.9' | 119°18.7' | © 30.4 nm 105° Radial SBA VOR
.8 34°22,3' | 119°44.9' | 1.5 am Offshore Santa Barbara
v- 9 | -‘v34°j36.'$'~1_1 ) —120° 04 6"--f :~Sa.nta- Yn-ez-A:.rport ’
10 | 32°32,6' | 120°12. o'y‘" o B
11 34°29, 0! 120°13. 4" West End of Gaviota Pass
134025, 71 119°50. 7'

Santa Barbara Airport
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MRI 206 SAMPLING FLIGHT
. Santa Barbara Channel Oxidant Study

28 September 198b

Tape #184




’"Santa Barbara Charinel Oxidant Study
Tape 184 '

28 September 1680

‘TRAVERSE END PCINT AND SPIRAL LOCATIONS

POINT

LATITUDE | LATITUDE DESCRIPTION
1 34°25,1! 119°20. 2! NE of Lake Casitas
2 34°27, 6 119°14. 0 NE of Ojai
3 34°24, 0! 119°30.4' |  Carpinteria and US 101
4] 3402417 1119031, 477 | U We'st Side of Carpinteria |
5 32°11.17 | 119°31.2' Two miles west of Grace
6 34°11.1' | 119°28.0% Platform Grace
T »3_4’° 25.0" . ;1 1 1‘8v°‘47. 4'. | » Near Piru
8 “|"34°20.8' | '119°03. 9':: " Santa Paula Airport
9 | 34°15.0t | 119°15.5' | _ Oxmard Coast . . -
10 © | 32°16.3' | 118°42.3' |  Santa Susana Airport
11 34° b8. 8! 118°40. 2¢ West Edge of Santa Fernando Valley
12 _ 34° 24,57 119°41, 2! Santa Barbara Marina
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1 October 1980

MRI 206 SAMPLING FLIGHT
' Santa Barbara Channel Oxidant Study

Tape #185 .
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Tape 185

1 October 1980

.Santa Barbara Channel Oxidant Study

TRAVERSE END POINT AND SPIRAL LOCATIONS

34°24,51

| POINT | LATITUDE | LONGITUDZ DESCRIPTION
1 1 34°25,6° 119°15. ¢! Ventura Marina
2 34°27. 2! 119"‘18. 0! Ventura and SR33
3 .0.34727.6' | 119°14.0' | Ojai Valley.: . . .
2 | 320241 | 119°31.4' West End of Carpinteria
5 34t1L1 119°31. 2" Platform Grace
6 34°25.00 118°47, 4! Near Piru
7| .324°20.8' | 119°03.9' |  Santa Paula Airport
8 34°20.4" .| 119°12.4' | * Oxnard Airport
9 34°17.1' .1‘18952. 3' .“M-oorpa_.rk S
10 | 34c16.3 | 118°42, 3' ' Santa Susana Airport
11 34°08.8' 118°40.2" West End of San Fernando Valley
12 119°41, 2! Santa Barbara Marina
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TRAVERSE END POINT AND SPIRAL LOCATIONS:

I POINT LATITUDE | LONCITUDX DESCRIPTION
1 34°36.5! 120°04.6° Santa Ynez Airport
2 34°37,3! 120°11. 8! Buellton
03 | 34°24.1% | 119°31.4' | . West Side of Carpinteria ...
4| 3ac27.6' | 119°14.0' NE of Ojai |
5 34°25,1' | 119°20.2 NE Lake Casitas
6 34°27.2 1 119°18.0' ) Ventura’Coast
70| 3st2si0r _:'141'8‘4'7‘.4".: 1 Pira - e
8 ' _34"'08. 8 o ‘:118°4j(.)‘..2>' ] West EI?;d-Of San Fernando Valley
9| 301710 | 118°52. 27 | .,;__;y;.f.Mdar'pagk' PR
10. 34°16. 3;' 118°42. 3:' ‘Santa Susa_na Airport







