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L SUMMARY AND RECOMMENDATIONS
1. The proposed Corral Canyon Site appears to show no unusual

contamination of air, water, soil or wvegetation on the basis of

the preliminary site survey.

2. Air pollution potential appears to be the primary concern
because of the high frequency of relatively calm stable conditions

in the Santa Barbara area. Odorous emissions from site operations

and also from off-shore operations should be kept to a minimum,

218 Air flow in the canyon is correlated with the winds at

Santa Barbara Airport. The prevailing northeast and southwest winds

at the airport correspond to down-canyon and up-canyon flows respectively.
Depth and trajectories of the canyon flows are uncertain but, would

be defined by air tracer tests.

4, Preliminary estimates of sulfur dioxide concentration

from an assumed emission of one ton per day through a 60-ft stack
indicate a possibility of exceeding the ambient air quality standard

for 24-hour averages within the first three miles from the source.

5 It is recommended that further meteorological measurements

be faken and air tracer tests be conducted to clearly define the depth
and trajectories of the air flow in the canyon and along the coast line
in order to quantitatively assess the air pollution potential of proposed
operations at the site and off-shore.

6. It is recommended that additional air, soil,water and vegetation
samples be taken to give a complete reference base line for the site

and surrounding area and to assess the impact of proposed operations on
the environment. 1In addition the flora and fauna of the area should

be examined to see if there is any unusual chemical background in

this area.
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1. SITE LOCATION AND DESCRIPTION

The proposed site lies within the Canada del Corral and
Lss Flores Canyon stream drainage systems as shown in Figures 1 and 2.
Property boundaries extend from the Pacific Ocean on the south
between Refugio and El Capitan Beach State Parks to approximately
two miles inland. Two north-south ridges reaching a maximum of
848 feet above sea level form the eastern and western boundaries.
The stream channels of Las Flores Canyon and Canada del Corral
converge near the center of the property and the latter stream
continues to the Pacific Ocean approximately one mile downstream.

The tentative plant site lies in a relatively flat meadow
near the northern boundary of the property designated as 1 in~
Figure 1. The Canada del Corral stream bed lies to Che west of the

site and rolling hills rise abruptly to the ridge on the east.

III. METEOROLOGY

Meteorological measurements taken at the Corral Canyon
gite at the position indicated in Figures 1 and 2 shows a high degree
of regularity in the diurnal flow patterns particularly when winds in
the Santa Barbara area are light. A plot of wind frequencies and
gpeeds is shown in Figure 3 for the periods 13 Nov. to 23 Dec. 1970,
The high frequency of down canyon flows from the north to northeast
is due to the channeling of the air flow in the canyon as the air
drains from the cooling slopes of the Santa Ynez mountains from late
afternoon to late morning during the winter season., The secondary
maximum frequency occurs with south to southwest winds up the canyon.
This flow occurs with the onset of the sea breeze and is accelerated
by solar heating of the slopes. The up canyon flows are weak and
of short duration during the winter season but increase considerably

and become more persistent during the summer season.
The wind frequencies at Santa Barbara Airport during the

same period as the on-site measurements are shown in Figure 4.

High frequencies of northeast and east winds were observed during

the night and early morning hours, During the day the on-shore sea




breezes are from a west southwest direction with a secondary maximum
from the southeast. Comparison of winds at Santa Barbara Airport and
at the site indicated that in most cases winds from the northwest and
northeast quadrants at the airport correspond to down-canyon flow at
the site and airport winds from the southeast and southwest quadrants
correspond to up-canyon flow at the site. This comparison provides

a means of converting climatological wind data obtained from Santa
Barbara Airport observations to winds at the site.

A five year average wind frequency diagram at Santa Barbara
Airport for December during the period 1960-1964 is shown in Figure 5.
The frequencies are given to 16 compass points instead of 10 degree
intervals as used in the observations. The wind frequencies in
Figure 4 are similar to the 5-year average values except for a high
frequency of easterly winds greater than 16 knots due to the unusually
storm periods in November and Decembexr 1970.

A tabulation of winds by Pasquill stability classes was
obtained from the National Climatic Center at Asheville, Noxrth Carolina.
These stability classes are determined from standard meteorological
observations of wind speed and cloudiness and from the solar elevation
angle which show a diurnal and seasonal variation*, Atmospheric
stability and wind speed determine the dispersion of gaseous and
particulate materials in the atmosphere and diffusion parameters have
been derived by Pasquill for several stability classes. The Santa

"Barbara Airport data was grouped into six stability classes by months.

These stability classes are defined as follows:

Stability Class Definition

A Extremely unstable
Unstable

Slightly unstable
Neutral

Slightly stable

H B oD 5 @

Stable to extremely stable

* D. Bruce Turner, Journal of Applied Meteorology, February 1964



Class A occurs with clear sunny days and light winds.
Dispersion of airborne materials is very rapid under these conditions
and concentration decreases rapidly with distance from the source.

Class B and C also occur in daytime but with increasing cloudiness
and/or stronger winds. Class D occurs day or night under overcast
conditions or with broken cloudiness and moderate to strong winds.
Classes E and F occur at night with the extreme stability of F occurring
with light winds and clear skies,

The diffusion of airborne gases and particles decreases
with increasing stability so that the concentration remains high for
long distances from the source. The frequency of occurrence of stable
conditions is of particular interest since this corresponds to a
down-canyon flow from the site and off-shore flow along the coast.
However, during transition periods the flow would parallel the coast
and could cross the El Capitan area and Santa Barbara.

Table 1 shows the frequencies of the six stability classes
by months and also on an annual basis. Classes C and D and F occur more
than 75% of the time during all seasons of the year. Class F predominates
during December and January and accounts for nearly 50% of the total
because of the long nights and clear skies resulting in strong nocturnal
cooling. The frequency of neutral conditions (Class D) increases
to a maximum of nearly 50% in June while the frequency of Class F
conditions decreases to 20% of the total hours. Neutral conditions
can occur with both up-canyon and down-canyon flows and occasional
cross-canyon flows. Frequencies of class A, B, and C also increase
during the summer months and solar heating is increased then producing

more favorable conditions for atmospheric diffusion of airborne materials.
The depths of the canyon flows have not been determined but

could be measured with pilot balloon ascents from the site. The air flow
patterns however are expected to be complex along the coast particularly
during the transition periods between down-canyon and up-canyon flow.

A definitive measure of these flows could be made with air tracer

experiments.



Table 1

MONTHLY AND ANNUAL FREQUENCIES OF STABILITY CLASSES
(5-Year Averages For 1960 - 1964)
STABILITY CLASS

A B C D E F
Month Hrs. A Hrs. % Hrs. % Hrs. % Hrs. % Hrs. YA
Jén. 0.2 0.05 5% 6.8 100 13.4 191 25.6 52 7.0 350 47.1
Feb. 5 0.7 49 7.4 96 14.3 219 32.5 63 9.4 240 35.7
Mar. 3 0.4 57 7.7 96 13.0 273 36.7 74 9.5 240 32.3
Apr. 7 0.9 75 10.4 118 16.3 243 33.7 65 9.1 213 29.5
May 8 1.0 72 9.7 135 18.2 248 33.4 75 10.1 206 27.7
Jun. 7 1.0 69 9.5 111 15.4 340 47.2 45 6.2 149 20.6
Jul. 4 0.6 95 12.7 141 18.9 272 36.5 68 9.2 164 22.1
Aug. 3 0.3 80 10.7 129 17.3 274 36.8 70 9.4 190 25.5
Sep. 2 0.3 55 7.6 123 17.0 274 38:1 35 16 212 29.4
Oct. 1 0.1 47 6.4 115 15.5 272 36.5 58 7.8 251 33.7
Nov. 1 0.1 33 4.6 26 13.4 254 35.2 63 8.8 272 37.8
Dec. 0 0.0 38 5.1 113 15.1 190 25.6 48 6.5 355 47.7
Annual 41 0.5 720 8.2 1371 15.7 3049 34.8 737 8.4 2841 32.4



Iv. ESTIMATES OF CONCENTRATION FOR PASQUILL'S STABILITY CLASSES

Some preliminary estimates were made of sulfur dioxide concen-
trations downwind from an assumed 60-ft stack with an emission rate of
one ton of 302 per day. These estimates are based upon the diffusion
parameters derived by Pasquill for diffusion over open, flat terrain*.
These estimates should give the orxder of magnitude of concentrations
to be expected in the vicinity of the site but definitive concentration
estimates and trajectories of the effluent gases can only be obtained
by air tracer experiments in a hilly area such as this, The concentraticn
estimates are given in Table 2 as a function of distance from the source.
The calculated values are for ground-level centerline positions.

The ambient air quality standards for eulfur dioxide in California
are 0.04 ppm (114 ug/mg) for a 24-hour averaging period and 0.5 ppm
(1430 pg/m3) for a one-hour average. It appears likely that the
24-hour average of 0.04 ppm could be exceeded within the first mile

or two with an emission of one ton per day.

*Workbook of Atmospheric Diffusion Estimates, U.S. Dept. of Health, Education
and Welfare., Public Health Service



Table 2

CONCENTRATION OF SULFUR DIOXIDE AS A FUNCTION
OF DISTANCE FROM THE SITE FOR PASQUILL'S STABILITY CLASSES
(Emission 1 ton/day through 60 ft. stack)
Concentration (ppm)

Stability Class

Distance

(miles) A B 8 D E F
0.5 0.0138 0.0394 0.064 0.108 0.092 0.010
1 0.0049 0.0105 0.023 0,054 0.092 0.079
2 0.0028 0.0026 0.0064 0.022 0.050 0.079
3 0.0019 0.0017 0.0032 0.012 0.029 0.059
4 0.00L5 0.0013 0.0024  0.0084 0.021 0.049
5 0.0012 0.0010 0.0020 0.0061 0.016 0.039

10 0.0007 0.0006 0.0011 0.0023 0.0066 0.022



V. ENVIRONMENTAL SAMPLING PROGRAM

As part of Metronics, preliminary base line survey of the
Corral Canyon site, a group of water, vegetation and soil samples were
collected and analyzed. Figure 6 shows the locations where samples
were taken.

A total of eleven samples were analyzed. Table 3 summarizes
these samples as to collection date, type, analytical methods and
laboratory. Appendix A gives complete analytical data for each sample.

Preliminary analysis of the soil and vegetation samples show
no cause for concern. Note worthy is the absence of any heavy metal
contamination. Of the seven soil samples examined, lead was below the
limits of detection in two samples (2S1 and 3S1) and less than 0.005%
in the remaining four (4S1 through 7S1). Soils from a region where
lead was shown to be a problem in pasture grasses yielded soil lead
values an order of magnitude higher.

Samples of pasture grasses were collected and separated into
new grass, old grass and soil, and analyzed spectrographically. Grasses
tend to concentrate heavy metals from the soil in their tissues late
in their growth cycle and this is demonstrated by the Corral Canyon samples.
For instance, only a trace of lead was observed in soil sample 2S1,
and € 0.001% was found in new (green) grass grown in the soil, But
greater than four times this amount was observed in old, dry grass
grown in the same soil sampje. Note that the total amounts observed
were small, however. The grass appeared normal and the cows feeding on
it, healthy.

Three water samples were examined, two from a stream running
through the property and one example of waste water from the Shell
holding pond system. Of the two stream samples, one was taken from
stagnant water and the other from the freely flowing stream. Each
water sample was given a complete chemical analysis (see Appendix A).
All samples appeared normal with the possible exception of the dissolved

organic material observed in SB(W)-1 and SB(W)-2.
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1
Samgle
SB(W)-1

SB(W)-2

SB3A

649-1G1
649-2Gl
649-281
649-351
649-451
649-551
649-6S1
649-751

NOTES :

s
2

Table 3

SUMMARY OF ENVIRONMENTAL SAMPLES COLLECTED
AS PART OF A PRELIMINARY BASELINE SURVEY OF THE
CORRAL CANYON SITE, SANTA BARBARA COUNTY, CALIFORNIA

Date 2
Collected TXEE Analzsis

11-13-70 Stagnant Cw
Pond

11« 13-70 Wasgte CW
Water

12-4-70 Running CW
Water

11-13-70 0ld Grass S

11-13-70 New Grass S

11-1%3.70 Seil S

12-4-70 Soil S

11<bnF0 Soil S

12-4<70 Soil S

12-4-70 Soil S

12-4-70 Soil S

Laborator!3

CL

CL

CL

AS
AS
AS
AS
AS
AS
AS
AS

Locations where samples were taken are shown in Figure

S = Emission Spectrograph, full scan. A semi-quantitative

analysis for some 29 elements.

CW = Complete chemical water analysis for common cations and

onions, hardness, alkalinity and minerals,

CL = Cook Laboratories, Inc., Menlo Park, California

AS = American Spectrographic Laboratories, Inc., San Francisco,

California.
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No extraneous odors were detected on repeated @iaits to the
site. Odors associelecu with the oil field were very light and limited
to regions immediately associated with operations. No HZS odors were

observed or detected with sensitive lead-acetate tiles.



APPENDIX A
COMPLETE ANALYTICAL RESULTS FROM SOIL, VEGETATION AND

WATER SAMPLES COLLECTED AT
CORRAL CANYON SITE, SANTA BARBARA, CALIFORNIA

1, Soil Samples. Semi-quantitative spectrographic analyses on six

soil samples. The following are reported as oxides of the elements

indicated.

281 381 481 581 681
Al 15.. % 13.. % 15.. %15. 135, 4 15. %
Ca - 10. 12. 5. 12.
Fe 5 4, 4, 6. By
Mg 2.3 2.3 2. 3.5 3.
Na 2.3 2.5 s 2.3 2.5
K 2.5 3. 2. 3.5 2.5
P —— . - 2.5(?) 3.5
Pb -- - .005 . 005 .005
Ti w3 + 35 35 .6 .6
Ba .08 .06 REs, .08 .08
Mn .08 .06 .07 .08 .08
Sr +05 .07 .07 .05 .06
Cr .03 .03 .02 .04 .04
B . 04 .04 .03 .04 .04
Zr .02 .01 .015 03 .035
v .02 ,015 .02 .025 .02
Ni .01 .008 .008 .015 .015
Y . 006 . 006 L004(7) . 006 . 008
Cu . 003 .002 .003 . 004 . 004
Ga .002 .002 .002 .003 . 003
Co .001 - - .001 .001
Zn + 15 - - P 1L -

Si + non-detectables: Balance in each.

The soil samples were dried 24 hours at 80°C before analysis.

. 025
.015
.008
. 004
.003
.001

%

13
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2. Vegetation Samples. Semi-quantitative spectrographic analysis of

two grass samples.

The following are reported as oxides of the elements indicated as

found in the residues noted above. '"P. C." indicates "Principal constituent".

649-1Gl 649-2G1

Old Grass New Grass
Residue after ignition
at 1100°F: 4.7 o 324 A
Ca 12.5 745
Mg i i
Na 125 Z.
K 4, 6.
Si 40. P.C.
Al ;8 17.5
Fe 2. 6.
P 3.5 B
Pb .02 .004
B .03 .03
Ba .08 .12
Mn .05 .08
Sn - oy
Ga .001 .004
Cr .007 .035
Ni .004 .01
Bi - i
Ag — _—
Mo 015 .004
v .005 .02
Cu .01 .01
Ti .1 25
i & .03 -
Cd - gk
Zn - - |
Zr .005 .015
Co -- .001
Sr .15 .06
Y - .006

The grass samples were dried 24 hours at 80°C before ignition and analysis.



3. Water Samples

SB(W)-1 SB(W)-2 SB3A
wg/d equiv/M mg/4 equiv/M mg/ 4 equiv/M fly

Anions
Nitrate (NO3) 0.89 0.01 0.00 0.00 3.5 0.06
Chloride (Cl) 106. 2.99 402 11.34 36 1.02
Sulfate (S04) 585 12.19 29 0.60 325 6.77
Bicarbonate (HCO3) 549 9.00 805 13.19 825 5,33
Carbonate (C03) 0.0 0.00 0.0 0.00 0.0 0.00
Phosphate (P04) 0.17 0.01 1.6 0.05 0.15 0.00
Total Equivalents Per Million 24,20 25.18 13.18
Cations
Sodium (Na) 125 5.44 440 19.14 52 2.26
Potassium (K) 13 0.33 7.8 0.20 2.0 0.05
Calcium (Ca) 261 13.02 37 1.85 111 5.54
Magnesium (Mg) 153 12.59 10 0.82 63 5.18

31.38 22.01 13.03
Phenolphthalein Alkalinity (CaCO3) 0.0 0.0 0.0
Methyl Orange Alkalinity (CaCO3) 450 660 266
Total Hardmess (CaC03) 1280 134 536
Calcium Hardness (CaCO3) 652 92 276
Magnesium Hardness (CaCO3) 628 42 260
Total Solids - Calculated 1544 1364 775
Total Solids - Evaporation 2223 1480 830
Loss on Ignition 421
Total Fixed Residue 1802
Silica (5i0,) 22 28 19
Iron (Fe) 0.70 0.30 0.00
Manganese (Mn) 0.02 0.04 0.00
Boron (B) 0.04 242 0.0
Fluoride (F) 2.5 4.0 0.59
Sp. Cond. Micromhos 25°C 2246 2116 1012
Hyd. Ion Conc. (pH) 7.32 7.77 7.98
NOTES: 1. SB(W)~-1 Sample re-checked, and a considerable difference in the milli-equivalents is perhaps

due to organic anions.
2. SB(W)-2 Sample re-checked, unbalance in milli-equivalents could be due to organic cations.

Note the large loss on ignition.
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Sample
649-1G1

649-2G1
649251
649-381

649-451

649-551

649-651

649-751

SB(W)-1

SB (W) =2

SB3A

16

Table A=1

LOCATION NOTES FOR ENVIRONMENTAL SAMPLES COLLECTED
AT CORRAL CANYON SITE, SANTA BARBARA COUNTY, CALIFORNTA

Date

Collected

11-13-70
11-13-70
11-13-70
12-4-70

12-4-70

12-4-70

12-4-70

12-4-70

11-13-70

11-13-70

12-4-70

Txee
0l1ld Grass

New Grass
Soil
Soil
Soil

Soil

Soil

Soil

Stagnant
Water

Waste
Water

Running
Water

Location and Notes

Line N of boundry from near road to
150 ft. E and 10 to 30 ft. from fence.

W Slope & 30 ft. from top near head
of canyon E of met. station. Cattle
grazing nearby.

v 10 ft. from watering trough (bath
tub). Lots of green grass.

w50 ft. N of boundry, above met.
station in pasture.

On hillside SE of met. stations 60 ft.
from fence on E side of pasture and
~ 100 ft. from base of hill.

At base of hill where 649-651 was
taken. as 30 ft. E of large tree in
pasture.

Water sample from stagnent pond,
about 100 ft north of boundry, in
otherwigse dry river bed. Near met.
station.

Sample from entrance of viaduct
under highway (on Shell side).
Waste water from holding ponds.
Estimate water temperature about
80°F.

Taken at first ford above corral,
running stream.
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Fig. 2—-aerial photograph et Cerral Canyon Site.
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B INTRODUCT ITON

Humble 0il & Refining Company plans to locate a gas separation
plant and on-shore holding facility (called the plant hereinafter)
to handle crude from wells in the Santa Barbara Channel. Humble
is concerned that the effluvia from the plant/wells could reach
Santa Barbara, public beaches, residential areas or areas planned
for residential development; in brief, they are concerned that
the plant could be offensive outside the plant site. The air
tracer test was conducted to assist in determining the maximum
effluvia concentration in these areas and in the areas contiguous
to the plant/wells.

IT. SUMMARY AND CONCLUSTONS

L« A multiple source fluorescent particle (FP) air tracer
test was conducted during the evening and early morning hours on
29 and 30 April 1971. Yellow and green FP were used to simulate
stack and ground-level emissions from the Corral Canyon site

and red FP to simulate offshore sources.

2 On the basis of the multiple source air tracer test
emissions from the gas separation plant under normal operating
conditions will provide negligible concentrations both within
the Corral Canyon property and in surrounding areas. In
the event that the sulfur plant is shut down during a period
of poor meteoroclogical conditions for dispersing the pollutants
significant concentrations of sulfur dioxide will occur within the
Corral Canyon but will be generally below the State standard
of 0.5 ppm for l-hour average and will be below the State standard
of 0.04 ppm for 24-hour average outside of the Corral Canyon pro=-
perty. Concentrations will be negligible in Goleta and Santa
Barbara.
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F A low-level crude spill from rupture of a 110,000 bbl
tank releasing 2000 1lb of hydrogen sulfide the first hour will
result in concentrations exceeding the State standard of 0.03 ppm
(30 ppb) within the Corral Canyon Site and on the beaches below
the canyon but will not exceed 30 ppb outside of this area and
the concentration in Goleta and Santa Barbara will be undetectable.

4. Emissions from normal offshore operations such as
gas releases from wells and flarings of gas containing HZS
will produce negligible concentrations outside of the immediate
vicinity of the source. A large crude spill, however, might
produce a source of H,S comparable to the rupture of a 110,000 bbl
tank, i.e., 2000 1bs of H,S per hour which would produce
concentrations exceeding the State standard of 0.03 ppm within
the first 4 or 5 miles from the source and some odors might be
detected at the nearest coastal locations.

5, The depth of the down-canyon flow in the Corral
Canyon appears to be 150 to 200 ft. on the basis of FP tracer
samples taken at various elevations across the canyon. A
100-ft stack with a stack temperature of 1000°F should give a
plume elevation of at least 150 ft. under the prevailing
meteorological conditions. Peak ground level concentrations
of sulfur dioxide in the lower canyon from the stack effluent
would be approximately a third of that from the equivalent
source at ground level. The difference would be smaller outside
the Corral Canyon area but would not be likely to exceed the State
standards even under the worst conditions with the sulfur plant

down .

6. Complete details fo the FP tracer test and the dosage
patterns are given in Appendicies B, D and E and the corresponding
equivalent concentrations of SO, and H,S for possible source

emissions are given in Appendix F.
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III. SITE/PLANT

From most points of view, the Corral Canyon Site is ideal.

It is closest to the oil field, it is on prcperty previously

used for petroleum storage and wells, it is on owned property which
has been owned by other oil companies for years and it is in a

deep secluded canyon which should hide it from public view. An
aerial view is shown in Fig. 3. This same canyon, under normal
meteorological conditions will cause the wind to transport the
plant effluvia to sea or into the uninhabited hills. The planned
characteristics of the plant, of significance in estimating air

pollution are shown in Appendix F.

IV. TEST PLAN

The objectives of the air tracing test was to determine
air flow trajectories from sources simluating components of
Humble's Santa Barbara complex. The test was planned to be
conducted under "worst conditions" that is during very stable
meteorological conditions with a moderate west wind offshore
and a down-valley air flow from the site.

Three Aerosol Generators (AG) which were the source simulators,
were located as follows:

One (green) located at the plant site.

One (yellow) located on a ridge east of the plant site, and

One (red) located on the Humble Drilling Ship WODECO IV
in the Santa Barbara Channel (see Figs. 1 and 2).

The Green AG, dispersed an aerosol of green fluorescent
particles (FP). Any sampler in the test array that collected
green FP thus would collect it from air that passed through the
plant site. The fraction of the total number of green FP released
that was found on any sampler gave a guantitative indication of the
dilution that occurs between the green AG and the sampler. (See
Appendix A for a more complete discussion of the FP Air Tracer
System.)
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The Yellow AG was located on a ridge above the plant site for
two reasons:

First, to approximate the performance of a stack on the plant;
and,

Second, to give "depth" to the expected down valley flow so
as to be better able to determine the thickness of the layer of
air whose movement is controlled mainly by topography and to locate
the level at which the ambient wind predominates. These data are
important in determining the location/height parameters for the
stack.

The Red AG was located on a ship in the channel to measure the
flow of the effluvia from the producing wells/stripping plants
in the channel.

The sampler array consisted of two types; one that measures
total FP dosage and one that relates FP dosage to time. The
latter type is used to obtain a picture of the passage of the
FP cloud.

The first array was located to observe the flow up and down
Corral Canyon Site, along the surrounding ridges and in the adjacent
valleys. Also, obviously it also would collect any red FP that
would flow into the area. -

The second array was positioned to observe the flow along
the shore and down the channel toward Santa Barbara.

The third array was located at Goleta and Santa Barbara to
determine the FP dosage that would arrive in these particularly
sensitive areas.

The last array was located offshore on platforms and drilling
ships to determine if the FP, once transported out over the
ocean returned to sﬁore with the morning onshore flow. (See Figs.
1 and 2 for the location of the test array samplers.) Selected
photographs of FP sources and sampling stations are shown in
Figs. 6 through 16.
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V. METEOROLOGY
At the beginning of the test at 1900 PDT 29 April 1971

the surface wind at the Corral Canyon site was light and variable at

1-3 mph. The wind on the ridge (yellow AG) was easterly at

2-3 mph. On the drilling ship. WODECO IV (red AG) it was West
at 17 mph and at Santa Barbara Airport it was southwest at 9 mph.
The down-canyon winds at the site were very low all through the
night and the Santa Barbara winds changed to northeasterly at

5 to 8 mph after 2100 PDT until 0900 PDT when the onshore wind
began. Skies were clear throughout the night with some low
clouds in the morning.

These were the conditions sought for the test. These are
the "worst conditions" for the transport of plant/well effluvia
to the sensitive populated areas. It is under these conditions
that very little mixing takes place and so if the plant can be
operated within standards under these conditions, it will have met
the most stringent test.

Further details on Santa Barbara meteorology are given in
Appendix C.

Iv. CONDUCT OF THE TESTS

The exact period in which the test would be conducted was
accomplished by forecasting local stable conditions (Pasquill
E or F class described in Appendix C) from synoptic data. We
sought a period of three days to give us time to set up our
equipment, disperse the FP and observe two complete diurnal cycles.
The synoptic forecast for the Pacific coast appeared to be
satisfactory on 26 April 1971. The next day we moved our equipment
to Santa Barbara. The rest of that day and the next were spent
in positioning the equipment and making arrangements for assistance
for the test. The tests started at 7 PM on 29 April 1971. 20 lbs
of FP were dispersed from each of the yellow and green AG's and
12 1b from the red AG. The dispersal period was one hour.



Figs 3-~Aerial view of south end of Canada del Corral.
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Fig. 4—Hind Station at north boundary of Corral Canyon site looking west.
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Figs 5==View northeast from north boundary
of site on past side of Canada del Corral.

Fig. 6--Yellow FP Aerosol Generator on ridge east of Canada del Gorral.
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Fig. 7--Green FP Aeroscl Generator at north boundary of site.

]

Fig. B—Red FP Aerosol Generator on stern of Wodeco |V,
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Fig. 9--View southwest from §tation B.

Fig. 10--Station 18 near drain below Canada del Corral.
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Fig. 11--Station 34 at Rotor Aids, Santa Barbara Airport.

Fig. 12--Station 35 near north end of
fairview Ave., Goleta.

14



»

Fig. 13--Sequential Sampler at Station 36, Fire Station, 1802 C1iff Drive,
Santa Barbara.

Fig. 14--Rotorod Sampler at Station 36, Fire Station, 1802 Cliff Drive,
Santa Barbara.
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Fig. 15--Sequential Sampler at Station 41 on Platform Hazel.

Fig. 16—Station 45 Rotored Sampler on Wodeco V.
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Drum sampler collection or 5-minute sequential samplers were
located at Station 46 in Corral Canyon, at Station 34 at
Santa Barbara Airport and Station 36 at the Cliff Street Fire
Station in order to determine arrival time for the FP tracer
at these locations. All samplers were started by 7 PM, 29 April
1971.

As each sampler array was shut down, the collector system
was taken to the Holiday Inn in Goleta where a field assay
station had been established. Critical collectors were quickly
evaluated and the preliminary results were given to Mr. D. M,

Griffiths.

In our laboratory each sample (55 were collected during the test)

was evaluated, a time consuming process. FP dosage isopleths
then were plotted on area maps.

These data then were converted into pollutant concentrations
(HZS and 502) and the resulting concentration patterns are shown

in Appendix F.
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APPENDIX A
THE FLUORESCENT PARTICLE AIR TRACER SYSTEM

The fluorescent particle (FP) tracer was developed to
trace the airborne transport and diffusion of both gases and
aerosols emitted into the atmopshere. The characteristic
fluorescent colors of the FP tracer materials are readily
distinguishable from fluorescent materials found in the ambient
atmosphere making it possible to relate concentrations of FP
observed downwind directly to the source of the FP without
interference from other sources. By using FP with different
fluorescent colors the contributions from different sources to
concentrations downwind can be measured simultaneously. Alterna-
tively by emitting different colors of FP in sequence from the
same source, variations. in plume trajectories and concentrations
with time can be measured without the use of expensive sequentially
operated sampling equipment. Both the multiple source and
sequential source techniques have been used.

Since the number of FP released from each source is known
the FP concentrations downwind are directly proportional to the
concentrations of any non-reactive gas or aerosol emitted at the
same source location, under the same meteorological conditions.
Hence, if the source strength of the gas or aerosol is ébecified
the concentration can be calculated directly from the FP tracer
measurements.

The detection levels for the FP tracer are generally much
lower than those for commonly measured gases and aerosols and
quantitative measurements are obtained at levels of the order
of 1 part per billion or less when the FP results are converted
to concentrations for existing or predicted emissions from
industrial operations.

A complete description of the fluoresent particle atmospheric
tracer is given in the attached reprint from the Journal of Applied

Meteorology, June 1965.
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The Fluorescent Particle Atmospheric Tracer

Pamrr A. LeicaToN, Wirtian A. Perkins, Stuart W. GRINNELL AND Francis X. WEBSTER
Metronics Associates, Inc., Palo Alto, Calif,

(Manuscript received 18 November 1964, in revised form 24 February 1963)

ABSTRACT

This paper describes the current status and discusses the validity of the fluorescent particle (FP) tracer
technique. Properties of the material itself, the blower generator, membrane filter, drum impactor, and
Rotored samplers, and of counting techniques, are described. The inherent and operational errors involved
are evaluated, and evidence on the atmospheric diffusion, fallout and impaction, and fluorescent stability
of the particles is presented. It is concluded that in the present state of development of the technique the
errors, in terms of 909, confidence intervals, are approximately --5-109%, for source strength determination,
:10-12%, (if 300 particles are counted) for dosages determined by the Rotorod, and =17-20% for dosages
determined by the membrane filter sampler. The effects of atypical diffusion on the validity of the method
appear to be insignificant, and fluorescence losses may be controlled by proper selection of materials, For
ground releases the logses by fallout and impaction may amount to from 1% to 10% during the first few
miles of travel, depending on the rate of rise of the cloud and the nature of the ground cover. For larger
travel distances, if the cloud height exceeds 100 meters the fallout loss should be below 2%, per hour,

1. Introduction

Shortly after World War II the development of a
tracer system for use in studies of airflow trajectories
and the travel and diffusion of airborne materials was
undertaken at Stanford University under contract with
the U. S. Army Chemical Corps. The decision to use a
fluorescent particulate in the 1-5u size range, with
assessment by counting individual particles, was made
in 1946 (Grinnell et al.), the first field trial with this
tracer was conducted in 1947 (Leighton ef al.), the
system was publicly described in 1951 (Perkins ef al.),
and an operational manual covering the technique as
developed up to that time was published in 1955
(Leighton).

Since 1955 the technique has been improved, several
fundamental questions on the validity of the method
have been raised and answered, and its capabilities
and limitations have been further investigated. Since
1955, also, the use of tracers has expanded and at least
one other system has been proposed for general use
(Robinson et al.,, 1959; Dumbauld, 1962). In view of
these advances, it is considered timely to present this
description of the current status of the fluorescent
particle (FP) tracer technique, with emphasis on its
limitations as well as on its capabilities.

2. Requirements and choice of an atmospheric
tracer

The suitability of any material for use as an atmos-
pheric tracer may be assessed in terms of its ability to
meet a number of requirements. First, the material
must possess a specific property, not duplicated by any

other substance normally present in the atmosphere,
which will permit its detection in extremely small
amounts, Second, there should be a simple, rapid, and
convenient method for the quantitative estimation of
small amounts of the material through this property.
Third, the material should be available at reasonable
expense in uniform lots large enough to permit the de-
sired use, and it should not deteriorate during storage.
Fourth, it should be readily and quantitatively dis-
persible into the atmosphere at controllable rates and
in the required amounts, Fifth, it should be stable while
in the atmosphere and its diffusion by atmospheric
turbulence should be essentially that of an inert gas.
Sixth, it should retain its specific property at least
through the sampling and assessment operations and
preferably after. Finally, it should be safe to handle and
non-toxic to man, animals or plants.

Materials which have been used at least to some ex-
tent as tracers include oil fog (Barad and Shorr, 1954),
biologicals such as ILycopodium spores (Hay and
Pasquill, 1957), gases such as sulfur dioxide (Cramer,
1958b, 1959), radioactive materials such as Xenon 133
(Eggleton and Thompson, 1961), materials such as
antimony oxide in which radioactivity may be excited
after airborne travel (Haines and Hemeon, 1958),
water soluble dyes such as uranine (Robinson et al.,
1959; Dumbauld, 1962), and inorganic fluorescent
particulates (Crinnell ef al., 1946; Leighton et al., 1947 ;
Perkins et al, 1952; Braham el al., 1952; Leighton,
1055; Crozier and Seely, 1955; Hilst, 1957; Cramer,
1058b, 1950; Barad and Fuquay, 1962; Bierly and Gill,
1063).
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None of these materials is ideal with respect to all of
the requirements for an atmospheric tracer, and any
choice must represent a compromise. For some specific
uses one material, and for other uses another, may be
the best choice. For a limited range of use, where cer-
tain requirements may be relaxed, e.g., small scale travel
from a ground release over open unpopulated terrain
in dry weather, any one of several tracers would be satis-
factory. But the wider the intended range of use, the
more rigid are the requirements, and the more limited
is the range of choice. It is in this category of a wide
range of usefulness that the inorganic fluorescent
particulates have proven of greatest value as atmos-
pheric tracers.

3. Properties of inorganic fluorescent particulates
suitable for tracer use

A number of f{luorescent inorganic particulates,
mostly zinc silicates, zinc sulfides, and zinc-cadmium
sulfides, with various elements added in small amounts
as activators, have been developed for use as lumines-
cent paint pigments and are commercially available in
reasonably uniform lots. Under a microscope with ultra-
violet illumination the fluorescence of single particles
of most of these materials, down to approximately
0,54 diameter or 3)X107% g in mass, may be observed
and the number in a given area counted. The fluores-
cence thus offers a simple and very sensitive method of
detection and quantitative estimation. The materials
may be disseminated at low or high rates as single
particles, they are safe to handle and non-toxic at any
dosage likely to be attained in air, and the fluorescent
property is retained indefinitely during storage. It
should be emphasized, however, that not all of the avail-
able fluorescent pigments are suitable for use as tracers.
The fluorescent colors of some are almost indistinguish-
able from those of naturally occurring substances in air,
some are not acceptably stable, and some have too wide
a range of particle size distribution.

The best fluorescent colors, i.e., those most readily
distinguished from natural fluorescent particles, are
yellow and orange. Creen and red are acceptable, but
blue and white should be avoided. The question of the
stability, both fluorescent and chemical, of any ma-
terial which is being considered should be investigated
under the conditions which will be encountered in use,
and the material rejected if not found satisfactory.

The particle size distribution may vary substantially,
not only between different materials, but also, as il-
lustrated in Table 1, between different lots of the same
material. In some cases, the distribution is nearly log
normal, in others it approaches a Rosin-Rammler dis-
tribution (Rosin and Rammler, 1933). The optimum
particle size with relation to ease of counting, airborne
behavior, and collection efficiency on impaction-type
samplers, is between 1 and 3p, and the larger the frac-
tion of the particles in this size range the better. Ma-
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terials with large numbers of either small or large
particles should be avoided, since small particles are
difficult to count and more likely to be unstable, while
larger particles increase fallout losses and decrease the
number of particles per unit weight. As a practical
guide, not more than approximately 209, of the
particles should be below 1u, and not more than 5%,
above 5p in diameter. Cn this basis, lot A in Table 1 is
acceptable but lot B is not, and it should be noted that
this difference is not disclosed by the mass mean diam-
eters (MMD) or the number of particles per gram in
the two lots.

Tasre 1. Particle size data on two lots of FP 2266.

Lot

A B
Size range, u Per cent of particles

<1 17 34

1-2 40 29

2-3 25 17

34 10 10

4-5 -+ LS

>3 4 6
Mass mean diameter, p 3.0 3.2
Number median diameter, u 1.8 1.4

Number of particles per gram 1.7 100 Laxiow

The flow characteristics and dispersibility of the in-
organic fluorescent pigments may be improved by
treatment with hydrophobic materials. For this pur-
pose, good results have been obtained by blending the
pigment with 0.59%, Valron Estersil, a hydrophobic
silica product manufactured by du Pont (U. S. Patent
No. 2,657,149 issued 27 Cctober 1953).

The fluorescent particulate which has been most
widely used by this laboratory is a zinc cadmium sulfide,
designated as FP 2266, formerly made by the New
Jersey Zinc Company (N]Z) and now made by the
United States Radium. Corporation (USRC). FP 2267,
also made by USRC, is 2266 which has been selected
to have a maximum number of particles between 0.75u
and 3.0p in diameter, and which has been treated to
improve its flow characteristics.

The fluorescence of FP 2266-7 is excited by near
ultraviolet radiation, and the 3660A lines of the mer-
cury arc are a convenient excitation source. When so
excited, the fluorescence forms a continuous band ex-
tending from blue to red, with a maximum in the yel-
low. To the eye, the color is yellow, with a spectral hue
of 5700A. When excited by 3660A, the fluorescence
occurs to some extent throughout the particle volume,
hence the fluorescent flux per particle is proportional
to something between the square and the cube of the
particle diameter, approaching the cube as the diam-
eter decreases. The half decay time of the fluorescence,
after the exciting light is removed, is approximately one
millisecond.
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Fi1. 1. The blower generator, Model 5,

Under high magnification the individual particles of
FP 2266 usually appear to be nodular, i.e., basically
nearly spherical or ellipsoidal with small rounded pro-
tuberances and occasionally somewhat faceted. About
7% of the particles appear to be aggregates consisting
of 2 or more nodular particles smtered together. Their
density is approximately 4. The material is not affected
by water or by heat up to 450C, it dissolves only slowly
in strong acids, and appears to be stable with respect to
all conditions likely to be encountered in storage and
atmospheric travel except one: exposure to sunlight.
This effect, which is significant for some lots of material
and negligible for others, will be examined in Section 5d.

When a known mixture of two materials with different
fluorescent colors is aerosolized, the relative counts on
samples taken after airborne travel agree quite well

with those in the starting mixture. The release of the

materials from separate sources, with simultaneous
sampling on a single array of samplers, provides a
means of determining the amount of intermixing of
clouds and the relative contributions, at various points,
from the separate sources. Two green fluorescing pig-
ments, USRC 2210 and 32006, have been used in con-
junction with FP 2267 for this purpose.

One distinct advantage of FP as a tracer is that the
samples are not destroyed by the process of assessment,
and may be stored as perimanent original records, In a
number of instances questions regarding sampler per-
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formance, individual dosages, and particle size distri-
bution have been answered by re-examining stored
samples; in one case from trials which had been run
over ten years previously,

4, Equipment

a. Dissemination. The equipment developed for dis-
seminating the FP tracer is of the generator type, de-
signed for the continuous production of a tracer cloud
over a finite time, which may range from less than a
minute to several hours. The principal requirements
for this type of equipment are that it shall disperse the
tracer as an aerosol of single particles, at a desired and
constant rate, with a known and reproducible source
strength in terms of number of particles disseminated.
Ideally, the disseminator should completely deagglom-
erate the bulk powder into its primary particles, but
should not further subdivide these primary particles.

These requirements are closcly approached by the
blower generator, and this generator has been widely
used in the field. In this device, the material to be
dispersed is fed from a stirred hopper by a rotating
toothed wheel into the intake of a high speed centri-
fugal blower (Fig. 1). The feed rate may be varied by
changing the size and speed of the toothed wheel, and
rates ranging from 1 to 250 g min~! have been used.
The hopper shown in Fig, 1 has a capacity of 2500
grams of FP but may be refilled while in operation if
continuous dissemination for long periods is required.

Since the toothed wheel feeds material into the
blower by increments, generally from 3 to 10 per second,
the output is not time-continuous, an effect which is
normally inconsequential due to mixing by atmospheric
turbulence, but which. must be taken into account when
sampling for short times or small cloud travel distances,
especially if the generator is carried on a rapidly mov-
ing source, The incremental effect may be avoided, at
some sacrifice in certainty of operation, by use of a
vibrating feed device of the type developed by Bierly
and Gill (1963).

With the FP tracer the source strength Q is normally
expressed in terms of the number of particles released.
In this case Q=W Fg, where W is the weight of FP
fed through the generator and Fs is the observed num-
ber of particles made airborne per unit weight. The
method employed for measuring Fg from the blower
generator uses actual aerosolization with isokinetic
sampling in a restricted plume (Leighton, 1955). Com-
parisons of I'g, so determined, with the number of pri-
mary particles per unit weight in the undispersed ma-
terial indicate that the dispersal efficiency of the blower
generator for surface treated FP is close to unity.

In the dissemination of the tracer from aircraft, feed
rates higher than those obtainable from the blower
generator are usually required. For this purpose, a
broad feed wheel with five groups of offset teeth, which
provides a feed rate of 10 Ib min™ from a stirred hopper
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into a downspout extending through the aircraft
fuselage, or into an external venturi, using the inflight
airstream past the end of the downspout or through the
venturi for dispersal, has been employed. However, the
source strengths of these devices are difficult to deter-
mine and their dispersal efficiency is low ; measurements
of the horizontal particle flux past a series of samplers
mounted on a tower directly downwind of the flight
path indicate efficiencies of 609 or less.

b. Sampling. The first requirements for the sampling
device are that it must be able to collect the particles
at high dilution in air and deposit them individually on
a smooth surface in a manner which is suitable for the
excitation of their fluorescence and for counting. The
three devices currently in widest use, each of which has
both virtues and limitations, are the membrane filter,
the drum impactor, and the Rotorod.

Porous cellulose acetate-nitrate membranes, which
have been used for IP sampling since 1950, have the
advantages that the collection efficiency is virtually
100%, most of the particles are deposited on the up-
stream face rather than in the pores of the filter, the
material is reasonably uniform in permeability, it may
be dyed to give a dark background favorable for count-
ing, and after use it may be stored as a permanent
original record. The chief disadvantages are that the
membranes are fragile and the flow rates attainable are
limited. The fragility of the membranes requires a
holder with a porous backing; both sintered glass discs
and wire screens have been used for this purpose. The
current holder (Fig. 2) employs a 100-mesh stainless
steel screen, surrounded by a circular magnet, which,
with a steel retaining ring, keeps the membrane in place.
When desired, a truncated cone for isokinetic sampling
may be mounted on the holder. Two sizes of membranes,
both circular, 25 and 50 mm in diameter have been
employed. Mounted in their holders, the diameters of
the corresponding deposition patterns are 16 and 41
mm, and the deposition areas approximately 2 and 13
cm?,

The flow rate generally used in practice is about 5
liters per min per cm? of deposition area, and the pres-
sure drop across the membrane required to produce
this flow rate is 4 to 5 cm Hg. The permeability of the
membranes varies with the lot of material, and for a
given lot at pressure drops up to abeut 0.2 atm the
flow rate is nearly proportional to the square root of the
pressure drop. When adequate pumping -capacity is
available, a critical orifice may be used in the line to
maintain a constant flow rate. The maximum useful
sampling period, before the filter surface becomes so
loaded with atimospheric particulates as to obscure the
fluorescent particles, will, of course, depend on the
amount of such material in the air; in’ clean air, samp-
ling periods of 10 hours or more per filter are quite
possible, while in city air the limit may be less than
1 hour.

Although the membrane filter (MF) is primarily
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Fic. 2. Membrane filter holder.

useful for total dosage, a sequence may be obtained by
changing filters by hand, or by using a bank of filters
with a mechanical switching device. A rotary distribu-
tor, activated by a clock timer, capable of switching
the line from a single pump to each of 12 samplers, has
been so used. For operations requiring time resolution,
however, such as obtaining time-concentration curves
during the passage of a cloud over a stationary location
or obtaining cross-sectional and axial concentration
curves by traversing a cloud with a sampler mounted
in an aircraft, the most satisfactory device is the drum
impactor.

In the current model of the drum impactor a strip
of aluminum tape, coated on one side with silicone
grease or rubber cement, is mounted on a 12.5 cm
diameter drum which is enclosed in a housing so that
it can be rotated by increments beneath the rectangular
orifice of a conical nozzle (Fig. 3). The orifice, which is
generally about 0.7 mm in width by 7 mm in length, is
oriented at right angles to the direction of rotation. of

Fic. 3. The drum impactor, Model 63,
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Fi16. 4. The Rotorod sampler, equipped for mounting
on a balloon eable.

the drum. With a spacing of 3.3 mm between incre-
ments a total of 116 patterns may be obtained on a
single tape. The dwell time on any one pattern may be
varied from 15 seconds upward, and the time required
to move from one patiern to the next is 0.2 second.

The collection efficiency of the drum impactor, as
with any impaction device, depends on the jet velocity,
the orifice size, the clearance between the orifice and
the collecting surface, the nature of the collecting sur-
face, and the materials of which the nozzle and col-
lecting drum are constructed, In early models, using a
plastic nozzle and a Scotch tape collecting surface, the
collection eficiency was only ~309, and the central
pattern was surrounded by a halo which contained
even more particles than the pattern itself, In the cur-
rent model, using a brass nozzle and a silicone grease
or rubber cement on aluminum surface, and adjusting
the clearance to maximum pumping efficiency (mini-
mum vacuum to give maximum flow rate) the collection
efficiency is 95% or better and the halo is virtually
eliminated.

When so adjusted, the flow rate is ~30 | min~* and
the size of the pattern on the collection surface is not
much larger than the orifice, hence the flow rate per
unit area of collection surface is high, in fact approxi-
mately 1000 I min™ per ecm®, and on this account the
useful sampling period per pattern is limited, generally
to 3 minutes or less,
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The Rotorod sampler, the virtues of which are its
cheapness, simplicity, light weight, and low power
requirement, is based on the idea of moving the collector
through the air rather than pumping the air past a
collector. Two collectors, consisting of thin metal bars
coated with silicone grease, are attached by a cross arm
to the shaft of a small battery-driven motor so that
they are parallel to the axis of rotation (Fig. 4). With
collecting surfaces of 0.38X60 mm, a rotation radius of
60 mm, and a rotation speed of 2400 rpm, the effective
sampling rate of this device is approximately 40 1 min—!
or approximately 90 | min™! per ecm? of surface. Rota-
tion speed and hence sampling rate is constant to 4207
the power consumption is 0.7 watt.

The chief disadvantage of the Rotorod, n the form
described above, is that its collection efficiency is low
and is sharply dependent on the particle size. Collection
efficiencies observed in field trials with different lots of
tracer range from 28% for a lot of FP 2266 with an
MMD of 1.8u and a particle per gram count of 7.9 X
10", to 739, for 2 lot of FP 2267 with an MMD of
3.1x and a particle per gram count of 1.6XX10%, It is
important to use a standard procedure for coating the
collector rods (Webster, 1963) and to determine the
collection efficiency with each lot of tracer which is
employed.

The collection rate of the Rotorod is little affected by
wind speed, #, as long as it is smaller than the speed of
the collector arm, v (15.1 m sec™ for a 60 mm rotation
radius at 2400 rpm). When # exceeds v the collection
rate increases; for #/v=1.5 this increase is about 109,
and for #/v=2 it is about 229). High winds also in-
crease the drag on the rod and hence the load on the
motor. The use of multiple arms appears to have little
effect on the collection efficiency.

The light weight of the Rotorod and the small size
of the required battery are advantageous for sampling
aloft. In fact, the unit shown in Fig. 4, which weighs
330 g complete with batteries, was designed for mount-
ing on a balloon cable, and a series of as many as 20
such units, mounted at intervals along the cable, has
been used for sampling up to 750 ft aloft.

c. Assessment. The primary task of assessment is to
count the particles collected within the deposition area
of a sampler. Basically this involves only two require-
ments, a means of illuminating the particles with ultra-
violet radiation to excite the fluorescence, and a means
of observing this fluorescence and thereby counting the
particles. Since the fluorescence is excited by near
ultraviolet radiation, mercury arcs which provide a high
intensity in the region of the 3660A line of the mercury
spectrum may be employed for illumination, For visual
counting, a General Electric H85A3 mercury lamp in a
light-tight housing equipped with two 50 mm diameter
96 mm focal length plano-convex lenses and a Corn-
ing 5840 or 5970 filter is mounted above and behind the
stage of 2 monocular microscope so that the arc image
is focyssed on the stage directly below the objective,
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and a Wratten 2A filter is mounted on the eyepiece.
For work requiring very intense illumination in a small
area the PEK 109, a high pressure quartz capillary arc
manufactured by PEK Laboratories, 825 E. Evelyn St.,
Sunnyvale, Calif., may be used. With filter and lenses
this arc delivers a UV flux about 20 times that from the
Ceneral Electric H85A3.

In visual counting a 16 mm, 0.25 N.A. achromatic ob-
jectiveand a 10X eyepiece, giving 100X magnification,
are normally employed. The appearance of a field so
magnified, in visible and UV light, is illustrated in
Fig, 5. The eyepiece is equipped with a reticule to mark
off specific areas in the deposition pattern and the num-
ber of particles in each area are counted in turn. Reti-
cules of different degrees of fineness are used for pati-
terns of different density of population; the best results
are obtained when each field of the reticule contains
fewer than ~50 particles. If the sample is heavily
populated it is necessary only to count, in randomly se-
lected but known portions, the number of particles
necessary to bring the statistical variance within de-
sired limits (Section 5a),

The labor involved in visually counting large numbers
of samples directs attention to the possibility of auto-
matic counting. The automatic system developed at
Hanford (Barad and Fuquay, 1962), involving irradia-
tion of a membrane filter sample with alpha particles
from plutonium and measurement by photomultiplier
of the resulting fluorescence from the entire filter, may
be used for filters on which ~1000 or more particles
have been deposited. For smaller populations either
individual counts or the empty cell technique (Leigh-
ton; 1960) are preferable to measurements of total
radiation. With ultraviolet illumination, single part-
ticles yield a sufficient fluorescent intensity to permit
their detection by photomultiplier, but when deposited
on a membrane filter the limiting factor is background
radiation from the filter itself. Thus, with a system con-
sisting of a PEK 109 lamp equipped with two 4.5 mm
Corning 5540 CS7-60 filters and a 6127 photomultiplier
equipped with Wratten K3 and CC-30 filters, the re-
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Fie. 5. Photomicrographs of FP collected on a membrane filter;
left, under visible light ; right, same field under ultraviolet light,

sponses obtained from single particles of FP 2267 are
in the range of 10° to 10° picolumens, while the back-
ground light from a membrane filter is from 10° to 10°
picolumens per mm? on filter surface. To obtain a
satisfactory signal to noise ratio under these conditions
it is necessary, therefore, to limit the field to a small
fraction of a square millimeter.

Whether visual or photoelectric counting is used, the
lower limit of particle fluorescence which may be ob-
served will depend on a number of factors, including the
intensity of UV illumination, the optical arrangement
employed, the nature of both the tracer material and
the background, and the visual acuity and the ex-
perience of the observer or the sensitivity of the photo-
cell, Since, for small particles, the fluorescent flux ap-
proaches porportionality to the cube of the diameter
there is generally, for any given arrangement, a fairly
sharp lower size limit which may be observed, and with
increasing intensity of illumination this limit is extended
downward. The counts obtained, therefore, will de-
pend on the illumination intensity to an amount which

Tasre 2. Operational variation in Fs determination.

Coefficients of variation

Lot or Mean valueof Fg, Rel. std., among individual samples
FP specimen No. of No. of particles error of Observed  Poisson
material No. tests samples per gram the mean, % Ve Ve

NJZ 2266 9BMS5 i 22 59410 +219 0.132 0.049
USRC 21267 WS-11 5 15 1.33X 10w 2.5 0.092 0.055
USRC 2267 128 2 G 1.56X 10 2.4 0.054 0.047
USRC 2267 140 2 i3 1.56X 10w 4.3 0.097 0.053
USRC 2267 142 2 6 1.38X 10w 5.2 0.116 0.057
USRC 3200 129 2 0 1.62x 10 3.2 0.071 0.046
USRC 3206 141 2 6 2.24x 1010 53 0.118 0.053
USRC 3206 143 2 6 1.64X 10w 6.6 0.148 0.055
USRC 3206 145 2 6 1.33X 10w 4.4 0.099 0.053

Mean: 0.103 0.052
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is in turn dependent on the fraction of very small
particles in the material. It is important that for any
given series of tests, involving a given lot of material,
the same counting equipment and procedures be used
throughout, both on field samples and on the samples
obtained during source strength determination.

5. Validity

a. Operational errors. In dissemination, the chief
operational error normally encountered is in the de-
termination of the source strength (. Since the weight of
material released may be determined with some pre-
cision, the indeterminate error in Q is essentially equal
to that in the value used for Fg, the number of particles
per gram. The magnitude of this error, as encountered
in source strength determinations with the blower
generator is illustrated in Table 2; the corresponding
909%, confidence intervals are mostly in the range of
+5-109,. With other methods of dissemination, such
as those depending on the slipstream of aircraft, the
uncertainty in source strength may be substantially
greater than these figures would indicate.

In sampling and assessment, since single particles of
the tracer are observed and counted, the theoretical
sensitivity limit is 1/Q. For at least two reasons, how-
ever, a substantial number of particles must be col-
lected and counted if the result is to have an acceptable
quantitative significance. First, small background
counts are difficult to avoid, and second, for small

TasLe 3. Variations in dosage among close arrays of
membrane filter samplers.
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counts, the statistical uncertainty becomes very large.
Thus for a Poisson distribution, such that the co-
efficient of variation of particle counts, V p, is inversely
proportional to the square root of the number counted,
a count of 10 particles will yield a result which is within
4259, of the true value only 579, of the time, and a
count of 270 is required to yield a value which has a
909, probability of being correct to within 4=10%,. For
these reasons, sample counts of fewer than 10 particles
are best regarded as not significant, and the quantities
of tracer released should be sufficient to yield counts of
100 or more on samples taken throughout the area or the
air volume which is of interest.

The magnitudes of the random errors to be expected
in sampling and assessment have been investigated in a
number of field tests by using closely spaced arrays of
samplers at one or more locations, with the results sum-
marized in Tables 3 and 4. The values of Vp given in
these tables are the coefficients of variation to be ex-
pected as the result of a Poisson distribution in the
population of particles, and are based on the number of
particles actually counted on each sample. Comparison
of these with the observed coefficients of variation Vp,
shows that substantially more than Poisson variability
is involved in the determination of dosage with the M T
sampler, but not with the Rotorod. Likewise, compari-
son of the values of V' and Vp in Table 2 shows more
than Poisson variability in the determination of Fg, a
result which would be expected from the fact that the
samples in these determinations were collected by
membrane filter (MF).

The 909, confidence intervals for dosages from in-
dividual samplers, i.e., the intervals about the true
dosage within which an individual value will lie 909

Field No. of No.of Coefficients of variation : 2 e ) ;
Expt. No. Tl giinlen Vo Ve of the time, based on the operational err ors dlSCIOSfEd by
the close array experiments and the Poisson variance,
138 8 47 0.123 0.058 are shown in IYig. 6. The Rotorod intervals include the
ﬁg g ig 883? 88‘1}3 statistical uncertainty in collection efficiency cor-
141 q 48 0.104 0.042 responding to the relative standard errors in Table 4.
142 8 48 0.105 0.044 Sources of operational error which may lead to still
143 6 L Stos Q22 greater uncertainty than that indicated by Fig. 6 in-
Mean: 0.104 0.038 clude cloud inhomogeneity, sampler position or orienta-
tion, impaction or electrostatic deposition, obscuration
TasLe 4. Variation in collection efficiency and individual dosages
among close arrays of Rotorod samplers.
, Collection efficiency
Material Mean Rel. std. Coefficients of variation
Field MMD, Particles No. of No. of value error in in individual dosages
Expt. No. Lot No. I per gram trials  samples % mean, % Vb Ve
138 H324-2 2.4 3.3x10v 8 24 54.1 +1.9 0.048 0.035
139 DPG12-21 34 1.2 101 8 24 60.7 2.4 0.032 0.033
140 1339-2 3.1 1.6 10 8 24 74.7 1.8 0.040 0.040
141 1339-2 31 1.6 1010 8 24 73.7 1.8 0.053 0.058
142 1339-2 3Ll 1.6X10 8 24 72.5 2.8 0.045 0.054
143 1339-2 31 1.6 100 6 24 1.4 1.7 0.057 0.046
Mean: 0.046 0.044
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by dust or other airborne particulates, non-random dis-
tribution of particles over the collector surface, sub-
jective error, particularly with inexperienced personnel,
and faulty equipment or procedure.

Data bearing on the effects of meteorological con-
ditions, obtained with close arrays of MI® samplers
placed approximately 50 yards downwind from a fixed
blower generator which was operated for approximately
5 minutes, are summarized in Table 5. Although these
results suggest an increase in dosage variation with
conditions favoring increased inhomogeneity of the
cloud, by the ¢-test the differences are not significant.
MF samplers oriented in different directions during
these trials, horizontally facing upward and downward,
and vertically facing toward and away from the wind,
showed no significant variations due to orientation
with the exception of the samplers facing into the wind
during the thunderstorm in one field test; in this case
the values obtained were low, probably due to washoff
of the filter surfaces by rain,

The contributions of impaction and electrostatic
deposition have been assessed by comparing the number
of particles collected on aspirated and unaspirated mem-
brane filters pluced side by side and facing into the
wind. This comparison indicated that with 25 mm
filters operated at a flow rate of 13 1 min~' in a 10 mph
wind, at 5 yd from the source 3.29, of the particles were
deposited by impaction and electrostatic deposition,
at 15 yd from the source this contribution had de-
creased to 1.59, and at 50 yd from the source it was
0.5%, This decrease with distance from the source
suggests that the deposition in this instance was mostly
electrostatic, due to particle charges acquired during
dissemination but rapidly dissipated during airborne
travel.

In the obscuration of fluorescent particles by atmos-
pheric particulates which are deposited on the collection
surface, the greatest effect is produced by deposition
after the I'P cloud has passed, Rates of obscuration
which have been observed by reoperation of samplers
on which FP had been collected range from 0 to 109
per hour for membrane filters and 1 to 159, per hour for
Rotorods, depending on the clarity of the air. Tt is im-
portant, therefore, that the period of sampler operation
after cloud passage be held to a minimum.

Non-random distribution, which sometimes occurs
with high winds on upward oriented membrane filters,
may be observed and taken into account during the
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Fre. 6. Confidence intervals for dosages from individual samplers.

analysis. Subjective error, and error due to faulty
operation, may often be disclosed by re-examination of
the data or equipment if a given result appears to be
out of line.

b. Atmospheric diffusion. The use of an inorganic
particulate of density 4 as a tracer immediately raised
the question of possible atypical diffusion of the ma-
terial during atmospheric travel. Since any such effect
should be most marked in a comparison of the diffusion
of I'P with that of gases, relative diffusion studies of
FP and two gases, ammonia and sulfur dioxide, were
carried out.

The comparisons with ammonia, which were carried
out during the early stages of development of the tech-
nique, disclosed no significant differences in behavior
over travel distances of up to 120 meters, and showed
the importance of using, in such comparisons, both
coincidental release and coincidental sampling of the
two clouds.

These procedures were adopted in a much more ex-
tensive series of comparison between FP and sulfur
dioxide, Coincident release was accomplished by feeding
both agents into the intake of a modified blower gen-
erator, using metering devices which permitted in-
dependently variable feed rates of from 2 to 20 g min—!
of FP and 200-3000 g min! of SO,. Coincident samp-
ling was accomplished by drawing the air first through a

TarLE 5. Effect of meteorological conditions on dosage variability with membrane filter samplers.

Coefhicient of
Field expt. No. of No. of variation in ~ Extreme range
No. Conditions trials samples dosage, Vp in-any trial
38 Stable bayshore wind, 10-15 mph - 21 =-0.005 1.4:1
18 AB Unstable mountaintop wind, I$20 mph 2 12 0.122 151
78 C Thunderstorm, wind 30-40 mph 1 6 0.176 B8y |
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membrane filter for FP removal, then through an im-
pinger bubbler for SOs. No interference between the
two agents was found on passing through the generator,
and the presence of sulfur dioxide had no effect on the
IFP sampling. There wag, however, a serious loss in SO
while passing through the FP sampler, which was found
to be due to adsorption on the metal parts of the mem-
brane filter holder in the presence of moist air. This loss
was reduced to 59 or less by coating the metal filter
holder with Bakelite varnish. The sulfur dioxide was
absorbed in 0.01 M NaOH containing a small amount
(710 *M) of glycerol, which was found to be superior
to benzyl alcohol as a bisulfite oxidation inhibitor,
and determined hy the fuchsin-formaldehyde colori-
metric method. '

Eight exploratory and 24 full scale field trials were
conducted using 51 samplers distributed concentrically
with a 74° gpacing along arcs of 44, 91, and 183 meters
radius from the source. In addition, during the last nine
trials O portable samplers were operated at downwind
distances of 238 to 366 meters from the source. For each
test the release period was 5 minutes and the typical
amounts of FPand SCs madeairborne were, respectively,
25 and 11,000 grams. Wind speed varied from 1 to 7 m
sec™ and stability conditions from strong lapse (day) to
strong inversion (night) during the trials. Light rain oc-
curred just before or during three of the trials,

To facilitate the comparison of the two agents, all
sampling results were converted to dosage per unit
source strength, D/Q. D and Q were measured in grams
for SC; and in number of particles for FP. Since these
units cancel in the ratio D/Q, and by virtue of co-
incident sampling the two agents were sampled with the
same flow rate, for ideal behavior and perfect technique
the ratio (D/Q)rr/ (P/Q)so, should be unity.

Inanalyzing the data three bases of comparison of the
two agents were used: isodosage areas, crosswind inte-
grated dosages (CWID), and the dosage ratios at in-
dividual sampling stations. The results are summarized
in Table 6.

In drawing the contours to be used for isodosage area
comparisons, the same D/Q levels were used for both
agents. Subjectivity was minimized by encoding the
data so that neither the trial number nor the agent was

TABLE 6. FP/S0; comparison ratios.

Geo-
metric
mean  Vari-
No. of ratio, ance  Extreme
cases FP/SOs factor range
Isodosage area ratios 59 098 1.29 0.31-1.45
Dosage-area product ratios 24 1.03 1.14  083-1.39
CWID ratios 69 1.08 1.38  0.43-1.91
Individual desage ratios:
Exploratory trials 23 097 .27 0.62-140
Fi uﬁ scale trials 337 1.07 1.67 0.55-3.2
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known to the evaluator, and as a test of reproducibility
twelve sets of data involving 42 contours were in-
dependently reevaluated. For the two sets of evalua-
tions, a value of 1.057 was obtained for the variance
factor, the antilogarithm of the coeflicient of variation
of the logarithms of the ratios.

Comparisons of the areas within the contours for FP
and SO, were made in two ways: on the basis of the
ratio of areas within each pair of isodosage contours,
and on the basis of the ratio, for each trial, of the dosage
area products, J' S ¢ di dd, the integral of concentra-
tion, ¢, with respect to time, ¢, and to area, 4. The data,
summarized in Table 6, were analyzed with respect to
meteorological categories, and the {-test applied to the
ratios for ecach meteorologically similar category, with
the conclusion that the two agents were equally re-
sponsive to meteorological changes and showed no
statistically significant differences in area coverage
under any of the meteorological conditions which were
encountered.

The CWID ratios were analyzed with respect to
variation with downwind distance and with meteoro-
logical conditions. The results, expressed as slopes of
log CWID/log distance lines, are summarized in Fig. 7.
Random distribution tests and a distribution-free

1.0
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F1a. 7. Comparison by meteorologfica.l categories of FP and S0,
CWID slope data. The half height of each diamond is equal to one
standard error, the width is proportional to the number of trials,
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analysis disclosed no significant differences, cither be-
tween the CWID ratios or the CWID-distance slopes
for the two agents.

The dosage ratios yielded by individual samplers
were analyzed with respect to their distribution about a
central value, the slope of a plot of log (D/Q)so. vs.
log (D/Q)wp for all data, application of the {-test to
similar plots for individual trials, and application of the
distribution-free method to the ratios at each sampling
distance in cach trial. The Jatter indicated an apparently
significant attenuation in the SO, dosage with down-
wind distances, relative to FP, in two afternoon trials
under strong lapse conditions, With this exception, the
dosage ratios showed no significant departures from
unity by any test.

The overall conclusion from the FP-S0; comparison
trials is that, within the range of travel distances and
meteorological conditions represented, any differences
in atmospheric diffusion are too small to be resolved by
the field test methods which were employed. No evi-
dence of atypical behavior on the part of FP was found;
indeed, insofar as the dosage arcas and CWID-distance
slopes were concerned, the differences between the two
agents were smaller than the differences between
meteorologically similar trials with the same agent.

c. Fallout and impaction. In the absence of other re-
moval processes it may be expected that all FP released
in the air will, by sedimentation, eventually reach the
ground. The fraction which has reached the ground at
any given time, i.e., the fallout loss, will depend on the
particle size distribution of the material used, the sedi-
mentation velocity over this size range, the height of
the cloud, and the amount of vertical mixing by atmos-
pheric turbulence.

100
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Since most individual particles of FP approach
spherical dimensions, it may be assumed that their
settling velocity in quiescent air approaches the Stokes
velocity, which for spherical particles of the density of
FP and diameter d in microns, in air at normal tempera-
ture and pressure, is 0.012 ¢* cm sec™, Thus a 1x particle
of I'T" in quiescent air may be expected to require
approximately 140 minutes to fall 1 meter, while a Su
particle will fall this distance in about 5.5 minutes.

Due to the ¢ relation, the fallout loss on a number
basis will be smaller for a tracer material with a distri-
bution of particle sizes than it would be for a uniform
tracer material with the same density and MMD. For
example, the loss due to Stokes settling, from a uniform
cloud in quiescent air, of material A in Table 1 would
be 559 at the time at which it would reach 1009 if the
particle size were uniform. For low level releases of
tracer, another factor which reduces fallout loss is
vertical mixing by atmospheric turbulence. The extent
of this effect, estimated for several conditions of vertical
mixing, is illustrated in Iig. 8 for a material of uniform
particle size. Combining curve B of this figure with the
particle size distribution of an actual lot of FP (material
A of Table 1) leads to the estimate of fallout loss as a
function of cloud height in Fig. 9.

Field measurements of fallout loss have been con-
ducted by measuring the amount of material collected
on vaseline coated plates at ground level and varying
distances from the source, The vaseline coating was used
because plates so coated, whether of glass or metal,
collected 10 to 159, more particles than did uncoated
glass while uncoated metal plates when close to the
generator collected an atypical number of small
particles, possibly due to electrostatic deposition. In
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T16. 8. Estimated effect of atmospheric mixing on fallout loss. 4 =Stokes settling in quiescent air for
o material of uniform particle size, uniformly dispersed to initial height Z;; 1009% loss occurs in time £,
B=Uniform mixing maintained to constant height Z;. C=Uniform mixing maintained to a height in-
creasing from Z; at a rate of AZ/AX =001, with a wind velocity of 3 mphand 2.5 « particles of density 4.

D=Same as C, except AZ/AX =0.1,
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one series of measurements, the plates were set out from
1.2 to 39 m downwind in order to determine the initial
fallout loss from a blower generator plume at a release
height of 56 cm above the ground. With untreated FP
2266, the losses ranged from 12 to 189, by weight of
the material released, and consisted chiefly of clumps of
particles 30u or more in diameter; with surface-treated
material the loss was reduced to less than 19},

In another series of trials, involving travel distances
up to one mile across urban areas, it was found that the
number of particles collected per unit area on each
plate was approximately proportional to the dosage at
the plate position. With this proportionality constant,
k, it follows that the total fallout loss up to travel
distance & should be

N=k / CWIDdx,

where CWID is the crosswind integrated dosage. As-
suming this relation, it becomes possible to estimate
from the glass plate and dosage data the total sedi-
mentation loss for different distances of cloud travel.
The average of such estimates for eight trials in
Winnipeg, five of which were at night, are shown in
Fig. 10. The average wind velocity during these trials
was 1.4 m sec™1. In another series of four trials in highly
urbanized St. Louis, all at night with average wind
speeds of 1.7 m sec™?, the average fallout loss up to
approximately one mile of travel was 0.45%, Vertical
sampling showed that the rate of rise of the cloud during
these trials was substantial, approaching or even ex-
ceeding the AZ/AX=0.1 of curve D in Fig. 8. The
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Fie. 9. Fallout loss as a function of cloud height. Estimated
for FP material A of Table 1, under conditions which maintain
uniform mixing to a constant fwight Z
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small observed losses are therefore consonant with the
predictions of this figure.

During one tracer trial over Palo Alto, conducted
during the afternoon with a surface wind of 2.7 m sec™?
and an overhead inversion at 90 m, the number of
particles deposited on leaves collected at distances up
to 4.5 miles from the source were measured by micro-
scopic examination. From the results, together with an
estimate of the total leaf area (2.5X10° cm? per s mi or
about 109, of the ground area), it was concluded that
3.49%, of the material released was deposited on leaves
during 4.5 miles of travel.,

Most of the particles were deposited on the edges of
the leaves, and most of the deposition occurred near
the source, The concentration of the deposition on the
leaf edges suggests that of the two processes, fallout
and impaction, which might cause deposition on leaves,
in this case impaction was the more important. The con-
centration near the source is consonant with the facts
that the cloud was released near ground level and ap-
parently diffused upward by wvertical mixing with
AZ/AX~0.1 until it reached the inversion base., The
total fallout during 4.5 miles of travel under these con-
ditions may be estimated from Figs. 8 and 9 at between
3 and 49, which would indicate that in this trial the
losses from fallout and impaction were comparable.

In general, impaction loss during cloud travel over
wooded areas may be expected to increase with wind
velocity, leaf density, and with the fraction of the cloud
which is below treetop level. In addition, it may be ex-
pected to be a function of the leaf nature; pine needles
should be more efficient impactors than broad leaves.

d. Fluorescen! stability. With most of the fluorescent
zinc sulfide and zinc cadmium sulfide pigments, ex-
posure to sunlight or to UV irradiation produces a re-
versible surface darkening in the bulk powder and ir-
reversibly changes the fluorescence of some of the single
particles. Early in the development of the TP tracer
system the extent to which these effects might alter
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F16. 10. Average fallout loss as a function of travel distance
for eight tracer trials in Winnipeg.
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particle counts was investigated with the NJZ 2266
which was then in use. In these tests the fluorescence of
over six hundred particles, dispersed on glass plates, was
individually noted and recorded before and after suc-
cessive periods of exposure to sunlight. Expressed in
terms of percentage per plate, the fluorescence of 3%
to 99 of the particles was reduced below detectable
limits by exposure to sunlight for 3 to 15 hours. The
elfect was greatest during periods of high humidity, all
of the particles so affected were below 1p in diameter,
most of the quenching occurred during the first few
hours of irradiation, and few additional particles were
lost even with long exposures. In addition, 159, to 25%,
of the particles showed changes which did not prevent
their being counted. Some of these showed changes in
fluorescent intensity over the entire particle, some ap-
peared to change only in spots, and some showed evi-
dence of a shift in the fluorescent radiation toward
longer wavelengths, From 709, to 809, of the particles
showed no changes detectable by eye, even with ex-
posures of 16 to 18 hours. |

More recently, Eggleton and Thompson (1961) have
reported losses of up to 509, of the particles of a zinc
cadmium sulfide pigment, made by Derby Lumines-
cents, during about 2 hours of airborne travel in sun-
light. This led to a reinvestigation of the fluorescent sta-
bility, both of the original NJZ 2266 and of several cur-
rent materials, including that of Derby Luminescents.

In this reinvestigation, particles of each material were
collected on membrane filters, counted, exposed to
ultraviolet radiation, and again eounted. In most of the
exposures the filters were placed in a closed chamber
containing air at 1009, relative humidity, and irradiated
for 8 hours with mercury arcs which gave an ultra-
violet intensity at the filter surface about 15 times
that of normal noon sunlight. The air temperature dur-
ing the irradiations was maintained at 125F and the
temperature of the filter surface was 125-130F. In one
series of tests the relative humidity in the chamber was
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reduced to 209, and in another series, the filters were
exposed to direct sunlight with aspiration in ambient
air, In counting, the filters were illuminated in some
cases with the standard H85A3 lamps, and in others, to
obtain higher intensity, with the PEK-109 lamp.
Counts were made by standard procedures.

The results, summarized in Table 7, show a wide
range of stabilities among the materials tested. The low
losses shown by the NJZ 2266 confirm the earlier
measurements on this material, and the high losses
shown by the Derby 1318/10 are in line with the ob-
servations of Eggleton and Thompson. Fig. 11 gives
photographic evidence of this difference. On the basis
of both its fluorescent instability and its excessive num-
bers of small particles, 449, below 1u for lot 8231, the
Derby material should be rejected as unsuitable for
tracer use.

The tests with USRC 2267 show that differences in
stability may be expected even among different lots of
the same material. Lot 1339-2 of USRC 2267 appears
to be nearly as stable as the standard NJZ 2266, while
the other lots are questionable. Of the two lots of green
fluorescing material tested, USRC 3206 and 2210, the
latter was the more stable.

Comparison of columns A and B of Table 7 shows
that increasing the illumination intensity during count-
ing results in every case in an increase in particle loss.
This is probably due to the fact that most of the un-
stable particles are small, and with increasing illumina-
tion the threshold of observable particle diameters is
moved downward, thus bringing more of the unstable
particles into the original count.

Decreasing the relative humidity during irradiation
from 1009, to 209, (Column C) decreased the per-
centage of particles lost with every material so tested.
The apparent gain shown by three of the results in this
column may be due either to the brightness increase
which will be described below, or to the statistical
variation involved in counting. In this series of tests the

Tasre 7. Effect of ultraviolet irradiation on particle counts.

Percentage reduction in particle counts for
irradiation and counting conditions

Particles %, of particles stated below. (G=Gain)
Material Lot No. per gram below 1p A B C D

NJZ 2266 8BGS05 3.3 x10w 21 1.0 8.2 (7.4G) 7.1
USRC 2267 1339-2 1.7 X10w 12 2.0 (1.6G) 2.4
USRC 2267 WS-11 0.97x10® 12.0 (2.7G) 16.0
USRC 2267 12-21 1.2 X101 9 15.2 22.8

USRC 3206 H324 26.7 26.8 7.l 4.1
USRC 2210 0067 1.35X10w© 10.8 14.1

Derby 1318/10 8231 44 43.5 471.7 6.9

Derby 1318/10 8336 30.7 373 LR

Irradiation and counting conditions:

A. 8 hours irradiation by UV at 13X sunlight in air at 125F and 1009, RH; counting by fields or traverses with standard micro-

scope illumination.

B. Same as A except intense (PEK-109) microscope illumination.

C. Same as A except air during irradiation was at 209 RH.

D. 19 hours irradiation by sunlight on aspirated filters in ambient air, counting with standard illumination.
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a) NJZ 2266 before exposure.

c) Derby 1318/10 before exposure. d) Derby 1318/10 after exposure.

Fic. 11. Comparative fluorescence of NJZ 2266 and Derby 1318/10 before and after 8 hours of UV irradiation on membrane
filters at an intensity of 14X sunlight. Throughout the irradiation period the filter surface was 125-130F and surrounding air
was 100% relative humidity. Using standard counting procedures, the average loss in particle count as a result of irradiation
was 1%, for NJZ 2260 and 43.5% for Derby 1318/10. The darker backgrounds in the irradiated samples are due to an actual
darkening of the filters; the rupture in the upper photographs also occurred during irradiation.
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average number of particles counted per filter was 360,
and three such counts were made on each filter before
and after exposure. For a Poisson distribution the corre-
sponding 909, confidence interval in the ratio of the
mean counts is 4:8.9%,. All of the ratios obtained in the
low humidity tests depart by less than this interval from
unity, hence none of the materials tested showed a signifi-
cant change. The same conclusion applies to three of the
four materials which were exposed to sunlight for 19
hours (Column D of Table 7). In this case, only lot
WS-11 showed a significant reduction in particle count,
and this may have been due to obscuration by air
pollution particulates which were deposited during the
19 hours of aspiration.

Measurements by photomultiplier of the fluorescent
brightness, before and after UV irradiation, of 100 in-
dividual particles of NJZ 2266 and 100 of Derby
1318/10, mostly in the 1-5u size range in each case,
yielded the results shown in Table 8, The brightnesses
recorded after irradiation may be somewhat high due to
increased reflectivity of the filter material on which the
particles were depositdd, and particularly the apparent
increase in brightness of the NJZ 2266 may be due to
this effect. With this reservation, the data in Table 8
support the conclusion from the counting tests regarding
the difference in fluorescent stabilities between the two
materials.

6. Discussion

The zine cadmium sulfide phosphors which are used
as FP material are manufactured by a batch process in
which there is considerable variability in the size range,
the fluorescent hue, the intrinsic brightness, and the
fluorescent stability under irradiation. For this reason,
when it is proposed to use the tracer in accurately con-
trolled and instrumented atmospheric diffusion ex-
periments it is essential that the particle size distribu-
tion and the fluorescent properties of each lot of ma-
terial be tested and judged satisfactory before it is
put into use. By this procedure, it may be assured that
the material is suitable for counting and that fluores-
cence loss will not be a significant source of error,

The evidence presented in the preceding sections
indicates that for ground releases of tracer the losses
by fallout and impaction may amount to from 1 to 10%,

Tasre 8, Effect of ultraviolet irradiation on
fluorescent brightness.

Brightness
Av. fluorescent tatlo

brightness, picolumens Derby 1318/10

NJZ Derb A e

2266 1318/10 NJZ 2266
Before irradiation 4100 2500 0.62
After irradiation® 4400 1050 0.24

#8 hours at 13X sunlight in air at 125F and 1009 RH.

GRINNELL AND WEBSTER

347

during the first few miles of travel, depending on the
rate of rise of the cloud with turbulent mixing and the
nature of the ground cover. For releases from aircraft,
of course, there will be no losses from these sources until
the cloud reaches the ground. For large travel distances,
very little evidence is available on the rate of attrition
by fallout and impaction. From Fig. 9, if the cloud
height is above 100 meters the fallout loss should be
below 29, per hour, and the observed decrease in fallout
rate with increasing cloud height would appear to sup-
port this estimate,

The extent to which I'P are removed from the atmog-
phere by rain has not been established. In two cases in
which some rain fell during trials the dosages obtained
did not appear to be significantly altered. Estimates
based on the Langmuir accretion theory lead to the
tentative conclusion that for particles of the size range
and density of FP the amount of washout depends on
the total precipitation rather than the intensity of rain-
fall (Vaughan and Perkins, 1961). For wettable particles
of density 4, the computed losses for 25 mm of rain
would be 109, 789, and 989, for particles of 1.5, 2,
and 2.5u diameter, respectively. For non-wettable
particles the computed loss is negligible even for heavy
rainfall. The wettability of the particles is, therefore, a
critical factor, and for I'P this remains to be determined.

In summary, the operational errors inherent in the
FP technique in its present state of development set
limits, in terms of 909, confidence intervals, of approxi-
mately =4=5-109 for source strength determination with
the blower generator, of 2£10-129, (for 300 particles
counted) for individual dosages determined by the
Rotorod, and #417-209%, for those determined by the
membrane filter sampler. Gf the three behavioral
aspects of FP which have been investigated, the effects
of atypical diffusion on the validity of the method
appear to be insignificant, and fluorescence losses may
be controlled by proper selection of material. Fallout
and impaction losses, on the other hand, may produce
significant errors unless they are evaluated and a cor-
rection applied.
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W. McMullen, Theron S. Brown, George M. Kohler,
and Douglas R. Longwell to the work reported here are
gratefully acknowledged.
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APPEND1A B
SOURCE AND SAMPLER LOCATIONS

The source locations for the multicolor fluorescent particle
(FP) tracer test was selected to simulate a existing source,
of emissions, i.e., WODECO IV and the effects of ground-level
and stack emissions from the proposed site in the Corral Canyon
property. The green FP source was located near the north boundary
as shown in Fig. 1 to simulate ground level emissions, the
yellow FP source was located on the ridge east of the canyon,
to simulate stack emissions which might go over this ridge and
the red FP source was located on the stern of the drilling ship
WODECO IV to simulate emissions from this source.

A relatively dense array of sampling stations was located
along the perimeter of the Corral Canyon property and around
the lower end of the canyon and the coast below the property in
order to trace the airflow across the boundary lines and the
down-canyon flow to the coastal area. A line of samplers was also
placed across the canyon approximately half way between the north
boundary and the coast. This line was selected to give a cross
section of the down-canyon flow and to give a measure of its.depth.
These sampling stations are shown in Fig. 1. In addition to the
samplers on the Corral Canyon property several samplers were
lcoated in adjacent canyons east of the property including the
Corral Canyon and one sampler (Station 23) was located on an
adjacent ridge at about 550 ft. elevation.

The remainder of the land sampling stations were placed
along the coast and also in the cities of Goleta and Santa Barbara.
Samplers were placed at Refugio and El Capitan State Beaches and
also on the Getty Oil property near Gaviota. In order to trace the
air flow offshore samplers were placed on Platforms Hilda, Hazel,
Hope, Heidi, Holly and on the drilling ships WODECO IV and Blue-
water IT. This large scale sampler array is shown in Fig. 2
with the area of the sampler array in Fig. 1 indicated.
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For the test on 29 April 1971 (FE 164), a sequential
drum pulsed sampler (DPS) was located at Station 46 at a small
house west of the citrus and avocado orchards at the south end
of the canyon in order to determine the time during which the
FP tracer clouds passed this point. The second DPS was placed
at Rotor Aids at Santa Barbara Airport, at Station 34, and a
third at the Cliff Street Fire Station in Santa Barbara.
A detailed description of aerosol generation and sampler locations
is given below and selected photographs taken at the aerosol
generator locations and sampling stations are shown in the report.

A. Aerosol Generator Locations

For the multiple source FP tracer test, FE 164, three
aerosol generators were used to simulate three types of sources:

4 Low-level source at site. The green FP generator
was located on the road up the Corral Canyon just south
of the fence at the north boundary.

24 Stack source. The yellow FP generator was located on
the ridge east of Corral Canyon about 200 ft. south of
the water tank at 550 ft. elevation.

3. Offshore source. The red FP generator was located
on the stern of the drilling ship, WODECO IV which is
located about 5 miles offshore at latitude 34°23'31" N
and longitude 120°07'34" W.
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10.

1l.

12.

13.

14.

Sampling Stations

Approximately 500 ft. west of road at bottom of Corral
Canyon near fence at north boundary.

Approximately 30 ft east of the road near wind station at
north boundary near fence.

Approximately 500 ft. southeast of Station 2, north boundary
near fence at 300 ft. elevation.

Approximately 500 ft. southeast of Station 3, at north
boundary near fence at 400 ft. elevation.

Approximately 700 ft. east northeast of Station 4, at about
550 ft. elevation.

At fence east of water tank on ridge east of Corral
Canyon at 600 ft. elevation.

Approximately 800 ft. south of water tank at fence near
first loop in road below water tank at 550 ft. elevation.

Approximately 1000 ft. southwest of water tank at fence
near third loop in road below ridge at 400 ft. elevation.

Approximately 800 ft. west of Station 7 near Y in road at
350 ft. elevation. =

Approximately 600 ft. west of Station 9, east of road near
wells 1-34 and 1-48. Elevation 200 ft.

Approximately 600 ft. west of Station 10, near Y in road at
bottom of canyon at 70 ft. elevation.

Approximately 500 ft. west of Station 1l near three wells
on road up west side of canyon at 250 ft. elevation.

Near corral west of house near south end of canyon at
40 ft. elevation.

East of citrus orchard just below pepper tree beside road at
south end of canyon about 500 f£t. north of Highway 101.
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15.

16.

17.

18.

19.

20.

21.

22.
23.

24,

25,

26

27
27A.
28,
29,

At fence on east boundary of property about 600 ft. northeast
of Station 14 at 120 ft. elevation. '

Approximately 800 ft. north of Station 15 on post of old
stair steps at 200 ft. elevation.

Through tunnel south of oil tanks on Mobile 0il Property
and about 30 ft. east of abrupt rise in road along coast.
Approximately 2000 ft. east of tunnel below Corral Canyon.

On beach at east side of drain near tunnel below Canada del
corral.

On concrete wall along dirt road above beaches west of Corral
Canyon between Anderson sign and palm tree. Approximately
0.7 miles west of Station 18.

Refugio Beach State Park on fence post at north boundary
just west of entrance behind pepper trees.

Near road in Canada del Capitan. On opposite side of road
from old water tank (on El Capitan Ranch).

In Canada del Capitan on fence post across road from corral.

On hill west of Canada del Capitan road at about 530 ft.
elevation.

In Canada del Capitan on red and white fence post approximately
1000 ft. east of Station 23.

In bushes on north side of frontage road north of Highway 101
at E1 Capitan Beach State Park.

El Capitan Beach in gully approximately 100 ft. southwest
of park store.

On fence post in canyon east of El Capitan Ranch sign.
On fence post in canyon west of El Capitan Ranch sign.
Up canyon approximately 1000 ft. north of Station 27.
On Signal 0il property on coast near Eagle Canyon approximately

nidway between Corral Canyon and Goleta. Take road to right to
railroad tracks. Walk to end of road and turn right. Near

palm tree on sough side of road.

30, 31, 32. Not used. Selected locations were not readily

accessible.
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33

34.
%38
36.
37.
38,

39.

40.
41.
4237,
42B.
43,
44,

45,

46.

Goleta County Beach. On post behind tree near house and next
to slough on north side of park.

On concrete slab outside Rotor Aids at Santa Barbara Airport.
North Fairview Ave., Goleta, near Via Lenora.

Cliff Drive Fire Station, Santa Barbara.

Modoc Fire Station, Santa Barbara.

Stanwood Drive Fire Station, Santa Barbara.

On coast of GCetty Oil property on south side of Highway 101
near Gaviota.

Platform Hilda. Latitude 34°23'18" N., Longitude 119°35'42" W.
Platform Hazel. Latitude 34°22'56" N., Longitude 119°34'01" w.
Platform Hope. Latitude 34°20'26" N., Longitude 112°31'49" W.

Platform Heidi. Latitude 34°20'21" N., Longitude 119°31'06" W.
Platform Holly., Latitude 34°23'24" N., Longitude 119°54'19" W.

Drilling Ship Bluewatex II, Well 183-1. Latitude 34°20'58" N.,
Longitude 120°18'35" W.

Drilling Ship WODECO IV, Well 188-4. Latitude 34°23'31" N.,
Longitude 120°07'34" W. v, o=

On north side of small house on west side of citrus and
avocado orchards in lower end of Canada del Corral. Approx-
imately 300 ft. west of large storage tank.
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APPENDIX C
SANTA BARBARA METEOROLOGY
A. Site Location and Description

The proposed site lies within the Canada del Corral and
Las Flores Canyon stream drainage systems as shown in Figs C-land C-2.
Property boundaries extend from the Pacific Ocean on the south
between Refugio and E1 Capitan Beach State Parks to approximately
one mile inland. Two north-south ridges reaching a maximum of
848 feet above sea level from the eastern and western boundaries.
The stream channels of Las Flores Canyon and Canada del Corral
converge near the center of the property and the latter stream
continues to the Pacific Ocean approximately one mile downstream.

The tentative plant site lies in a relatively flat meadow
near the northern boundary of the property designated by a star in
Fig.C-1l. The Canada del Corral stream bed lies to the west of the
site and rolling hills rise abruptly to the ridge on the east.

B. Meteorology
Meteorological measurements taken at the Corral Canyon

site at the position indicated in Fig.C-landC-2show a high degree
of regularity in the diurnal flow patterns particularly when winds
in the Santa Barbara area are light. A plot of wind freqguencies

and speeds is shown in Fig.C-3 for the periods 13 Nov. to 23 Dec.
1970. The high frequency of down-canyon flows from the north to
northeast is due to the channeling of the airflow in the canyon
as the air drains from the cooling slopes of the Santa Ynez
Mountains from late afternoon to late morning during the winter
season. The secondary maximum frequency occurs with south to
southwest winds up the canyon. This flow occurs with the onset
of the sea breeze and is accelerated by solar heating of the
slopes. The up-canyon flows are weak and of short duration
during the winter season but increase considerably and become

more persistent during the summer season.
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The wind frequencies at Santa Barbara Airport during the
same period as the on-site measurements are shown in Fig. C-4
High frequencies of northeast and east winds are observed during
the night and early morning hours. During the day the on-shore
sea breezes are from a west southwest direction with a secondary
maximum from the southeast, Comparison of winds at Santa
Barbara Airport and at the site indicated that in most cases winds
from the northwest and northeast quadrants at the airport corres-
pond to down-canyon flow at the site and airport winds from the
southeast and southwest guadrants correspond to up-canyon flow
at the site. This comparison provides a means of converting
climatological wind data obtained from Santa Barbara Airport
observations to winds at the site.

A five year average wind frequency diagram at Santa Barbara
Airport for December during the period 1960-1964 is shown in Fig.C-5.
The frequencies are given to 16 compass points instead of 10
degree intervals as used in the observations. The wind
frequencies in Fig.C-4 are similar to the S5-year average values
except for a high frequency of easterly winds greater than 16
knots due to the unusually stormy periods in November and
December 1970.

A tabulation of winds by Pasquill stability classes was
obtained from the National Climatic Center at Asheville, North
Carolina. These stability classes are determined from standard
meteorological observations of wind speed and cloudiness and
from the solar elevation angle which show a diurnal and seasonal
variation*. Atmospheric stability and wind speed determine the
dispersion of gaseous and particulate materials in the atmosphere
and diffusion parameters have been derived by Pasquill for
several stability classes. The Santa Barbara Airport data was
grouped into six stability classes by months. These stability

classes are defined as follows:

* D. Bruce Turner, Journal of Applied Meteorology, February 1964
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Stability Class Definition
A Extremely unstable
B Unstable
c Slightly unstable
D Neutral
E Slightly stable
B Stable to extremely stable

Class A occurs with clear sunny days and light winds.
Dispersion of airborne materials is very rapid under these
conditions and concentration decreases rapidly with distance from
the source. Class B and C also occur in daytime but with increasing
cloudiness and/or stronger winds. Class D occurs day or night
under overcast conditions or with broken cloudiness and moderate
to strong winds. Classes E and F occur at night with the extreme
stability of F occurring with light winds and clear skies.

The diffusion of airborne gases and particles decreases with
increasing stability so that the concentration remains high for
long distances from the source. The frequency of occurrence of
stable conditions is of particular interest since this corresponds
to a down-canyon flow from the site and off-shore flow along the
coast. However, during transition periods the flow would parallel
the coast and could cross the El Capitan area and Santa Barbara.

Table 1 shows the frequencies of the six stability classes
by months and also on an annual basis. Classes C and D and F
occur more than 75% of the time during all seasons of the year.
Class F predominates during December and January and accounts
for nearly 50% of the total because of the long nights and clear
skies resulting in strong nocturnal cooling. The frequency of
neutral conditions (Class D) increases to a maximum of nearly
50% in June while the frequency of Class F conditions decreases
to 20% of the total hours. Neutral conditions can occur with

both up-canyon and down-canyon flows and occasional cross-canyon



Month Hrs. %
Jan. 0.2 0.05
Feb. 3 Q.7
Mar. 3 0.4
Apr. 7 0.9
May 8 1.9
Jun. 7 1.0
Jul. 4 0.6
- Aug. 3 0.3
Sep. 2 0.3
Oct, L 0.1
Nov. 1 0.1
Dec. 0 0.0
Annual 41 0.5

Table 1

MONTHLY AND ANNUAL FREQUENCIES OF STABILITY CLASSES
(5-Year Averages For 1960 - 1964)
STABILITY CLASS

Hrs.

B C
% Hrs. I Hrs. A
6.8 100 13.4 191 25,6
7.4 96 14.3 219 B2 5
1T 96 13.0 273 36.7
10.4 118 16.3 243 38.7
9.7 135 18.2 248 33.4
9.5 1173 15.4 340 47.2
1247 141 18.9 272 36.5
10.7 129 17,3 274 36.8
7.6 123 17.0 274 38.1
6.4 115 15.5 272 36.5
4.6 96 13.4 254 35.2
sl 113 150 190 25.6
8.2 1371 15.7 3049 34.8

Hrs.

63
74
65
75
45
68
70
55
58
63
48
737
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Hrs.
350
240
240
213
206
149
164
190
212
251
272
355
2841

LT



Fig. 1--Topographic map of Corral Canyon.
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Fig. Z-=ferial photograph of Cerral Canyon Site.
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flows. Frequencies of Class A, B, and C also increase during
the summer months and solar heating is increased then producing
more favorable conditions for atmospheric diffusion of airborne

materials.

Cs Meteorology During Air Tracer Test
At 0500 PDT on Thursday morning, 29 April 1971 the Pacific

high pressure area extended over the west coast region giving
a northwesterly gradient flow in the Santa Barbara coastal region
as shown in Fig. C-6. Surface winds were very light with drainage
flows down the canyons along the coast and offshore over the
Santa Barbara channel. Stratus clouds were present along the
coast but were scattered in the Santa Barbara area because of
the offshore flow. A ridge of high pressure aloft was centered
over the California coast but shifted eastward during the next
24 hour period and was centered over the California-Nevada
border at 0500 PDT 30 April as shown in Fig. C-7. The clear
weather in the Santa Barbara area persisted through the night
of the tracer test on 29 - 30 April and throughout the following
day. &

The period just following the transition from sea breeze
to land breeze was selected for the tracer test because it
was believed that this period would be most likely to produce
measurable effluent concentrations along the coast and in the
cities of Goleta and Santa Barbara. The meteorological
conditions during the test were typical of the prevailing
conditions in the Santa Barbara area during the spring season.
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APPENDIX D
TEST CHRONOLOGY AND SAMPLER RECORDS

A. Multiple Source Test, FE 164
All aerosol generators and sampling equipment were moved

to Santa Barbara on Tuesday, 27 April 1971. On Wednesday the

aerosol generator sites were located and the sampling stations
located and marked except for a few stations along the coast
which were located on Thursday, 29 April. Rotorod samplers
for the platforms, Hilda, Hazel and Hope were taken out by
boat from the Standard 0il dock at Carpenteria starting at
1300 Thursday and the samplers were all running by 1406 PDT.
The yellow FP aerosol generator was installed on the ridge
east of Corral Canyon and the green FP aerosol generator
was installed at the north boundary of the site in the canyon.
The red FP aerosol generator and three Rotorod samplers were
taken by Rotor Aids helicopter to Holly, WODECO IV, and
Bluewater II. Starting at about 1400 the Rotorod samplers
were installed on platform Holly and Bluewater II and the
aerosol generator (AG) was installed on the hatch at the
stern of WODECO IV. A Rotorod sampler was placed at the bow of
the ship. The samplers were turned on at 1900 at the same time
as all three aerosol generators were started.

Samplers within the Corral Canyon property and the
Canada del Capitan property were turned on starting at 1315 and
all samplers were running by 1837. The drum pulsed sampler at
Station 46 was started at 1812 and set to take 2 minute samples
at each drum index position.

Samplers along the coast were placed starting at 1210 and

all samplers were running by 1910.
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Samplers in Goleta and Santa Barbara were started beginning
at 1815 and all were operating by 1917. The DPS at Cliff Street
Fire Station was started at 1900 with a sampling interval of 5
minutes and the DPS at Rotor Aid was started at 1917 also with
a sampling interval of 5 minutes.

All three aerosol generators were started at 1900, 29 April
1971 and the FP were dispersed at a uniform rate for approximately
one hour.

Samplers within and around the Corral Canyon were turned
off and samplers collected starting at 2107 and completed by 2146
with the exception of Station 1 through 5 and Station 12 which
were picked up on Friday morning, 30 April.

Samplers in the adjacent canyon and Canada del Capitan were
picked up Friday morning starting at 0830 and completed by 0900 PDT.
Samplers along the coast and in Goleta and Santa Barbara were
picked up starting at 0715 and completed by 0947.

Samplers on Platform Hilda, Hazel and Hope were turned off
starting at 0822 PDT and completed by 0931. Samplers on
Platform Holly and on WODECO IV were turned off at 0600. An
additional sample was taken on WODECO IV from 0617 to 1020 PDT,
30 April. No sample was taken on Bluewater II between 0000 and
0600 PDT, 30 April but a sample was taken from 0617 to 1020 PDT.

B. Sampler Records
The location and type or types of samplers used at each

sampling station are listed in Table D-1. The collector number

and date and time (DTG) for starting and stopping the samplers is
also indicated. The first two digits are the date and the last

four are the time expressed on a scale of 24 hours. All DTG's are
expressed in Pacific Daylight Time (PDT). The sequentially operated
drum pulsed samplers (DPS) are rotated in 3 degree steps at preset
intervals of time. The index number at start and stop for each

drum are listed. The DPS time intervals for FE 164 were 2 minutes
at Station 34 and 5 minutes at Stations 34 and 36.



Station Type
e RR
2 RR
3 RR
4 RR
5 RR
6 RR
7 RR
8 RR
9 RR

10 RR
33 RR
312 RR
13 RR
14 RR
15 RR
16 RR
17 RR
18 RR
19 RR

Table D-1

SAMPLER RECORDS FOR FE 164

DTG

29 - 30 April 1971
Start
Location CR or Drum Index DTG
Canada del 0659 291325
Corral - North
Boundary West
of Creek
Met Station 4800 291315
North boundary 0660 291330
east slope
North boundary 0661 291340
east slope
North boundary 0662 291350
east slope
East ridge near 1289 291837
water tank
East slope 3462 201835
East slope 3463 291830
East slope 3464 291825
East slope 3465 291820
Bottom of 3466 291815
Canyon
West slope 5735 291405
West boundary 0651 291615
near houses
East side of 0658 291610
citrius orxchard
Southeast boundary 0664 291510
Southeast boundary 0663 291506
Coast East of 1291 291715
Capitan ;
Beach below site 1292 291726
Coast west of 2836 291740

Capitan

300915

300920
300925

300932
300938
292107
292110
292115
292117

292121
292127

300957
292137

292139
292144
292146
300911

300918
300928

=
o



Table D-1 (continued)

Start Stop
Station Type Location CR or Drum Index DTG Index DTG
20 RR Refuglic State 3145 291747 300935
Park
21 RR Canada del Capitan 5729 291430 300842
near water tank
22 RR Canada del Capitan 5738 291435 300840
23 RR Ridge west of 5740 291445 300900
Canada del Capitan
24 RR Canada del Capitan 5737 291455 300830
25 RR Canada del Capitan 1288 291635 300854
(near Highway 101)
26 RR El Capitan Beach 1290 291700 300847
State Park
27 RR Canyon East of 2681 291805 300856
Site near highway
28 RR Canyon EBast of 3318 291817 300901
Site north of 27
29 RR Signal Property 3283 291910 300947
1.5 mi East of Dos
Palos Canyon
30, 31, 33 Not used
33 RR Goleta Beach 3160 291610 300823
34 DPS Rotor Aids 143 0 291917 68 300103
137 68 300103 22 300715
RR Rotor Aids B0525 291917 292210
B099% 292210 300715
35 RR Fairview Ave. B0526 291815 300052
B1001 300053 300740
36 DPS 1802 Cliff Pire M204 0 291900 60 300015
Station
154 60 300015 22 300715
1802 Cliff Fire 0527 2919200 300715
Station
37 RR Modoc Fire Stn. B0529 291900 300830
38 RR Stanwood Fire Stn. B0528 291900 300033

S
b

B1l000O 300033 300800
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Table D~1 (continued)

Start Sto

Station Type Location CR or Drum Index DTG Index DTG
RR Getty, Gaviota B0530 291250 300930

40 RR Hilda B1736 291354 300931
41 RR Hazel B1737 291406 300917
42 RR Hope B1735 291329 300822
43 RR Holly A5645 291900 292400
RR Holly A5649 300001 300600

44 RR Bluewater II 2675 291859 292400
RR Bluewater II 2901 300617 301020

45 RR WODECO IV Bl656 291850 292355
B1655 292356 300606

B1651 300900 301230

46 DPS Canada del Corral 203 0 291812 99 292132
RR 0656 291812 292130

(a7
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APPENDIX E
FP DOSAGES AND DOSAGE PATTERNS

The yellow, green and red FP dosages for the multiple source
air tracer test, FE 164 were computed from the FP samples by
dividing the total number of particles of each color in the
sample by the sampler flow rate in liters per minute. The resulting
dosages are given in Tables E-1 and E-2. The yellow FP source
was loaated on the ridge east of Corral Canyon, the green FP
source was located in Corral Canyon at the north boundary of
the site and the red FP source was located offshore on the
drilling ship WODECO IV approximately 6 miles southwest of
Corral Canyon.

Dosage isopleths in particle liters per minute were drawn
at levels differing by a factor of 10 as shown in Figs. E-~l
through E-5. Fig. E-1 shows the dosage pattern from the yellow
FP gsource in the Corral Canyon and surrounding areas and
Fig. E-2 shows the extension of this pattern offshore and along
the coast ineluding Gaviota, Santa Barbara and Carpenteria. The
major portion of the FP plume moved southwesterly down the ridge
and offshore out the mouth of the Canyon. An eddy circulation
producing an easterly wind along the shoreline carried a portion
of the FP cloud westward to Gaviota and a portion was carried
by westerly winds offshore toward the platforms Holly, Hilda,
Hazel, Hope and Heidi as shown in Fig. E-2.

The green FP dosages were higher as expected than the yellow
within Corral Canyon and on the beach below as shown in Fig. E-3.
The dosage patterns were very similar, however, over the channel
and along the coast as shown in Figs. E-2 and E-4 demonstrating that
' the two FP plumes became well mixed by the eddy circulation offshore.

The red FP source on the WODECO IV was emitted directly into
the westerly winds offshore and the plume traveled eastward parallel
to the coast as shown in Fig. E-5 with only a small portion caught
in the eddy circulation giving traces at Caviota and on Bluewater II.
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LAREERE B-1

FP DOSAGES FROM ROTOROD SAMPLERS, FE 164, 29
AT SANTA BARBARA, CALIFORNIA

Station

Collector

0659
4800
0660
0661
0662

1289
3642
3463
3464
3465

3466
5735
0651
0658
0664

0663
1291
1292
2836
3145

5729
5738
5740
5737
1288

1290
2681
3318
3283
NOT USED

4.1

30 APRIL 1971

FP Dosage (part-min/liter)

Yellow

12.2
0.5
Te3

118

16.2

(=1 -]
L]
o W

1980
1370

91
800
258

8.1

0.1
24.8
256
16.7
1557

=
Woo o
LwWoya ;M

18.0
W iy A
24.7
3.9

——

Green Red
121 1.0
7350 o K
1280 0.6
23.0 0.4
43.6 05

5 = DX

=S i 0:1
0.1 0.1
0.0 0.0
0.8 0.1
Excegsive -—-—
1020 0.5
8700 0.0
6840 0.0
0.4 0.1
0.4 0.1
43.0 1.0
975 01
97.0 0.4
45.4 o e
14.8 0.4
19.3 0.2
37.2 0.5
20.2 0.1
1577 03
28.8 0.6
28.5 0.4
28.3 0.7
7.1 2l
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TABLE E-1 Continued

Station

31
32
33
34

35
36
37
38

39
40

41
42
43
44

45

46

Collector

NOT USED
NOT USED
3160
0525
0999
0526
1001

0527
0529
0528
1000
0530
1736

1737
1735
5645
5649
2675
2901
1656
1655
1651

0656

FP DOSAGE (Part-min/liter)

Yellow

. .
e~

e e =

.
(91}

wo
. = a

U
[l S S ] w
. s . . .
J Ui U o owe o

w

L0
- .
(22 w

528

Green

Lo ol AV |
- - - -
w

(5, 1.5}
- -
[l ~SJoow Lo wwo

N o
. s

'_.l

~J
~
.

[=]

3290

Red

) = N
o (o) =2 \¥] = o [l el =
- L - . @ - = @
W 1w w B O oo

N
-
w

0.1

45
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Histograms of the FP data from the drum plused samplers
are given in Figs. E-6, E-7 and E-8. Station 46 near the small
house near the lower end of Corral Canyon received very heavy
dosages of green FP and much smaller dosages of yellow FP
as shown in Fig. E-6. The yellow FP cloud arrived approximately
25 minutes after the start of aerosol generation and continued
for approximately 50 minutes. The green FP cloud arrived
approximately 30 minutes after the aerosol generators were started
and continued approximately 65 minutes with very small amounts
arriving later up to 2 hours after the first arrival.

The histogram from the DPS at Rotor Aids, at Santa Barbara
Airport, Fig. E-~7, showed that FP from all three sources arrived
at the same time, i.e., 2055 - 2100 PDT. The dosages were very
small but the cloud persisted approximately 4 hours. It is
apparent that the portion of the red FP cloud which reached this
sampling station was caught in the eddy circulation which carried
the green and yellow FP along the coast both east and west of
Corral Canyon producing complete mixing of the three colors. The
main portion of the red FP cloud undoubtedly missed this station
because it was dispersed with a west wind of 17 mph which would
have brought it to this station nearly an hour earlier.

The DPS at Station 36 at .the Cliff Drive Fire Station in
Santa Barbara also showed very low dosages with the red FP first
arriving between 1925 and 1930 with yellow and green arriving
between 1955 and 2005 PDT. Small numbers of particles continued
to arrive periodically until the DPS samplers were turned off
at 0715, 30 April. This indicated that the FP remained in the
area for a considerable period of time.

A comparison of total dosages from Rotorod and DPS samplers
is given in Table E-2. Both types were operated simultaneously
over the same sampling period. At Stations 34 and 36 the dosages
were of comparable magnitude considering the very low dosage
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Fig. E-T—-Histograms of FP Dosages at Station 34, Rotoraids, Santa Barbara Airport, FE 164.
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values. At Station 46 the DPS dosages were much higher than

the Rotorod dosages. The DPS values were considered to be more
accurate because the sample was spread out over a much larger
collection area, while the Rotorod was so completely covered with
FP that counting was very difficult. The DPS dosages at Station
46 were plotted in Figs. E-1 and E-3 instead of Rotorod dosages.
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TABLE E-2
COMPARISON OF TOTAL DOSAGES FROM ROTOROD AND DRUM
PULSED SAMPLERS (DPS), FE 164, 29 - 30 APRIL 1971
AT SANTA BARBARA, CALIFORNIA

FP Dosage (part-min/liter)

Station Yellow Green Red
Sl RR DPS RR DPS RR

34 1.4 0.3 1.0 a5 Qa7

36 146 0:7 2.0 1:5 0.8

46 528 2320 3290 12200 0.l

DPS
0.2
0.5
0.0

56



APPENDIX F
POTENTIAL AIR POLLUTION SOURCES AND
POLLUTANT CONCENTRATIONS

Although normal plant operations are not likely to produce
detectable odors or pollutant concentrations in excess of the air
quality standards set by the State of California, situations may
occur which would release far more than normal amounts of
pollutants into the atmosphere. The pollutant concentration in
the vicinity of the plant and in the neighboring populated areas
of Goleta and Santa Barbara are of primary concern under these
conditions. Since the crude which will be processed contains
appreciable amounts of sulfur, the possible concentrations of
sulfur dioxide and hydrogen sulfide have been estimated from the
potential source emissions and from the fluorescent particle (FP)
dosages obtained during the air tracer tests during the night
of 29 - 30 April 1971.

A. Potential Sources of Pollution

Some potential sources of pollutants are listed below:

L Gas Plant Emissions -
a. Normal operating conditions.
Under normal conditions only 1% of the sulfur would be
emitted as SO, from the stack. This would amount to
192 1b per day giving an S0, concentration of 342 ppm
in the stack. The stack exit temperature would be
approximately 1000°F,.
b. Tail Gas Clean-up Plant Shut Down
Under these conditions about 4% of the sulfur would be
emitted from the stack or 1536 1lb of SO, per day giving
an SO, concentration of 2736 ppm in the stack.
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Ca Sulfur Plant Down.

In this case all the sulfur would go through the stack

or 43,600 lb/day giving a concentration of 77,000

ppm in the stack.

d. Low-level Crude Spill from Rupture of a 110,000
bbl tank.

It was estimated that about 2000 1b of H,S would be

released during the first hour and another 2000 1lb over

a 24 hour period following the spill. The temperature

of the crude would be about 95°F initially.

24 Offshore Sources
a. Gas from Offshore Wells
Gas containing HZS is sometimes released during drilling
operations. The largest gas flow reported in a memoran-
dum from D. M. Griffiths was 3120 MCF per day of which
0.1% was H,S. This gas was flared to convert H,S to
802.
b. Crude Spill from Offshore Operations
This would result in considerable HoS émissionq. As an
order of magnitude estimate it will be assumed that the
H,yS emission will be equal to that from the 110,000 bbl
tank rupture above.

B. Pollutant Concentrations Calculated from Air Tracer Test

Under "Worst" Conditions

The worst condition for atmospheric dispersion of the
emissions and for transporting the pollutants along the coast
toward Santa Barbara occur during the early stages of the
transition from sea breeze to land breeze during the evening
hours from approximately 1800 to 2400 PST during the month of
April. The three FP aerosol generators were operated from
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1900 to 2000 PDT 29 April 1971. The FP dosages are given in
Appendix E and the methods of converting FP dosages to equivalent
pollutant concentrations for various source types are described
in Appendix G.
i 8 Gas Plant Emissions
The calculated 802 concentrations from a simulated stack
emission were based on the yellow FP source on the ridge
east of Corral Canyon. The highest measured FP dosage
occurred at Station 46 in the lower end of Corral Canyon
The calculated 802 concentrations at this location for normal
operating conditions were 0.00079 ppm, for the tail gas
clean-up plant down it was 0.0063 ppm and for the sulfur plant
down it was 0.179 ppm. Since only the last case with the
sulfur plant down showed significant SO, concentrations the
complete concentration patterns were determined only for
this case and are shown in Figs. F-1 and F-2. No concen-
“trations above the State 24-hour standard of 0.04 ppm
(40 ppb) were indicated outside of the Canada del Corral

property.

2. Low-level Crude Spill

Concentrations of H,S from a low-level crude spill were
based on green FP dosages from the aerosol generator located
at the north boundary of the site in the Canada del Corral.

The concentrations resulting from a release of 2000 lbs
of H,S during the first hour are shown in Figs. F-3 and F-4,
It is apparent that the State standard of 0.03 ppm (30 ppb)
will be exceeded in the Corral Canyon and on the beach
immediately below the canyon but Refugio and El Capitan
beaches will have concentrations wéll below 30 ppb and concen-
trations in Goleta and Santa Barbara will be undetectable.
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3. Offshore Emissions
Calculated concentrations for of fshore emissions are
based on the red FP dosages from the aerosol generator on
WODECO IV.
a. Calculated H,S or equivalent S0, emissions from
flaring of gas during drilling operations offshore
indicate that concentrations would be negligible from
these sources.
B Crude Spill Offshore
Concentrations from an offshore crude spill
releasing H,S at the rate of 2000 1lb per hour are
shown in Fig. F-5. The State gtandard of 0.03 ppm
(30 ppb) would be exceeded only within the first 4
or 5 miles from the source.
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Fig. F-5—H25 concentrations in Santa Barbara re-
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APPENDIX G
CALCULATION OF POLLUTANT CONCENTRATIONS FROM
FP TRACER MEASUREMENTS

Average concentrations of pollutants are readily calculated
from the FP tracer measurements if the source emissions are known.
The Rotorod Samplers are generally operated much longer than the
period of FP dissemination in order to sample all FP which pass
the sampling station. Since the variation of FP concentration
with time is not determined by this type of measurement it is
necessary to compute a maximized average concentration based on
the assumption that the total number of FP collected is equal
to that which would have been collected over a period equal to
the period of FP dissemination. This approximation is accurate
when the plume trajectory is relatively constant but becomes
less exact when the trajectory is variable. However, the
average concentration computed in this manner igs not likely
to be less than the average concentration from a continuous
source from this same sampling period. The calculated value may
thus be desgignated as a maximized average concentration.

Peak concentrations may be obtained by sequential samplers
such as the Drum Pulsed Sampler (DPS) which is programmed to
collect samples at successive intervals of a few minutes or less.

Calculations of maximized average pollution concentrations
and peak concentrations from the FP tracer measurements are
explained in the following sections for point, line and area

sources.

T Calculation of Average Concentration from Rotorod FP Data
For an Assumed Pollutant Emission Rate.
During the course of an experiment, each Rotorod sampler
was operated long enough, after the end of FP generation, to
completely sample the FP cloud as it passed.
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If we set the Rotorod sampling time equal to the dispersal
time, the maximized average concentration at a given location is

estimated by the following equation. Taking SO, as an example,

we have:

Where Xg, = maximized average S0, concentration at sampling
location in g/l1.
D = FP dosage in particle-min/l

= Number of FP collected
Flow Rate (l/min) x Collection Efficiency

= Ne

FE
Q = Total number of FP released
qsoz = S0, emission rate in g/min

XSOZ can be expressed in ppm S0, (Vol. 20°C)

5
(Xsoz) ppm = (Xsoz) g/l x 3,75 x 10

For rotorod samplers, operating at the normal 2400 rpm:
F 52.3 liters/min (H-rod FP collector)

E 70% (for FP)

]

il

And for an emission rate of 40 tons of SO, per day:

q502 = 40 tons/day = 25,200 g/min
Then:

) (2.52 x 101 (3.75 x 107)
FP

toll=

0, = |

(

il

) (9.45 x 10°) ppm
rp

felie
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In the case of the multicolor FP tracer experiment at Benicia,

FE 163, 10 December 1970, 20 1lb of yellow FP was released through
the 465 ft main Refinery stack. For this particular batch of

FP, the number of particles per gram was 0.71 x 1010. Then:

Q = (453.6 g/1b) (20 1b) (0.71 x 1010 particles/g)

6.44 x 1013 particles released

I

A Rotorod sampler operating downwind collected 1790 fluorescent
particles, of which 857 were yellow. Since the Rotorod operates
at 52.3 liters/min with the H-rod collector used for FP and the
efficiency of this collector is 70%, the dosage at this station

for yellow FP is then:

D = Ne
FE

= 857 particles
52.3 (1/min) (0.70)

= 23.4 part-min/l

The maximized S0, concentration at this location, for an assumed

emission of 40 tons of 802 per day, is:

o = D
S0 ( ) 950
2 8/ oo 2

= 23.4 (part-min/l) X 25,200 (g/min)
6.44 x 101> (particles)

- 9,16 x 1072 g/1

Expressed as ppm:

’ 5
Xsoztppm) = Xsoz (671) % 3.75 % 10
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(9.16 x 1072) (3.75 x 10°)
3.44 x 1073 ppm or .003 ppm

Il

gimilar calculations would be used for other color FP collected.

2. Calculation of Peak Concentrations from Time-Sequential

FP Data.

Several time-sequential FP samplers (Metronics DPS Sampler)
were used during FE 161 and 162, The DPS sampler collects FP by
impaction on a sticky surface attached to a drum. The drum can
be rotated incrementally through 3 degree steps to expose fresh

collection surfaces.
To convert observed FP counts to concentration and taking

SO2 as an example, we have:
%50, = rp * 9g0,
= 9pp
where:
Xory, = instantaneous peak S0, concentration in grams/l.
2 st
d Number FP collected = Nc
FP T_Iow rate) (Efficiency) (Collection Time) P X Tc
dpp = FP source strength per unit time
= Number of FP dispersed = EQ
Dispersal time TD

= 80, source strength in grams/minute
2

During FE 163, 20 lbs of yellow FP was released through the

465 foot main Refinery stack. A total of 6.44 x 1013 particles
were released over a 4 hour period (see previous section). Then:

+«Q
(45}
(@]
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9pp

Np

Tp

6.44 x 10

13

240 (min)

2.68 x 1011

70

particles/min.

The DPS Sampler has the following characteristics:

L= o |
nowon

Then, for
we have:

For an assumed

Then:

flowrate = 45 1/min

efficiency = 100%

collection time per sample = 5 min.

a 5 minute collection of 37 yellow particles (Nc =

FP

950

SO

2

Nc
F E Tc

37 (particles)
45 (I/min) (L) (5) (min)

0.164 particles/1

SO, emission of 40 ton/day:

]

25,200 g/min.

dFP

% 950
9pp

0.164 (particles/1)

2

x 25,200 g/min

2.68 x 1011

1.54 x 10

8

5.78 x 10~°

(particles/min)

g/1
ppm or 0.006 ppm for 5 min,

37)
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3a Estimation of 502 Source Strength at a Given Location From

Time Sequential FP Data and Concurrent 502 Monitor Data.

This calculation assumes that all the 802 detected by the
S0, monitor came from the same source as the FP. This need not
be the case and usually is not.

From the preceeding section:

Xgo, = -FP

9pp

5
q502 (3.75 x 1867)

g
q = X FP ‘X
- s T T we

where:
q502 = in grams/min
X502 in ppm from monitor data
App see preceeding section
dFP from DPS data, same time and interval as X550 above.
2
4. Calculation of Concentration from a Line Source of HZS from

Line Source FP Data.
The average concentration of H,S from a line source is
calculated from:
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where:
XHZS = average H,S concentration at sampler location in g/l.
qHZS = average H,S emitted per unit length of line source in
g/min
dFP = FP dosage in part-min/l
dpp = FP released per unit length of line source
L = length of line source.

For the green FP source in FE 163 20 1lbs of FP were released

at a uniform rate along a five mile line. The number of particles

per gram for this lot of FP was 1.75 x 1010.

_ 20 x 453.6 % 1.75 x 10%°

9ep = 5 miles
13

part

= 3.18 x 10 part/mile

Station 11 received a green FP dosage of 390 part-min/liter
from the green FP line source south of the Carquinez Straits
during FE 163. Agsuming an emission along this same 5 mile line
of 40 tons of H,S per day or 5040 g/min/mile, the corresponding

st concentration at Station 11 would be:

390

2 3.18 x 1013 x 5

= 0.044 ppm

(5.04 x 10°) (7.06 x 10°) (5)

Although the total number of FP released could be used in the
calculation instead of the product Appl s the length of the release
line is important in determining the change in concentration with
distance downwind from the source. For a crosswind line source
the concentrations downwind from the center of the line decreases
much more slowly than that from a point source until the distance

downwind becomes large with respect to the length of the line
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source. The difference from a point source is due to the fact
that the plumes from all points along the line overlap and lateral
diffusion is effective in diluting the gas or tracer only near

the ends of the line until the plume width from each point becomes
comparable to the length of the line.

5. Calculation of Concentration of HZS From an Area Source.

The average concentration of HZS from an area source may
be calculated directly from FP data provided that the FP source
actually simulates the area source. This could be done either
by moving the FP source at a uniform rate over the area or as an
approximation by moving the FP source around the perimeter of
the area at a uniform rate.

If a fixed point source of FP is used to provide the data
for computing concentration from an area source it may be assumed
that all points within the area source will produce the same
concentration pattern as the FP source. Then the contribution
at a given sampler location from each equal subarea of the area
source can be computed by moving the entire concentration pattern
so that the FP source point is located at the center of the
subarea. This could be done by drawing the source point conten-
tration pattern on a plastic overlay.

A simpler approach and the one used here is to let the
centerline concentration downwind from the point source represent
the maximum possible concentration from the area source. If the
total emission of H,5 from an area source were concentrated into
a point source the centerline concentration would always be
greater near the source but would approach the same value at
distances which are large with respect to the area source dimension.

The general formula for calculating st concentrations from
an area source from FP data is:

X = dFP

5
H,S X q A x 11.06 % 10°)

2
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Xy g = average H,S concentration in ppm
2
drp = FP dosage in part min/1
dpp = FP source strength per unit area in g/min
A = area of source
Ay g = H25 source strength per unit area in g/min
2

Twenty pounds of red FP were dispersed from a point near the
Humble waste water treatment ponds at Benicia. The red FP
contained 0.89 x 101° particles per gram. Then:

dpp = 20 x 453.6 x 0.98 x 1010 = 8.07 x e particles
A red FP dosage of 688 part-min/l was obtained at Station 38.

Assuming an H,S emission of 1.4 g/min per square meter of pond

area with a total area of 35,000 square meters the maximum st

concentration at Station 38 would be:

688 %(1.4 % 7.06 = 10°) % (3.5 = 10%)

X
HZS 3737_§_Iﬁl3

0.296 ppm

The total HZS emigsion would be:

I

dy.g l.4 2 3.5 % 104 = 4.9 x 104 g/min
2

108 1lb/min
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INTRODUCTION

PURPOSE

This report presents the results of our feasibility
investigation of the Corral Canyon area approximately 20 miles
west of the City of Santa Barbara, Santa Barbara County, for a
suitable site for onshore petroleum treating and storage facil-
ities. The general location of the investigated area is shown
on Plate 1 - Location Map, and Plate 2 - Drainage Area Map.

SCOPE AND HISTORY OF INVESTIGATION

The initial scope of the investigation was set forth
in our letter of January 28, 1971, "Proposal to Perform a Geo-
technical Reconnaissance of the Proposed Humble 0il Company
Onshore Facility." Initially, the area to be investigated
comprised the lower part of Corral Canyon from the ocean to
approximately one mile upstream. The scope was limited to de-
lineation of earth materials and geologic structure as they
relate to the apparent stability of potential sites.

Upon completion of our reconnaissance and subsequent
meeting with the clients, the area of investigation was ex-
panded to include an additional mile of Corral Canyon upstream
from the original area of investigation. The purpose of the
geotechnical investigation of the expanded area was for the

purpose of finding alternative sites for the onshore facilities.

On March 24, 1971, we submitted a preliminary report
covering the results of our investigation to that data. This
report was titled "Geotechnical Recommaissance, Proposed Humble



4

o

L

.

Oour Job V1004 Page 2

0il Company Onshore Facility, Corral Canyon Area, County of
Santa Barbara, California for Penfield and Smith."

In subsequent conferences with representatives of
Humble 0il and Refining Company and various consultants, ten-
tative grading plans for several alternate sites for the on-
shore facilities in Corral Canyon were discussed and evaluated.
A decision was made to explore the feasibility of utilizing
the lower part of Las Flores Canyon, a tributary of Corral
Canyon, as a location for the onshore facilities.

This report is limited in scope to a general geologic
dissertation of the lower Corral Canyon region and a geotechni-
cal analysis of the proposed facilities site in Las Flores
Canyon and the access way thereto. Subsurface exploration,
sampling, and testing of earth materials were not included in

the scope of this investigation.

PROPOSED FACILITIES SITE

GENERAL

A 15-acre site for the onshore treating and storage
facilities is proposed for Las Flores Canyon, a tributary of
Corral Canyon. See Plate 2. Vehicular and pipeline access
will be via an access road through Corral Canyon from State
Highway 101. The access road will follow the route of the
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existing unimproved road. This route originates at the freeway
frontage road on the east side of the mouth of Corral Canyomn.

In the orchard area, the route traverses the valley floor allu-
vium on the east side of the channel of Corral Creek. In the
narrow gorge-like area of the canyon, the present road is carved
into the steep natural slopes on the west side a short distance
above the stream chanmel. At the upstream end of the narrows,

the route recrosses to the east side of the creek and continues
up the open alluviated valley floor to the mouth of Las Flores
Canyon. See Plate 2.

It is also proposed that the pipelines to the facili-
ties will be buried beneath the roadway.

The proposed facilities at Site D will be distributed
in linear fashion along the floor of Las Flores Canyon, approxi-
mately 700 to 2500 feet upstream from the confluence of Las
Flores Canyon with Corral Canyon. It is proposed to provide
room for the facilities by placing fill in the canyon bottom
with a minimal amount of graded cuts. See Plate 3.2 - Geotech=
nical Map, Corral Canyon Site D, and Plates 6.1 and 6.2 - Pano-
ramic Photographs.

GRADING
The maximum height of proposed cuts is approximately

100 feet at maximum slope inclinations of 2 horizontal to 1 ver=
tical. Fill slopes will be constructed at maximum inclinations
of 2 horizontal to 1 vertical and a maximum depth of 45 feet.

The fill will extend across the drainage. See Plate 3.2. Sur-
face waters originating upstream from the processing facilities
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will be diverted beneath the site through a 96-inch closed
drainage culvert. See Plate 3.2

FINDINGS

GENERAL

The investigated area is within the Corral Canyon
area on the south flank of the Santa Ynez Mountains. The Cor-
ral Canyon drainage area extends from the crest of the Santa
Ynez Range to the ocean, a distance of approximately five miles.
Only the lower two miles of the canyon were mapped in this in-
vestigation. All of the mapping that was done for this inves-
tigation is shown on Plate 4 - Geotechnical Photo Mosaic, Corral
Canyon.

The geotechnical findings for Site D and its environs
are provided on a topographic base as Plate 3.2 - Geotechnical
Map, Corral Canyon Site D. Plate 3.2 also presents the proposed
grading plan for Site D. The geotechnical findings pertaining
to the access route to Site D are indicated on another topographic
map, Plate 3.1 - Geotechnical Map, Lower Corral Canyon.

TOPOGRAPHY

Corral Canyon. The investigated area lies entirely
within the foothill belt of the Santa Ynez Mountains except for
a narrow marine terrace less than one thousand feet in width.
The dominant topographic pattern of the foothill belt is one
of relatively straight southerly-trending ridges and valleys.
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The width of the valley floors and the configuration of the
valley slopes are strongly influenced by the geotechnical prop-
erties of the underlying geologic formations. Where Corral
Canyon crosses the marine terrace, it is approximately 100 feet
deep with gently sloping sides and a broad alluviated floor.

In the Miocene formations, the canyon bottom gener-
ally lies from 400 to 600 feet below the ridge crests. In the
Monterey formation, the slopes are as steep as 1 horizontal to
1 vertical in places, and the valley floor is approximately the
width of the stream channel. See Plate 3.1. In the Rincon for-
mation, the valley slopes tend to be gentler largely due to mass
wasting processes. Narrow alluviated valley floors have been
developed in the Rincon formation both in Corral Canyon and its
tributary Las Flores Creek. Both creeks cross the Vaqueros for-
mation via narrow slot-like gorges.

Site D. Site D is located on the floor of that part
of Las Flores Canyon which extends across the lower part of the
Rincon formation. See Plates 3.2, 6.1, and 6.2. The alluviated
valley floor is 200 to 250 feet in width at this point. It is
traversed by the meandering usually dry channel of Las Flores
Creek. The channel is approximately ten feet deep and fifty
feet wide.

The site is bordered on the east by the low terminal
part of the intervening ridge between Las Flores and Corral
Creeks. This ridge rises from 70 to 200 feet above the valley
floor at the site location. It has natural slopes varying from
10 to 35 degrees from the horizontal. Site D is bordered on the
west by the intervening ridge between Las Flores and Venadito
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Canyons. See Plate 6.1. This ridge rises 240 to 320 feet
above the valley floor at the proposed site location. Several

short tributary valleys and intervening spur ridges descend
from the main ridge crest to the floor of Las Flores Canyon.
The natural slope gradients adjacent to the site on the west
side of Las Flores Canyon range from 12 to 38 degrees from the
horizontal.

LAND USE

Petroleum is produced from the Capitan field in the
lower reaches of Corral Canyon. Lemon trees are cultivated on
9.2 acres of valley bottom adjacent to the highway. The remain-
der of the area is utilized only for cattle grazing.

IMPROVEMENTS

0il wells, pipelines, storage tanks, and other petro-
leum facilities are present on the Capitan field part of the
area. An occupied residence, several farm buildings, and water
wells are present in the orchard area. An unoccupied residen-
tial building is situated on the floor of Corral Canyon approx-
imately 6000 feet north of the highway.

A high pressure gas line traverses Corral Canyon ad-
jacent to the highway. An underground telephone cable crosses
the canyon in an east-west direction approximately 3500 feet
north of the highway. Telephone and electric power service
are available at the orchard area. No other improvements were
observed in the area except for a few unpaved roads.
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GEOLOGY

General. The site is situated on the south flank of
the Santa Ynez Mountains, one of the east-west trending ranges
of the Transverse Ranges Province of California. Generally,
the Santa Ynez Range is a geo-anticline that has been compli-
cated by faulting. Marine and continental sediments ranging
from Cretaceous to Quaternary age are exposed in the Santa Ynez
Mountains. However, only the upper part of the stratigraphic
section consisting of Miocene and Quaternary rocks are perti-
nent to this investigation. See Plate 4 and Plate 5.3 - Geo-
technical Sections, Corral Canyon.

Stratigraphy. The geologic units mapped in this in-
vestigation are listed in the following stratigraphic sequence:

Oligocene-Miocene Sespe Formation (Ts)

Miocene Vaqueros Formation (Tv
Rincon Formation Tr
Monterey Formation (Tm

Quaternary Terrace Qt)
Colluvium Qcol)
Alluvium Qal
Landslides Qls
Mudflows Qmf

Sespe Formation (Ts). The Sespe formation of Oligo-
cene and/or early Miocene age crops out in the northern part of
the investigated area. See Plate 4. It is of continental ori-
gin and consists of interbedded variegated silty sandstones,
clayey siltstones, and silty claystones.
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Vaqueros Formation (Tv). The Vaqueros formation of
early Miocene age conformably overlies the Sespe formation.

See Plate 4. It is a well bedded, medium to coarse grained,
hard, calcareous cemented, tan where weathered sandstone of
marine origin. Typically, it forms cliffs and prominent hog-
back ridges.

Generally, the Vaqueros formation has little to no
soil cover, nevertheless, it generally supports a demnse cover
of chaparral and some oak trees. Corral and Las Flores Creek
cross the Vaqueros formation via narrow, cliff-walled, slot-like
gorges.

Rincon Formation (Tr). The Rincon formation of early

Miocene age and marine origin conformably overlies the Vaqueros
formation. See Plate 4. It consists of very massive, brownish
gray silty claystone and clayey siltstone. The lower member of
the Rincon formation (Trlm) is approximately 60 feet thick.

From a surface examination only, the lower part Rincon
formation appears to comprise the following units in stratigraphic
order from older to younger:

60 feet basal member consisting of silty
claystone, siltstone, and a few thin beds of
interbedded sandstone. This unit appears to
be relatively resistant to sliding.

300 feet massive bentonitic claystone.
It is generally geomorphologically marked by
extensive landslides, gentle hillside slopes,
and saddles on the ridge crests. It forms very
expansive soils, and it is very subject to mass
wasting by creep, landslides, and mudflows.
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600 feet relatively firmer claystone with

some thin zones of calcareous concretions. This

unit tends for form moderately prominent hog-back

ridges. Although landslides are prevalent in

this unit, it is somewhat less subject to mass

wasting than the underlying bentonitic member.

The Rincon formation tends to weather deeply and it
generally has a thick soil cover with a moderate to high organic
content. Large desiccation cracks are common in the soil cover
of the Rincon formation indicating its expansive nature. Typi-
cally, the Rincon formation exhibits a grass covered, gently
rolling topography that is scarred by many landslide, mudflow,
and soil creep features. Valley floors tend to be somewhat
broader and more alluviated in the Rincon formation than in the
other formations. The Rincon formation is approximately 960
feet thick. It crops out in a belt approximately 3200 feet wide
in the vicinity of the junction of Corral and Las Flores Creeks.
See Plate 4. It is also present in the lower slopes of Corral
Creek in the vicinity of the orchard. See Plates 3.1 3.2 and 4.

Monterey Formation (Tm). The Monterey formation of
middle and late Miocene age conformably overlies the Rincon
formation. See Plates 3.1 and 4. It is well-bedded marine
formation consisting dominantly of light gray, platy, siliceous
shales and clay shales with some interbedded porcelanite, lime-
stone, and fine to coarse grained sandstones. It also contains
tuff beds, some of which are weathered to bentonite, in surface
outcrop. Where Corral Creek crosses the Monterey formation, it
has a narrow bottom with steep sides. This effect has been
produced, in part, by large slides encroaching on the creek
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bottom from either side. See Plate 5.1 - Geotechnical Sections
D-D' and E-E'.

Quaternary Terraces (Qt). A marine terrace caps the
nearly flat shelf-like areas on either side of the mouth of
Corral Creek. See Plates 3.1 and 4. For the most part, the
terrace materials appear to be ten to twenty feet thick and to
consist of sands and gravels.

Scattered rounded boulders on the valley slope west
of Corral Creek suggest that a small fluviatile terrace may be
present in that area.

Quaternary Colluvium (Qcol). Colluvium, as used in
this report, refers to materials which have been transported
by a combination of gravity and slope wash processes down the

valley sides and deposited on the lower slopes and floor of the
valley. It is distinct from the alluvium because it does not
contain well-rounded gravels derived from upstream as does the
alluvium. Instead, the materials in the colluvium reflect the
nature of the upslope bedrock materials from which they are de-
rived, Colluvium derived from Monterey shale consists of angu-
lar shale fragments. See Plate 5.1 - Geotechnical Section
F-F', Colluvium derived from the Rincon formation consists of
clays and silts.

Alluvium (Qal). Alluvium consists of stream deposited
materials which form the floors of Corral and Las Flores Canyons.
It consists of gravel, sand, and boulders which have been trans-
ported into the area from upstream. Some of the boulders are
several feet in diameter. Generally, the alluvium has a thick
soil cover. The thickness of the alluvium could not be deter-
mined by surface examination.
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From an examination of the cut banks of the channel
of Las Flores Creek, the alluvium has a maximum thickness in

excess of ten feet. It appears to consist of a five to ten
feet thick layer of dark gray, organically rich clayey soil
overlying hard, rounded gravels and boulders.

Quaternary Landslides (Qls) and Quaternary Mudflows
(Qmf). Many landslides are present in the parts of the area
that are underlain by the Monterey and Rincon formations. See

Plates 3.1, 3.2, and 4. They vary in size from small to very
large. They also vary in age from prehistoric to as recent as
last winter.

The slides tend to fall into two categories depending
upon whether they are in the Monterey formation or the Rincon
formation,

The slides in the Monterey formation appear to be
large bedding plane slides. See Plate 5.1. They have moved
along dip components in the bedding into the canyon from either
side. They have generally kept the valley floor narrowed and,
in places, they have diverted the stream channel. A huge com-
plex of multiple coalesced slides occurs on the eastern side of
Corral Creek between 2000 and 3500 feet north of the highway.
This slide complex, or "multislide," head near the crest of the
ridge and descends by gently rounded, step-like stages to the
valley floor. An attempt was made on Plates 3.1, 4, and 5.1 to
delineate the various subsidiary slide units within the "multi-
slide." Where exposed in graded cuts, the Monterey shale in
the slides is badly broken up and chaotically disoriented.

The slides in the Rincon formation are not bedding
plane slides. They occur against the dip and along the strike
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of the formation as readily as along the dip. See Plate 4.

They originate as rotational slumps in the deeply weathered

zone of the Rincon formation. In some cases, the slumped mate-
rial moved downslope and out onto the alluviated valley floor

as a viscous liquid mass. Where the liquidity of the displaced
material appears to have been very high, they are called mud-
flows (Qmf); however, all gradations exist between simple rota-
tional slumps and mudflows. Although some of the mudflow-shaped
features may have been the result of slow movement, others cer-
tainly happened very suddenly. In some cases, the slumped mate-
rial liquified and ran off downslope leaving empty, semi-circular
slump scars behind. Several of the mudflows and accompanying
slump scars are shown on Plate 4. The brows of the empty scars
are indicated by hatchures.

A small shallow slide which occurred in the past year
is present on the east slope of Las Flores Canyon opposite the
oil processing facilities. This slide is noteworthy in that it
occurred on a natural slope with a gradient of ten degrees to
the horizontal. A larger slide also occurred on the west side
of Las Flores Canyon. See Plates 4, 5.2, 6.1, and 6.2.

The large slide on the south side of Corral Canyon in
the orchard area appears to be a hybrid type of slide. See
Plates 3.1 and 4. Whereas most of the displaced mass is Mon-
terey shale, the shale apparently collapsed due to a strength-
of-materials failure in the underlying Rincon sediments.

GEOLOGIC STRUCTURE
General. In general, the geologic structure of the
south flank of the Santa Ynez Mountains consists of a southerly
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dipping homocline. In the lower Corral Canyon area, the homo-

clinal pattern of the geologic structure has been modified by
east-west trending folds and faults.

Faults. Two faults were recognized in the area. The
northernmost fault is the Refugio fault. It crosses Las Flores
Canyon approximately 1000 feet upstream from the proposed fa-
cilities. It strikes east-west and dips 33 degrees northerly.
It has a stratigraphic separation of approximately 300 feet,
and the direction of stratigraphic displacement indicates that
it is a normal fault. See Plates 3.2, 4, and 5.3.

The other fault is the Erburu fault. It strikes
approximately N75W and dips 41 to 47 degrees northerly. It
crosses Corral Creek approximately 2000 feet north of the high-
way. It is also a mormal fault. At the surface near the bottom
of Corral Canyon, it juxtaposes the Monterey shale on the north
side against Rincon claystone on the south side. See Plates
3.1, 4, and 5.1.

A third fault may be present midway up the west slope
of Corral Canyon where flat-lying Monterey beds abut against
overturned Monterey beds. The separating plane between these
two structural units has an attitude of N67W 58E. Imasmuch as
the beds further upslope appear to be undisturbed, we, at the
present time, interpret these features as being caused by land-
sliding rather than faulting.

Both the Erburu and Refugio faults appear to be simple
dip-slip normal faults without significant strike-slip compon-
ents yet they occur in a geologic province where the faults
generally have reverse and/or left lateral displacement. The
Erburu and Refugio faults appear to be gravity or tensional in



Our Job V1004 Page 14 I ®

origin in a region that is actively undergoing tectonic compres-
sion. Also, both faults now have lower angles of dip than would
be expected initially with gravity or tensional faults.

It appears likely that the Erburu and Refugio faults
were formed before the present period of strong tectonic com-
pression. Also, it is postulated that they were formed at a
time when the beds were essentially flat before the period of
regional folding. Thus, they probably were initially formed at
angles approximately 70 degrees to the horizontal. They were
probably rotated to their present low dip orientations by regional
folding and tilting which was initiated along with and as a re-
sult of the present period of compression. Hence, it appears to
be probable that the Erburu and Refugio faults are not only not
active now but that they probably have not been active for a span
of millions of years.

Folds. For most of the area upstream from the Erburu
fault, the beds dip 20 to 30 degrees southerly; however, the
axis of a westerly-trending, westerly-plunging syncline projects
across Corral Creek approximately 600 feet nmorth of the projected
crossing of the Erburu fault. The westerly plunge of this syn-
cline explains why landslides in the Monterey formation are more
prevalent on the west-facing slopes of Corral Canyon (and Vena-
dito Canyon to the west) than they are on the east-facing slopes.
A subsurface anticline is present on the footwall side of the
Erburu fault. It is from this anticline that the oil is being
produced. A hint of this anticlinal structure is present at the
surface on the south side of the Erburu fault.
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SEISMICITY
Large magnitude earthquakes have occurred in the
Santa Barbara area during the period of recorded history.

Noteworthy of the larger earthquakes in the area are those of
June 29, 1925, and July 1, 1941, with epicenters offshore of
Santa Barbara. These earthquakes were of magnitudes 6.3 and
6.0, respectively, on the Richter scale. It is reasonable to
expect, based upon the relatively short historical record
available, that a magnitude 6.0 to 6.5 earthquake(s) will occur
within 25 miles of the site during the useful life of the de-
velopment .

WATER SUPPLY

General. A water supply within Corral Canyon has
been obtained historically from diversion of surface water and
from water wells. At present, the water supply for the home
and lemon orchard at the mouth of the canyon is obtained from

a water well located in the lemon orchard area in the lower
Corral Canyon area.

Precipitation. The average rainfall for the study
area ranges from approximately 18 inches at the coast to about
40 inches at Santa Ynez Peak. See Plate 2.

Rainfall occurs during the winter with nearly 85 per-
cent of the annual total occurring from November through March
while the summers are practically rainless. There is a marked
variability in monthly and seasonal totals, and annual precipi-
tation may range from less than a third of the normal to nearly
three times normal; whereas, some customarily rainy months may
be completely rainless or receive three to four times the aver-
age for the month.
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Surface Water. A flowing stream was observed over
the entire length of Corral Canyon in the spring of 1971. By
August, the surface stream was dried up except for a few small
pools of water. The stream flow originates in the upper reaches
of the canyon. No surface flow was observed in Las Flores Can-

yon.

The surface flow near the confluence of Las Flores
Canyon with Corral Canyon was estimated to be at least 250
gallons per minute on March 4, 1971. This stream reportedly
runs most of the year.

Geohydrology. The Corral Canyon area as described in
the preceding sections is underlain by limited areas of alluvium
in the canyon areas and by a great thickness of consolidated
sedimentary formations. These consolidated formations which
underlie the area are not generally considered water=-bearing
because of their physical characteristics and inability to store
or transmit water readily. However, some of the bedrock units
do yield water stored in joints and fractures to water wells.

Water wells in areas nearby are drilled into the con-
solidated sedimentary rock of the Vaqueros sandstone. These
wells range from 250 to 400 feet in depth and yield from 50 to
150 galloné per minute.

Ground Water Recharge. The only source of recharge
to the ground water in the canyon areas is infiltration of rain
that falls directly on the ground surface and storm runoff. Re-
charge to alluvium and bedrock storage from precipitation and
runoff in mountain areas depends not only on the volume and
time distribution of precipitation but also on the infiltration




Our Job V1004 Page 17 I @

rate, soil moisture deficiency, and evapo-transpiration rate.
For purposes of this reconnaissance study, we have assumed 24
inches of precipitation over the entire drainage with ten per-
cent of this amount as the maximum available for ground water
recharge.

The drainage areas are shown on Plate 2 - Drainage
Area Map, and summarized below:

Area (1) Upper Corral Canyon 2792% Acres

Area (2) Las Flores Canyon 680% Acres
Area (3) Lower Corral and Las

Flores Canyoris 778+ Acres

Total 4250% Acres

Utilizing the preceding areas and the estimated 0.2
foot of rainfall available for deep percolation, the following
ground water inventory develops:

Area (1) 2792 acres x 0.2 feet 588 acre-feet
Area (2) 680 acres x 0.2 feet 136 acre-feet
Area (3) 778 acres x 0.2 feet = 156 acre-feet

Total 850 acre-feet

Based on the foregoing, the total Corral Canyon-las
Flores Canyon catchment area has a maximum available recharge
to the ground water reservoir of 850 acre-feet per year.

Ground Water Extractions. At the present time, ap-
proximately 9.2 acres of lemon trees at the mouth of Corral
Canyon are irrigated with water extracted from water wells.,
It is estimated that approximately three feet of water per
acre per year is applied to the grove for amn estimated total
of 27.6 acre-feet per year.
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It is estimated that for all irrigation, domestic,
and industrial purposes, the total present water demand from
the Corral Canyon watershed is 35 acre-feet per year.

WATER QUALITY

Mineral analysis of ground water in adjacent areas
indicate that ground water from water wells extracting from
alluvium or from the Vaqueros formation will be calcium bicar-
bonate to sodium bicarbonate in character with total dissolved
solids concentrations of 700 to 900 parts per million. The
waters probably will meet the present permit requirements for
drinking water as adopted by the California State Board of
Public Health.

CONCLUSIONS AND RECOMMENDATIONS

1.0 GENERAL

The conclusions and recommendations presented herein
are based upon our geologic mapping and engineering analy-
sis based on engineering properties data and experience
obtained on other projects in the coastal area of Santa
Barbara County.

In our opinion, it is geotechnically feasible to lo-
cate the oil processing facilities within Las Flores Can-
yon as proposed. Our recomnaissance findings should be
verified by a comprehensive subsurface geotechnical inves-
tigation based upon an improved topographic map prior to
finalizing the site grading plans.
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2.0

3.0

4,2

FAULTS

The Refugio fault is situated north of the site as
shown on Plate 4. No evidence of movement along this
fault during Holocene geologic time was discovered.

The Erburu fault corsses the access road approximately
one mile south of the site as shown on Plate 4. There is
no evidence of movement along this fault during Holocene

geologic time.

SEISMICITY
From an engineering viewpoint, a realistic maximum

value of expected ground acceleration for rock slope sta-
bility analysis at the site within the Vaqueros formation
and unweathered Rincon formation would be 0.15 g.

SITE STABILITY

General. The proposed treating and storage facilities
site is geologically stable as proposed. However, natural
slopes encroaching on the site do exhibit some local insta-
bilities which will require further study.

Natural Slopes. Two slides in the Rincon formation
have been mapped within the site as shown on Plate 3.2.

The large slide on the west side of the Gas Processing
Area encroaches into the proposed fill area with a rela-
tively thick zone of slide debris. Placement of the pro-
posed fill in the bottom of the canyon can be used to
improve the stability of the slide mass. The stability
of the slide mass and its relationship to the proposed fill
can only be determined by subsurface geotechnical explora-
tion and analysis.
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5.0
< §

Duid

A recent small slide on the east side of the Gas
Processing Area is relatively shallow; however, it indi-
cates that slope stabilization by engineering methods may
be necessary in the area.

Generally, the natural canyon slopes within the Rin-
con formation are considered potentially unstable and some
sliding or mudflows should be expected to encroach on the
area during the life of the facility. The preliminary de=-
sign provides for an access road around the perimeter of
the site. This access road may also serve as a clean-up
area for any eventual slide debris encroaching on the site.

'~ The natural slopes of the Vaqueros formation are con-
sidered grossly stable.

EXCAVATION

General. All of the earth materials that will be
encountered can be excavated with conventional equipment.
Deep cuts in the Vaqueros sandstone and a few beds with
concretions in the Rincon shales may require heavy ripping.

Cut Slopes. The preliminary grading plan includes
only two significant cut slopes, both located at the north
end of the site.

The south=-facing slope will be completely in the
Vaqueros formation. It will have a maximum height of ap-
proximately 100 feet with an inclination of 2 horizontal
to 1 vertical, which is approximately tne .u.lination of
the bedding dip of the Vaqueros formation in this area.
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Stability analyses utilizing assumed peak shear
strength values (across bedding @ = 40°, c = 1000 psf;
along bedding @ = 40°, ¢ = 0 psf) indicate tentative fac-
tors of safety against sliding of 1.75 for a static con-
dition and 1.30 with a seismic force equal to 0.15 g. The

slope is considered grossly stable as designed.

The east~facing slope will be completely in the Rin-
con formation. It will have a maximum height of 130 feet
with an inclination of 3 horizontal to 1 vertical. Sta-
bility analyses utilizing assumed peak shear strength
values (§ = 28°, ¢ = 200 psf) indicate factors of safety
against sliding of 2.40 for a static condition and 1.40
with a seismic acceleration force equal to 0.15 g. The
slope is considered grossly stable as designed.

Both slopes have a 50-foot wide bench approximately
25 feet above the toe. The Vaqueros formation sandstone
igs considered nonerodible, and the cut slope in this for=-
mation will not require planting against erosion.

The Rincon claystone is erodible and the proposed
3 horizontal to 1 vertical cut slope should be protected
against erosion with a lightweight, deeply rooted plant
cover.

The excavated material can be used in compacted fills
if free of organics or other deleterious materials.

6.0 COMPACTED FILLS

6.1 General. The existing ground will satisfactorily
support compacted fills provided that the ground has been
prepared in accordance with the provisions of the local
grading code and accepted practice.
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6.2

Tl

Fills placed on natural slopes steeper than 5 horizon-
tal to 1 vertical must be provided with horizontal keyways
and benches into firm natural ground. It is important that
the keyways and benches penetrate any mudflows, slides,
and/or weathered zones, especially in the Rincon formation.

Fill should be placed in thin layers, six to eight
inches thick, and compacted to at least 90 percent rela-
tive compaction, relative to the maximum dry density de-
termined by standard test method ASTM D1557-70T, modified
to three layers.

We recommend that wherever possible, fills be topped
off with sandy materials from the Vaqueros formation. This
will significantly improve the engineering properties of
the fill and provide substantial savings in structural road
sections. .

Fill Slopes. The preliminary grading plan indicates
fill slopes inclined at 2 horizontal to 1 vertical and 3
horizontal to 1 vertical. Maximum height of fill slopes
is approximately 50 feet. Paved benches have been provided
as required by the County Grading Ordinance.

The fill slopes are considered grossly stable as
designed.

DRAINAGE
Subdrains. Canyon fills and sidehill fills placed
against slopes with water seeps must be provided with
subdrain systems to prevent build=-up of hydrostatic pressure.
Slope Drainage. All fill and cut slopes should be
protected against erosion by proper drainage, away from
slopes, by properly constructed brow berms or brow ditches.
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7.3

8.0

9.0

Surface Drainage. Water originating within Las Flores
Canyon upstream from the site will be diverted beneath the
site through an engineered culvert.

STRUCTURAL ROAD SECTIONS

Structural road sections should be designed in accord-
ance with the County of Santa Barbara road standards based
on estimated traffic index and the R-value of the subgrade

materials.

The R-values should be determined when the rough grad-
ing is completed. We estimate that the sandstone from the
Vaqueros formation has an R-value of approximately 50,
while the Rincon claystone is expected to show an R-value
in the 5 to 10 range. In addition to the low R-value, the
claystone is highly expansive which also will influence
the structural section.

We recommend that wherever possible, road fills be
topped off with two feet of sandstone from the Vaqueros
formation thus reducing the required thickness of aggre-
gate base.

EARTHWORK FACTOR

Both the Rincon and Vaqueros formations have natural
densities ranging from 85 to 100 percent of maximum lab-
oratory densities. We recommend using a shrinkage factor
of 5 percent from cut to fill when compacting the earth
material to 90 percent relative compaction.

Compaction to a higher density will increase the
shrinkage factor correspondingly.
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10.0 FOUNDATION DESIGN

The tanks and other oil treating facilities can be
satisfactorily supported on conventional footings.

The four crude oil storage tanks will have a capacity
of 110,000 barrels each with a diameter of 130 feet and a
height of 48 feet. All of the tamnks will be in cut areas.
Three of these tanks will probably be situated on the Va-
queros sandstone. One large tank and the three smaller
tanks will probably be situated on the Rincon claystone.

At the present, we do not possess accurate information
regarding the exact location of the contact between the
Vaqueros and Rincon formations and alluvium in the canyon
bottom. We, therefore, cannot provide detailed recommen=-
dations regarding foundation preparation until this area
has been explored by subsurface borings.

Tentatively, we believe that mo foundation prepara-
tion will be required for the tanks situated on the Va-
queros sandstone.

The Rincon formation beneath any of the tanks should
be overexcavated and backfilled with approximately ten feet
of compacted fill derived from the Vaqueros sandstone.

Surge and rerun tanks and all other oil treating fa-
cilities will be located on fill. To provide adequate
foundations for these facilities, we recommend that the
fill be topped off with ten feet of sandy material from
the Vaqueros formation.
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11.0

12.0

13.0
131

13.2

ACCESS ROAD AND PIPELINE

The proposed access road will follow an existing road
in Corral Canyon to the site. It is anticipated that the
road will be widened to twenty feet and improved to handle
heavy loads. The existing road traverses several possible
slide areas. We recommend that these areas be investigated
by deep borings to evaluate eventual stability problems.

The existing roadway alignment can be used for the
pipeline to the facility if no serious geologic instability
is encountered during exploration. In the event insta-
bilities that could threaten this route are found, other
safe pipeline routes can be located within the Corral
Canyon area.

GEOTECHNICAL INVESTIGATION

All conclusions and recommendations set forth in this
report should be confirmed by geologic mapping on an im-
proved topographic map, subsurface exploration, laboratory
testing, and geotechnical analysis.

GRADING CONTROL

General. Grading for development of Site D should be
performed under the control of qualified geotechnical per-
sonmel. All fill should be placed and tested under the
control of a soils engineer to assure that proper compac-
tion is being obtained,

Grading Specifications. It is recommended that grading
operations be performed in accordance with the Santa Barbara
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14,0
14.1

14.2

15.0

County Grading Ordinance and Geotechnical Consultant's
"Standard Grading Specifications."

WATER SUPPLY

Ground Water Extractions. At the present time, it is
estimated that the total ground water demand on the area
is 35 acre-feet per year. We estimate that an additional
35 acre-feet per year could be extracted from additional
water wells in the watershed without adversely affecting

the existing water well or the natural vegetation in Cor-
ral Canyon.

Water Well Locations. Water wells can be located in
either Corral Canyon or Las Flores Canyon within Site D.

The wells should be drilled in the vicinity of the
Rincon-Vaqueros formation contact. The wells should be
a minimum of 12 inches in diameter and extend through the
Vaqueros sandstone, approximately 450% feet. It may be
possible to complete a well in the Vaqueros sandstone with-
out casing except for a 50-foot surface (sanitary seal)
casing. Wells should be drilled without bentonite muds.,
If possible, it would be desirable to drill wells in this
formation by percussion methods,

WATER QUALITY

The mineral quality of ground water will probably
meet California State Board of Health requirements. The
waters will have total dissolved concentrations of 700 to
900 parts per million.
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16.0 SEWAGE DISPOSAL

e (CIC

A leach line system in the alluvial area downstream
from Site D should suffice for disposal of sewage efflu-
ent from the facility. Tentatively, the system should
be designed for a percolation rate of one to two gallons
per day per square foot.

The attachments which complete this report are listed

in the Table of Contents.
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Respectfully submitted,

GEOTECHNICAL CONSULTANTSE INC.

Joseph M, Gonzalez
Engineering Geologist 562

T/ el

Ivar Staal
Civil Engineer 16483
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ERFEELD I o8 B R

ENGINEERS I N C.
111 E. VICTORIA ST. + SANTA BARBARA, CALIF. 93102 CIVIL ENGINEERS
966-7156 AREA CODE 805 SURVEYORS

PLANNER
MAILING ADDRESS: P. O. BOX 928 °

September 13, 1971

Humble 0il and Refining Company
Western Division

1800 Avenue of the Stars

Los Angeles, California 90067

Gentlemen:

Transmitted herewith is our engineering report of the
investigation of Site D for Humble 0il and Refining Company's
proposed onshore petroleum treating and storage facilities in
the Corral Canyon area.

A Preliminary Grading Plan for this site has been included
in this report.

We believe that the information in this report, in con-
junction with data currently in your files, will enable you to
select the site best suited for the stated purposes.

Respectfully submitted,

JDS :ga
Enc.



TABLE OF CONTENTS

Section
I INTRODUCTION

Purpose
Acknowledgments

II SUMMARY AND CONCLUSIONS

Summary
Conclusions

ITT SITE D COMMENTS

Location

Previous Site Investigations & Reports
Selection of Site D for Study
Topography

Geological Conditions

Existing Land Use & Improvements
General Plan & Zoning

Grading

Drainage

Fire Protection

Areas Required

Roads

Water Supply

Electrical & Telephone Service

Sewage Disposal

Profile - Line of Sight

Landscaping - Richard B. Taylor, A.I.A.

OO ~Jo Ut

bt ot
O

P
W OdduidWw



TABLE OF CONTENTS, CONT'D.

Plate
1 Vicinity Map
2 Key Map
3 Drainage Map
4 Preliminary Grading Plan - Site D
5 Preliminary Landscaping Plan - Site D
6 Line of Sight Profile

7 Section of Santa Barbara County Generxral Plan



SECTION I

INTRODUCTION

PURPOSE
The purpose of this report is to discuss the proposed

improvement of Site D for onshore facilities for final

crude treatment and storage.

ACKNOWLEDGMENTS
Information on the geology and soil conditions in the

area of Site D was provided by Geotechnical Consultants,
Inc., and their findings are set forth in a separate
report. Joe Gonzalez and Ivar Strahl of that company
were of special assistance in working out the details of

the site plans.



SECTION II

SUMMARY AND CONCLUSIONS

SUMMARY
Site D could be developed in the Las Flores Canyon by

excavating in the northern portion of the site and using
this material to f£fill across Las Flores Creek. A culvert
would be required to conduct the drainage in Las Flores
Creek under the filled area. Approximately 500,000 cubic

vards of material would be moved.

Our opinion of some of the advantages and disadvantages of

Site D are listed as follows:

Advantages

1. The site would hold all necessary facilities.

2, Corral Creek would not be disturbed.

3. It is geotechnically feasible to develop the site.
4

. The site is approximately 6,500 feet from U.S.
Highway 101 and not in clear view from the highway.

Disadvantages

1. The property is not owned by Humble 0il & Refining
Company .

2. Scattered oak trees in the northem portion of the
site would be destroyed.

3. Las Flores Creek through the site would be filled
over and replaced with a concrete culvert.

CONCLUSIONS
It is not the intent of this report to select Site D as

the most suitable for the Humble 0il and Refining Co.



facility. Subjects beyond the scope of this report such
as land costs and pipe line costs would have to be con-

sidered in such a determination.

However, we believe that prime consideration should be
given to the site that can hold all facilities in one
location, have the least effect on the ecology and environ-
ment of the area, be least in view to the general public,
and, therefore, have the greatest chance for approval by
residents and County Officials of the County of

Santa Barbara.

It is our opinion that Site D comes nearer to providing
these assurances than any of the other previously studied

sites,



SECTION III

SITE D COMMENTS

LOCATION
Corral Canyon is located in the southern foothills of

the Santa Ynez Mountains approximately 20 miles West of
Santa Barbara. It lies in the immediate proximity of

El Capitan Beach State Park, a public camping and swimming
area, which is heavily used by both local residents and
tourists. The orientation of the canyon is North-South,
making it almost perpendicular to U.S. 101, which traverses
its seaward end. The upper reaches of the canyon are
presently in a generally natural state and show only moder-
ate effects of human intrusion. The lower area, that front-
ing U.S. 101 and the coastline, is presently occupied by a
citrus orchard and a small petroleum operation. The orchard
serves only minimally to buffer the tanks and other facil-
ities now located there. Site D is located approximately
6,500 feet northerly of U.S. Highway 101 up Corral Canyon

in a small canyon branching to the northwest called

Las Flores Canyon. Site D is located on portions of three
properties - Assessor's Parcels 81-220-06, 81-230-01 and

81-220-01. See Vicinity Map - Plate 1 and Key Map - Plate 2.

PREVIOUS SITE INVESTIGATIONS AND REPORTS
Several sites have been investigated in the Corral Canyon

area to establish those believed to be the best suited for

the proposed development.



A previous site improvement report was prepared by this
office and submitted to Humble 0il & Refining Co. on
July 21, 1971, That report set forth our findings on

Sites A, B, & C, in the Corral Canyon area.

Information on the geology and soil conditions in the
area was provided by Geotechnical Consultants, Inc., and
their findings are set forth in a report dated June 14,

1971.

SELECTION OF "SITE D" FOR STUDY

The recently completed studies by Stearns-Roger Corpora-
tion have determined that a much smaller area is required
for the treating and storage facilities than was believed

necessary at the time Sites A, B, & C, were being considered.

Several meetings with Humble 0Oil & Refining Co. and consul-
tants led to the opinion that a site not situated in the
main Corral Canyon would be more desirable for environmental

reasons.

Hence Site D located in the small canyon branching to the

northwest called Las Flores Canyon was selected for study.



TOPOGRAPHY
Corral Canyon and Las Flores Canyon are generally

relatively narrow canyons bordered by steeply sloping
hillsides. Both Corral Canyon and Las Flores Canyon
contain streams fed by springs and runoff from the
upper reaches of the seaward slope of the Santa Ynexz
Mountains. The contributory area of this drainage
basin approximates 4,250 acres. See the Drainage Map -

Plate 3.

A topographic map of the canyon area from U.S. 101 to

the North boundary of the property owned by Humble 0il,
was prepared by Mark Hurd Aerial Surveys, Inc. at a

scale of 1" = 100'. Ground control was provided by this
office and was accomplished by triangulation and measure-
ment of base line distances using an electrotape. This

map was included in the previous report.

No accurate topographic map of the Site D area is available.
The plan of Site D has been prepared on a topographic map
by Mark Hurd Aerial Surveys, Inc., showing 5' contours of
relative accuracy only. Vertical control was determined
solely by interpolation from U.S.G.S. contours. In areas
not covered by the Mark Hurd contours, forty foot contours
have been added from enlargements of U.$.G.S. maps and are
approximate only. Accurate topography will be necessary

for preparation of final engineering drawings.



Natural vegetation is sparse along the sides of the
canyon. However, heavy brush and many trees flourish
along the creeks. The significant trees are either

live oak or sycamore.

GEOLOGICAL CONDITIONS

Information concerning the geology and soils conditions

in the general area was provided by Geotechnical Con-
sultants, Inc. Their findings are set forth in a separate
report dated June 14, 1971 and entitled "Geotechnical
Reconnaissance, Proposed Humble 0il Company Onshore
Facility, Corral Canyon Area, County of Santa Barbara,
California, For Penfield and Smith." A supplementary
report is being prepared by Geotechnical Consultants, Inc.
relating specifically to Site D and will be submitted

directly by the authors.

Geotechnical Consultants, Inc. also provided additional
information and consultation during the development of the

site plan which is the subject of this report.

Particular emphasis is placed upon this section of our

study since the geotechnical considerations for site
development present the greatest physical problems. Grading
and drainage design must not only provide the required
surface area, but must also consider the problems of

stabilizing landslides.



EXISTING LAND USE AND IMPROVEMENTS
The most southerly parcel in Corral Canyon is presently

occupied by the Shell 0il Company and is being utilized
for orchards, oil well production and oil storage. A few
small structures exist on the property. Humble 0il &
Refining Co. has an option to purchase this property. The
adjacent property to the North is used for o0il well pro-
duction and grazing land. Humble 0il & Refining Co. owns
this property, however, the oil wells and associated
production facilities are currently owned and operated by

the Shell 0il Co.

The most northerly property owned by G. M. Williams and
Louise M. Erro is used exclusively for cattle grazing.

Two old unoccupied buildings exist on the property.

GENERAL PLAN AND ZONING
The Santa Barbara County General Plan was adopted August 17,

1965 by the Board of Supervisors of Santa Barbara County.
GP~1, a portion of said adopted plan, shows symbolically an
"oil field" at this location, extending northerly from
Highway 101 to the vicinity of the fork in the canyon. The
area surrounding is shown on GP-1 as "open and grazing."

See Plate 7.

The property is presently zoned "U" - Unlimited agricultural.
The Santa Barbara County Zoning Ordinance 661 sets forth the

allowable uses in this zone.



GRADING
In general, Site D would be constructed by excavating

in the Vaqueros and Rincon formations located in the
northerly portion of the site to create a level surface
for the major storage tanks. The excavated material
would be used to fill across Las Flores Creek, buttressing
the natural slopes on both sides and creating additional
usable area for the rest of the facilities. See the

Preliminary Grading Plan on Plate 4.

Approximately 500,000 cubic yards of normal excavation
would be required to develop the site. An estimated
additional 50,000 cubic yards of loose slide material
under the proposed fill must be over-excavated and recom-

pacted.

Before final engineering can be completed for this site,
additional geotechnical information must be obtained from
borings penetrating the slide mass and an accurate topo-

graphic map must be prepared.

Ordinance No. 1795 regulates the excavation, grading and

filling of land within the County of Santa Barbara.

Detailed final grading plans must be checked and approved

by the County Public Works Director.

Plans must be supported by detailed soils and geological



data to assure that sites will be stable after grading

operations are complete.

A soils engineer must provide continuous soils inspection,
take compaction tests, and generally supervise the grading

operation.

It is anticipated that all grading operations will be
accomplished by standard methods. Material will be excavated
and transported by bulldozers and tractor scraper units to
areas to be filled, placed in layers, watered to optimum
moisture content, and compacted to a minimum of 90 percent
of maximum density with sheepsfoot rollers pulled by bull-~

dozers.

DRAINAGE
Las Flores Canyon drainage must be conducted through Site D

in a closed conduit. The contributory drainage area to this
culvert would be approximately 680 acres, and the time of
concentration is estimated as 24 minutes. Rainfall intensity
from County Flood Control Data would be 2.6 inches per hour
with a runoff coefficient of 0.62., Using the rational method
where Q = ciA, the amount of drainage to be conducted by the

culvert equals 0.62 x 2.6 x 680 = 1096 cubic feet per second.

A 96 inch reinforced concrete pipe or a 7' x 8' reinforced

concrete box culvert would be needed to conduct this

- 10 -



FIRE

drainage through the site.

Drainage from the slopes adjacent to the site should be
intercepted, conducted around the site, and disposed of
into Las Flores Creek by ditches and conventional storm

drains.

All drainage facilities must be checked and approved by

the Santa Barbara County Flood Control Engineer.

PROTECTION

We have met with Chief Gordon, Assistant Santa Barbara
County Fire Chief, to determine any special requirements
or codes which would pertain to treating facilities in

this area.

It was determined that Ordinance No. 1924 adopts the

Uniform Fire Code, 1967 Edition, with amendments.

Article 15 of the Uniform Fire Code applies to the storage,
handling and use of flammable and combustible liquids, such
as crude oil. Sections of Article 15 refer to sections in

the National Fire Code - N.F.P.A. No. 30.

- 11 -



Article 20 of the Uniform Fire Code applies to the
storage, handling and transportation of liquified
petroleum gas, such as propane and butane. Sections
of Article 20 refer to sections in the National Fire

Code, N.F.P.A. No. 58 and No. 59.

In addition to complying with the codes mentioned above,
the importance of good access roads, wide clearance areas
around the perimeter of facilities, and sufficient water
supply for fire fighting must not be overlooked in design

of the installation.

Earth dikes restricted to an average height of 6 feet above
the interior grade are to be provided around the major

storage tanks, c¢rude surge tanks, rerun tanks, and slop oil
tanks in accordance with Section 15.206 of the Uniform Fire

Code.

Graded ditches at a minimum slope of one percent must take
drainage to a nearby collecting basin. Any oil must be

separated from the water at the collection basin Qnd clean
water may then be directed into the creek by a conventional

storm drain.

Calculation of the major storage tank area to provide the
required volumetric capacity to comply with Section 15.206

of the Uniform Fire Code, Paragraph C, subparagraph (2) is



as follows:

Total Facilities -~ 4-110,000 Barrel Tanks
130 Ft. Diameter and 48 Ft. in Height
Let C = Capacity Required
Let A = Gross Area Required to the Midpoint
of the Dike Slopes
C = 110,000 bbls. x 5.6 Sttt = 616,000 Cu. Ft.
C = 616,000 Cu. Ft. = (6A) - (110,000xz0%5.6x4)
A = 154,000 S.F. = 3.6 Ac.

If two 10,000 bbl. crude surge tanks and a 10,000 bbl.

re-

run tank is included in the major storage tank area, the

required area would be increased to 3.7 acres.

AREAS REQUIRED

General area requirements for preliminary planning purposes

were obtained from typical rectangular facility layouts

prepared by Stearns—-Roger Corporation and calculated areas

to provide minimum volumetric diked capacity complying to

fire codes.

The areas tabulated in Table 1 are estimated, approximate

minimum area requirements, to accommodate all facilities

including access roads.

The final area requirements will

be dictated by the shape of the graded area and the spacing

of the facilities.

- 13 =



TABLE 1

Facility Area

Diked Major Storage Tank Area

Including Crude Surge, and

Rerun Tanks 5.0 Ac.
Crude 0il Treating Area 2.5 Ac.
Gas Processing Area 3.0 Ac.
Pump Area 0.6 Ac.
Butane & Propane Loading Area 1.6 Ac.
Sulfur Loading 0.6 Ac.
Office Facilities & Parking 0.5 Ac.

TOTAL 13.8 Ac.

The plan for Site D provides for approximately 15 acres

of usable area.

ROADS
All access roads to and

mately 20 feet in width
of the existing road up
the alignment and grade

accomplished with minor

A sound structural road

through the site should be approxi-
and could generally follow the route
Corral Canyon. Some improvements to
of the existing road could be

grading.

bed should be constructed for all

existing and new roads to withstand heavy truck loads with

little maintenance,

The access road will cross Corral Creek three times. It is

recommended that a culvert large enough to pass a 25 year

14 -



frequency storm be constructed at these crossings.
Drainage during a larger storm would be allowed to flow
over the roadbed. A double 12' x 10' reinforced concrete

box culvert would be needed.

WATER SUPPLY
General: Water for the proposed facilities will be needed

for the following uses: Domestic, landscaping, treating
facility, and fire protection. Domestic needs can be
estimated at 50 gallons per capita per day maximum. Ten
full time employees at the site has been estimated for
design purposes, and the domestic water requirement would

be 500 gal./day or approximately 0.6 acre-feet per year.

Since the landscaping planned for the facility is mostly
native trees and shrubs, the water requirements after they
become established would be low. This water need is

estimated as 10 acre-feet per year.

A 20,000 bbl. tank is planned for fire storage. Assuming
the tank is filled once a year, three acre-feet peryear
would be needed to fill the tank. Pressure for fire flow
would be developed by pumps. Some water would be needed for
use in the treating facility. This amount is estimated to

be less than 5 acre-feet per year.

The total demand for all needs is estimated at approximately

20 acre-feet per year.

- 15 =



There are four possible sources of supply for water.
These are local ground water, local surface water,
imported water and effluent water. All four of these
sources have been studied, and it has been concluded
that the most logical and feasible source is local

ground water.

Ground Water: Wells drilled to a depth of 250 to 400

feet in Vaqueros sandstone formation should yield from
50 to 150 gallons per minute. The only source of ground
water recharge is infiltration of rainfall within the
watershed area, and the maximum available recharge to
the ground water reservoir in the Corral Canyon catch-
ment area near Site D has been estimated by Geotechnical
Consultants, Inc. at 558 acre~feet per year and 136
acre~-feet per year in the Las Flores Canyon catchment
area. Mineral analysis of ground water from adjacent
wells indicates a total content of dissolved solids in
the range of 700 to 900 parts per million, which is near
the limit of permit requirements for drinking water as
adopted by the California State Board of Public Health.
In any case, the water is treatable if necessary. Treat-
ment could consist of aeration, filtration, deminerali-
zation by electrodialysis, and chlorination. Only that
portion of the water supply used for domestic purposes
need be treated. Raw water recovered from the wells
will be satisfactory for fire protection uses and

landscaping.



Local Surface Water: While the surface flow from Corral

Canyon reportedly flows all year, it is our opinion that
this may not always be the case. Therefore, surface water
sources are not believed to be reliable enough for

permanent planning.

Imported Water: Since the nearest municipal waterx

supply is in the Goleta Valley, the only practical
consideration of imported water is for domestic uses.
This could mean simply bottled drinking water or tank

storage for potable supplies.

Effluent Water: Salt water will be separated from the

crude o0il stream by the oil treating facility, but it
is believed that the quality of this water is such that

it is unsuitable for project uses,.

ELECTRICAL AND TELEPHONE SERVICE

Electrical power lines belonging to Southern California
Edison Company, and telephone lines belonging to General
Telephone Company of California exist along U.S. Highway
101. Electrical service lines and telephone lines should
be constructed underground to the proposed site along the

same route as the other pipe lines.

SEWAGE DISPOSAL

There is only one practical method for sewage disposal,

and that is the use of septic tanks and subsurface leaching.

- 17 -



Until percolation rates of the soils are determined by
tests it will not be possible to design the system. Sub-
surface disposal could utilize either leach fields or dry

wells.

Installation of the system will require approval by the

County Health Department

PROFILE ~ LINE OF SIGHT

A profile showing a line of sight from U.S. Highway 101

is shown on Plate 6.

Most of the site would not be visible from U.S. Highway
101 due to the natural hillsides. Even a line of sight
directly up Corral Canyon is partially blocked by exist-

ing trees approximately 1400 feet from the highway.
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LANDSCAPING

A preliminary landscaping plan and cost estimate for Site
D has been prepared by Richard Taylor and Associates. See

Plate 5 and Table 2.

The landscape development consists of a landscape irrigation
system, screen planting of large trees to conceal the facil-
ities, erosion control planting and naturalistic groupings
of native shrubs and trees to blend with the surrounding

natural slope cover.,

All cut and £ill slopes (except interior slopes of dikes)
will be planted to closely approximate the natural
vegetation. In all cases, drought tolerant plant material
generally considered as fire resistant will be utilized.
The irrigation system will insure the maintenance of
healthy growth and provide a further fire deterrent.

All native brush will be removed within 50 ft. of the

road surrounding the facilities and replaced with fire
resistant groundcover, trees and shrubs, watered by a
sprinkler system. For additional protection, a separate
system of impact sprinkler heads will be installed on

the periphery of the planted areas surrounding the facilities.
This would allow the wetting down of an additional buffer

area around the facilities in case of emergency.



Plantings being considered include:

Baccharis pilularis (prostrate coyote bush) for the basic
groundcover, live oaks and pines. HNative shrub groupings
include Rhus integrifolia (lemonade herry), lleteromeles
arbutifolia (toyon, or native holly), and Prunus lyoni

(catalina cherry).

Screen planting at the narrow entrance to the facilities
in Flores Canyon and the intermediate screen planting for
the storage tanks consist of 25 ft. tall Monterey and
Aleppo pines, backed up by 5 gallon Bucalyptus glohulus.
Native shrubs provide a lower, fill-in screen to augment

the trees.

All slopes will be stabilized by hydromulching with a
slurry consisting of water, mulch, stabilizer (silva-fibre,
or equal), plus some seeds of drought tolerant native

flowering plants such as Mimulus (monkey flower), etc.

It is estimated that the water requirements for the plant-
ings (included in the total domestic water requirements)
will be 12 - 14 inches per year for the planted areas on
a continuing basis. However, the first vear water require-
ment for establishing the plantings would be approximately

double this figure.
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Landscape maintenance would consist of operating, adjusting
and repairing the irrigation system; replacement of plants
as required; and weeding, maintenance of basins, etc. An
important continuing maintenance operation would be to
remove any native chapparal and sage each year which invade
the planted slopes and which would otherwise constitute

a fire hazard.

The general effect then will be to visually isolate the
facility in an unimportant, mostly dry side canyon, leaving
the main canyon, Corral Creek, untouched. Graded slopes
will not exceed 2:1 and will be planted to harmonize with

the existing natural plant cover.
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TABLE 2

PRELIMINARY COST ESTIMATE

SITE "D"
Quantity Unit Cost Unit Total Total

Site Clearing and Demolition

(Removal of exist. vegeta-

tion for fire protection) S 2,000. $ 2,000.
25 ft. tall Monterey or

Aleppo pines 200 $ 850.00 ea. $170,000.
15 gal. trees 80 $ 45.00 ea. $ 3,600.
5 gal. trees 50 $ 9.00 ea. $ 450.
5 gal. shrubs 150 $ 8.50 ea. $ 1,275.
1 gal. shrubs 350 $ 3.00 ea. $ 1,050.
Groundcover 499,145 sqg.ft. $ .04/sqg.ft. $ 19,965.
Hydromulching 499,145 sqg.ft. $ .02-1/2 sqg.ft.$ 12,478.
Total Planting $210,818.
Sprinkler system $ 70,000. $ 70,000.

TOTAL COST ® - ® © © 3 ® e ° °© @ ° ® ° ® ® ° ° ° e » » ® 3 ° ® . ° ° > ° ° ® ° $280,8l8-

10% contingency $ 28,081.
$308,899
1.5% bonds S 4,633.
$313,532.
Estimated fee $ 15,000.

TOTAL COST & o o o o o o o o o o o o s o s o o s o o o o o o« o o« s & o« « « « - $328,532.
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HUMBLE OTI AND REFINING COMPANY
CRUDE OLL TREATING AND STORAGE FACLLITY
SANTA BARBARA CHANNEL

DESIGN BASIS

In requesting this study, covering the design of onshore Grude 0il
Treating and Storage Facilities for the Santa Barbara Channel area,
certain basic data, requirements, and design criteria were set Forth
by Humble to be used as a basis for design, This information is
summarized below:

SITE LOCATION

The Crude 0il Treating and Storage Facilities are to be located
about 6-7000 feet north of the highway (US~L0Ll) in Los Flores
Canyon, just north of its junction with Canada del Corral., Contour
maps of the area were furnished to aid in plant layouts.

BASTIC DATA

Offshore Platform Crude Handling

Primary Separator, Pressure 100 psia
Temperature 60-120 °F

Crude Storage Tank, Pressure 14.7 gsia
Temperature LO5-120 7F

Onshore Crude Treating and Storage

Produced Crude Oil Properties

Composition Mol Percent
Methane .08
Carbon Dioxide . 06
Ethane .38
Hydrogen Sulfide .08
Propane 1.67
i-Butane .53
n-Butane 3,61
i-Pentane .67
n-Pentane . 84
Hexanes 3.98
Heptanes 4.08
Octanes 4,59
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BASIC DATA - continued

Onshore Crude Treating and Storage

Nonanes 3.61

Decanes 5.03

171 MWT Fraction 1290

238 MWT Fraction 8.25

303 MWT FPraction 49.63

Total 100.0

Sulfur Content, Maximum 4 weight percent

(Including light Mercaptans)
Specific Gravity @ 60°F 0.92-0.945

Crude 0il Rates

Phase I 40,000 B/D of ST 0il (Initial)

Phase LI +20,000 B/D of ST 0il (First Addition)
Phase IIL +20,000 B/D of ST Oil

Total 80,000 B/D of ST 0il (Ultimate)

Produced Water Properties

Specific Gravity @ 60°F 1.019
Salinity 19,800 mg/liter (NaCL)

Produced Water Rates

Volume contained in Emulsion to Shore

Phase T 0-10,000 B/D (Initial)

Phase IIL + 5,000 B/D (First Addition)

Phase III + 5,000 B/D

Total 20,000 B/D (Ultimate)
Utilities

Electric Power =~ Purchased power available
Fuel Gas ~ Purchased gas available.

e
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FACILITY REQUIREMENTS

The Crude 0il Facilities shall be designed so that the treating and
storage operation will be odor free and have a minimum hazard for
accidental water or air pollution. The final offshore o0oil separation
is at 0 psig with a minimum of 105°F which should allow the omnshore
facilities to contain the remaining crude oil vapors.

The facilities should include Crude 0il Storage for approximately

5 days production., Automatic switching of inlet crude flow to oil
treaters or to storage shall be included, along with necessary
pumps, valving, and storage for rerunning oil from major storage to
the treaters,

ATR QUALITY CRITERTA

The facility is to be odor free. No hydrogen sulfide is to be
vented without incineration to sulfur dioxide. Average sulfur
dioxide emissions from the onshore crude o0il facilities shall be
less than 2,0 Lbs/Hr. 1In addition, the facility shall be designed
to meet the anticipated rules and regulations (4-8-71 draft) of the
Air Pollution Control District of Santa Barbara County.,

WATER QUALITY CRITERIA

Any open discharge of water from the facility will meet Regional
Water Control Board standards, Envirommental Protection Agency reg-
ulations, California Fish and Game regulations, and the 1965 Federal
Water Pollution Control Act for discharge of produced water to

the Pacific Ocean.

Any sub-surface discharge of water from the facility will be clarified,
cleaned and treated before sub-surface injection.

OTHER DESIGN CRITERIA

The facilities shall be designed to meet the compatibility criteria
of the Santa Barbara County O0il Policy Statement (April 12, 1967).
Applicable local, state, and national codes and regulations shall
be followed,
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HUMBLE OTI AND REFINING COMPANY
CRUDE OIL TREATING AND STORACE FACILITY
SANTA BARBARA CHANNEL

FACILITY DESTIGN

This study covers the design of a Crude 0il Treating and Storage
Facility for the initial conditions of crude oil flow rates and
composition given in the '"Design Basis" section of this report.
The facility is more fully described in the other sections of
this report where a deseription, equipment listsg and specifica-
tions, flow diagrams, and layouts will be found.

The initial facility will be expanded in two subsequent construc-
tion phases to an ultimate crude oil processing rate outlined

in the "Design Basis" section of this report. For purposes of
this report the initial facility has been referred to as "Phase
I'", with the two subsequent additions referred to as '"Phases II
and III". Additions of equipment necessary to accomplish

Phases IT and IIT are described in the section on "Facility
Degcription'.

Certain process and facility requirements and other criteria

as outlined in the "Design Basis" dictated some of the design
philosophy. The effects of these requirements on the design are
discussed below.

DESICGN FOR AIR QUALITY CRITERIA

In designing the facility to be odor free and to meet the
anticipated rules and regulations of the Air Pollution Control
District of Santa Barbara County (APCD), several arveas of the
facility must be examined. The primary potential sources of
potential air contamination ave from the tank and equipment vent
systems and the drain system. No sources of air pollution are
anticipated for the Crude 0il Treating and Handling Facility.
The design of the facility from an air quality standpoint is
discussed below.

Drain Systems - Since the major source of odors in a crude
oil facility is miscellaneous venting and accldental liquid
spills of crude and produced brine, every effort must be
made in the design to control these seemingly minor items.
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DESIGN FOR AIR QUALITY CRITERIA

Drain Systems - continued

For this reason, all iltems such as gauge glasses and liquid
level controls, which are voutinely blown-down in the normal
course of operations; have been connected into closed drain
systems .

All vessels and other equipment which would normally be
drained for maintenance purposes are also connected into
these closed drain systems. Vapors from these drain systems,
released at essentially atmospheric pressure, are collected
and incinerated.

Vent Gas Handling -~ The Crude Oil Facility is designed to
allow no discharge of vapors onshore. Design includes an
offshore crude degassing step for vapor stabilization at
105° - 120°F at atmospheric pressure. Onshore treating-
pressures are maintained at all times sufficiently above

the crude vapor pressure to prevent formation of a vapor
phase. The crude surge and storage tanks are cone roof type
equipped with internal fleoating roofs. This type of tank
design is well proven in suppressing vapor evolution. All
tanks and vessels are vented to a closed system with discharge
through a vent vapor incinerator prior to release to the
atmosphere. Sulfur emissions are less than 2.0 Lbs/Hr as
sulfur dioxide equivalent during operation.

Fuel and Combustion Equipment - ALl fuel consumed in the
facility will be sweet commercial natural gas. Total sulfur
content of the fuel gas will be not more than 20 grains/1008CF,
well below the maximum of 50 grains/1008CF aliowed in the

APCD regulations., Fuel gas will be used in divect fired

crude heaters, and as well as for the vent gas incinerator.

A total ultimate fuel gas consumption of 1,450 MSCF/D is
anticipated.

DESIGN FOR WATER QUALITY CRITERIA

In designing the unit to meet water guality regulations, several
factors are involved. No cooling water is required, and produced
brine is disposed of by ground injection.

All cooling is accomplished by using aerial coolers so that no
water cooling tower is requirved.
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DESIGN FOR WATER QUALITY CRITERIA - continued

Heating requirements are handled by direct fired heaters. The
two major heating requivements are trhe crude treaters and the
vent vapors incinerator. No steam is used for heating.

All produced brine carried into the treating system is separated
from the crude oil, treated in an air-tight closed system,

and injected into brine disposal wells by high-pressure pumps.
This brine disposal system serves as the ultimate disposal

point for all waste liquids originating in the facility. The
entire system is designed to prevent any surface or stream
discharge of brines.

All waste drain streams originating from treating units or
brine and crude storage vessels arve collected in a closed drain
system. This drain system discharges into a closed settling
basin which is vented to the vent vapor disposal system. Any
aqueous material collected in the settling basin is passed to
the brine disposal system for ultimate injection into wells.
Hydrocarbon material from the settling basin is collected and
recycled. This settling basin also receives a small quantity
of liquid waste material from adjacent Gas Processing Facility.
This material is combined with the crude waste and disposed of
to the brine wells.

The operating areas of the facility, which might be subject to
accidental spills of hydrocarbons or lubricating oil from
equipment, will be provided with curbs. All surface drainage from
these areas will be routed to skimming facilities where any oil
and hydrocarbons can be separated from the water before discharge
to the creek. Any skimmed material will be collected and
prevented from discharging to ditches or to the creek.

Sewage Disposal - Proper sanitary facilities, as required

by codes and ordinances, will be provided for personnel

in the office/shop/warehouse avea and in the control build-
ing. The type of soil at the planisite, as determined by

a soil investigation, will have a great deal to do with the
selection of the method of sewage disposal. If the result-
ing soil is a granular type (sand, gravel, etc.) with a
relatively high degree of porosity, ideal for natural
percolation, a conventional sepiic tank system with a
disposal or leaching field will be recommended. If the soil
is a highly compacted clay type impexvious to liquid
percolation, an alternate system, such as "Extended Aeration',
will be proposed. Both systems mentioned above will be
"odor free' with proper periodic maintenance.

e
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OTHER DESIGN CRITERIA

Certain general factors such as codes, safety requirements, control
and protection systems, and special materials have entered into the
design of the facilities. These factors are discussed bhelow.

Equipment Codes —~ All equipment in the facility will bhe of
types usually used in oil and gas facilities. The following
are Che codes which will be used in the design and fabrication
of the major items of equipment:

ASME Boiler and Pressure Vessel Code

Standards of Tubular [xchanger Manufacturers Association
(TEMA Standards)

Standards of the Hydraulic Institute (Pumps)

American Petroleum Institute (API) various standards for
canks.

Building Codes - Numerous other codes, standards, regulations,
etc. will be used in the design and installation of this
facility, including but not limited to those listed below:

1. Uniform Building Code, as published by the Inter-
national Conference of Building Officials.

2. California Administrative Code, Title 24, State
Building Standards, Parts 1A and 2, Basie Building
Regulations.

3. Concrete and Foundations

a. ACL Building Code -~ Awerican Concrete Institute.

b. CRSI Design Handbooks - Concrete Reinforcing
Steel Institute.

c. ASTM Standards - American Socieby for Testing
Materials.

4, Structural Steel

a. AISC Manual of Steel Construction - American
Institute of Steel Construction.

b. AWS Standards = American Welding Society.

c. ASTM Standards - American Society Ffor Testing
Materials.

ks
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OTHER DESTGN CRITERIA

Building Codes - continued

5.

Piping

A

Standard Codes for Pressure Piping as published
by ASME (American Soclety of Mechanical Engineers).

(1) ANSI B31.3 Petroleum Refinery Piping ~
American National Standavds Institute.

(2) ANSI B31l.4 Liquid Petroleum Transporiation
Piping Systems.

(3) ANST B31.8 Gas Transmission and Distribution
Piping Systems.

b. Miscellaneous APTI (American Piping Institute)
designations on material and other requirements.

c. Miscellaneous ASTM Specifications or Standards.

Electrical

a. NEC - National Electrical Code

b. California Administrative Code, Title 24, State
Building Standards, Part 3, Basic Electrical
Regulations

c. API, RP-500A - Area Classifications

Instrumentation

a. ISA Standards and Practices for Instrumentation -
Instrument Society of America.

b. API Standards and Recommended Practices.

¢, AGA Orifice Metering of Natural Gas.

d. "Flow Meter Engineering' by Spinl.

e. ASME Boiler and Pressure Vessel Code for Relief
Valves.

General

a. "General Industiy Safety Orders', issued by the
Division of Industrial Safety, State of California.

b. "Petroleum Safety Orders - Refining, Transporta—
tion, and Handling", issued by the Division of
Industrial Safety, State of California.

c. Occupational Safety and Health Standards for

General Industry, as published by the Department
of Labor, Occupational Safety and Health
Administration.

B




WStearns-Roger

FACILITY DESIGN C~10140
August 1971

OTHER DESIGN CRITERIA

Building Codes

8. General - continued

d. Safety and Health Regulations for Construction,
as published by the Department of Labor, Buvreau
of Laboy Standards.

e. All applicable local codes ~ Santa Barbara County
and State of California.

9. All desgsign calculations and drawings on foundations,
structures, bulldings, etc. will be stamped by an

engineer registeved in the State of California.

Foundation Design - A complete soll investigation of the
entire site by a qualified soils engineering and materials
testing firm will be rvequired.

The results and recommendations from the soil investigation,
along with earthquake design criteria, will then establish
the criteria for the design of all foundations for buildings,
structures, tanks, and other equipment and material. It is
felt at this time that either spread footings or some form
of concrete piling {(drilled and cast-in-place) will be
suitable for mwost requirements.

SPECIAL MATERIALS OF CONSTRUCTION

It is anticipated that because the crude o1l iitself is not
extremely sour iw nature, no special matevials of construction
are required for that piping and equipment contacting de-
emulsified crude oil. Tt ds likely that special measures will
have to be taken, eitheyr in extra corrosion allowance or use
of modified carbon steel alloys for that piping and equipment
exposed to brine or sour crude. Carbon steels have proven
adequate in handling sea water and brines at temperatures of
under 180°F; twenty year service is not unusual with adequate
corrosion allowance. Cathodic protection of brine storage vessels
is anticipated.

EQUIPMENT SPARES AND REDUNDANCY

Normal design practice with respect Lo spare equipment will be
followed. 1In general, rotating equipment such as pumps will be
spared, if failure of the item would cause a shutdown. Fguipment
such as heat exchangers and pressure vessels will not be spared.

e
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EQUIPMENT SPARES AND REDUNDANCY - continued

In the ultimate as well as the initial facility, major units
will be installed as multiple trains of equipment. Thus, a
major upset or breakdown of a single train will result in the
loss of only partial capacity.

FIRE PROTECTION SYSTEM

A firewater system with tank, pump, hydrants, and monitor nozzles
is provided. The system is interconnected with the fire water
loop in the Gas Processing Facilities, so that the fire pump in
either facility can provide protection to both facilities.

The crude oil storage tank area 1s provided with mechanical
foam generation facilities. It 1s anticipated that a system of
foam hydrants