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I. SUMMARY AND RECOMMENDATIONS 

1. The proposed Corral Canyon Site appears to show no unusual 

contamination 0£ air, water, soil or vegetation 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. 

3. 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 f l ows are uncertain but, would 

b e defined by air trace r 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 taken 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 opera tions on 

the environment. In 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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II. SITE LOCATION AND DESCRIPTION 
The proposed site lies within Lhe Canada dcl Corral and 

Las 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 feeL 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 the west of the 

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

III. METEOROLOGY 

Meteorological measurements taken at the Corra l CBnyon 

site at the position indicated in Figures 1 and 2 shows a high degree 

of regularity in the diurnal flow patterns partlcularly when winds in 

tho S~nta Barbara area are light. A plot of wind frequencies and 

speeds is shown in Figure 3 for the perlods 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 Lhe canyon as the air 

drains from the cooling slopes of the Santa Ynez mountains from late 

afternoon to late morning during the winLer season . The seconda ry 

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 s l opes . The up canyon flows are weak and 

of short duration during the winter season buL 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 f r equencies of northeast and east winds were observed during 

the night and early morning hours . During the day the on- shore sea 
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breezes are from a west southwest direction with a secondar y maximum 

from the southeast. Comparison of winds at Santa Barbara Airpor t and 

at the site indicated that in most cases l~inds from the northwest and 

northeast quadrants at the airpor t correspond to dol~n-canyon flow at 

the site and airport winds from the southeast and southwest quadrants 

cprrespond 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 a t the si te. 

A five year average wind frequency diagram at Santa Barbara 

Airport for December during the period 1960-1964 is shown in Figure 5 . 

The fr equenc ies are given to 16 compass points instead of 10 degree 

intervals as used in the observat ions . The wind frequencies in 

Figure 4 ar e s imilar to the 5- year average values except for a high 

frequency of easterly winds greater than 16 knots due to the unusually 

storm period s in November and December 1970 . 

A tabulation of winds by Pasquill stability classes was 

obta ined from the National Climatic Center at Asheville , North Carolina . 

These stability classes a r e determined from standard meteorological 

obs ~rvations of wind speed and cloudines s and from the solar e levation 

angle which show a diurnal and seasonal variation>'< . Atmospheric 

stabil ity and wind speed determine the dispersion of gaseous and 

particulate material s in the atmosphe re and diffusion parameter s have 

been derived by Pasquill for several stability classes. The Santa 

· Barbara Airport data was grouped into six stabil i ty classes by months . 

These stabil i ty classes are defined as follows : 

Stab ilit~ Class Definition 

A Ext r emely unstable 

B Unstable 

c Slightly unstable 

D Neutral 

E Slightly stab l e 

F Stable to extreme ly stable 

* D. Bruce Turner, Journal of Applied Meteorology , February 1964 
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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 l 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 par ticu larly 

during the transition periods between down-canyon and up-canyon flow. 

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

experiments. 
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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. % Hrs. % Hrs . % Hrs . % Hrs . % Hrs . % 

Jan . 0 . 2 0 . 05 51 6 . 8 100 13 .4 191 25.6 52 7.0 350 47.l 

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 . 9 240 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.l 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.l 

Aug. 3 0.3 80 10 . 7 129 17.3 274 36.8 70 9.4 190 25.S 

Sep . 2 0 . 3 55 7.6 123 17 . 0 274 38.1 55 7 . 6 212 29.4 

Oct. 1 0.1 47 6.4 115 15 . 5 272 36 . 5 58 7 . 8 251 33.7 

Nov. 1 o. 1 33 4.6 96 13 .4 254 35 . 2 63 8 . 8 272 37.8 

Dec. 0 o.o 38 5 .1 113 15 . l 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 so2 per day. These estimates are based upon the diffusion 

parameters deriv~d by Pasquill for diffusion over open, flat terrain*. 

These estimates should give the order of magnitude of concentrations 

t o be expected in the vicinity of the site but definitive concentration 

est imates and trajector i es of the effluent gases can only be obtained 

by a ir tracer experiments in a hilly area such as this. The concentration 

estimates are given in Tab l e 2 as a function of distance from the source . 

The calculated values are for ground-level cen t erline positions . 

The ambient air quality standards for sulfur dioxide in Califor nia 

a re 0 . 04 ppm (114 µg/rn3) for a 24- hour aver aging pe r iod and 0.5 ppm 

(1430 µg / m3) for a one-hour average . It appear s likely that the 

24 - hour a verage of 0.04 ppm cou ld be exceeded wi t hin t he f i rs t mile 

or t wo with an emission o f one ton pe r day. 

*Wor kbook of Atmosphe r ic Diffusion Estimates , U.S . Dept. of Health , Education 
and Welfare . Public Health Service 
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Table 2 

CONCENTRATION OF SULFUR DIOXIDE AS A FUNCTION 
OF DISTANCE FROM THE SITE FOR PASQUILL'S STABILITY CLASSES 

(Emiss ion 1 ton/day through 60 ft . stack) 
Concentration {ppm) 

Stability Class 

Dis ta nee 
(miles ) A B c -- 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. 05Lf 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 O.OOLS o. 0013 0.0024 0.0084 0. 02 1 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 wa t er; 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 (2Sl and 3Sl) and less than 0.005% 

in the remaining four (4Sl through 7Sl). 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 

i n their growth cycle and this is demonstrated by the Corral Canyon samples. 

For instance, only a trace of lead was observed in soil sample 2Sl, 

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 sample. 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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Sample 1 

SB (W)- 1 

SB(W)-2 

SB3A 

649-lGl 

649- ZGl 

649-ZS l 

649 - 381 

649 -48 1 

649 - 5S 1 

649-681 

649-7Sl 

NOTES : 1. 

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 Type Anallsis 

11-13-70 Stagnant cw 
Pond 

11-13-70 Waste cw 
Water 

12-4-70 Running cw 
Water 

11-13-70 Ol d Grass s 
11-13- 70 New Grass s 
11-13- 70 Soil s 
12-4-70 Soil s 
11 -4- 70 Soil s 
12 -4-70 Soil s 
12-4-70 Soil s 
12-4-70 Soil s 

Laboratorl 

CL 

CL 

CL 

AS 

AS 

AS 

AS 

AS 

AS 

AS 

AS 

Locations where samples were taken are shown in Figure 

2. S =Emiss i on Spectrogra ph, full scan . A semi-quanti t a t i ve 

analysis f or some 29 elements . 

3. 

CW = Complete chemical water analysis for common cations and 

onions, hardnes s , alkalinity and minerals. 

CL Cook Laboratories, Inc ., Menlo Park, California 

AS= American Spectrographic Laboratorie~ Inc. , San Francisco, 

Ca li forn ia . 

11 
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No extraneous odors were detected on repeated visits to the 

site. Odors associate~ with the oil field were very light and limited 

to regions immediately associated with operations. No H2S odors were 

observed or detected with sensitive lead-acetate tiles. 
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1. 

APPENDIX A 

COMPLETE ANALYTICAL RESULTS FROM SOIL, VEGETATION AND 
WATER SAMPLES COLLECTED AT 

CORRAL CANYON SITE, SANTA BARBARA, CALIFORNIA 

Soil Sameles. Semi-quantitative spectrographic analyses on six 

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

indicated. 

2Sl 3Sl 4Sl 5Sl 681 

Al 15 . % 13 . % 15. %15. 15 . % 15 . '70 
Ca 3 . 10. 12. 5 . 12 . 
Fe 5. 4. 4 . 6. 5. 
Mg 2.3 2 . 3 2. 3.5 3. 
Na 2. 3 2. 5 3. 2 . 3 2 . 5 
K 2.5 3 . 3 . 3.5 3.5 
p 3 . 2.5(?) 3.5 
Pb . 005 . 005 .005 
Ti . 5 . 35 . 35 .6 .6 
Ba . 08 . 06 . 2 .08 . 08 
Mn . 08 . 06 . 07 . 08 . 08 
Sr • 05 . 07 .07 . OS . 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 . OOLf (?) .006 .008 
Cu .003 .002 .003 .004 • OOLf 

Ga .002 .002 .002 .003 .003 
Co .001 .001 .001 
Zn . 15 .15 

Si + non- detectables: Balance in each. 

The soil samples were dried 24 hours at 80°C before analysis. 
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15 . % 
10. 

7. 
3.5 
2.5 
3.5 
3 . 

. 005 

.6 

. 08 

.08 

. 07 

. 05 
• 03 
• 03 
. 025 
• 015 
• 008 
.004 
.003 
.001 



2 . Vegetation Samples . Semi-quantitative spectrographic analysis of 

two gra ss samples. 

The following are reported a s oxides of the elements indicated as 

14 

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

Residue after ignition 

at 1100°F: 

Ca 
Mg 
Na 
K 
Si 
Al 
Fe 
p 

Pb 
B 
Ba 
Mn 
Sn 
Ga 
Cr 
Ni 
Bi 
Ag 
Mo 
v 
Cu 
Ti 
Li 
Cd 
Zn 
Zr 
Co 
Sr 
y 

649-lGl 
Old Grass 

4.7 % 

12.5 
7. 
1. 25 
4. 

40. 
7. 
2. 
3.5 

.02 

. 03 

. 08 

.OS 

.001 

.007 

.004 

.015 

.005 

. 01 

. l 
• 03 

.005 

.15 

649-2Gl 
New Grass 

32. % 

7.5 
3. 
2. 
6 . 

P.C. 
17 .5 

6. 
3 . 

.004 

.03 

.12 

.08 

.004 

.035 

.01 

. 004 

.02 

.01 

.75 

.1 

.015 

.001 

.06 

.006 

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



3. Water Samples 

Anions 
Nitrate (N03) 
Chloride (Cl) 
Sulfate (S04) 
Bicarbonate (HC03) 
Carbonate (C03) 
Phosphate (P04) 
Total Equivalents Per Million 

Cations 
Sodium (Na) 
Po ta ss iurn (K) 
Calcium (Ca) 
Magnesium (Mg) 

Phenolphthalein Alkalinity (CaC03) 
Methyl Orange Alkalinity (CaC03) 
Total Hardness (CaC03) 
Calcium Hardness (CaC03) 
Magnesium Hardness (CaC03) 

Total Solids - Calculated 
Total Solids - Evaporation 
Loss on Ignition 
Total Fixed Residue 

Silica (Si02) 
I r on (Fe) 
Manganese (Mn) 
Boron (B) 
Fluoride (F) 

Sp . Cond . Micromhos 25°C 
Hyd . Ion Cone . (pH) 

SB(W) - 1 
mg/£ equiv/M 

0 . 89 
106 . 
585 
549 

o.o 
0 . 17 

125 
13 

261 
153 

0.0 
450 

1280 
652 
628 

1544 
2223 
421 

1802 

22 
0 . 70 
0 . 02 
0 . 04 
2. 5 

2246 
7. 32 

0 . 01 
2 . 99 

12.19 
9 . 00 
o.oo 
0.01 

24 . 20 

5.44 
0 . 33 

13 . 02 
12 . 59 
31.38 

SB (W) - 2 
mg/£ equiv/M 

0.00 
402 

29 
805 

0.0 
1.6 

440 
7.8 

37 
10 

0.0 
660 
134 

92 
42 

1364 
1480 

28 
0.30 
0 . 04 
2.2 
4 . 0 

2116 
7 . 77 

0.00 
11.34 

0 . 60 
13.19 
o.oo 
0 . 05 

25 . 18 

19.14 
0 . 20 
1.85 
0 .82 

22.01 

SB3A 
mg/£ equiv/M 

3.5 
36 

325 
825 

o.o 
0.15 

52 
2.0 

111 
63 

o.o 
266 
536 
276 
260 

775 
830 

19 
0 . 00 
0 . 00 
0 . 0 
0 . 59 

1012 
7 . 98 

0.06 
1.02 
6. 77 
5.33 
0.00 
0.00 

13 . 18 

2 . 26 
0.05 
5.54 
5.18 

13.03 

NOTES : 1. SB(W) - 1 Sample r e - checked , and a considerable difference in the milli -equivalents is perhaps 
due to organic anions . Note the large loss on ignition . 

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



Sample 

649-lGl 

649-2Gl 

649-251 

649-351 

649- 4Sl 

649 - SSl 

649 - 6Sl 

649-7Sl 

SB(W) - 1 

SB (W)-2 

SB3A 
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Table A-1 

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

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 

Type 

Old Crass } 
Ne-w 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 N 30 ft . from top near head 
of canyon E of met . station . Cattle 
grazing nearby . 

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

IV 50 ft. N of boundry, a~ove met . 
station in pasture. 

On hillside SE of met . station N 60 ft. 
from fence on E side of pas ture and 
,..,, 100 ft . from base of hill. 

At base of hill where 649- 6Sl was 
taken. IV 30 ft . B of large tree in 
pasture . 

Water sample from stagnant pond, 
about 100 ft north of boundry , in 
otherwise 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 . 



Fig . 1--Topographic oap of Corra l Canyon. 
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fig. z~~erial photograph o1 Ccrral Canyon Slte. 
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Fig. 3--Frequencies (%) of winds at site. (Nov . 13 - Dec. 23, 1970) 
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Fig. 4--Frequencles (%) of winds at Santa Barbara Airport. (Nov. 13 - Dec. 23, 1970) 
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Fig. 5--Frequencies (%) of winds at Santa Barbara Airport. (5 year averages for December) 
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I. INTRODUCTION 

Humble Oil & Refining Company plans to locate a gas separation 
plant and on-shore holding facility (called the p lant 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 conce~ned that 

t he 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. 

II. SUMMARY AND CONCLUSIONS 

1. 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 tes t 

emissions from the gas separation plant under normal opera-tin9 

conditions wi ll 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 meteorological 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 1-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 . 

3 



3. A low-level crude spill from rupture of a 110,000 bbl 

tank releasing 2000 lb 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 f larings of gas containing H2s 
will produce negligible concentrations outside of the immediate 

vicinity of the source. A large crude spill, however , might 

produce a source of tt2s comparable to the rupture of a 110,000 bbl 

tank, i.e., 2000 lbs of H2s 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 ~ 

plume elevation of at least 150 ft. under the prevai ling 

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 so2 and H2s 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 idea l. 

It is closest to the oil f ield, it is on property previously 

used for petrol eum storage and wells, i t is on owned property which 

has been owned by other oil companies for years and it is in a 

deep s ecluded 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 

c haracter istics of the plant, of signifi cance 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 

Hurnble'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 

a nd a down-valley air flow from the site. 

were 

Three Aerosol Generators (AG) which were the source simulators, 

located as follows: 

One (green) l ocated 

One (yellow) located 

One (red) located on 

at the plant site. 

on a ridge east of 

the Hwnble Drilling 

the plant site, and 

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 i t from air that passed through the 

plant site. The frac tion of the total number of green FP released 

that was found on any sampler gave a quantitative indication of the 

d ilution that occu rs between the green AG and the sampler. (See 

Appendix A for a. more complete discussion of the FP Air Tracer 

System. ) 



fig . 1--Capitan area showing FP Source Locations (*t ~~:::::::::-::Jr:::::::..::;_..:._,i 
and Sampling Stations (• ) . 

0 1000 2000 3000 FEET 
r=::==::::::E====:====::i::::::===i + 
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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 

vall eys. 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 shore with the morning onshore fl9w. (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 ~971 
the surface wind at the Corral Canyon site was light an~ 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 lb from the red AG. The dispersal period was one hour. 
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Fig. 3--Aerial vie• of south end of Canada de l Corra l. 

Fig . 4~Wind Station at north boundary of Corral Canyon site looking west . 



fig . 5~View northeast from north boundary 
of site on east slde of Canada del Corral. 

Fig . 6~Yell ow FP. Aerosol Generator on ridge east of Canada de! Corral . 
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Fig . 7--Green FP Aerosol Generator at north boundary of site . 

· Fig . 8--Red FP Aerosol Generator on stern of Wodeco IV . 
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fig . 9--Vie• southwest from Station 8. 

Fio . 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 . 
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Fig. 13--Sequential Sampler at Station 36, Fire Stati on , 1802 Cliff Dr ive, 
Santa Barbara. 

Fig. 14--Rotorod Sampler at Station 36 , Fire Station, 1802 Cliff Drive, 
Santa Barbara . 

15 
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Fig . 15--Sequential Sampler at Stat ion ~1 on Platform Hazel . 

Fig . 16--Station 45 Rotorod Sampler on Wodeco IV. 
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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 

Stati on in order to determine arrival time f or the FP tracer 

at these locations. Al l samplers were started by 7 PM, 29 April 

1971. 

As each sample r array was shut down, the collector system 

was taken to the Holiday Inn in Gole ta 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 plott ed on area maps . 

These data then were converted into pollutant concentrations 

(H2s and so2) 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 specified 

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 f luores:Ent 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 

Pmuv A. LEICllTON, 'WILLIAM A. PERKINS, STUART W. GRINNELL AND F RANCIS X. WEBSTER 

Mdrqnics AssociaJes, l11c., Palo Alto, Calif. 

(Manuscript received 18 November l9M, in revised lorm 24 February 1965) 

ABSTRACT 

Thi.s paper describes the CU(rent status and discusses the validity of the fluorescent particle (FP) tracer 
techmque. Properties of the material itself, the blower generator, membrane filter drum impactor and 
Rolorod samplers, and of counting techniques, are described. The inherent and oper~tio1ial errors inv~lved 
are evalua~ed, a.nd evidence on the atmospheric diffusion, fallout and impaction, and fluorescent stability 
o~ l~c i:inrticlcs 15 presented: It is :oncludcd that in th~ present state of development of the technique the 
c1 ro1 s, m te'.ms of 90~ conhclence intervals, are approXJmatcly ±.'i-10% for source strength determination, 
±10-1~% (if 300 parl1clcs arc counted) for d:)sages determined by the Rotorod, and ±17- 203 for dosages 
?eterm111ed b~ tl~e i:nembrane filter sampler. The e£!ects of atypical diffusion on the validity of the method 
<ippear to be 111s1g111ficant, and fluorescence losses may be controlled by proper selection ol materials. For 
g~und releases the los~es by fallout and impaclion may arnounl to from l% to 103 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 23 per hour. 

1. Introduction 

ShortJy 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 1-5µ 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 et al.), the 
system was publicly described in 1951 (Perkins et 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 
-0ne other system ha::; 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 
p article (FP) tracer technique, with emphasis on its 
limitatiqns 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 o. 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 mateiial through this properly. 
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 <Lt controllable rates and 
in the required <LmOLmls. Fifth, it should be stable while 
in the a\.mosphcre and its diITusion 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 Lycopodium 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 raclioactivity may be excited 
after airborne travel (H aines and Hemeon, 1958), 
water soluble dyes such as uranine (Robinson et al., 
1959; Dumbauld, 1962), and inorganic fluorescent 
particulates (Grinnell et al., 1946; Leighton et al., 1947; 
Perkins et al., 1952; Braham el al., 1952; Leighton, 
1955; Crozier and Seely, 1955; Hilst, 1957; Cramer, 
1958b, 1959; Barad and Fuquay, 1962; Bierly and Gill, 
1963). 
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None of these materials is ideal with respect to all of 
the requirements for an atmospheric tracer, ~md 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 ra.nge 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 va.lue as atmos­
pheric tracers. 

3. Properties of inorganic fluorescent particulates 
suitable for tracer use 

A number of fluorescent 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 
0.5µ diameter or 3Xl0- 13 gin 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 s.ubstances in air, 
some are not acceptably stable, and some have too wide 
a range of particle size distribution. 

The best fluorescen t 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 materia.l 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 Ramrnler, 1933). The optimum 
particle size with relation to ease of counting, airborne 
behavior, and collection efficiency on impaction-type 
samplers, is between 1 and 3µ, and the larger the frac­
tion of the particles in this size range the better. Ma-

teria.ls with hirge 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 20% of the 
particles should be below lµ, and not more than 5% 
above Sµ 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. 

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

Size range, µ 

<l 
1-2 
2- 3 
3-4 
4-5 
>5 

Mass mean diameter, µ 
Number median diameter,µ 
Number of particles per gram 

Lot 
A B 

Per cent of particles 

17 
40 
25 
10 
4 
4 

3.0 
1.8 

l.7X 1010 

34 
29 
17 
10 
4 
6 

3.2 
1.4 

l.4X1QIO 

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 0.5% Valron Estersil, a hydrophobic 
silica product manufactured by du Pont (U. S. Patent 
No. 2,657,149 issued 27Cctober1953) . 

The fluorescent particulate which has been most 
widely used by this laboratory is a zinc cadmiwn sulfide, 
designated as FP 2266, formerly made by the New 
Jersey Zinc Company (NJZ) 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 0.75µ 
and 3.0µ. 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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Fm. 1. The blower genera.tor, Model 5. 

Under high magnification the individual p articles of 
FP 2266 usually appear to be nodular, i.e., basically 
nearly spherical or ellipsoidal with small rounded pro­
Luberances and occasionally somewhat faceted. About 
7% of the particles appear to be aggregates consisting 
of 2 or more nodular particles sintered together. Their 
density is approximately 4. The material is not affe~ted 
by water or by heat up to 4SOC, 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 fox some lots of material 
and negligible for others, will be examined in Section Sd. 

When a known mixture 0£ 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 amow1t of intermixing of 
clouds and the relative contributions, at various points, 
from the separate sources. Two green fluorescing pig­
ments, USRC 2210 and 3206, 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 permanent original records. In a 
number of instances questions regarding sampler per-

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 prevjously. 

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 lrom Jess than a 
minute to several hours. The principal requirements 
for this type of equipment are lhal it shall disperse the 
lracer 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 disscminator should completely deagglom­
erate the bulk powder into its prim<~ry particles, but 
should not further subdivide these primary particles. 

These req1.1iremen ls arc closely approached by tf1e 
blower genera.tor, and· this generator has been widely 
used in the field. In this device, lhe material to be 
ciispersed is fed from a slirred 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- 1 have been used. 
The bopper 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, au 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 incxemental 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·Fs, where Wis the weight of FP 
fed through the generator and F 3 is the observed num­
ber of particles made airborne per unit weight. The 
method employed for measuring F s from the blower 
generator uses actual aerosolization with isokinetic 
sampling in a restricted plume (Leighton, 1955). Com­
parisons of F s, 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 lb min-1 from a stirred hopper 
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into a downspout extending through the aircraft 
fuselage, or into an exterrnil 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 603 or less. 

b. Sampling. The first requirements for the sampling 
device are that it must be able to collect the particles 
at high Clilution 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 FP sampling since 1950, have the 
advantages that the collection efficiency is virtually 
1003, 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 tl1e 
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 w:ire screens have been used for this purpose. The 
current holde}:" (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 
cm2• 

The flow rate generally used in practice is about S 
liters per min per cmZ of deposition area, and the pres­
sure drop across the membrane required to produce 
this flow rate is 4 to S cm Hg. The permeability of the 
membranes varies with the lot of material,. and for a 
given lot at pressure drops up to ab0ut 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 pedod, before th~ filter surface becomes so 
loaded with atmospheric 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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FIG. 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-concen~ation cmves 
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.S 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 angl_es to the direction of rotation. of 

FXG. 3. The drum impactor, Model 63. 
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FIG. 4. The Rotorod sampler, equipped !or mounting 
on n balloon cable. 

the drum. With a spacing of 3.3 mm between incre­
ments a total of 116 paltems 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 pattern to the next is 0.2 second. 

The collection efficiency of the dnim impactor, as 
with any impaction device, depends on the jet velocity, 
the orifice size, the clearance between the orillce and 
the collecting surface, the nature of the collectiug sur­
face, and the materials of which the nozzle and col­
lecting drum are constructed. In early m odels, using a 
plastic nozzle and a Scotch tape collecting surface, the 
collection efficiency was only -30%, 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 alumimun 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 
eliminaled. 

When so adjusted, the flow rate is ,.,.,50 1 min- 1 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 l min-1 per cm2, and on this account the 
useful sampling period per p attern is limited, generally 
to 3 minutes or less. 

The Rotorod sampler, the virtues of which are its 
cheapness, simplicily, light weight, and low power 
requirement, is based on the idea of moving the collector 
through the air rather than pumping the a ir past a 
collector. Two collectors, consisting of thin meta.I bars 
coated with silicone grease, a.re 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). WiLh 
collecliJ1g surfaces oi 0.38X 60 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- 1 

or approximately 90 1 min- I per cm2 of surface. Rota­
tion speed and hence sampling rate is constau t to ± 23; 
the power consumption is 0. 7 watt. 

The chief disadvantage of the Rotorod, in the form 
described above, is that its collection efficiency is low 
and is sharply dependen t on the particle size. Collection 
efficiencies observed in field trials with different Jots of 
tracer range from 28% for 1~ lot of FP 2266 with an 
MMD of 1.8µ and a particle per gram count of 7.9X 
1010, to 73% for a lot of FP 2267 with an MMD of 
3.1µ and a particle per gram count of 1.6X1010• It is 
important to use a s tandard 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, ii, 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 1~ exceeds v the collection 
rate increases; for u/v= 1.S t.his increase is about 10% 
and for 14v= 2 it is a bout 22%. 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. 

T he light weight of the Rotorod and the small size 
of the required battery are advantageous for sampling 
aloft. In fact, t he unit shown in Fig. 4, which weighs 
330 g complete with batter ies, was designed for mount­
i11g 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 7 50 ft aloft. 

c. Assessment. The primary task of assessment is to 
cowit 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 
ullraviolet radiation, mercury arcs which provide a high 
inlensity in the region of the 3660A line of the mercury 
spectrum may be employed for illumination. For visual 
counting, a. General Electric H85AJ mercury lamp in a 
light-tight housing equipped with two 50 mm diameter 
X96 mm focal length piano-convex lenses and a Corn­
ing 5840 or 5970 filter is mounted above and behind the 
stage of a monocular microscope so that the arc image 
is focua.aed 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 prt:ssurc quartz capillary arc 
manufactured by PEK Laborntorics, 825 E . Evelyn St., 
Sunnyvale, Calif., may be used. With fi lter and lenses 
this arc delivers a UV flux about 20 times that from the 
General Electric H8SA3. 

Jn visual counting a 16 mm, 0.25 N.A. achromatic ob­
jective and a 10X eyepiece, giving lOOX 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 
oIT specific areas in the deposition pattern and the m11n­
ber of particles in each ru:ea are counted in turn. Reli­
cules of different degrees of fineness arc used for pati­
terns of different density of population; the best results 
are obtained when each field of the reticule contains 
fewer than "'SO 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 Sa). 

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 Fttquay, 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 i!Jumjnation, single part­
ticles yield a sufficient fluorescent intensity to permit 
their detection by photomultiplier, but when depositecl 
on a membrane filter the limiting factor is background 
radiation from t he filter itself. Tht1s, with a system .con­
sisting of a PEK 109 lamp equipped with two 4.5 mm 
Corning 5540 CS?-60 fi lters and a 6127 photomultiplier 
equipped with Wratten 1<3 and CC-30 .filters, the re-

Fm. 5. Photomicrogrnphs of FP collected on a membrane filler; 
le!l, under visible light; right, same field under ultraviolet light. 

spouses obtained from single particles of FP 2267 are 
in the range of iot lo 105 picolumens, while the back­
ground light from a membrane filter is from 106 to 100 
picoJumens per mm2 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, a.nd U1e visual acuity and the ex­
perience of the observer or U1e sensitivity of the photo­
cell. Since, for small particles, the fluorescent flux ap­
proaches porportionality to the cube of the diameter 
Lhere is generally, for any given arrangement., a fairly 
sharp lower size limit which may be observed; and with 
increasing intensity oI illumination this limit is extended 
downward. The counts obtained, therefore, will de­
pend 011 the illumination intensity lo an amount which 

TADLE 2. Operational variation in F.~ determination. 

Coefficients of variation 
Lot or Mean value of Fs, Rel. std. among individual samples 

FP specimen No. of No. 0£ particles error of Observed Poisson 
material No. tests sainples per gram the mean,% Vi> Vp 

NJZ 2266 9BMS 7 22 5.94X1010 ±2.9 0.132 0.049 
USRC 2267 WS-11 5 15 1.33Xl010 2.5 0.092 0.055 
USRC 2267 128 2 6 1.56X1010 2.4 0.054 0.047 
USRC 2267 140 2 6 l.56X 1010 4.3 0.097 0.053 
USRC 2267 142 2 6 l.38X 1()10 5.2 0.116 0.057 
USRC 3206 129 2 6 1.62X1010 3.2 0.071 0.046 
USRC 3206 141 2 6 2.24X10t0 S.3 0.118 0.053 
USRC 3206 143 2 6 1.64X1010 6.6 0.148 0.055 
USRC 3206 145 2 6 l.33X10'o 4.4 0.099 0.053 

Mean: 0.103 0.052 
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1s m 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 s<Lmples 
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 Q. Since the weight of 
ma.terial released may be determined with some pre­
cision, the indeterminate error in Q is essentially e~uaJ 
to that in the value used for Fs, 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 
90% confidence intervals are mostly in the range of 
±5-10%. With other methods of dissemination, such 
as those depending on the slipstream of aircraft, the 
uncertainty i11 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 

TAm,E 3. Variations in dosage among close arrays of 
membrane filter samplers. 

Field No. of No. of Coefficients of variation 
Expt. No. trials samples Vv Vp 

138 8 47 0.123 0.058 
139 8 48 0.093 0.041 
140 8 48 0.097 0.019 
141 8 48 0.104 0.042 
142 8 48 0.105 0.044 
143 6 54 0.103 0.022 

Mean: 0.104 0.038 

counts, the statistical uncertainty becomes very large. 
Thus for a Poisson distribution, such that the co­
efficient of variation of particle counts, VP, is inversely 
proportional to the square root of the number counted, 
a count of 10 particles will yield a result which is within 
±25% of the true value only 57% of the time, and a 
count of 270 is required to yield a value which has a 
90% probability of being correct to within ±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 V v, 
shows that substantially more than Poisson variability 
is involved in the determination of dosage with the MF 
sampler, but not with the Rotorod. Likewise, compari­
son of the values of VF and V p in Table 2 shows more 
than Poisson variability in the determination of Fs, a 
result which would be expected from the fact that the 
samples in these determinations were collected by 
membrane filter (MF). 

The 90% confidence intervals for dosages from in­
dividual samplers, i.e., the intervals about the true 
dosage within which an individual value will lie 90% 
of the time, based on the operational errors disclosed by 
the close array experiments and the Poisson variance, 
are shown in Fig. 6. The Rotorod intervals include the 
statistical uncertainty in collection efficiency cor­
responding to the relative standard errors in Table 4. 

Sources of operational error which may lead to still 
greater uncertainty than that indicated by Fig. 6 in­
clude cloud inhomogeneity, sampler position or orienta­
tion, impaction or electrostatic deposition, obscuration 

TA.OLE 4. Variation in collection efficiency and individual dosages 
among close arrays of Rotorocl samplers. 

Material 
Collection efficiency 
Mean Rd. std. Coefficients of variation 

Field MMD, Particles No. of No. of value error in in individual dosages 
Expt. No. Lot No. µ per gram trials samples 3 mean, 3 Vv Vp 

138 H324-2 2.4 3.3>-._lOIO 8 24 54.1 ±1.9 0.048 0.035 
139 DPG12-21 3.4 1.2X 1010 8 24 60.7 2.4 0.032 0.033 
140 1339-2 3.1 1.6X 1010 8 24 74.7 1.8 0.040 0.040 
141 1339-2 3.1 1.6X1010 8 24 73.7 1.8 0.053 0.058 
142 1339- 2 3.1 1.6X1010 8 24 72.5 2.8 0.045 0.054 
143 1339-2 3.1 1.6X 1010 6 24 71.4 1.7 0.057 0.046 

Mean : 0.046 0.0!4 
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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 MF samplers 
placed approximately SO yards downwind from a fixed 
blower gener<ttor which was operated for approximately 
5 minutes, are summftrizecl i11 Table S. Although these 
results suggest an increase in dosage variation with 
conditions favoring increased inhomogeneity of the 
cloud, by the t-test the dilierences are not significant. 
MF samplers oriented in different directions during 
these trials, horizontully 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 unaspiratedmem­
brane filters pkc-:d side by side and facing into the 
wind. This comparison i11dicated that with 25 mm 
filters operated at a flow rate of 13 l min- 1 in a 10 mph 
wind, at 5 yd from the source 3.2% of the particles were 
deposited by impaction and electrostatic deposition, 
at 1S yd from the source this contribution had de­
creased to 1.S% and at SO yd from the source it was 
o.s3. This decrease with distance from the source 
suggests that the deposition in this instance was mostly 
electrostatic, due to particle charges acquired during 
dissemination bu t rapidly dissipated during airborne 
travel. 

In the obscuration of fluorescent particles by atmos­
pheric particulates which are deposiled on the collection 
surface, the greatest effect is produced by deposition 
after the FP cloud has passed. Rates of obscur-ation 
which h~we been observed by reoperation of samplers 
on which FP had been collected range from 0 to 10% 
per hour for membrane fi lters and 1 to 15% per hour for 
Rotorods, depending on the clarity of the ~tir. It is im­
portant, therefore, that the period of sampler operation 
after cloud passage be held to a minimum. 

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

ana.lysis. 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 FP 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-1 
of FP and 200-3000 g min-1 of S02• Coincident samp­
ling was accomplished by drawing the air first through a 

TABJ.E S. Effect of meteorological conditious on dosage variability with membrane filter samplers. 

Coefficient of 
Field expt. No. of No. of variation in Extreme range 

No. Conditions t rials samples dosage, VD in any trial 

38 Stable bayshore wind, 10-15 mph 3 21 ±0.095 1.4 1 
78A,B Unstable mountaintop wind, 10-20 mph 2 12 0.122 1.5 1 
78 c Thunderstorm, wind 3()-4() mph 1 6 0.176 1.7 1 
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membrane fi lter for F'P removal, then through an im­
pinger bubbler for S02. No interference between the 
two agents was found on passing through the generator, 
and the presence of sulfur dioxide had no effect on lhe 
FP sampling. There was; however, a serious loss in SC'2 
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 Lhe presence of moist air. Tb is loss 
was reduced to 5% or less by coaling the metal filter 
holder with Bakelite varnish. The sulfur dioxide was 
absorbed in 0.01 M NaOH containing a. small amount 
(7X10--iM) of glycerol, which was found to be superior 
to bem:yl alcohol as a bisulfiLe oxidation inhibitor, 
and determined by the iuchsin-formaldchyde colori-
metric method. · 

Eight exploratory ruid 24 full sen.le field trials were 
conducted using 51 samplers distributed concentricaJ\y 
with a 7!0 spacing along arcs of 44, 91, and 183 meters 
radius from the source. fo addition, during the lasl nine 
trials 9 portable samplers were operated at downwind 
distances of 238 to 366 meters from the source. For each 
lest the release period was S minutes and the typical 
amounts ofFPandS02111adeairbornewere, respectively, 
25 and 11,000 grams. Wind speed varied from 1 to 7 m 
sec-1 and stability condiLions from strong lapse (day) Lo 
strong inversion (uighL) during the trials. Light rain oc­
cuned just before or during tliree 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 S02 and in number of particles for FP. Since tl1ese 
units cancel in the ratio D/Q, and by virtue of co­
incident sampfo1g the two agents were sampled with the 
same flow rate, for ideal behavior and perfect technique 
the ratio (D/Q)FP/ (D/Q)so2 should be unity. 

In analyzing the data three bases of comparison of Lhe 
two agents were used: isodosage areas, crosswind inte­
grated dosages (CWID), and tJie 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 m1mbe1· nor the agent was 

TABLE 6. FP /S01 comparison ratios. 

I sodosage area ratios 
Dosage•area product ratios 
CWID ratios 
Individual dosage ratios: 

Exploratory trials 
Full scale trials 

Geo­
metric 
mean Vari-

No. of ratio, ance Extreme 
cases FP /SOa factor range 

59 0.98 
24 1.03 
69 1.08 

23 0.97 
337 1.07 

1.29 
1.14 
1.38 

1.27 
l .67 

0.3l- L45 
0.83- 1.39 
0.43- 1.91 

0.62-1.40 
0.35-3.2 

!mown 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 oI the coefficient of variation 
of the logarithms of the ratios. 

Comparisons of the iu·eas within the contours for FP 
and SO! were rnade in two ways: on the basis of U1c 
ratio of areas wiU1in each pair of isodosage contours, 
and on the basis of the ratio, for eacl1 trial, of the dosage 
area products, J J c dt dA, the integral of concentra­
tion, c, with respect to time, t, and lo area, A. The data, 
summarized in Table 6, were analyzed with respect to 
meteorological categories, and the t-test applied to the 
ratios for each mcteorologically similar category, with 
the conclusion thal the two agents were equally re­
sponsive to met.eorologicttl changes and showed no 
statistically significant difTerences in areit coverage 
m1der any of the meteorological conditions which were 
encountered. 

The C\iVID ratios were analyzed with respect lo 
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. 
Ra11dom distribution tests and a distribution-free 
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Fto. 7. Comparison by meleorological categories of FP and S01 
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 signifi~tnt differences, either be­
tween the CW ID ratios or the C\VID-distance slopes 
for the two agcn ls. 

The dosage raLios yielded by individual samplers 
were analrzed with respect Lo lheir distribution about a 
central value, the slope of a plot of log (D/ Q)so, vs. 
log (D/ Q)F'r for all data, application of the t-lest lo 
similar plots for individual Lrials, and applicalion of the 
distribution-free method to the ratios al each sampling 
distance in each trial. The latter indicated an apparently 
significm1l attenuation in the S02 dosage with down­
wind distances, relative lo Fl\ in two afternoon trials 
under strong lnpsc conditions. With this exception, the 
dosnge ro.tios showed no significant departures from 
u11ity by any Lest. 

The overnll conclusion from the FP-S02 comparison 
trials is that, within the range of travel distances ~1nd 
meteorological conditions represented, any differences 
in a.tmospheric dilTusion are too small to be resolved by 
t he fie ld test methods which were employed. Ko evi­
dence of atypical behavior on the part of FP was found; 
indeed, insofar as Lhc dosage areas and CWID-d.istance 
slopes were concerned, the differences between the lwo 
agents were smaller than the differences between 
mcleorologically similar trials wilh 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 lime, i.e., the fallout loss, will depend on the 
particle siie distribution of lhe material used, the sedi­
mentation velocity over this size ra11ge, the height of 
the cloud, and the amount of vertical mixing by atmos­
pheric turbulence. 

Since most individuctl 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 di:unelcr din microns, in air at nounal tempera­
ture and pressure, is 0.012 tfl cm sec-1 . Thus alµ particle 
of Fr in quicscc11t air nmy be e:srpected Lo require 
approximately HO minutes to fall 1 meter, whUe a 5µ 
p;u·ticlc will fall this distance in about 5.5 minutes. 

Due Lo the clJ relation, the fallout loss on a number 
basis will be smaller for a lrncer material with a clistri­
bu t ion o! particle sizes than it would be for a uniform 
tracer material with Lhc same density a11d Ml\1D. For 
example, the loss due to Stokes settling, from. a. tmiform 
cloud in c111icsccnt nir, of mn.tcrial A in Trible 1 would 
be 553 a.t the time at which it would reach 100%if the 
p<trticlc size were tmiform. For low level releases of 
tracer, m1olher facto r which reduces fallout loss is 
Ycrlic<d mixing by atmospheric turbulence. The extent 
of this effect, estimated for several conditions of vertical 
mixing, is illustrated in Fig. 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 
clistances from the source. Thevaselinecoating was used 
because plates so coated, whether of glass or metal, 
collected 10 Lo 153 more particles than did uncoated 
glass while ui1coated metal plates when close to the 
genera.tor collecled ai1 atypical number of small 
particles, possibly due to electrostatic deposition. In 
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F1G. 8. Estimated effect of atmospheric mixing on falloul loss. A =Slokes settling in quiescent air for 
11. material of uniform particle size, uniformly dispersed to initial height Z1 ; 100% loss occurs in time t ,. 
B =Uniform mixing maintained to constant height Zt- C= Uniform mixing ma.inta.ined to a height in­
creasing from Z1 at a rate of 6Z/ .1X =0.01, with a wind veloci ty of 3 mph and 2.5 u particles of density 4. 
D-Same as C, except AZ/ t.X=0.1. 
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one series of measurements, lhe plates were set out from 
1.2 to 39 m downwind in order lo determine the initial 
fallout loss from a blower generator plume at a release 
height of 56 cm above the ground. With untreated fl' 
2266, the losses ranged from 12 to 18% by weighl o( 
the malerial released, and consisted chiefly of clumps of 
particles 30µ or more in diameter; with surface-Lrcate<l 
rnaterial the loss was reduced to less than 1 %. 

In anolhcr 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 eac11 
plate was approximately proportional to the dosage at 
the plate position. With this proportionality conslctnl, 
k, it follows th<lt the total fallout Joss up to travel 
distance x should be 

1V1=k J CWID&r, 

where CWID fa the crosswind integrated dosage. As­
suming this relation, i t becomes possible to estimate 
from the glass plate and dosage data. the total sedi­
mentation Joss 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 velocily during these Lrials 
was 1.4 m sec-I. In another series of four trials in highly 
urbanized St. Louis, all at night with average wind 
speeds of 1. 7 m sec-1, the average fallout loss up to 
approximately one mile of travel was 0.45%. Vertical 
sampling showed that the rate oI rise of the cloud during 
these trials was substantial, approaching or even ex­
ceeding the t:.Z/6.X=0.1 of curve D in Fig. 8. The 

8 
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FIG. 9. Fallout loss as a function of cloud height. Estimated 
for FP material A of Table 11 under conditions which maintain 
uniform mixing to a constant height Z. 

small observed losses are therefore consona.11L with the 
predictions of lhis figure. 

During one tracer trial over J>alo Alto, conducted 
during the afternoon with a surface wind of 2. 7 1n sec-1 

and an overhead im·ersion al 90 m, the number of 
particles deposiled on leaves collected at distances up 
to 4.5 miles from the source were measured by micro­
scopic exarnin:ition. From the results, together with an 
esti.rnaLc o( the total leaf arC<l (2.SX 10~ cm2 per sq mi or 
about 10% of the ground urea), it was concluded lhat 
3.43 of the material released was deposited on leaves 
during 4.5 miles of travel. 

Most o( the particles were deposited on the edges of 
the len.ves, and most oI the deposition occurred near 
the sot1rcc. The concentration of Ule deposition on the 
leaf edges suggests that of the two processes, falloi.1t 
and impaction, whtch 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 vertical mixing with 
ilZ/ tlX "'O. t until it reached tJ1e inversion bcise. The 
total fallout during 4.5 miles of lrnvel under these con­
ditions may be estimated from flgs. 8 and 9 at between 
3 and 4o/cn which would indicate that in this trial Lhe 
losses from fallout and impaction were comparable. 

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

d. Fl11oresce11J 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 iu the bulk powder and ir­
reversibly changes the fluorescence of some of the single 
particles. Early in the development of the FP tracer 
system Lhe extent to which these effects might alter 

500 1000 1500 2000 
Trove/ Oistonce, yds. 

Fie. 10. Average falloul loss as a. function of Lra,·cl disl<Lnce 
for eight tracer trials in Winnipeg. 
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particle counts was investigated with the NJZ 2266 
which w3.$ 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 33 
to 93 of the particles was reduced below detectable 
limits by exposure to sunlight for 3 to 15 hours. The 
effect was greatest during periods of high humidity, all 
of the particles so affected were below lµ 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, 153 to 253 
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 703 to 803 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 503 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 counted. In most of the 
exposures the filters were placed in a closed chamber 
containing air at 1003relative humidity, and irradiated 
for 8 hours with mercury arcs which gave an ultra­
violet intensity at the filter surface about 1! 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 

reduced to 203, 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 H8SA3 lamps, and in others, to 
obtain higher intensity, with the PEK-109 lamp. 
Counts were made by standard procedures. 

The results, summarized in TabJe 7, show a wide 
range of stabililies 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, 443 below lµ 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 quest'ionable. Of the two lots of green 
fluorescing material tested, USRC 3206 and 2210, the 
latter was the more stable. 

Comparison of columns A and n 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 1003 to 203 (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 statistic~tl 
variation involved in counting. In this series of tests the 

TABLE 7. Effect of ultraviolet irradiation on particle cou-nts. 

Percentage reduction in particle counts for 
irradiation and counting conditions 

Particles % of particles stated below. (G=Gain) 
Material Lot No. per gram below lµ A B c D 

NJZ 2266 8BG505 3.3 x1010 21 1.0 8.2 (7.4G) 7.1 
USRC 2267 1339- 2 1.7 x 1010 12 2.0 (1.6G) 2.4 
USRC 2267 WS-11 0.97X1010 12.0 (2.7G) 16.0 
USRC 2267 12-21 1.2 x 1010 9 15.2 22.8 
USRC 3206 H324 26.7 26.8 7.1 4.1 
USRC 2210 0067 1.35X1010 10.8 14.1 
Derby 1318/10 8231 44 43.5 47.7 6.9 
Derby 1318/ 10 8336 30.7 37.3 4.4 

Irradiation and counting conditions: 
A. 8 hours irradiation by UV at qx sunlight in air at 125F and 100% 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 20% 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. b) NJZ 2266 after e.xposurc. 

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

FIG. 11. Comparntivc fluorescence or NJZ 2266 and Derby 1318/ 10 before and .Uter 8 hours or UV irradiation on membrane 
filters at an intensity of 1 !X sunlight. Throughout the irradiation period tbe filter surface was 125- 130F and surrounding air 
was 100% relative humidity. Using standard counting procedures, the average loss in particle counl as a. result of irradiation 
was 13 for NJZ 2266 and 43.5% [or Derby 1318/10. The darker backgrounds in the irradiated samples are clue to an actual 
darkeninp; of the fi lters; the rupture in the upper photogrnphs 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 903 confidence interval in the ratio of the 
mea.n counts is ±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 asigni.ft­
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 aspiratio11. 

Measurements by photomultiplier of the fluorescent 
brightne::.s, before and after OV irradiation, of 100 in­
dividual particles of NJZ 2266 and 100 of Derby 
1318/10, mostly in the 1- 5µ 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 qf the filter material on which Lhe 
particles were deposited, 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 Iegarding 
the dilTerence in fluorescent stabilities between the two 
materials. 

6. Discussion 

The zinc cadmiwn sulfide phosphors which arc 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 103 

T"13LE 8. EITect of uJtraviolet irradiation on 
fluorescent brighlness. 

Av. fluorescent 
brightness, picolumcns 

NJZ D.:rby 
2266 1318/10 

Brighlness 
ratio 

Derby 1318/10 

NJZ 2266 
~~~~~~~~~~~~~~~~~ 

Before irradiation 
After irradiation* 

4100 
4400 

2500 
1050 

0.62 
0.24 

* 8 hours at l!X sun.light in air at 125F and 100% RH. 

during lhe 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 Lhese sources until 
the cloud reaches the ground. For large travel distances, 
very little evidence is available on the rate of atlrition 
by fallout and impaction. From Fig. 9, if the cloud 
height is. above 100 meters Lhe fallout loss should be 
below 23 per hour, and the observed decrease in fallout 
rate wilh incveasing doud height would appear to sup­
port this estimate. 

The extent lo which FP are removed from the atn10~­
phere by rain has not been established. In two cases in 
which some rain fell <luring trials the dosages obtained 
did nol appear to be significantly altered. Estimates 
based on the Langmuir accretion theory lead to the 
tent.a.live 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
falJ (Vaughan and Perkins, 1961). For wettable particles 
of density 41 the computed losses for 25 mm of rain 
would be 10%, 78%, and 98% for particles of 1.5, 2, 
and 2.5µ. diameter, respectively. For non-wettable 
particles the computed loss is negligible even for heavy 
rainfall. The wettability of the particles is, therefore, a 
cri lical factor, and for FP 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 903 confidence intervals, of approxi­
mately ±5-103 for source strength determination with 
the blower generator, of ±10-12% (for 300 pa.rticles 
counted) for individual dosages determined by the 
Rotorod, and ±17- 203 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, anc.l 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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APPENDl.1>. 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 l ocated near the north boundary 
as shown in Fig. 1 to simulate ground level emissions , the 

yellow FP source was loaated 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 propert y and around 

the lower end of the canyon and t he coast below the property in 

order to trace the airflow across the boundary l ines and the 

down-canyon flow to the coastal area. A line of samplers was also 

placed across the c anyon approximately hal f way between the north 

boundary and the coast. Thi s line was selected to give a cross 
section of the down-canyon flow and to gi ve a measure of its _depth . 

These samp ling stations are shown in Fig. 1 . In addition to the 

samplers on t he Corral Canyon property several samplers were 

lcoated in adjacent canyons east of the property including the 
Corral Canyon and one sampl er (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 pl aced at Refugio and El Capitan State Beaches and 

also on the Getty Oil property near Gaviota. In order to trace the 

air f low offshore samplers were placed on ~latforms Hilda, Hazel , 

Hope, Heidi , Holly and on the drilling ships WODECO IV and Blue­

water II. This large scale sampler array is shown in Fig . 2 

with the area of the sampler array in Fig. l 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: 

1. 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. 

2. 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 sh~p, WODECO IV which is 

located about 5 miles offshore at latitude 34°23 ' 31" N 

and longitude 120°07'34" W. 



B. Sampling Stations 

1. Approximately 500 ft. west of road at bottom o f Corral 
Canyon near fence at north boundary. 
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2. Approximately 30 ft east of the road near wind station at 
north boundary near fence. 

3. Approximately 500 ft. southeast of Station 2 , north boundary 
n ear fence at 300 ft. elevation . 

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

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

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

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

8. Approximately 100 0 ft. ·southwest of water tank at fence 
near third loop in road below ridge at 400 ft. elevation. 

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

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

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

12. Approximately 500 ft. west of Station 11 near three wells 
on road up west side of canyon at 250 ft . elevation . 

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

14. East of citrus orchard just below pepper tree beside road at 
south end of canyon about 500 ft. north of Highway 101. 
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15. At fence on east boundary of property about 600 ft. northeast 
of Station 14 at 120 ft. elevation. 

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

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

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

19 . 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. 

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

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

22. In Canada del Capitan on fence post a cross road from corral. 

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

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

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

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

27. On fence post in canyon east of El Capitan Ranch sign. 

27A. On fence post in canyon west of El Capitan Ranch· sign. 

28. Up canyon approximately 1000 ft. north of Station 27. 

29. On Signal Oil property on coast near Eagle Canyon approximately 
midway between Co~ral 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. Goleta County Beach. On post behind tree near house and next 
to slough on north side of park . 

34. On concrete slab outside Rotor Aids at Santa Barbara Airport. 

35. North Fairview Ave., Goleta, near Via Lenora. 

36. Cli£f Drive Fire Station, Santa Barbara. 

37. Modoc Fire Station, Santa Barbara. 

38 . Stanwood Drive Fire Station, Santa Barbara . 

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

40. Platform a;ilda. Latitude 34°23'18" N. I Longitude 119°35 1 42" 

41. Platform Hazel. Latitude 34°22'56" N. I Longitude 1 19°34 ' 01" 

42A. Platform Hope. Latitude 34°20 '26" N . I Longitude 119°31'49 " 

42B. Platform Heidi. Latitude 34°20 ' 21" N. I Longitude 119°31'06" 

43. Platform Holly. Latitude 34°23 ' 24 " N •' Longitude 119°54' 19 " 

w. 

w. 

w. 

w. 

w. 

44. Drilling Ship Bluewater II, Well 183-1. Latitude 34°20'58 11 N., 
Longitude 120°18 ' 35 " w. 

45. Drilling Ship WODECO IV, Well 188-4 . Latitude 34°23'31" N., 
Longitude 120°07 ' 34" w. 

46. 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 El 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-1. 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-l and C-2 show a high d·egree 

of regularity in the diurnal flow patterns particularly when winds 

in the Santa Barbara area are light. A plot of wind frequencies 

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 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 Fig.c~. 
The frequencies are given to 16 compass points instead of 10 

degree intervals as used in the observations. The wind 
frequencies in Fig.C-4are similar to the 5-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 



Stability Class 

A 

B 

c 
D 

E 

F 

Definition 

Extremely unstable 

Unstable 

Slightly unstable 

Neutral 

Slightly stable 
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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 ~s of particular interest since this corresponds 

to a down-canyon flow from the site and off-shore flow aTong 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 



Table 1 

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

STABILI TY CLASS 0 
~ 

0 

A B c D E F 
Month Hrs . % Hrs. % Hrs . % Hrs. % Hrs. % Hrs. % 

Jan . 0.2 0 . 05 51 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 . 9 240 32.3 

Apr . 7 0 . 9 75 10 .4 118 16.3 243 33.7 65 9.1 213 29 . 5 

May 8 l. 0 72 9.7 135 18.2 248 33 . 4 75 10.l 206 27.7 

Jun. 7 l.O 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.l 

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.l 55 7.6 212 29.4 

Oct . 1 0 . 1 47 6 . 4 115 15.5 272 36.5 58 7.8 25 1 33.7 

Nov . 1 0. l 33 4.6 96 13.4 254 35.2 63 8.8 272 37.8 

Dec . 0 o.o 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 



Fig . 1--Topographic map of Corral Canyon. 
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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. 

C. 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 Oil dock at Carpenteria start ing at 

1300 Thursday and the samplers were all running by 1406 PDT. 

The yellow FP aerosol generator was installe d on the ridge 

east of Corral Canyon and the green FP aerosol generator 

was insta l led 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 I I. 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 positi on. 
Samplers along the coast were placed s tarting a t 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 wi.thin 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 102Q PQT , 
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 ronated 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. 



Table D- 1 

SAMPLER RECORDS FOR FE 164 

29 - 30 April 1971 

Start Stop 

Station Ty Ee Location CR or Drum Index DTG Index DTG 

1 RR Canada del 0659 291325 300915 
Corral - North 
Boundary West 
of Creek 

2 RR Met Station 4800 291315 3009 20 
3 RR North bounda_ry 0660 291330 300925 

east slope 
4 RR North boundary 0661 291340 300932 

east slope 
5 RR North boundary 0662 291350 300938 

east slope 
6 RR East ridge near 1289 291837 292107 

water tank 
7 RR East slope 3462 291835 292110 
s RR East slope 3463 291830 292115 
9 RR East slope 3464 291825 292117 

10 RR East slope 3465 291820 29 2121 
11 RR Bottom of 3466 291815 29 2127 

Canyon 
12 RR West slope 5735 291405 300957 
13 RR West boundary 0651 291615 292137 

near houses 
14 RR East side of 0658 291610 292139 

citrius orchard 
15 RR Southeast boundary 0664 291510 292144 
16 RR Southeast boundary 0663 291506 292146 
17 RR Coast East of 1291 291715 300911 

Capitan I 

18 RR Beach below site ;t.292 291726 300918 .I:> 

19 RR Coast west of 28 36 291740 300928 0 

Capitan 



Ta ble D-1 (c ontinued) 
Start Stop 

Station ~ Location CR or Drum Index DTG Index DTG 
20 RR Refugio State 3145 291747 300935 

Park 
21 RR Canada del Capitan 5729 291430 300842 

near water tank 
22 RR Canada del Capitan 5738 2914 35 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 300 854 

(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 East of 3318 291817 3009 0 1 

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 IlPS Rotor Aids 143 0 291917 68 300103 

137 68 300103 22 300715 
RR Rotor Aids B0525 291917 292210 

B0999 29 2210 300715 
35 RR Fairview Ave. B0526 291815 300052 

BlOOl 300053 300740 
36 DPS 1802 Cliff Fire M204 0 291900 60 300015 

Station 
154 60 300015 22 300715 

RR 1802 Cliff Fire 05'27 291900 300715 
Sta tion 

37 RR Modoc Fire Stn. B0529 291900 300 830 
38 RR Stanwood Fire Stn. ~0 528 291900 300033 or:. 

BlOOO 300033 300800 ~ 
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Table D-1 (continued) 
Start Stop 

Station ~ Location CR or Drum Index DTG Index DTG 
39 RR Getty, Gaviota B0530 291250 3009 30 
40 RR Hilda Bl736 291354 3009 31 
41 RR Hazel B1737 291406 300917 
42 RR Hope Bl735 291329 300822 
43 RR Holly A5645 291900 29 2400 

RR Holly A5649 300001 300600 
44 RR Bluewater II 2675 291859 29 2400 

RR Bluewater II 2901 300617 301020 
45 RR WODECO IV Bl656 291850 292355 

Bl655 292356 300606 
Bl651 300900 301230 

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

dri lling 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-1 
through E-5. Fig. E-1 shows the dosage pattern from the yellow 

FP source in the corral Canyon and surrounding areas and 

Fig. E-2 shows the extension of this pattern offshore and along 

the coast including Gaviota, Santa Barbara and Carpenteria . The 

ma j or 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 ye llow 

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 plwnes became well mixed by the eddy circulation off shore. 

The red FP source on the WODECO IV was emitted directly into 

t he 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 Gaviota and on Bluewater II. 
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FP DOSAGES 

Station 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

4 ·l 

':..:.J::.:..E E-1 

FROM ROTOROD SAMPLERS, FE 164, 29 - 30 APRIL 1971 

AT SANTA BARBARA, CALIFORNIA 

FP Dosage (part-min/liter) 
Collector Yellow Green Red 

0659 12.2 121 1. 0 
4800 0.5 7350 0.1 
0660 7.3 1280 0.6 
0661 11.8 23.0 0 . 4 
0662 16.2 43.6 0 .5 

1289 0.3 0.1 0.1 
3642 0.4 0.1 0.1 
3463 0.1 0.1 0.1 
3464 1980 0.0 0.0 
3465 1370 0.8 0.1 

3466 Excessive 
5735 91 1020 0.5 
0651 800 8700 o.o 
0658 258 6840 o.o 
0664 8.1 0.4 0 .1 

0663 0.1 0.4 0 . 1 
1291 24.8 43.0 1.0 
1292 256 975 0.1 
2836 16.7 97.0 0.4 
3145 15.7 45.4 0.7 

5729 6.6 14.8 0.4 
5738 8.6 19.3 0.2 
5740 16 .6 37.2 0.5 
5737 9.B 20.2 0.1 
1288 9.8 16.7 0.3 

1290 18.0 28.8 0.6 
2681 17 .1 28.5 0.4 
3318 24.7 28.3 0.7 
3283 3.9 7.1 2.1 
NOT USED 
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TABLE E-1 Continued 

FP DOSAGE (Part-min/liter) 
Station Coll ector Yellow Green Red 

31 NOT USED 
32 NOT USED 
33 3160 1.7 1.2 1.1 
34 0525 1.4 1.0 0.7 

0999 
35 0526 1.5 1.3 0.4 

1001 

36 0527 1.6 2.0 0.8 
37 0529 0 .9 1.3 1.0 
38 0528 3.0 4.3 1.6 

1000 
39 0530 58.0 82.0 0.2 
40 1736 3.5 5.9 21.4 

41 1737 3 . 2 5.3 12.9 
42 1735 2.5 2.8 8.9 
43 5645 1.7 2.7 26 .5 

5649 
44 2675 1.3 1.1 0.3 

2901 
45 1656 35.8 77.0 2.5 

1655 
1651 

46 0656 528 3290 0.1 
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Fig . E-3--Green FP dosages in Capitan area from 

source No . 3 at north boundary of Canada del Corra 
site, FE 164 . 
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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 .. wo-qld 

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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values. At Station 46 the DPS dosages were much higher than 

the Rotorod dosages . The DPS values were considered to be mor e 

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 . 



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 

RR DPS RR DPS RR 

34 1.4 0.3 1.0 3.5 0.7 

36 1. 6 0.7 2.0 1.5 0.8 

46 528 2320 3290 12200 0.1 
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DPS 

0.2 
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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 l isted below: 

1. Gas Plant Emissions 

a. Normal operating conditions. 

Under normal conditions only 1% of the sulfur would be 

emitted as so2 from the stack. This would amount to 

192 lb per day giving an so2 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 lb of so2 per day giving 

an so2 concentration of 2736 ppm in the stack. 
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c. Sulfur rlant 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 t h e s tack. 

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

bbl tank. 
It was estimated that about 2000 lb of H2s would be 
released during the first hour and another 2000 lb over 

a 24 hour period following the spill. The temperature 
of the crude would be about 95°F initially. 

2. Offshore Sources 

a. Gas from Offshore Wells 
Gas containing H2s 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 H2s. This gas was flared to convert H2s to 

502. 

b. Crude Spill from Offshore Operations 
This would result in consi derable H2s emission~. As an 

order of magnitude estimate it will be assumed that the 
H2s 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 20 00 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. 

1. Gas Plant Emissions 

The calculated so2 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 o f Corral Canyon 

The calculated so2 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 so2 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 H2s 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 H2s 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 well below 30 ppb and concen­

trations in Goleta and Santa Barbara will be undetectable. 
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3. Offshore Emissions 

Calculated concentrations for offshore emissions are 

based on the red FP dosages from the aerosol generator on 

WODECO IV. 

a. Calculated H2S or equivalent so2 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 H2s at the rate of 2000 lb per hour are 
shown in Fig. F-5. The State standard of 0.03 ppm 

(30 ppb) would be exceeded only within the first 4 

or 5 miles from the source. 
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CALCULATION OF POLLUTANT CONCENTRATIONS FROM 

FP TRACER MEASUREMENTS 
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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 is not likely 

to be less than the average concentration from a continuous 

source from this same sampling period. The calculated value may 

thus be designated as a maximized average concentration. 

Peak concentrations may be obtained by sequential samplers 

such as the Drum Pulsed Sampler (DPS) which is programm~d 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. 

1. 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 so2 as an example, 

we have: 

Where x50 2 
= maximized average 80 2 concentration at sampling 

location in g/l. 

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 

q
80 

= so2 emission rate in g/min 
2 

x
50 

can be expressed in ppm 802 (Vol . 20°C) 
2 

5 (x
80 

> ppm= cx80 ) g/l x 3.75 x io 
2 2 

For rotorod samplers , operating at the normal 2400 rpm: 

F = 52.3 liters/min (H-rod FP collector) 

E = 70% (for FP) 

And for an emission rate of 40 tons of so 2 per day: 

= 40 tons/day = 25 , 200 g/min 

Then: 

= (D) (2.52 x 104) 
Q FP 

= ( §) FP 
( 9 • 4 5 x 10 9 ) ppm 
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In the case of the multicolor FP tracer experiment at Benicia , 

FE 163, 10 December 1970, 20 lb of yellow PP was released through 

the 465 ft main Refinery stack. For this particular batch of 

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

Q (453.6 g/lb) (20 lb) (0.71 x io10 particles/g) 

= 6.44 x 1013 particles released 

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 

effici ency of this collector is 70%, the dosage at this station 

for yellow FP is then: 

D Ne 
FE 

= 857 particles 
52.3 {l/min) {0.70) 

= 23.4 part-min/l 

The maximized so2 concentration at this location, for an assumed 

emission of 40 tons of so2 per day, is: 

( g) FP 

23.4 (part-min/l) x 25,200 (g/min) 
6.44 x 1013 (particles) 

= 9.l6 x 10-9 g/l 

Expressed as ppm: 

I 
xso (ppm) 

2 

5 (g/l) x 3.75 x 10 
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=(9.16 x 10-9 ) (3.75 x 10 5 ) 

= 3.44 x 10- 3 ppm or .003 ppm 

Similar 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 

so
2 

as an example , we have: 

= 

where: 

= instantaneous peak so 2 concentration in grams/l. 

Number FP collected 
(Flow rate) (Efficiency) (Collection Time) 

= FP source strength per unit time 

= Number of FP dispersed 
Dispersal time 

q
80 

= so2 source strength in grams/minute 
2 

Ne 
F E Tc 

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

465 foot main Refinery stack. A total of 6.44 x 10
13 

particles 

were released over a 4 hour period {see previous section). Then: 



The DPS 

F 

E 

T c 

= ND 
TD 

= 6 .44 x 1013 

240 (min) 

= 2.68 x 1011 particles/min. 

Sampler has the following characteristics: 

= flowrate = 45 l/min 

= efficiency = 100% 

= collection time per sample = 5 min. 

70 

Then, for a 5 minute collection of 37 yellow particles (Ne = 37) 

we have: 

= Ne 

= 

= 

F E Tc 

37 {particles) 
45 (1/min) (I) (5) (min) 

0.164 particles/l 

For an assumed so2 emission of 40 ton/day: 

Then: 

q50 = 25,200 g/min . 
2 

xso = dFP x qso 
2 qFP 2 

= 0.164 (particles/l) 

2.68 x 1011 {particles/min) 

= l. 54 x 10-8 g/l 

= 5.78 x 10-3 ppm or 0 .006 ppm 

x 25,200 g/min 

for 5 min. 
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3 . Estimation of so 2 Source Strength at a Given Location From 

Time Sequential FP Data and Concurrent S02 Monitor Data . 

This calculation assumes that all the so 2 detected by the 

so2 monitor came from the same source as the FP . This need not 
be the case and usually is not. 

From the preceeding section: 

xso dFP 5 = qso (3.75 x 10) 
2 qFP 2 

Sol ving for q50 : 
2 

qso = xso qFP 1 
2 2 dFP 3.75 x 105 

where : 

4. 

qso = 
2 

in grams/min 

in ppm from monitor data 

see preceeding section 

from DPS data , same time and interval as x80 above . 
2 

Calculation of Concentration from a Line Source of H2s from 
Line Source FP Data. 

The average concentration of H2S from a line source is 
calculated from: 

= 
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where: 

XH s = average H2s concentration at sampler location in g/l. 
2 

qH S 
2 = average H2s emitted per unit length of line source in 

g/min 

= FP dosage in part-min/l 

qFP = FP released per unit length of line source 

L = length of line source. 

For the green FP source in FE 163 20 lbs 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 10 10 • 

20 x 453.6 x 1.75 x 1010 part 
= 5 miles 

= 3.18 x 1013 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. Assuming an emission along this same 5 mile line 

of 40 tons of H2s per day or 5040 g/min/mile, the corresppnd~ng 

H2s concentration at Station 11 would be: 

XH S 
390 (5.04 x 103 ) (7.06 x 105 ) (5) = 

3.18 x 1013 2 x 5 

= 0.044 ppm 

Although the total number of FP released could be used in the 

calculation instead of the product qFPL, 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. 

S. Calculation of Concentration of H2s Prom an Area Source. 

The average concentration of H2S 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 concen­

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 H2s 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 H2s concentrations from 

an area source from FP data is: 

= x 5 
qH SA x (7.06 x 10 ) 

2 



XH S = 
2 

dpp = 
qFP = 

A = 

qH S = 
2 

average H2S concentration in ppm 

FP dosage in part min/l 

FP source strength per unit area in g/min 

area of source 

H2S source strength per unit area in g/min 
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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 1010 particles per gram. Then: 

qFP = 20 x 453.6 x 0.98 x 1010 = 8.07 x 10 13 particles 

A red FP dosage of 688 part-min/l was obtained at Station 38. 

Assuming an H2s emission of 1.4 g/min per square meter of pond 

area with a total area of 35,000 square meters the maximum H2s 
concentration at Station 38 would be: 

= 688 x(l.4 x 7.06 x 10 5 ) x (3.5 x 104 ) 
8.07 x 1013 

= 0.296 ppm 

The total H2s emission would be: 

= 1.4 x 3.5 x 10 4 
= 4.9 x 10 4 g/min 

= 108 lb/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 Bar bara County, for a 
suitable site for onshor e 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 Oil Company 
Onshore Facility." Initially, the area to be ~nvestigated 
comprised the lower part of Corral Canyon from the ocean to 
approximately one mile upstream. 
lineation of earth materials and 
relate to the apparent stability 

The scope was limited to de­
geologic structure as they 
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 Reconnaissance, Proposed Humble 
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Oil Company Onshore Faci lity, Corral Canyon Area, County of 
Santa Barbara, Cal i fornia for Penfield and Smith." 

In subsequent conferences with representatives of 
Humble Oil 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 Canyon. 
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 natura~ slopes on the west side a short distance 
above the stream channel. 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 maxinrum 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 flo~rs 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 
f l oor 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 
Oil wells, pipelines, storage tanks, and other petro­

l eum 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 t he 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 

Miocene 

Quaternary 

Sespe Formation 

Vaqueros Formation 
Rincon Formation 
Monterey Formation 

Terrace 
Colluvium 
Alluvium 
Landslides 
Mudf lows 

(Ts) 

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 dense 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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See Plate 5.1 - Geotechnical Sections 

Quaternary Terraces (Qt). A marine terrace ~aps 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 surf ace 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 "rnultislide, 11 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 sU.de units within the "multi­
slide. 11 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 normal 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 SSE . Inasmuch 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 
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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 north of the projected 
crossing of the Erburu fault. The westerly plun~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 scal e. 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 range~ 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 th~ 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 sur face stream was dried up except for a few small 
pools of water. 
of the canyon. 
yon. 

The stream flow originates in the upper reaches 
No surface flow was observed in Las Flores Can-

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 t he 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 SO to 
150 gallons 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 
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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 sunnnarized below: 

Area ( 1) Upper Corral Canyon 2792± Acres 
Area (2) Las Flores Canyon 680± Acres 
Area (3) Lower Corral and Las 

Flores Canyons 778± Acres 
Total 4250± Acres 

Uti lizing 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 catclunent 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 an 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 reconnnendations 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 reconnaissance 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 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. 

3.0 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. 

4.0 SITE STABILITY 
4.1 General. The proposed treating and storage facilities 

4.2 

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. 



Our Job Vl004 Page 20 

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

Generally, the natural canyon slopes within the Rin­
con fonnation 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. 

5.0 EXCAVATION 
5.1 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. 

5.2 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: ... ~1.1,.;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 beading¢= 40°, c = 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°, c = 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 
is 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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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 Dl557-70T, modified 
to three layers. 

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

6.2 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. 

7.0 DRAINAGE 
7.1 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. 

7.2 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 Surface Drainage. Water originating within Las Flores 
Canyon ups t ream from the s ite will be diverted beneath the 
site t hrough an engineered culvert. 

8.0 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. 

Tile R-values should be determined when the rough grad­
ing is completed. We estimate that the sandstone from t he 
Vaqueros formation has an R-value of approximately _SO, 
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. 

9.0 EARTHWORK FACTOR 
Both the Rincon and Vaqueros formations have natural 

densities ranging from 85 to 100 percent of maxinrum 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 tanks 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 recormnen­
dations regarding foundation preparation until this area 
has been explored by subsurface borings. 

Tentatively, we believe that no 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 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 t .o handle 
heavy loads. The existing road traverses several possible 
slide areas. We reconunend 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. 

12.0 GEOTECHNICAL INVESTIGATION 
All conclusions and recorrunendations set forth in this 

report should be confirmed by geologic mapping on an im­
proved topographic map, subsurface exploration, laboratory 
testing, and geotechnical analysis. 

13.0 GRADING CONTROL 
13.1 General. Grading for development of Site D should be 

performed under the control of qualified geotechnical per­
sonnel. All fill should be placed and tested under the 
control of a soils engineer to assure that proper compac­
tion is being obtained. 

13.2 Grading Specifications. It is recommended that grading 
operations be performed in accordance with the Santa Barbara 
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County Grading Ordinance and Geotechnical Consultant' s 
"Standard Grading Specifications." 

14.0 WATER SUPPLY 
14.1 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. 

14.2 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 bentoriite muds. 
If possible, it would be desirable to drill wells in this 
formation by percussion methods. 

15.0 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 
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. 

IS:JMG:GLQ:bd 

Respectfully submitted, 
GEOTECHNICAL CONSULTANTS INC. 

~ 
ick 
Geologis 

Joseph M. Gonzalez 
Engineering Geologist 562 

v~~ 
Ivar Staal 
Civil Engineer 16483 
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P El'-lm=•ER.D •£ ~IMI, N.C ... H 
E N G I N E E R .S .;:::, 

11 f E. VICTORIA ST. • SANTA BARBARA. CALIF. 93102 

966-7156 AREA COD E 805 

MAILING ADDRESS: P. 0. BOX 98 

Humble Oil and Refining Company 
Western Division 
1800 Avenue of the Stars 
Los Angeles, California 90067 

Gentlemen: 

C IVIL ENGINEERS 
S URVEYORS 

P L ANNERS 

September 13, 1971 

Transmitted herewith is our engineering report of the 
investigation of Site D for Humble Oil 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 i n this report, in con­
junction with data currently in your files, will enable you to 
select the site best suited for the stated purposes. 

JDS:ga 
Enc. 

Respectfully s ubmitted, 

INC. 
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PURPOSE 

SECTION I 

INTRODUCTION 

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. 
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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 fill across Las Flores Creek. A culvert 

would be required to conduct the drainaqe in Las Flores 

Creek under the filled area. Approximately 500,000 cubic 

yards 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 Oil & Refining 
Company. 

2. Scattered oak trees in the northemportion 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 Oil and Refining Co. 
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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. 
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LOCATION 

SECTION III 

SITE D COMMENTS 

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 f acil-

i ties 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. 
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A previous site improvement report was prepared by this 

off ice and submitted to Humble Oil & 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 Oil & 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. 
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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 Ynez 

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 Oil, 

was prepared by Mark Hurd Aerial Surveys, Inc. at a 

scale of l" = 100'. Ground control was provided by this 

off ice 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.S.G.S. maps and are 

approximate only. Accurate topography will be necessary 

for preparation of final engineering drawings. 
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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 Oil 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. 
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EXISTING LAND USE AND IMPROVEMENTS 

The most southerly parcel in Corral Canyon is presently 

occupied by the Shell Oil Company and is being utilized 

for orchards, oil well production and oil storage. A few 

small structures exist on the property. Humble Oil & 

Refining Co. has an option to purchase this property. The 

adjacent property to the North is used for oil well pro­

duction and grazing land. Humble Oil & Refining Co. owns 

this property, however, the oil wells and associated 

production facilities are currently owned and operated by 

the Shell Oil 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. 
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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 
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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 
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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. 

FIRE 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. 
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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, crude 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 and clean 

water may then be directed into the creek by a conventional 

storm drain. 

Calculation of the major storage tank area to provide the 

rP.quired volumetric capacity to comply with Section 15.206 

of the Uniform Fire Code, Paragraph c, subparagraph (2) is 
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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 C~bl~t. = 616,000 Cu. Ft. 

6 C = 616,000 Cu. Ft. = (6A) - (110,000x48xS.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. 
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ROADS 

TABLE l 

Facility 

Diked Major Storage Tank Area 
Including Crude Surge, and 
Rerun Tanks 

Crude Oil Treating Area 

Gas Processing Area 

Pump Area 

Butane & Propane Loading Area 

Sulfur Loading 

Office Facilities & Parking 

TOTAL 

Area 

5.0 Ac. 

2.5 Ac. 

3.0 Ac. 

0.6 Ac. 

1.6 Ac. 

0.6 Ac. 

0.5 Ac. 

13.8 Ac. 

The plan for Site D provides for approximately 15 acres 

of usable area. 

All access roads to and through the site should be approxi-

mately 20 feet in width and could generally follow the route 

of the existing road up Corral Canyon. Some improvements to 

the alignment and grade of the existing road could be 

accomplished with minor grading. 

A sound structural road 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 
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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. 
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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. 
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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 water 

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 oil 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. 
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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 fill 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. 
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Plantings being considered include: 

Baccharis pilularis (prostrate coyote bush) for the basic 

groundcover, live oaks and pines. Native shrub groupings 

include Rhus integrifolia (lemonade herry) , IIeteromeles 

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 Eucalyptus 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 I'1imulus (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. 

- 21 -



TABLE 2 

PRELIMINARY COST ESTIMATE 

Site Clearing and Demolition 
(Removal of exist. vegeta­
tion for fire protection) 

25 ft. tall Monterey or 
Aleppo pines 

15 gal. trees 

5 gal. trees 

~ 5 gal. shrubs 

1 gal. shrubs 

Groundcover 

Hydromulching 

Total Planting 

Sprinkler system 

TOTAL COST • . • 

SITE 11 D11 

Quantity 

200 $ 

80 $ 

so $ 

150 $ 

350 $ 

499,145 sq.ft. $ 

499,145 sq.ft. $ 

TOT AL COST • • • • . • • • Ill • • • • • • • • • • • 

Unit Cost Unit Total 

$ 2,000. 

850.00 ea. $170,000. 

45.00 ea. $ 3,600. 

9.00 ea. $ 450. 

8.50 ea. $ 1,275. 

3.00 ea. $ 1,050. 

.04/sq.ft. $ 19,965. 

.02-1/2 sq.ft.$ 12,478. 

$ 70,000. 

10% contingency 

1.5% bonds 

Estimated fee 

Total 

$ 2,000. 

$210,818. 

$ 70,000. 

$280,818. 

$ 28,081. 
$308,899 
$ 4,633. 

$313,532. 

$ 15,000. 

$328,532. 
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C-10140 
August 1971 

Hl.JMl3LE OIL ANO REFINING COMPANY 
CRUDE OIL TREATING ANO STORi\GE FACILITY 

SANTA BARBARA CHANNEL 

DESIGN BASIS 

In requesting this study, covering t he design of onshore Crude Oil 
Treat ing 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 Oil Treating and Storage Facilities are to be located 
about 6-7000 feet north of the highway (US- J.01) in Los Flores 
Canyon, just north of its junction with Cc~?i'ada del Corral. Contour 
maps of the area were furnished to aid in plant layouts. 

BASIC DATA 

Offshore Platform Cr~de Handl ing 

Primary Separator, Pressure 
Temperature 

Crude Storage Tank, Pressure 
Temperature 

Onshore Crude '!:reating and Storafil:_ 

Produced Crude Oi 1 P~ 

Composition 
Methane 
Carbon Dioxide 
Ethane 
Hydrogen Sulfide 
Propane 
i-Butane 
n-Butane 
i-Pentane 
n-Pentane 
Hexanes 
Heptanes 
Octanes 

- 1-

100 ps i a 
60- 120 Op 

14. 7 gsi.a 
105 - 120 F 

Nol Percent 
. 08 
• 06 
.38 
.08 

1.67 
.53 

3.61 
. 67 
.84 

3.98 
t, .• 08 
l f .• 59 
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DESIGN BASI S C-10140 
August, 19 71 

BASIC DATA - continued 

Onshore Crude Treating and Storag~ 

Nonanes 
De canes 
171 MWT Fraction 
238 MWT Fraction 
303 MWT Fr action 

Total 

3.61 
5.03 

12 . 91 
8.25 

49.63 

100 . 0 

Sulfur Content, Maximum t, weight percL~nt 
(Including light Mercaptans) 

Specif ic Gravi t y @ 60°F 0.92-0.945 

Crude Oil Rates 

Phase I 40,000 B/D of ST Oil (Ini tial) 
Phase II +20,000 B/D of ST Oil (First Addition) 
Phase III +20,000 B/D~_ST Oil 

Tota l 80,000 B/D of ST Oil (Ultimate) 

Produced Wat er Properties 

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

Produced Water Rates 

Vol ume contained 
Phase I 

i n Emulsion to Shore 
0-10,000 B/D (Initial ) 

Phase II 
Phase III 

Total 

Utilities 

+ 5 ,000 B/D (Firs t Addition) 
+ 5 ,000 B/~ 

20,000 B/D (Ultimate) 

Elec tric Power - Purchased power available 
Fue l Gas - Pur chased gas available. 

-2-



FACILITY REQUIREMENTS 

C-10140 
August 1971 

The Crude Oil 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 oil separation 
is at 0 psig with a minimum of 105°F which should allow the onshore 
facilities to contain the remaining crude oil vapors. 

The facilities should include Crude Oil 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. 

AIR QUALITY CRITERIA 

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 oil facilities shall be 
less than 2.0 Lbs/Hr. In 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 standaras, Environmental 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 Oil Policy Statement (April 12, 1967). 
Applicable local, state, and national codes and regulations shall 
be followed. 

-3-
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This study covers the design of a Crude Oil Treating and Storage 
Facility for the initial conditions of crude oil flow -rates and 
composition given in the "Design Basis 11 section of this ·teport, 
The facility is more fully described in the other sections of 
this report where a description, e quipment lists and specifica­
t i ons, flow diagrams, and layouts will be found. 

The initial facility will be expanded in two subsequent construc­
tion phases to an ul timate 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 equ:f.pment necessary to accomp lish 
Phases II and III are desc-.r:tbed ::1.n the section on "Facility 
Descri.ption". 

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. 

DESIGN FOR AIR QUALITY CRITERIA 

In designJng the facil:f.ty to be odor free and to meet the 
anticipated rules and regulations of t he A:i. r Pollut:ton Control 
District of Santa Barbara County (i\PCD), several areas of the 
facility must be examined . The primary potent:lal sources of 
potential air contamination are from the tank and equipment vent 
systems and the drain system. No sources of air pollution are 
anticipated for the Crude Oil Treating and Handling Facility. 
The design of the facility from an air quality standpoint is 
discussed below. 

Drain Systems - Sin ce the major s ource of odors i n a crude 
oil facili t y -is miscellaneous venting and accidental liquid 
s pills of crude and produced brine, every effort must be 
made in the design to control these seemingly minor items . 
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For this reason, all i terns such as gauge glmrnes and liquid 
level controls, which are routinely blmvn·~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 Handl:iE:E;. ~ The Crude Oil Facility :is designed to 
allow no discharge of vapors onshore. Design includes an 
offshore crude degassing step for vapor stabilization at 
10.5° ~ 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 floating roofs. This type of tank 
design is well proven in suppressing vapor E:~volution, 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 Eq~}.~ent. ~ 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/lOOSCF, 
well below the maximum of 50 grains/lOOSCF' allowed in the 
APCD regulations, Fuel gas will be used in direct fire.d 
crude heaters, and as well as :for the vent gas incinerator. 
A total ultimate fuel gas consumption of 1,450 MSCF/D is 
anticipated. 

pESIGN FOR WATER QUALITY CRITERIA 

In designing the unit to meet water quality 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 cooleni so that no 
water cooling tower is required. 
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Heating requirements are handled by direct fired heaters. The 
two major heating requirements are the crud<~ 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 are 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 o:r 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 frorn the water before discharge 
to the creek. Any skimmed material will 'be collected and 
prevented from discharging to ditches or to the creek. 

§~wage Disposal_ - Proper sanitary facilities, as required 
by codes and ordinances, will bt~ provided for personnel 
in the office/shop/warehouse aTea and in the control build~" 
ing, The type of soil at the plantsi t(;e, as determined by 
a soil investigation, will have a 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 septic tank system w:Lth a 
disposal or leaching fie,ld will be recommended. If the soil 
is a highly compacted clay type impervious 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. 
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Certain general factors s uch as codes, safety requir ements, control 
and protection systems, and sped.al materials have entered into the 
design of the facilities. These factors are d ·i scussed below. 

Equipment Codes - All equi pment in the facility will be of 
types usually used in oi l and gas facilities. The following 
are the codes which will be used 1.n the design and fab rication 
of the major items of equi.pment: 

ASME Boiler and Pressut"e Vessel Code 

Standards of Tubular Exch anger Mannfactu·r.ers Association 
(TEMA Standar ds) 

Standards of the Hydraulic Institute (Pumps) 

American Petroleum I nstitute ( API) various standards for 
tanks. 

Bui lding Codes - Numerous other codes, standards, regulations, 
etc. will be used in the design and :i.nstallation of thi s 
f acility, including but not l imited to those listed below: 

1. Uniform Building Code, ns published by the Inter­
national Conference of l3u:ilding OfHcials. 

2. California Administrative Code, Title 24, Stat e 
Building Standards, Parts 1A and 2, Basic Building 
Regulations. 

3. Concrete and Foundatton.s 

a. ACI Build:Lng Code ·· Amer:! cc:i.n Concrete. I nstitute . 
b . CRSI Desi.gn Handbooks - Concrete Reinforcing 

Steel Institute. 
c . ASTM Standards - American. Soci.ety for Testing 

Materials . 

4. Structural Steel 

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

b. AWS Standards - American Welding Society . 
c. ASTM Standards - American Society for Testing 

Materials. 
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a. Standard Codes for Pressure Plping as publi.shed 
by ASME (American Society of Mechanical Engineers) . 

(1) ANSI 1331 . 3 Petro l eum Refinery Piping ·­
American National Standards Instjtute. 

(2) ANSI B31.4 Liquid Petroleum Transpm~tation 
Pl.ping Systems. 

(3) ANSI BJl. 8 Gas Transmission and Distr1bution 
Piping Systems . 

b . Miscellaneous API (American Piping Institute) 
des i gnations on material and other requirements. 

c. Miscellaneous ASTM Specifications or Standards . 

6. Electrical 

a. NEC - National Electrical Code 
b. California Administrative Code, Title 24, State 

Building Standards, Part 3, Basic Electrical 
Regulations 

c. API, RP-SOOA - Area Classifications 

7. I ns trumentation 

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

b. API Standards and Recommended Practices. 
c . AGA Orifice Mc~t:ering of Natural Gas. 
d . " Fl ow Meter Engince:r.1.ng" by Spink. 
e. ASME Boiler and Pressure Ves~rnl Code for Relief 

Valves . 

8. General 

a. "General Industry 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 publi~hed by the Department 
of Labor, Occupational Safety and Health 
Administration. 
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d. Safety and Health Regulations for Construction, 
as published by the Department of Labor, Bureau 
of Labor Standards. 

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

9. All design calculations and drawings on foundations, 
structures, bui , etc. will be stamped by an 
engineer registered in the State of California. 

Foundation Desig~ ~· A complete soil investigation of the 
entire site by a qualified soils engineering and materials 
testing firm will be required. 

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 sprc"ad footings or some form 
of concrete piling (drilled and cast-in-place) will be 
suitable for most requirements. 

SPECIAL MATERIALS OF CONSTRUCTION 

It is anticipated that because the crude oil itself is not 
extremely sour in nature, no materials of construction 
are required for that piping and eq contacting de-
emuls if ied crude oil. It is likely that special measures will 
have to be taken, either 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 briner~ at temperatures of 
under 180°F; twenty year servicf; is not unusual with adequate 
corrosion allowance. Cathodic protection of brine storage vessels 
is anticipated. 

EQUIPMENT SPARES AND REDUNDANCY 

Normal design practice with respect to span:: equipment will be 
followed. In general, rotating equipment such as pu:mps will be 
spared, if failure of the item would cause a shutdm,,m. Equipment 
such as heat exchangers and pressure vessels will not be spared. 
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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 is provided with mechanical 
foam generation facilities. It is anticipated that a system of 
foam hydrants with foam-nozzle monitors located around the 
perimeter of the dyked area will allow foam-,blanketing of the 
dyked area in the event of a fire emergency. These stationary 
monitors will be supported by mobile hose···equipped foam monitors 
that would be supplied from the foam hydrants. 

The crude treater area itself would be protected by two wheeled 
dry chemical extinguishers with 350 pounds of "Purple-K11 or 
equal agent. These are effective at up to a 40-foot range and 
can easily be handled by one man. 

In addition to the above mentioned systems, hand extinguishers of 
the carbon dioxide or dry chemical type will be located through­
out the facility to provide protection from electrical fires and 
other lesser hazard situations not requiring foam, 

CENTRAL CONTROL AND EMERGENCY SYSTEMS 

A central control room will be provided to control the facilities. 
Operating variables such as pressureG, temperatures, flow rates, 
and levels from the various units will be tranmnitted to the 
control room where they will bi:: and used as input to 
controllers. The operator thus has a complete pictun~ before 
him of the current status of the operation and can make whatever 
adjustments are necessary. Alarm points and automatic shutdown 
are also displayed in the control room. 

Emergency shutdown, if required, can be initiated by the 
operator from the control room. In addition to total shutdown, 
certain units and individual pieces of equipment have their own 
safety shutdown systems, These would include flame failure shut<-
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down systems on fired equipment, vibration shutdowns on fans 
for aerial coolers, and pump shutdowns on low level in suction 
vessels. The various shutdown systems are described more fully 
on drawing 00-1-15. 

NOISE AND VIBRATION FACTORS 

Proper silencing of equipment, air intakes, and vents will be 
provided to keep operating noise from the facility at an 
acceptable level in accordance with the Occupational Safety and 
Health Standards for General Industry, 

Because very little reciprocati.ng equipment, of relatively small 
sizes, has been used in the design, there will be no measurable 
vibration of the earth at the boundaries, 
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HUMBLE OIL AND REFINING COMPANY 
CRUDE OIL TREATING AND STORAGE FACILITY 

SANTA BARBARA CHANNEL 

FACILITY MATERIAL BALANCE 

MATERIAL BALANCE 
PHASE 

I II III 

Inlet (BPD): 

Emulsified Crude 50,000 75,000 100,000 

Outlet (BPD): 

Treated Crude Oil 40,000 60,000 80,000 
Produced Brine 10,000 15' 000 _20, 000 

Total 50,000 75,000 100,000 
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HUMBLE 0 IL AND IillFINING COMP ANY 
CRUDE: OIL TRF'...A'rING AND STORAGE PACILITY 

SANTA BAHBARA CHANNEL 

F'UEL (l) 

Normal (MSCFD) : 

Crude Oil Treaters 
Incinerator 

Total Nonna! 

Intennittent Fuel (~CFf!): 

Incinerator Heatup 
Tank Blanketing 
Filter Flush 

Total Intermlttent 

ELECTRICAl.(2) 

Electrical Drives 
Treaters 
Other 

Total Process 

I 

715. 7 
21.8 

737 .5 

18.2 
2,4 

12 . 0 

32.6 

502.3 
32.0 
2.5 ----

536.8 

Notes: (1) Based upon 1100 LHV . 

PHASE 
II 

1073.5 
21. 8 

1095.3 

18.2 
3.6 

18. 0 

39. 8 

831. 0 
48.0 

2.5 ___ ... 
881.5 

Ill 

1501,8 
21.8 

1523. 6 

18.2 
4.8 

2lf. 0 

47.0 

1159.8 
64.0 

2. 5 

1226.3 

(2) See plant electrical operating load sheets for 
detail. 
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Outlined below are descriptions of the individual processing units 
that comprise the Crude Oil Treating and Storage Facility. Within 
each section, specific reference is made to the number and type of 
equipment items present in the initial design and the two subsequent 
additions. In certain cases, the initial unit (or units) are either 
designed for the ultimate facility or the initial item is of sufficient 
capacity to prove adequate for the ultimate case. 

Reference is made to the major controls and safeguards in several 
instances where these have been designed for safe operation and 
containment of material released in any conceivable operating 
upset. 

INLET FACILITIES 

The inlet crude facility consists of an inlet 10,000 barrel crude 
surge tank, Item T-1 shown on mechanical flow diagram 00-1-10. 
This initial tank is supplemented in Phase III by an additional 
identical 10,000 barrel unit. The inlet crude surge tanks are 
API-650 welded cone roof oil storage tanks equipped with internal 
floating roofs. 

All crude storage and surge tanks are equipped with internal float­
ing roofs. Air is admitted into each tank in the space between the 
floating and fixed roof during tank emptying and is vented to the 
closed vent system during tank filling. This provision has been 
successfully utilized in oil storage to reduce vapor emissions to 
a fraction of conventional cone roofed storage tanks. 

A mixture of emulsified crude oil and free brine is delivered to 
the inlet crude surge tank after passing through the pipeline extend­
ing from the shoreline to the facility. Supply pressure on the 
inlet crude is assumed adequate to maintain full level in the surge 
tanks. A free brine-crude oil interface is maintained in the 
bottom region of each inlet tank by an oil/water interface level 
control system. Free brine is drawn off the tank by the Water 
Transfer Pump, Item P-4. This centrifugal pump is sized for a 
delivery of 50 gallons per minute at a discharge pressure of 26 psig. 
An interface level switch perfonns a dual purpose of starting and 
stopping the Water Transfer Pump and also opening or closing a 
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remotely-operated valve placed in the discharge line of P-4. The 
level of crude oil in T-~l is measured by a local tank gauge equipped 
with a signal transmitter. Tank level readings are continuously 
transmitted to a panel-mounted level indicator. High and low tank 
levels initiate level alarms in the central control room with an 
additional low/low level alarm and causing shutdown of discharge 
pump P-4. The automatic shutdown is provided to prevent emulsified 
crude oil from being accidentally drawn off in the brine discharge 
line in the event of abnormally low liquid levels in the inlet 
su-rge tanks. Phase II and III of operation will require two inlet 
surge tanks operating in parallel and connected by a level equaliz­
ing line. 

CRUDE TREATING 

The overall crude treating system is depicted on mechanical flow 
diagram 00-1-10. Initially, this system is centered around four 
horizontal electrical-type crude treaters with each vessel 144" in 
diameter by 65 1 O" in length. Phases II and III of the operation 
require the addition of two identical units at the onset of each 
phase in addition to the four operating initially. 

Crude 'oil is supplied from the inlet crude tanks by three 800 GPM 
rotary pumps. These positive-displacement pumps are rated at 105 BHP 
each at a differential pressure of 85 psi. Initially, two pumps 
will be in operating service with a third common spare. One addi­
tional pump is added for each additional phase providing for a single 
common spare at all times. 

After exchange of heat with the treated crude in the crude oil 
exchanger, Item E-1, the crude oil emulsion is fed to the electric 
treaters. Each treater is designed for a maximum working pressure 
of 100 psig and a maximum operating temperature of 180°F. Normally 
the treaters will operate at the minimum temperature sufficient to 
obtain good emulsion breaking. Emulsion breaking is brought about 
by the combined effect of elevated temperatures, chemical addition, 
and the electrostatic field provided within the treater between 
metallic grid elements. Electric treaters were chosen over conven­
tional heater-treaters as it is felt that the electrostatic feature 
will allow more efficient emulsion breaking at a lower operating 
temperature. This potentially will result in substantial fuel gas 
savings. Final heating of the crude oil emulsion js carried out by 
firetube heater bundles located in the end of each treater. Each 
fire tube bundle is rated for a heat transfer rate of 6.00 MMBtu/Hr., 
sufficient for the maximum operating temperature of 180°F. 
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Each treater is operated at a pressure of 75 psia in order to prevent 
the formation of a vapor phase. The crude oil is degassed prior to 
on-shore treating at 105° -· 120°F at atmospheric pressure to produce 
a crude oil vapor pressure of approximately 20 psia at 180°F. There­
fore, at the treater operating pressure of 75 psia, vapor evolution 
will be prevented. 

The initial four parallel treaters are fed at identical flow rates 
through an interrelated control network. Overall combined flow rate 
from the Crude Oil Transfer Pumps is controlled by a master control 
station with a manual set point. The output signal from this central 
controller resets the set point for the individual flow controllers 
associated with each treater. Therefore, in normal operation, each 
treater is fed at an equal rate. Back pressure sufficient to main­
tain the 75 psig operating pressure is maintained by a pressure 
control valve placed in each treater crude discharge line. 

Crude oil leaves the treater at a temperature of 180°F and is cooled 
by heat exchange with the crude feed in crude oil exchanger E-1. 
These exchangers are two-shell, shell and tube units with 5844 sq. ft. 
of effective surface area per shell. Initial thermal rating of each 
unit is 3.825 MMBtu/Hr. Upon leaving this exchanger the crude is 
further cooled to 95°F storage temperature by the Treated Oil Coolers 
(Item A-2) . Each cooler unit is comprised of Lf cells connected in 
parallel, with an extended surface heat transfer area of approximately 
208,000 sq. ft. per unit. 

Initially four (4) crude oil exchangers and a single crude cooler 
will be required for crude oil heat exchange, At the onset of each 
additional plant phase, two additional E·-1 units will be added. The 
single Phase I Treated Oi.l Cooler will be supplemented by similar 
two cell units for Phase II and III. 

Brine discharge from each treater is controlled by a liquid dump valve 
regulated by interface controllers allowing a design brine discharge 
rate for each treater of 2 ,500 barrels per day. This produced brine 
is diverted to the brine treating area. 

Pressure relief has been provided for each electric treater. Under 
normal operation, there is no flow through the pressure relief line, 
but in the event of over~pressurization of the treater, vapor and 
liquid will flow through the relief to the Treater Blow-Off Cooler, 
item A-1. This aerial cooler prevents excessive vapor flash caused 
by treater over-pressurization, The unit is designed for a thermal 
duty of 800,000 Btu/Hr. 
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The treater blow-off flows from the blow-off cooler to the Blow-Off 
drum, Item V-1. The drum volume is suffic.lent to provide over 15 
minutes holdup of liquid accumulated during blow of the treater 
pressure relief valve. A backpressure controller for this vessel 
maintains slight positive pressure in the blow-off drum during any 
emergency. Any vapors generated during blow-off will enter the 
crude treating vent gas disposal system. Backup to this pressure 
control valve is maintained by a pressure relief valve set: t:o open 
at a few ounces above the controlled vessel pressure. 

A temperature switch in the blow-off drum actuates the fan motors 
in the blow--off cooler and sets off a temperature alarm in the 
control process control building. A centrifugal pump (Item P-ll1) 
is used for removal of liquid blowoff from V-·L During an emergency 
blowoff period, operators must start: the Blowoff Pump to prevent 
accumulation of crude oil in the Blowoff Drum and open a valve in 
the blowoff line to the Rerun Tank, Item T-3. 

The entire blowoff handling system is designed t:o prevent any 
release of vapors to the atmosphere during an emergency situation. 
Fail-open control valves have been provided on the crude inlet and 
outlet lines surrounding each treater to prevent accidental blocking-in 
of a treater due to control valve failure. In addition, a "no-flow" 
of crude oil to any treater will cause immediate shutoff of fuel gas 
to the treater fired heater, minimizing the possibility of over~ 
pressurization of the treater due to residual heat in the tube bundle. 
Due to the safeguards that have been provided, over-pressurizing of 
a treater is a remote operating possibility. 

It is possible to route the crude oil collected in the inlet surge 
tank directly to the crude storage area without passing through the 
electric treaters. Two block valves, designed to operate together 
through a system of mechanical linkage, allow shunting of the crude 
around the treater train. Brine, coalesced in each treater, is 
drawn off the bottom through a liquid dump valve which is regulated 
to maintain a proper oil-·water interface level. Collected brine 
from all treaters flows to the brine treating area, 

BRINE TREATING 

The brine treating facility is depicted on mechanical flow diagram 
00-1-12. Inherent in the design of the brine disposal system is 
complete containment of all vapors associated with storage and 
handling of the sour brine, The subsurface injection system for 
disposal of produced br:i.ne will comply with California Department 
of Oil and Gas and Santa Barbara County regulations. 
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The ultimate disposition of the produced brine, by subsurface injection 
will be preceded by cleaning and treating. This treating will be 
carried out in an oxidant free system to prevent contact with air 
or other oxidants which would cause precipitation of solids which 
would make subsequent filtration very difficult. 

All tanks and vessels in the Brine Treating System are closed and 
operated under a natural gas blanket. Vapors displaced from equip­
ment during treating are released to a closed vent system and 
eventually pass through the Vent Vapor Incinerator before being 
released to the atmosphere. Blanket gas is provided from the. fuel 
gas system to these tanks. 

All drains from tanks, vessels and pumps are piped to a.closed drain 
system which discharges into the Brine Settling Basin. This is pro­
vided to permit recycle of all brines back into the Brine Treating 
System without contact with air. This closed system eliminates the 
discharge of brines and/or sour crude oil into the surface storm 
drain system and thereby removes a potential source of pollution. 

Separated brine from the Crude Storage Tank (T-1) and the Electric 
Treaters (S-1) flows to the Dirty Brine Storage Tank (T-4). This 
is a 10,000 barrel closed tank equipped with oil ski1mning lines at 
various levels. The tank as designed provides sour brine surge 
capacity as well as acting as a gravity-.type oil-water separator. 
Periodic drawoff of any accumulated free oil is accomplished by 
manipulation of the proper skimming line or lines, The brine phase 
from this tank would be expected to have 200-300 ppm total oil. 
A non-oxidizing biocide is metered by pump P··9 to the tank influent 
to prevent bacterial growth, if needed. 

Filter Feed Pumps take suction on the Dirty Brine Storage Tank and 
pump the dirty brine to the Filter-Coalescer (S-·2). This is an 
upflow, sand filled vessel in which entrained oil is coalesced and 
suspended solids are trapped in the bed. An oil-brine phase 
separation is made at the top of the vessel yielding an oil phase 
and a brine phase containing small quantities of oil and particular 
matter. In similar units, turbidities of the treated brines have 
been reported as low as 1 ppm. The quality of this brine is suit­
able for injection. Probable turbidity level should be less than 
5 ppm with a mean particle size of 5 microns. The oil phase flows 
to the Brine Settling Basin (S-3) and the brine phase flows to the 
Injection Brine Storage Tank (T-6). 

Periodic washing of the filter is required. This is accomplished 
by the use of increased filter feed rate (20 GPM/FT2) and the simul-
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taneous addition of "scrubbing" gas to the system (5 SCFM/Ft 2 @ 
10 psig). The turbulence caused by this combined brine-gas flow 
removes oil and solids held in the bed. During the washing cycle, 
the oil release line is closed and the effluent brine-gas stream is 
diverted to the Backwash Brine Hblding Tank (T-5). After the wash­
ing cycle is complete, a prerun cycle at filtration conditions, but 
with the effluent brine still diverted to T-5, is required to reset 
the filter media. 

The Injection Brine Storage Tank (T-6) is a 1000 barrel closed tank. 
The Brine Injection Pumps (P-5) take suction on T-6 and discharge 
into the injection line at 1500 psig. A recycle line from the 
injection pump discharge back to the storage tank is provided. The 
flow of this recycle is controlled by the level in T-6. This system 
is proveded to avoid the necessity of shutting down and restarting 
the Injection pumps as the supply of brine fluctuates with the dis­
continuous operation of the filter. The brine is metered prior to 
injection. 

The Backwash Brine Holding Tank (T-5), a 1500 barrel closed tank 
with a cone bottom, is provided so that a steady flow of brine can 
be sent to the Brine Settling Basin. The brine is pumped on flow 
control from the holding tank by the Backwash Brine Pumps (P-8). 
Recycle from the P-8 discharge back to the bottom of T-5 is provided 
to prevent settling of solids in this tank. 

Backwash brine from T-5, coalesced oil from S-2, skimmed oil from 
T-4, and all streams which enter the closed drain system are fed to 
the Brine Settling Basin (S-3). This is a covered basin operating 
under a gas blanket. Settling of backflush solids is carried out 
in this basin as well as skimming of any surface oil. Brine is 
pumped out of the basin by the Recycle Brine Pumps (P-6) to the 
Dirty Brine Storage Tank for reprocessing. This flow is controlled 
by an oil-brine interface level controller. Oil accumulated in the 
brine basi.n overflows an internal weir into an oil sump and is 
pumped from this sump to the Rerun Tank (T-3) by the Oil Return 
Pump (P-7). Solids which accumulate at the bottom of the basin are 
periodically removed by a vacuum truck and trucked to solids disposal • 

.. / '\ 

CRUDE( STORAGE) AND RERUN 

'" ' 
The Crude~Storage and Rerun Facilities a~e shown on Mechanical Flow 
Diagram 00-1-11. The Major Storage Tanks, Item T-2, are Ll;2~-,, 
barrel cone roof tanks with internal floating roofs. Eac6 tank is 
equipped with a locally mounted level gauge equipped with transmitter 
for level display in the central control room. High and low liquid 
level alarms are actuated from the tank level gauge. As a back-up 

-6-



~~-Stearns-Roger~~~~~~~~~~~~~~~~--. 

FACILITY DESCRIPTION 

CRUDE STORAGE AND RERUN - continued 

C-10140 
August 1971 

to this alarm system, independent level switches are utilized to 
initiate "high-high" and "low-low" liquid level alarms. The "low­
low" alarm function includes an automatic shutdown of the crude 
shipping pumps. 

Each Crude Storage Tank is equipped with an atmospheric air breath­
ing valve with vent vapors directed to the vent gas disposal system. 
In this system, no tank breathing vapors are emitted to the atmos­
phere without passing through the incinerator. Initially two storage 
tanks are required with single identical additions at Phas~II and 
III. 

The Rerun Tank, Item T-3, is also shown on Mechanical Flow Diagram 
00-1-11. This 10,000 Barrel tank has been provided to allow rerun 
of wet crude from any of the major storage tanks through Rerun Pump 
P-3. This tank also can receive treated crude directly allowing for 
an additional 10,000 Barrels of crude storage. Relief from the crude 
shipping pumps is directed to the Rerun Tank in the event of over­
pressurization of the shipping system. The Rerun Pump, P-3 is a 
horizontal rotary type capable of a discharge rate of 250 GPM at a 
discharge pressure of over 100 psig. 

FIRE PROTECTION 

The fire protection system consists primarily of a 20,000 Barrel 
fresh water storage tank which supplies firewater to the Crude Oil 
Facility. A 2,000 GPM engine-driven centrifugal Firewater Pump 
(P-13) is used to boost pressure for supply of 125 p~i firewater to 
the firewater loop. The engine driver for this pump is dual­
carburated, allowing operation with supply of fuel either from the 
fuel gas system or from gasoline storage. The location of water 
hydrants and water monitors is shown on Drawing 00-2-02. The fire­
water loop is supplemented by foam generation facilities located 
to allow foam blanketing of the dyked crude storage area. 

Additional discussion of the overall fire protection system can be 
found in the report section on "Facility Design". 

VENT GAS DISPOSAL AND DRAINS 

The Vent Gas Disposal System is described on Mechanical Flow Diagram 
00-1-14. This system is designed to collect tank breathing vapors and 
vessel vent gas for ultimate disposal to the Vent Vapor Incinerator, 
Item H-1. Two collection headers collect vapors from the crude 
storage tanks and the gas-blanketed brine tanks. In addition, blow­
off vapors from Blowoff Drum V-1 are released to the air vent header 
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VENT GAS DISPOSAL AND DRAINS - continued 

for incineration. Essentially 
the Vent Gas Disposal System. 
basins, and other equipment. 

all items of equipment are piped to 
This includes all pumps, vessels, 

The vent vapor incinerator is a forced draft 50 foot unit with an 
external fuel gas supply. Waste gases from the two vent supply headers 
are received at the incinerator burner at a pressure of 1-2 inches 
of water. Under normal operating conditions, no more than 2.0 Lb/Hr. 
of equivalent sulfur dioxide will be emitted from the incinerator. 
This unit is designed for the complete thermal oxidation of hydro­
carbons and hydrogen sulfide vapors prior to release to the atmos­
phere. Safety and control monitors are included with this unit to 
allow efficient automatic combustion. 

GENERAL UTILITIES 

Utilities are shown on Mechanical Flow Diagram 00-1-13, Fuel 
gas from a commercial pipeline is received by the Inlet Fuel Gas 
Scrubber, Item V-4. Two pressure regulators, operating in parallel 
reduce the pressure of the pipeline fuel gas from 800 psi to 50 psi 
plant fLlel gas pressure. Condensate collected in the Inlet Fuel Gas 
Scrubber is drained to the closed plant drain system. A separate 
blanket gas header has been provided for supply of gas to the brine 
treating tanks. The pressure in this supply header is maintained at 
about 5 psi. 

INSTRUMENT AIR 

The instrument air system, shown on Mechanical Flow Di.agram 00-1-13, 
consists of two reciprocating, non-lubricated, single stage air com­
pressors with a common air aftercooler and instrument air receiver. 
In normal operation, one unit will be in service and one unit will 
be used as a spare. The first unit will operate on start-stop and 
the second will start automatically in the event of unusual demand. 
A lead-lag transfer switch will allow each machine to be switched 
periodically to equalize wear on the two machines, 

The instrument Air Dryer, Item U-1, is of the automatic regeneration 
type utilizing electrical power for regeneration. 

UTILITY AIR 

The Utility Air Compressor, Item C-2, supplies 125 psi utility air 
for shop and maintenance requirements. This compressor is a recip­
rocating, lubricated, single stage unit with an air-cooled after­
cooler. 
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Purchased power has been assumed available for supply to the Crude 
Oil Facility at high or medium voltage. No emergency power genera­
tor has been supplied as part of the plant utility system. Under­
ground wiring will be used from the utility company meter. 

EMERGENCY SHUTDOWN 

An emergency shutdown system has been provided to allow orderly 
shutdown in the event of any emergency. The system has been designed 
to provide local equipment shutdowns while allowing as much as 
possible of the facility to remain in service. 

Alarms have been provided in many instances to call operator atten­
tion to abnormal operation. The alannecl units are set to allow 
attending operators sufficient time to determine the proper action 
necessary to either diagnose the abnormality or to proceed on an 
orderly facility or unit shutdown. 

The Emergency Shutdown System function is detailed on Mechanical 
Flow Diagram 00-1-15. Listed on this sheet are the alarm units, 
the events causing shutdown, and the actions taken during an 
emergency. 
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CRUDE OIL TREATING AND STORAGE FACILITY 

SANTA BARBARA CHANNEL 

EQUIPMENT J.IST 
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No. of Units Added/Phase 

A-1 Treater Blowoff Cooler 
15' x 8' x 14,300 sq. ft. cooler w/l-20 
HP motor; 12,300# 

A-2 Treated Oil Cooler 
24' x 80 1 x 209,000 sq. ft. cooler w/4-50 
HP motors; 180,000# 

C-1 Instrument Air Compre~ 
50 CFM@ 100 psi w/1-10 HP motor; 
940# (w/o motor) 

C-2 Utility Air Compresso~ 
40 CFM@ 125 psi w/1-10 HP motor; 
1310# (w/o motor) 

E-1 Crude Oil Exchanger 
45 x 240 type BEU/2 shells per unit 
w. 5844 sq. ft/shell; 97»000# 

H-1 Vent Vapors Incinera,.t.Q.J;'. 
1-50', 1.0 MM Btu/Hr waste 
Gas Incinerator w/3 HP forced 
air blower, 29,213# 

P-1 Crude Oil Transfer Pu~£ 
800 gpm horizontal rotary w/125 HP 
motor, 2600# (w/o motor) 

P-2 Filter Feed Pump 
379 gpm horizontal centrigugal w/30 HP 
motor; 
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EQUIPMENT LIST 

P-3 Rerun Pump 
250 gpm horizontal rotary with 50HP 
motor; 1150# (w/o motor) 

P-4 Water Transfer Pump 
50 gpm horizontal centrifugal with 
7% HP motor; 350# 

P-5 Injection Pump 
Phase I - 76.9 gpm w/100 HP motor 
Phase II - 152.6 gpm w/200 HP motor 
Phase III - 152.6 gpm w/200 HP motor 

P-6 Recycle Brine Sump Pump 
60 gpm vertical sump pump w/3 HP 
motor; 475# (w/o motor) 

· P-7 Oil Return Pump 
5 gpm vertical sump pump w/3/4 HP 
motor; 400# (w/o motor) 

P-8 Backwash Brine Pump 
100 gpm horizontal centrifugal w/7~ 
HP motor; 485# (w/o motor) 

P-9 Chemical Addition Pump 
Diaphragm metering w/% HP motor 

P-10 Corrosion Inhibitor Pump 
Reciprocating metering injection w/~ 
HP motor 

P-11 De-emulsifier Addition Pump 
Reciprocating metering w/% HP motor 

P-12 Skimmed Oil Pump 
Vertical sump w/2 HP motor 

P-13 Fire Water Pump 
2000 gpm horizontal centrifugal with 
dual carb. engine driver@ 225 BHP 
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EQUIP:tv!ENT LIST 

P-14 Blowoff Pump 
250 gpm Horizontal centrifugal with 
30 HP motor 

S-1 Electric Treater 
144" x 65 'O" x lOOiff MWP horizontal 
vessel; 95,000# 

S-2 Filter/Coalescer 
7' O.D. x 10' H x 75# MWP vertical 
vessel, 10,000iff 

S-3 Brine Settling Basin 
24'0" L x 8'0" W x 10'0" D concrete 
basin 

T-1 Crude Surge Tank 
42'6" D x 40'0" H; 10,000 Bbl 
With internal floating roof 

T-2 Major Storage Tank 
130'0" D x 48'0" H; 110,000 Bbl. 
With internal floating roof 

T-3 Rerun Tank 
42'6" D x 40'0" H; 10,000 Bbl. 
With internal floating roof 

T-4 Dirty Brine Storage Tank 
4-2'6" D x 40'0" H; 10,000 Bbl. 

J.-5 Backwash Brine Holding T~ 
26'0" D x 16'0" H; 1,500 Bbl. 

T-6 Injection Brine Storage Tank 
21'3" D x 16'0" H; 1,000 Bbl. 

T-7 Fire Water Tank 
60'0" x 40'0"; 20,000 Bbl. 
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EQUIPMENT LIST 

U-1 Instrument Air Dryer 
50 ACFM @ 100 psig 

V-1 Blowoff Drum 
84" x 21'0" 1411 MWP vertical vessel 
10,8001/ 

V-2 Instrument Air Receiver 
24 II x 7 IO" 13011 MWP 100011 

V~3 Utility Air Receiver 
48" x 15'0", 200tl MWP vertical vessel 
610011 

V-4 Fuel Gas Scrubber 
24" x 8'0" 7511 MWP vertical vessel 
200011 

X-1 Air Vent Flame Arrestor 

X-2 Gas Vent Flame Arrestor 
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Two (2) - Motor driven recriprocating, air cooled, non lubricated, oil free 
compressors - one (1) operating and (1) spare for the following 
service : 

Capac ity: 50 ACFM 

Suction Pressure: 14. 7 PSIA 

Discharge Pressure: 100 PSIG 

Temperature @ Suction: 85°F 

Driven (Electric Motor) 

Estimated BHP required 7 Hp 
Motor Size 10 Hp 

Auxiliaries 

Air cooled aftercooler 

Estimated weight: 940 lb 
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One (1) Motor driven recriprocating air cooled air compressor 
for the following service: 

Capacity: 40 ACFM 

Suction Pressure : 14. 7 psia 

Discharge Pressure : 125 PSIG 

Temperature @ Suction: 85°F 

Driven (E lectric Motor) 

Estimated motor size Req'd: 10 Hp 

RPM: 1750 

Other 

Air cooled af tercooler 

Estimated weight (less mo t or) 1310 lb. 

I-



2 

3 

4 

Ferm 1.21 

---
,___ 

I HEAT EXCHANGERS 
STUDY DATA SHEET Stearns-&t,er 

1 CUSTOMER_ H_UM_B_L_E_O_IL AND REFINING COMPANY ---
~--

ACCT. PAGE 

Jo e NO. C-10140 

5 ·- - --

l ~E_C,.,!_, __ ....C.fil.IDE OIL TREATING & STORAGE FACILITY 
.!:.2S~T 10N __ SANTA BARBARA CHANNEL, CALIFORNIA DATE Au_g_ust, 197lev~wc. 

6 ,__,_ REV, a BY 

7 SERVICE ... ~ ....... ......__. __ . - .. 
,.,. ___ -----------·---- b 

c ------- -- -----------
d 

13 PERFORMANCE OF ONE UN.IT - l;.,/t ruu.., 
14 SHELL SIDE TUBE S IDE .......__ - ---- .. ··- ·- - --~-- -- -·-. ·-· --· -·-----···-- ··--- ~---- ··-· ---··----- - ----- -· -··--·------··- .., ___ ___ ,.. __ , .. ----··- .,,.. --- -·-· 
1.s .__. -~-'=.:'~_o ~ '.'.'.'C"'.~ ~:'. '.:_~ __ t:.E_n_ "'""r~ C RtU>J: Olt. .:!. _ f!~!_":'_/[__ _________ ._ ___ ?:!~l.!">'l?~-0-- ~~-':-~--"-"'_:.r.. _ __ ,, _ __ _ ,,. __ 
16 VAPOR #/HA. IN OUT IN OUT ------ -·------ ... ...------- ··-·-- - ·-------------t---·---------+--.. ------------+-- ----·- - ·- ·---
17 "'OLl<CULAR W EIGHT 

... I 7 R . J j ~------t--iZij)/v ____ .--;417-,-g- · 
. . -· I· ....... .. ., . .. ___ - ·---... . .J • . . ·- . -- ·- - - - - --- - - .. .. __ .,t_ - ··-- --- ·-

..A'.¥~ .o 3--~~.! _________ _ __ ,,. --

1--- -11-----------·...._ _____ - -·· . -··-·-- .. 
18 LIC!':'. '. '.:. __ _ -·--- ·---~_ .. _':.:,_, _ _ __ (_7'¥,.~_3 > --- . 
19 GRAV11· v £~//"'r 3 S'S. !(;7 ""'//~. 
-- t------··- .. .. . .,_ --·-···------·---··· ·-···-·------·-- - ----

2ot--e----v_1_s __ c '::!.' T_v ______ E"!..:.~--·--·- --· ,:? Cf_:! '1 _J!__~ 
21 STEAM •/HR. 

---- - '-------· ·- , __ ..l / • "- Jff v£ '._,__ ___ ___ ___ _ 

I----- ~--------... ·--.. _.._ .. _ ·-·- - ·-- - ···-- ---·-------- ··-··--t----··---·-- -·- - - - ·--.. ---------- ------------------
22 WATE R # /HR. 

i---- ~··--··_.., ___ - · - ··-- - · -----·- ·--·· . ----------- -- - - -+--- ------- -------- r---------·- ------ ---------
23 NON·CONOENSABL.ES #/MR. 

,____ >----· -- - - --- ---· -- - ··-· ·---- - --------·--·- --- '----------- -·-····-- --·--·----·-- _...._ _ ________ ._ 

24._ ___ --~~ -~fC?!T' ·- - . ,_,,_ ... ,, ___ o. S3-§.__:!_t:C. --· --·----------"--···-~-'o'--·--~'-'-"K~~=-=-·'-------------
25 

26 TEMPERA TURF. IN °i:. t: () , () /'fjO. 0 
1----·11-- -----··-·-------·- ·- ... - ._,,_, ..... ~----·--------· -~--··-·-------·-··----- --·----~-------

27 ,_ __ TEMPERA TURE OUT. •.,_ /~7.!J' 
28 (i;;·~~-~-~ , ·N·;;··.;-,,-~·;:,;~- r> .s.1. · ·· ·-- · - --- -· ·90- -- ·-- -----------·--- .. _ · ?g> 

29 ::__ . NU ""l'l_':._~--~ ".::·.~.~E~ . -~E ~ S.H.~ L I. . ... ----·-·---.. ·----J-)_-!V'-~---.. -._- _-. .=:-_-_-_-.--.. -.. --------!---------=~~-----.-...;fi~.;.tJ_-_U-_-~-... -... --~=======~~~~:~~~~~~= 
JO VEL.OC l'f v r:T .l !IF.C . c' • ~Ir .. .... --- ---- .. ·------- .. -· _ ·---·--·- - _ .!:_:. (> ~ ~ ... . ·- --·--- --- -·-

31 PRES9VAE OROP P . S.I. C AL.C -· 32 FOULING RESISTANCE 
33 - · --·--- · " ·-- ·· ·-- -.... _, - H ·-

(). 0 p :;z t? - ocu, 
. - ·· ... ·~-- -----· .... _.·--··~· ·-- .. __ .. ________ - - --·· ··- - ----·-·-·- .... ----- - ----- - ·-

'----· · -----------J-..-----------~~--
34 HEAT E><CHAN<JEO-e. T.u.ltrn. . "I- t./79 $"{)CJ ... -~P-5... ... -~17~-·-·-- --~: ::~.:..~.~~~~~-~~-- ~r..~_?...?.._ ,, __ , 
35,___ TRAN9F"ER ~ ~-; l! ~~~RVIC~ - . -- .. --·-- - -. 't • -· :I -·-· . 

36- -----.. -------- - -··--·- --- .. ·-- - ·---- ... Z:.?. ~ -- - -- ----. --

37 CONSTRUCTION - EACH SHEL_L--.-----------------

~l ~m ~~~j!~~~i~~:~~~*:·.~~ • ~• ---;if ~~~~:-:~: __ ~:=:=~·: 1-:~~--~:·?!:::::. · • •~~~••• •• --:• •--~ 
42 COOE REQUIREM E NTS ;t/.$/JI,£" ..S-£C.. Y/11 'fEMA CL.ASS 

43.__ TUDE 9 ,, • 1'7 9 c. s. $"£14 ,..,r..Es.NO - /4/(, -~~-::Lt .• B W G. /~· '::_ENG~- :<o / PITCH /. 0 ., S"IJl. 

44 ,___ ~ .. - fl . ~ ~' §:_~ - . -------- ---- - .... -- ---~--------- I. o. 41 s ,, ~:.~ .. _ ____ T_H __ i_c_K_N_E_s_s _ _ ____ ____ _ 

45 SHE L.L COVER C' - $' 7;!.,£ .I. Fl.OATING HE AO COVER 
1--- ...... - · - ·-·- · -··- · ·- .... ~ - - · ··--·· ... -----+-•·-·--- .. -~·-.....-·-·----·-·-·----------- --- - ----- ----

46 >--- - CM "'NN EL .... . - _ C_ ._s.!_A F _J.. CHANNEi. .~~~-E-R-------·-----------
47 Tuee: 5HE ETS -STAT IONARV C". s. FL.DATIN G ,__ ------------------- ---------·- -----·- ----------- ----------- - -·--
48 0AFl"L ES-CROSS C'. $ TYP E -'>E'(";.. TH I CKNESS ----- -------- -----·------ --- - ---- --- - - - ·-------·- --,- ------ - ---- -·- -----------

TYPE THICKNESS 
.---

49 
5or--

l!A.F,.. LF: ·\..ONG ---- --·- · _____ ,, --·------ - --------------
c . s· GASKETS BA .. FL E -tMP•T . 

1---- -- ~-·-- ·----------...... -···· -- ------ --- ·- ·----- ·-+----·"-"-- ·- - -- _,,, ___ - --··-·--- ··---- ··-------------4·- ··---
5 I TUB!!: SUPPORTS C .s - -·- . ---·- ·----.. --------~-------------------------·--·---- ... ____ ,, ________________ _ 
52 CONN ECTIONS-SMf: L. L - IN 12" OUT /2 SERIES /S'p ,-,r R.1"": 
53-- •>--- . ''C"H~~;:,-lt-L.---,N-------g-=-----·-----0-U_T ____ ,_..c__F ___ ,, _____ ,,____ _ S_ E_ R-IE-,--1--$- .;/ R F. _ .... ,.__ _____________________________ __ , ___ _..__ __ _ ___ ___________ ..;..o . . • 

THICKNESS 

54 
- W€1GH T !t- E A CH SH£L.L ANO BUNOl..E FUL.L. O F WAT E R _ _____ _ _ _ _ 

55 ,___ OVl£RA L.L LENG TH -__ ,, .. _____ .. ___ ,, __ ·------·-·---- - - -----
56 IS.A.I INOIC AT E'.. S STRESS R EL.1 8VING 6 IX . A. I IN DICATES RAOIOGRAPHING 1-~..:.::.:.~.;.:.;.:::.:.:;.~:;;.::..:..:..:;:.:.:.:-..:.:..:;.:;.:::..:.:.:;:.;::..::....:.::..~~.:::.;.:;:.:;.;.!:.::..!:.::~~:..:;:.:;;.;.;.:.:::.:...~~~~~~-~~~~~~~~~~~~ 

57 REMARKS:-
58,.__. 

-59 -
60 -
61 --
62 



7 

e 
9 

10 

ti 

t11v1c;1 _ _ __ _vEl~1£ ._V~9-~~--~l:l:9I~~~T~--··--- ·----·---- --------- ------- No.Ru'o. One (1) 
IV Ill OHs:a _ ______ _ _ .JU.. .. _. ___ :b ·-- ----- ·- - --·-- ~.:!' ___ ___ :C _ .... -· - - . -- ·~v. ____ . __ :d --·- ----·---___!!·---~-

= =========· -= ===.;..._so_u_11_c£_:_O_uo_n o'·---- ·------

12 ONE (1) 50 foot, vertical, cylindrical, self-supported, vent vapor incinerator 
13 for the complete combusion of vent gas. Design shall be forced draft . 
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CAPACITY 

Component Rate Lb./Hr . 

253.4 
4040.0 

2.0 

UTILITIES 

Fuel, MMBTU /Hr. 
Power (110 V) KW 
Power (440 V) Hp 

Normal 

1.0 
0.5 
3.0 

Maximum 

10.0 
1.5 
3.0 

COMBUSTION 

1400°F @ 25% excess air 

BURNER 

One combination fuel gas waste burner to be supplied. Features 
shall include: 

Raw gas burner 
Waste gas annular burner 
Ignitor 
Gas t:Jilot 
Burner tile 
Air control registers 

CONTROLS 

FAN 

A flame safeguard and temperature control system shall be provided 
with attendant instrumentation. 

A combustion air fan of 3.0 Hp with driver shall be provided. 
Enclosure type shall be TEFC. 

CODES 

Unit shall conform toaall applicable law, regulations, and codes 
of the State of California -and the Federal Government. 
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MANUFACTUAEft SouACt : OUO TE Of 

TYP £ PUMP: PL UNGER 0 1 A?HRAGM D 1 RECT ACTltl G Powf.R F~lAME 

METElll NG HEAD S: S1MPLex O Dur-L f x O T n1P Lr. xO •H£AOGANG O 

DATA SHEET FOR EACf! LIOU I O END 

L 1Oll 10 ENO - ---- - ------ - --- ------- ACK I NG ________ OR I VER BllGS . ----·-----t---
PLUNGCFI - ------ -------------- CONN . ROD BRGS . ----------------------

Cnoss H£AO ------------- ---------- CROSS H£AD--------G>. All 1 NG----------41---
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Cl!ANK -------------------------~ llH::!.vt~lR~.A~t~JL;.!.:1c:_:F~L~u~1~~:· ~<~0~1~A~f'~11~·R~A~G:M~P~L~u;N;G~E~r..,;.P~u~~1,;.:..l ::::::::::::::::::=:=.::=.:t""~ 
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V ALVE SEATS---------------------~ 
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P ACK ING-----------MAX. TEMP. OF~-------
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VAL VE S REPLACE ABLE Y ES 0 No D 

ND 
L I OU I D EN D 800Y : TxPE (Pu1NG ER} !DIAPHRAGM) IR£Mo U} (S1101:1E!lGE0+--------~"1!..L.L.llU ..... ~W.!.:..l....l-~~~-------r--
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1 s uv1u . CoR,c:o;;,,ow /,.,.,,./,/3 tTt)R F1-u l1? No .Aco·o / oP. 1 s PA1.~L 

& -
REVISIOllS :Q Bv ___ :b _______ 8v_, _ :C _______ 8v ___ :d Bv ___ _ 

g MANUFACTUM[~ So uRC£ : 0uOT£ Of 

to _ TYPE PUMP: PLUNGER DIAPHRAGM DIREC T AC T IN G Pow£ R FRAME 
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L I OU I I> EN 0 ,5" 7 6 £ L. A CK I N G _c;_~_· _A:_-;_,_ .. _.,,_ .. ---DR I V€ R BRGS. - -------,....t---
PL UN<;l R ____ ..f=..;/. (p S_ .S _______________ _ 

CONN. R OD BRGS. ___ O_A?-;..;..:~~~~/~~~- ~~:------------r--

Crwss Hl AO ---- - -------- ---------- CR OSS HEAD (7- / ,,.(:.ti J /; Gl A 11 1 N (; -----------1---
C<HJN . l~O I> OWER CYLINDER---------------------t---

CllAN K Yl> RAULI C FLU ID (D IAP H8 AGM PLUNG ER PUMP) 
(;1. Alt ( 0 1<1 vu d ______ __ _ 

Gl AR (DRIVl N) ___ ___ _ MANUAL OR Sre PPED 

Gl.All Hous 1 N <; ------------------­

f 1<AM1 

RE MOH 

S tGNAl: H'f!Y~AUL I;: 0 
VA1. VL S ------------~--~----~------- 11-----..,.=o;---" ................. ...., ...... :..-..... ~.u.~:...:ii:~-:amr-----_,~-
VAL Vl Sl A1 s ___ .J_/_G_~·-s;.._s: ________ ~-------~ JACKEH O CouN TER 

VAL Vl. Rnl >Y S":J'~ ,( L. T IMER & MuLllP~R T V Al VE SP All E PACK' ING 0 
PA CK f NI; -----------MAX. T EMP . ° F ______ _ 

GASK E TS El ECTll!C AIR 

DI A P lifl AG~,1 -----------MA ~ . TEMP . OF _______ _ MAK E r;. ;f.. CnN Sof AN T SPl fO VAl<.SPf. EO O 

GLAN D ----------------------~· RPM /75""0 P11A S F • • --1. ___ GYCLE !.~Vo1. r s .....LLL. 

L AN Ti.llN R1 N f; - --------------------- ENCLO.SU RE 76 l S:. t RAM E NO.----------

-i-V::..:A:!L;...V::.!E;....:C::..:A!.!P:..:S~======:?.:;;;;:::;:;;!;:;;:~;:;;:=========::.flFuu L OAD CURR ENT----- L~(:K( O Rorc~R CtJ IWl NT ---
-+------------...W..W.loll.UJ~~!..M.ll.lot....~--------~POWER CYLI NDE R : D I AM. STROK E ------

SutT ION 

01 S CllARGE 

Dr< A INS 

h U SHI NG 

A1 R OR GAS PU RGIN G 

VAL V( S REPL A<.: E ARL E 

Si ZE 

YES 0 
YES [R] 

I x PE RA T I N G GAS f!RESS , SUPPLY .E XHA.SU T - - ----

GAS C:ONSUMPTION SCFM@ MAX . SPH D 

PN EUMATIC § MANUAL B 
AU TOMATIC NONE 

S P EED REl>uCER: MFR.----- lN TE G. . S EPARATE 0 

SPEED CONTRO L EL tcr. 0 

MOD EL - ------ R AT I 0 - ---- CL ASS. -------·t--
COUP L I NG: MAK E T YP E ---------No £0 

No GUAllOS : CRAN K 0 
t------------.....,....,......,.......s,.-~:"::"----.-------~~--ttSPEEO INO I C. REMO TE [] L OCAL[] 

0 
ND 

PLUNGE R D1AM~---------­ STROKE--------1L l 0tjlD ENO NO.---LIO. (Ac1 0 HBAS1€ ) 

STRO K£ S IM 1N/ CYL IN llt R ------------------ PUMP I NG TEMP .-1'.Z..2F . VAPOR PRESS. @.P.T·------·1--

S . W.P. ___ _ w/ Ouo n o ORI VtiR SWP _____ wlMAX.DRIVER VISCOSI TY ----C . P. SP EC! Fl C' GRAVlfY ----·r--
VAL VES S1JCIJ Ql:1 D J S Ct!ARGE CORROSI ON OR E ROS I ON FA CTORS-------------

T YP E 13~t..I- BA~t.. CAPAC I TY GPH: MAX. s . o MIN.<. o NORM. __ 4_.o ___ _ 

NUMIJ [ H Suer. PRESs.PS IG: MAX. __ MIN. _ _ NORM. _ __;:;0;:..,_ ___ r---
ARf. A IN. 

2 
D 1SCH . PRE SS . PSIG : MAx.ft> . OMIN. --NO RM . _ _:.5::;:...::0:....:..· ~0---r--

P LUN Gl R SllPl'O Rr ___ (f' AfKI N (; )_(CROS S HE ADl _____ .. NPSH AVAll AE< L E Rlo · o . __________ _ 

P A CK IN G S1 Z I. T YPE BHP @RATING ---------------------

SP &C IA L S LAlS _______________ ~----------uBASE PLATE -==<,-------,.-r-----,...,,.-----------:::::::--a-~ 

T EST : Hvo.O P ER F.O IV1fN E SSEO 0 Ner W1 TNESS EO 0 

-...----- ---------------------
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Acc'r. PAO( 
~--~- ------+-~-
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~NUtACTU llER 

Typ E PUMP: PL UNGER 

ME TEf<I NG Hf.A OS: 

01 APHR AGM 

S1MPL EX~ 

sou11c c: Ouo n Of 

0 1 RECT ACTING 

DUPLEX 0 TRIPLEX 0 
Pow£ R FRAME 

• HEAD GANG 0 
12 ~,_~~~-~~---·~ ..... ~ ....... ·~u~srE~S~E~P~A~R~A~T~E-D~A~T~A ..... s.H~E~E-T". ~FO~R;.:..;E·A~C~~-·~L~l~O-U~l ~D.E~N-D..__. __ .._ __ _,,M'l~:'T"~~i'"X'in-~-----------....... --t~~ 
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16 

17 

18 

LI (,)lJ Ill £NO ACK I NG GA!'C.">1S£ S'7 r.,·,,,-.1-

,J>/C,, ,,,.,-
PL l lN t;[ H CONN . Ro o BRGS . ............................ ..,~"'--"--------------
C 11os s Il l. All CROSS HEAD ('f'!L»SE - Gt AR I N G--------~~-

CoNN , l loo ------------------------- owe:n CYl 1 NDER -----------·---------4--
Cr1ANK --'·---·--------------------- u~~IY!,;lJ~R'.!;A~U~t;_;t~C;;,_,'.F:;L~U~l_;O:..;(~D~l~A~P;H~H;A:.G~M~P~t ~llN~G~E ~R ~P;u~M~P:..):.::======::t-

19 c;1. A<< ([)11 1 vu<) __ _ 

~0 - GEAR {D11 1 V(N) _____ _ MANl1AL 

REMOH: 

OR SHIPPED 

l.I Gi,,AR HOUSING 

22 - F 11At»f. S I GNAL: 

25. 

'.6 

'7 

28 

VA1. VE S 

VALV[ S LA TS 

VALV £ ROD Y 

PACK 11\!G 

GASKICTS __ 

- - --------MA x. T EMP . OF-----

D1 Af' H llA (;M - - ---------M""· TEMP. °F _______ _ 

Gt AN {J --------------------------

:l 1 '~ _he t:. RAT1tiG 

Suc r10N 
y.i! ,, NI"'/ 

D 1 SCflAl<c;~ 
Y.z ,, N? / 

Dr<AINS 

-----
- -----

FL USHING 

A 11< Ofl GAS Pun GI NG YES LJ No 0 
REPL AC:EABL E YES Ila No 0 

ND 

JACKETED 

T 1M£R & MULl l P~R T VA L Vf 

ELECHll C AIR 
MAKE (-;. /.; ' C;JNS~AN T SPEED 

RPM /75·{) PHASE _ _L ____ Gvc.tES (,O 

BHP l/z.. 

VAR.SPE ED 0 
Vn L 1 s ..L!..Q_ 

ENCLO.SURE _ _ 7_.L_>_- _C ____ FRAME NO.---------

S .W. P . _____ w/Ot•OH O D1>1 ViR SWP _. ____ _ wlMAX.DRtV ER V1scns1rv ____ c.P. SPEc1r1r GRAVl ~Y-----r--

VA L VES Spc n oN D1gtt•RGE CORROS I ON OR EROS ION FA C TOR S ____________ _ 

TYi'~ Bf}4.1-. 0111-L CAPA C! TY GPH: MAX. ;f.O MI N . -?.O NORM • .....:;,~_ .. :...:;;o _____ r--

NuMi.Etl Suer . PRESS. PS I G: MAX. __ MIN. __ N ORM. _..,:o;_,, _____ r-

AHA I N . 
2 

D 1 SCH. PRES S. PS I G :MAX. 9u . .:> MIN. --NORM . -s~i'.>~·-=o'-----r--
PLUN GEI< SuPPO R T _tPACK INGJ __ <crioss HEAOJ _____ .. NPSH AVAlll\&L E REo · o . _________ _ _ 

PACK ING Stu __ T YP E _ BHP@ RAT IN G ---------------------r­
SP &c 1 AL S t. AL s ---------------------- BASE PLATE =--,----....,. ..... -----..... ..----------..,.::::--r~ 

T ES T : Hvo.O P£Rf . O \V1fN E SSEO 0 NeT W1mtSSEO 0 
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~"'1----------
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C RUDE OIL TREATING AND STORAGE FACILiliol (JI 
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TUBING 
STaAtNER 

SEPARATOR 
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0 
0 

SEAL 

··---

-

u..etm­

o -O i--
Ci--

-ROT FACE _______ ,.._..,... 

STAT FACE -------t­
SPRl NGS 

SHArT SEAL--------

41 -1-u..1"'"1.11•"n'"u"'a..,*lol&lntt•~• .. ....._1:T _...._-1-- -- -4--- -4-- --4--.+-.-----1 CASE WEAR RINGS C . .:J • AUX. SEAL·-------+-
42 --~· ,., . ... , ".Y ST'ATIC SEALS PIPE/TUllllNG-------t-

43 --tf..l•li.Wll--~·u'· "'ll.L. .. ~"""'l.lo'.&.*1..-Y+-+--+-+---J.--+...--~ 8USHI NGS -----··--OTHER _ _______ .,.__ 
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41 --j~·IUJl·~~llJ:ll.T~·-~-~-illll-U' •4-~...J...~·~-J...~.J....~-J.~~.j..~--~ ~NPSHR(ON WATER){] NONEO OTHER ______ ,....._ 

40 • •a •w• .• ·· INSPECTION: -40 

50 -
--j~All.Ul•uiu,~6~~--·~-'-~-'-~~...J..~"'---...1..~~..___.~~ Q NONE OOTHER~~~~~~~~----~--~-r~ 

TOTAL llCTllUtAL COOLIN• •ATiit ____ ., ... ____ 0 • CERT PERF" CURVE(MIN/MAX H0,'1..0W,EFF' ,eW,NPStfR) . 0-
!1 - CASIN<D WINT _ CA .. 119 DRA IN eAel CONM.

1
9 PERF CURVE NO, -------------------+-

52 _ W'HI PUUP..,.. • - IAH. ORIYIR BEARINGS: PLAIN0 

LUBRICATION: GREASE(J 
FORCE FEEDC 

ANT !FRI CTI ONO 

OIL RINGO 
OTHaCJ 

---



REV. I CENTRIFUGAL PUMP 
STIIDY DATA SHEET ......... _ _.._--=13=-------+ 

ace••. ___ P••-------+-; _--: ~'te--·&c,er: 
3 _ l CUSTOMER _ HIIMBI.E OIJ. AND REFINING CC!'fPANY l.R J•~-----1--
4 l PROJECT ___ __!;_RUDE OlL._J'JlliATING AND STORAGE £Af:;JLITY -------
5 _ LOCAT I ON ___ -.S.ANTA BARBARA....C.fu\..Nl'IBL._ CALIFQRN..IA_ DAn August 19.11.__ Bv.r.>.0.>'4-

6 

1 

8 

9 

'° it 

u 
13 

14 

1!:i 

16 

17 

t8 

t9 

20 

21 - · 
22 
23 
24 

25 
26 

27 

28 
29 
30 

31 

32 

33 

34 -
35 
36 

37 
36 

39 

40 

41 

42 
43 
44 

45 

46 

47 -
48 

49 -
50 

51 

5f! 

53 

5~ 

55 
56 
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60 
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__ __,f~1'"'· r...,e=-.Jl_ater Pump No.Ru'o • _ _...l _ _ --i 

One ( 1 ) 

_ av :b -·---·--·--··Bv ___ ,c·--·--·------.!!L__:a - ·-·---------.J!.v _ _ _ 
======--- _____ SouAC£:0uon or ___ _ 

Engine dri.ven horizontal centrifugal fire water pump 
of discharge capacity of 2000 rpm at a minimum dis­
charge pressure of 125 psig. Pump shall be of a design 
approved by the Fire Underwriters Association and 
shall meet all applicable standards issued by the FUA. 

Fluid: 
Suction Pressure: 
No. of Stages: 
Dischar ge Pressure: 
Pumping Temperature: 
Seals: 
Support: 

Engine 

Type: 

Fue l : 

Manufactu r er: 

Accessories 

Fresh Water 
30 psig 
1 
125 psig 
77°F 
Packing 
Base Mounted 

Internal combustion/dual 
Carbureti6n 

Natural gas or gasoline 

Waukesha or equal 

Automatic air release valve for pump, compound suction 
and discharge gauges, dual batteries, cables, and connectors. 
Battery trickle charger. 



P-11.f -
Sftpmbr SIUDY DATA SHEET ftel.Ne. ·--- Acc•y . t CUSTOMER 

HUMBLE OIL AND REFINING COMPANY '·" "'" C-10140 
~ 

ftAOJ£CT CRUDE OIL TREATING AND STORAGE FACI LI'RGE I °' I -

CUTRI FUGAL PUMP 

- LOCATION SANTA BARBARA CHANNEL 1 CALIFORNIA D•TC August i 2n .. ~ c 

~-
kW IGIJ ___ .e~ ot,vo;::] P u"--P NO. OPOATINQ / •Mt 0 ·-- ¢ 1 

- - 6'\I Iii I Oti& t 4 . Ix 1b 8v 1C Iv 1CI ,., 
~N\WACV\,ll!Cll U"\N:'I Cl._ 'TWC' ~~,l:Z. 

c""'""""" * n.-• 'ATllUI Nft1 n.A.'f're 

- J..~112 WNW:tPU~U~ P™'t'.lllMINn:' lk CDIS11il C: I cw -- L I QUID ~ A>t~.L.J.-F,.t'O C,,C:-uc.>Jf' O'L. RATED RflM ::JJr;-'l> ROTATION(,ACING , .... CPLG\ 

- PT o, . ;eo SP GR • 6<1',/tlJPT /o . 9oO NO. or STAGES Ml N CONT FLOW GPM 

- VIS (CP) o. /~o _2r/8tT /."/-0 0 / z;-o MIN SUBMER REO'o_n OPELLD TYPE 

- VAP. PRESS. PSI AO (p~ ~F/tiJPT / 4. 7 I ...:>c . <> WIX M..~OW CAst • 16S:- PSIG e RfP o, 
~ 

- BAROMETRIC PR£SS. PSIA /4. 7 RATED ~v 

- OT HEW NPSHR n -•r i;1r. · . 

- OJblOIIl~S 0£ SE'.RVICE·E:ACH B._r.,p £FF% I 

- CALCULATED RATt:'.b MIN I MAit &HP I 

- Ul!IGPM @ 600 F I I IMP 01 A I 

- USGPM e PT ~~·I I 
' lftM< 917" •c• ~·r~ l>A~ITIAM 

- fHS .-.us P'll G ~ s. 3 §;::.=~:to>.;.~·· C!\IM' '"... I I I 

- sue PRESS PSIG o .-:..£ ::::;:~:·: ~r:ww~~~: · ·n1 - ·• - ... I I ' . •. <-=·=··~· 
· nDlvs:'D1 FURNISHED BY - 01 FF HUD FT, ~34 :, ., ::?:SJ.·.~~#~ MTO av 

- NPSHA n (suc f'l,.G .s ... ~~~!' MFG • Glf • o ~ 6 G • ENC Tc'F C:. FRAM£ 

- AVAllAltl.E SUMP DEPTH FT HP 30 RPM 3, 'fr' VOL TS/PHASE/HZ 

- CTh!STRl CII 00 BECJ 1180.ENTS SEE DRIVER SPEC 

- CUST, SPEC" aiom IARV e1e1riG & ~~1Es -
- T't'PE: AP I 6100 AVsCJ OTHER MECH SEAL FLUSH PLAN (API 610 .,,,, c' 
- S\JPPOIWt ·CENTERLINf.!J BASED ! ff.LINED VERTICAl!J 8Y S-.R . _8'1 MrG. ~ tt.Jmi -- CASE SPLT: RAOt ALO AXI AL 0 CORROSI ON ALLOW IN PIPE 0 0 TUBING 0 0 -- CPLG 8t GUARO 8'( DRIVER HAl. F NTD, BY HEAT EXCHANGER 0 0 STRAINER 0 0 -
- {JUPl l NG MFG . MOD£L ORIFI CE 0 a SEPARATOR 0 c -- ~ MECH. SEN.. s MFG V1>'(M <'-P'l"1E ..:>DEL l);t!' &4t. 

OTHER 

- S I NGl. E 0 OOUBL £jZl TANoo.0 8AL.0 UNBAL. 0 td6liBI &.lii i PUW SUL -
- r=.JPACKI NG: MFG & TvP£ CASING e=l-"" J'""J &. £" ROT FACE 

- BAS£PLATEt eso FAS STLO DRI p LIPO EXTENDEOO lt#l:LLE8 c: .. :r. STAT FACE 

- · .J.UXlLlm:L.Q)\NfC[lWS, SHA" SPRINGS 
., .......... • • ... l ..... lf'I ..... o, P81 il PtPt:D BY SLEEVE SHArT SEAL 
......... M .... r y I 

IMP WEAR RINGS c;.z· STAT SEAi. 

•• u autua tlUTl •T CASE WEAR A I NGS e:...:r.: AUX. SEAi. 

""" ' &MA l Ml .l!'. T STATIC SEALS PIPE/TU81NG 

" ""' • ... n u Tl IT BUSHINGS OTHER ----------
, ... •M•.llY ·- TEST!f:li & !N:,PECI!CtHW !M)!UlES WIJbESSf!)J -OUIMCMIMe OUTLIT CERTIFIED SHOP TESTS: -..... .Jll:Y • • ., .. , - -PERFORMANCE 0 __ H'IDRO(JO PllG -..... • .. y . .......... - NPSHR (ON WATER )() NON!Q OTHER ...... ·- ___ ..,, ___ 

INSPECT ION: -- ,, ...... 0NONE 0 0THER -- TOTAL IXTlltMAL COOLIN• WATIR .... o, CERT PERF CUAVE(MI N/MAX H01 f\.OW,EFF 1 8tf',NPSHR) 0 -- CAllM• YINT _ cAtlN$ OllAtN tAH CONM•t PERF CURVE NO. 

- wn1 PUMIJ , ({OQ e••~- ORIYU 8£ARINGSt PLAINO ANT IFRI CTtON0 -- LU8AICATION1 GR£AS£0 OIL RINGO -- FORCE FE£D0 OTHuCJ -
"'"""""'" <4 • 



~~2'111 1.01 I SEPARATORS S-1 !°?[• 

STUDY DATA SHEET ITEM No. .r== 
Stearns-~~""oM'" . HUMBIE 011 AND REFINING coM!'ANY :'.~·;;, · c:'i0~4o -=--l':: 3 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

?.O 

21 

2?. 

23 

24 

25 

26 

(.7 

26 

29 

30 

31 

32 -
33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 
54 

55 -

56 
57 

56 

59 
60 

61 

62 

l PROJECT CRUDE OIL TREATING AND STORAGE FACILITY 
-~AN'fA -·~~~~A~- C:f!A_I>l~~--- ____ _________ o .. n -=F.u-:Siis~ ___ 0l_c--~~j,7fJ= LOCAT I ON 

I 
-ERv icE ______ c1~=~~-~ 0_<:_ t r-~~-- :rr l'at=:_:.s (Onshore - _Casc. _ _l & 2) __________ ___ No.Rto'o ·- - - .. - -. _1 __ 
EV IS I ONs:a - - · -- ___ _ J!_y_ __ :b ·---~L-... __ : c ____ -··--··-·- .!!r._ ___ :d ...... .. . --···--·------.. ----~'!'.-. - .. --J.--

HUfAC TUR[ R National Tank Company souRcE : Quon 0 , 
1--'-"-=-~~:..;.~-=-_:;-~,.:;-.;..;.;r--i;.r. ·--·---- *-

Four (4) Nationa l -Petreco Type VFH - Chemelectric Treaters. Each unit is 
12' <l i a. x 65' long, designed for 10.0 psig MWP with 1/811 corrosion 
al l owance and ASME code stamped. An internal corros i on resistant 
coating is provided. Aproximate weight is 95,000#. 

Each uni t has 2 - 30" stress relieved fire tubes r ated 6 MM Btu/Hr. 
and equipped with flame arrestors . The units are provided with 
standard controls for level and temperature. Interface s l udge 
dumps are provided. 

Each unit is provided with a 50 KVA transformer for 440 volt 
60 cycle 3 phase power . 

Each unit is des i gned to treat 10,000 BPD of 15° API crude oi l 
at 180°F. 
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tl 

9 

fO 

11 

t2 

13 

141 

15 -
16 

t7 

16 

19 

20 --
2t 
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28 

29 
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31 
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33 -
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37 

38 

39 
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41 
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43 
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48 

49 . 
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51 
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53 

54 
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57 
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59 

60 ·-
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62 
63 

Brine Filter-Coalescer No ,Rto'O . 1 
[V Is I Ol>IS: a --- --·-- av -- · : b ··-·-- ______ !'.!'. .. _._ :C .... ___ .. --·-· · . . JI!.. .. _ :a ·- ---·--· _ .. _ --~_y ___ _ 

NUf'AC TU •t • "'"'~m-=-·=---=--· -·--="'-"-'-'-'~~=-'·· ... -.=·~-..·.-~.:..-.:.2.ou~: Ou~..2.r -------··------.::..-,:-·------·-----~---- __ 

One (l) - Filter coalescer unit to treat 292 GPM of sour brine 
containing 200- 300 PPM oil . Effluent brine is to con­
tain less than 10 PPM suspended oil and solids. This 
unit will operate at 180°F and 40 PSIG, 

This unit is to be a "Roberts-Boze Inc., Oil Claire " 
package unit, or equal, complete with: 

(a) Filter coalescer with internals. 7 '-0" x 10' -0" high 
(b) Initial charge of filter material 
(c) Instrumentation to control both process and 

backwashing operations. 

Maximum working pressure shall be 75 psig. Unit shall be 
supplied with all required valves, piping , timer~controls, 

tubing fittings, and filter media. 

~.== I= 
l= 

·--
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3 · t CUSTOMER HUMBLE OIL AND REFINING COMPANY s.tt J•-~lOJ.40 ---·· 
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REV, I STORAGE TANKS 

2

1 ·- ~---~·-.. !Aur STUDY DATA SHEET .... ... See Be 1 ow .. 
~~~ acc•1. Illa• 1 of ' 2 

3 _ 1 CUSTOMER _ HIIMBI.E OIL AND REFINING CQMPANY S.lt J• C-10140 
4 l PROJECT ·--- CR!.rn]__.Ql.UREATING AND STOR,AGE FACILITY ------ - --- - --

REV 

5 LOCATION __ _ SANTA BARBA_M __ CHANNEL. CA.1.IE.O.RN.IA.. DA't_August 1971 BvfiliC 
6 

7 

6 

9 

u v 1c£ _ Storagg__Tanks _ --------- No .Rlo'o._....,,.,,,.__....,,._...,...n...i-

rn 

" 12 

13 

14 

15 -
16 
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20 

:n 
2 2 
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6'3 

£v1s1 0Hs:a _ _ ____ h_ _ _ :b _ . ___________ 11y_ _ _ :C ____ _____________ _ ~ __ :d _______ _______ B_v _ _ ..._ 

~UrACTUllUI . SouRC£ :Ouon or _ _____________ _ 

The fol l owing storage tanks by the Chicago Bridge and Iron Co., 
(or equal Manufactur) designed to conform with APl -650 standards. 
Each tank is field f abricated o f picketed and primed plates to 
be placed upon foundations by othe r s . No field paint is included. 
Where indicated below, tanks to be o f the CB and I ''Weathermaster" 
type with internal floating roof and external cone-roof cover. 
Design pressure for all tanks (both air and gas blanketed) to be 
2 oz. at 150°F . All tanks to be designed for sour fluid storage 
(Ex. T-7) . 

T:.1. Cr ude Surge Tank (Crude 1 

1 ·· Phase I 
2 - Phase III 
10,000 Bbl Weathermaster, 42'-6" dia. X 40' high 

T- 2 Major Storage Tank (Crude) 

2 - Phase I 
3 - Phase II 
4 - Phase III 
110,000 Bbl Weathermaster, 130 ' - 0" dia. X 48 '- 0" high 

T-3 Rerun Tank (Crude) 

1 - Phase I 
1 - Phase III 
10, 000 Bbl Weathermaster, 42 1 -6 11 dia. X 40' high 

T-4 Dirty Brine Storage Tank (Brine) 

1 - Phase I 
2 - Phase III 
10, 000 Bbl Cone Roof Tank, 42'-6" dia. X 40' high 

T- 5 Backwash Brine Holding Tank (Brine) 

1 - Phase I 
2 - Phase III 
1500 Bbl Cone Roof and Cone Botton Tank, 26'-0" dia. X 16'-0" high 

T-6 Injection Brine Storage Tank (Brine) 

1 - Phase I 
2 - Phase III 
1000 Bb l Cone Roof Tank, 21' -3 " dia:. X 16 '-0" high 



REv_. I STORAGE TANKS ! '°!_£_~_. 
t s ~ STUDY DATA SHEET Uc••· s:.e.Betowf 

2 2 -- tearm0V6Fr ace•,. ... 2 Q ---

3 __ 1 CUSTOMER WIMBLE OIL AND REFINING COMPANY 5.ll J• C-10140 -~-
4 f PROJECT ·-~illL. .. IE.EAIJNG AND STORAGE FACILITY ___ ~· . 

LOCATI 0111_ SANTA BARBARA CHANNEb_ CAL..lEQllliIA. Ou1_August .l.9-2l __ Bv _ 

6 

'1 ·e:fiv tcE __ Stor..~Tanks ------- ---·-------------- No. R10·0. See Belo~ ·-
s EV IS I etis:a __ By ____ : b --- --- __ , __ _ .,_, ___ .. !:l..!. .. ____ :C _. --- -··-·-· - ....... _l!!. ___ :d -··--·-- 8v 
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l:L Firewate r 

1 - Phase I 
1 - Phase III 
20 , 000 Bbl Cone 

Storage Tank (Fresh Water) 

Roof Tank, 60'-0" x 40 '-0" high 

i--



1fi~ . I 
2 - Stearnt·Jter ace·•·--- '••---- ·--11-

DRYER 
......... __ u_-_1_________ __ STUDY DATA SHEET 

3 _ 1 CUSTOMER HUMBLE OIL AND REFINING COtJPANY S.R J .. _ __,C,._-_,l._,0'"""1,_,4_,,0'----
4 f PROJECT ___ ..Gru.JDJL .. 0_X.LJlU!:.A'I.lliG.._l\..ND ST.QM.GE FACILITY ---· 
!S L OCAT t ON_ SAfilA_MRB.ARA __ CHAfillliJ.... _ _GAL.lF..illlli.IA_ Ool _Aufil!.§_t__l_2_7_L __ _ 
6 ., 
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32 
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u 11 icE ______ _Instrument Air Drye!_ ____ . ----------- - No.R10•0 ._~----· 
£V l lilOlOS:a lh: :t> __ ,, __________ BY __ : c ___ . _______ jly _____ __ :d - - · ______ _ .!!..._ __ ·-

»UfACTUllER ·-·-=- Sou11c£ :Ouon or_. 
====·~ .. ·=-·---------- -

One ( 1) : Instrument a i r dryer sized fo r 50 SCFM c ont i nuous 
operation at 75 psia operating pressure . 

Spec ifica tions 

Pressure Drop 3.0 PSI 

Purge Flow 4 SCFM 

Electrical Heat Regen. 110 v 

Elec t r ica l Code NEMA 1 

Effluent Conditions: 

Exit Dew Point - 10°F @ 50 PSIA 

~ 



. 
,~-·~ 

Mf\ VES.SEL.S Bt:Q'R1 OIH'-· -VERT ·..L~:t:__ 
SHELL DIA. 1.0..-~ &-¥" 

·: ' 
.... _ ----·-

Sl-IELL THICKNESS -3/e 
,, 
-·- --" HEADS TH ICKNESS S. E . -~. 3/e 

~ -~ 

SHELL & HEAD THICKNESS INCLU DE C. A. -
SHELL LENGTH (SEAM TO SEAM) ;?. I I 0" ------------·-
SUPPORT 5 1<!.'111:: -r 

( DES IGN CONDITIONS 
CODE ~.:5;<?,1£ STAMP l\/o 

" --·--- -· ·-
OPER. DESIGN ALLOW. 

PRESS,(PS I G) 0 ____ L!f._ 
- ·--·--mP • ( u F) 

180,_ --~Q_ ----·-
CORR . ALLOW. SHELL '/8 " HEADS 1/e" ·-- ---··-----·-
x~1ay STRESS f~EL I EF 

·---~--·---------~·--·-
WINDLOAD ·--·-----·--·--_._..,,_. _____ ..... _. ~-

~Q~(ll · ::lli:ll~ · :: ..,,,, Ille 
·~ll'l ~ -~,.........._,......_..._,_~ 0--~ MATER IALS 

--... 
\ 

~ .. ! 
HEADS SA· S1S -----··-.-·· 

~ SHELL SA-51$; ·---------·--·-
LI::!Ql~ LES & FLANGES -··..-----·-----·--

GASKETS 

r-0 --NOZZLES & NO. SI ZE ·RAT ING° FACf. CONNECTIONS nEO ' f ·- ----·---·--·-
I . /AJ£.Jf7" I to" 150.#R.r. 
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Shand and J urs Model 94302 or equal flame arrestor with 
aluminum body, shell and tube tank. Unit disigned for peak vapor 
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Shand and Jurs Model 94303 or equa l flame arrestor with 
aluminum body, shell, and tube t ank. Unit designed for peak 
vapor ins tantaneou.s flow of up to 4 75 ACFM at 1 ox. absolute 
pressure with a miaximum pressure d rop of l ess than 211 H2 0 . 
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GENERAL 

HUMBLE OIL AND REFINING COMPANY 
CRUDE OIL TRRATING AND STORAGE FACILITY 

SANTA BARBARA CHANNEL 

FACILITY CONSTRUCTION 

C-10140 
August 1971 

As mentioned previously in this report, the crude oil treating and 
storage facility will be located in Las Flores Canyon approximately 
1-1/4 miles north of U.S. Highway 101 and 15 miles west of the city 
of Santa Barbara in Santa Barbara County, California. 

Preliminary schedules indicate the period of construction as being 
approximately 30 weeks (or 7 months). The attached "bar-chart" 
schedule gives a preliminary picture of various phases of engineering 
and construction. 

Based on a preliminary field manhour estimate to perform the work, 
a peak construction crew of approximately 125 men is indicated plus 
a field supervisory staff of 7-10 people. The attached craft man­
power curve gives the prediction of craft requirements during the 
course of construction. This curve indicates the peak will occur 
earlier in the project than normal due to a rather large crew of 
storage tank erectors expected on the job at an early date. 

PROCEDURES AND TECHNIQUES 

The construction crew will include a supervisory staff of 7-10 
people, including a superintendent, an assistant, field engineer, 
material man/field purchasing agent, accountant, timekeepers, cost 
engineer, and technical supervisors as required. Craft personnel, 
averaging 85 in number with a peak of approximately 125, will be 
employed. 

A temporary field office for use during the construction phase will 
be provided along with a materials warehouse, craft change rooms 
and sanitary facilities. The requirements of the "Safety and Health 
Regulations for Construction" as published by the Department of 
Labor, in regard to drinking water and sanitary facilities, will be 
met as well as the requirements of any local codes. 'D1e criteria 
for the type of sewage disposal system selected as discussed in the 
"Facility Design" section of this report will also apply :for con­
struction requirements. 



FACILITY CONSTRUCTION 

PROCEDURES AND TECHNIQUES - continued 

C-10140 
August 1971 

Electrical power feeders will be brought into the site area prior 
to the start of construction. This power will be used on a 
temporary basis during construction; and then installed in a 
permanent manner to supply facility requirements. Electrically 
powered small tools and small construction equipment (such as motor 
driven air compressors) will be utilized wherever possible. 
Temporary building heating, if required, will be either electrical 
or from commercial propane or butane. Other fuel requirements for 
construction purposes are minimum; therefore, the danger of fire or 
explosion is minimized. 

Since there will be no equipment of any consequential height to be 
handled, heavy construction equipment required will be a minimum 
including medium sized cranes, hydraulic cranes, bulldozers, front 
end loaders, flatbed and pickup trucks, etc. 

Ready-mix concrete will be used for all major foundation work in this 
unit. Ready-mix will be obtained from a nearby existing source 
(possibly 15 miles away) requiring concrete trucks to utilize the 
highways in the area. A period of approximately three months will 
be required to complete the majority of concrete work. 

The majority of piping work, 2-1/2 11 size and larger, will be 
fabricated in a fabricating shop in a city remote to the facility 
and hauled to the site for installation. Smaller piping, 2" size 
and under, will be fabricated in a temporary shop set up at the 
site. Electrical welding machines will be used (rather than gas 
engines) in most cases for fabrication and installation. 

Most equipment will be fabricated in shops remote to the area and 
hauled to the site for installation, with the exception of large 
storage tanks which will be erected in place in the field. This will 
require a certain amount of construction equipment and welding machines. 
This erection will take place over a three to four month period, 

During the course of construction, daily cleanup of trash and debris 
will be carried on; and disposal of this trash will be made as 
required at areas designated by the county authorities. 

In general, all construction work will be carried on as rapidly as 
practical in accordance with the recmmnended practices and codes 
established for the industry and in accordance with the requirements 
of local authorities. 



FACILITY CONSTRUCTION 

EQUIPMENT/MATERIAL DELIVERY 
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As mentioned above, most of the operating equipment in this facility 
(with the exception of storage tanks) will be fabricated or 
manufactured at locations remote to the area; and then shipped to the 
site for installation. Some of the larger and heavier items may be 
shipped by rail to the nearest siding; and then hauled by contract 
truck to the site. However, the majority of items will be hauled 
direct from the manufacturer's shops by truck (contract hauler or 
connnercial carrier). Other general materials including piping, 
electrical, structural steel, concrete reinforcing steel, etc. will 
be delivered by truck, generally a commercial carrier. Miscellaneous 
materials purchased locally will be delivered by the supplier's 
truck or picked up by one of the contractor's vehicles. 

ENVIRONMENTAL IMPACT 

Every precaution necessary to minimize the impact of construction on 
the existing environment will be taken. 

Most construction projects are susceptible to a dust problem from 
loose disturbed soil, excavating equipment, and frequent vehicular 
traffic throughout the site area. To minimize the dust problem a 
number of steps will be taken including periodically laying down a 
coat of road oil on the access road from Highway 101 to the site. 
At completion of the project, a permanent treatment to this road will 
be made. Another step will be daily sprinkling of the site with 
water. 

The "Safety and Health Regulations for Construction" prescribe limits 
of noise exposure for construction personnel. Feasible administrative 
or engineering controls will be utilized to reduce sound levels to the 
limits noted. If all such controls fail, then personal protective 
equipment will be provided. The relatively secluded location of the 
site with the buffering effect of the surrounding hills should be 
ideal for minimizing the noise level at the surrounding property lines. 

It is anticipated that fresh water wells will be drilled at the site 
and that this water will be available for use during construction. 
As mentioned earlier, contamination of the flowing stream through the 
site area will be avoided. Construction waste materials will not 
be allowed to be dumped or discharged into this stream without proper 
treatment. 

The sewage disposal system installed for construction purposes, as 
well as the permanent installation, will be a totally enclosed 
system. 
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FACILITY CONSTRUCTION 

ENVIRONMENTAL IMPACT - continued 
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Most of the major construction equipment to be used have either 
gasoline or diesel engine drives which will emit the usual exhaust 
vapors associated with this type of equipment. However, studies 
on air currents through this canyon area indicate that an excellent 
dispersal of this type of vapor will occur. 

Traffic congestion on the local highways will be increased to a 
small degree during the course of construction from a number of 
causes. Construction personnel, driving to and from the site in 
early mornings and mid afternoons, will contribute perhaps the 
heaviest congestion. However, with a peak crew of only 125 men, this 
will not be appreciable. During the working day, periodic deliveries 
to the site of equipment, concrete, general materials, etc., will be 
made with large trucks. 

Electrical power will be the main utility for operation of construction 
tools and small equipment. Gasoline and diesel fuels for heavy 
construction equipment and vehicles will be stored in minimum 
quantities; and steps will be taken to prevent spills, fire, etc., 
from occurring during loading or unloading. Other types of fuel for 
heating purposes, if required, will be commercial bottled propane or 
butane; and proper equipment and supervision of installation will be 
utilized to prevent any accidents occurring. 

INSPECTION - CODE COMPLIANCE 

During the course of construction, inspectors will regularly be on 
the job to confirm that the facility is being built strictly in 
accordance with specifications and construction drawings; and that 
all applicable codes, regulations, restrictions, etc., are being met. 
They will also regularly be alert to assure that environmental controls 
are being adhered to. 

Field engineers will keep a close check on concrete quality control 
through numerous normally prescribed test procedures; and will maintain 
proper methods of curing to assure minimum design strengths are 
attained. 

Welding inspectors will check all p1p1.ng welds made in the field; and 
x-ray technicians will be used as required by codes to assure welding 
quality control. 

Miscellaneous engineering technicians will be utilized to assure that 
the proper piping and electrical materials, fittings, etc., are 
installed in the proper locations. An instrument supervisor will 
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INSPECTION - CODE COMPLIANCE - continued 
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check out the installation of all instruments, and will check the 
setting and calibration of all applicable instruments. 

The various inspectors and technicians mentioned above will also 
assist in establishing certain test procedures of many systems 
prior to startup. Testing and startup is discussed in the following 
section of this report on "Facility Operation." 
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HUMBLE OIL AND REFINING COMPANY 
CRUDE OIL TREATING AND STORAGE FACILITY 

SANTA BARBARA CHANNEL 

FACILITY OPERATIONS 

TESTING, STARTUP, AND DEBUGGING 

C-10140 
August 1971 

After construction of the crude facility has been completed, the 
equipment will be subjected to comprehensive testing procedures. 
All lines and equipment will be hydrostatically tested with 
fresh water in accordance with applicable codes. Test water will 
be cleaned prior to discharge into the adjacent stream. Instru­
ment functions and operation will be checked, and all rotating 
equipment will be checked for proper installation. 

The facilities are further checked by process and operating 
personnel before startup. This phase of checkout normally 
includes familiarization of operating personnel to the facility 
safeguards and instruction in shutdown procedures. 

After it is determined that the facility is free of any leaks, 
and is apparently free of obvious flaws, startup of units will 
proceed. The actual startup of the crude unit would be ex­
pected to be relatively uncomplicated. Individual treaters 
will be placed on line, and any wet crude produced during 
startup could be recycled through the Crude Rerun Facilities. 

It is not anticipated that facility startup would cause any 
abnormal emission of sulfur dioxide or hydrocarbons. It is 
possible to field test the operation of the Vent Gas Incinerator 
without feeding waste vapors, as the unit selected for this 
service is externally supplied with fuel gas. 

The Brine Filter Coalescer may require some initial trial opera­
tion to determine proper feed rates, cycle times, and flushing 
procedures. However, as the operation of this unit is straight­
forward, and controls can be actuated manually, it is not expected 
that this unit will prove unduly troublesome. Numerous fine 
adjustments, however, during this phase of operation would be 
expected. 

NORMAL OPERATIONS 

In normal operation, the facility should be capable of almost mini­
mal operator attention except for monitoring the inlet flows of 
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FACILITY OPERATIONS 

NORMAL OPERATIONS - continued 

C-10140 
August 1971 

crude oil and water. Cycling of storage tanks would be expected, 
but would not be of a frequent nature. Off-specification crude 
oil will require rerun to the crude surge tanks in the event 
of poor treater performance. This would require operators to 
manually set the proper valves, and to start and stop the crude 
rerun pump. 

Because the exact quantity of produced brine carried by the crude 
oil cannot be determined precisely until operation commences, 
it may prove necessary to treat produced brine only a portion of 
each operating day until the quantity of brine increases suffic­
iently to load up the Filter-Coalescer. This may prove in time 
to be the most efficient brine handling procedure. 

Measured variables of temperature, flow, pressure, and levels 
are monitored by operating personnel either at the individual 
unit or in the central control room. Adjustments to controller 
set points can be made as necessary to maintain proper control. 
The operating personnel in the control room will have complete 
control of the major operating variables. In case of upsets in 
unit operations, the operator can shut down and by-pass various 
units, and, if necessary, shut down the entire operation without 
damage to equipment or release of any undesirable material to 
the environment. 

ENVIRONMENTAL IMPACT 

In operation, the facility should release no odors. During periods 
of potential operating excursions, it is highly unlikely that any 
vapors would be emitted to the atmosphere without incineration. 
Emissions to the air will be limited to the products of combustion 
from burning the 1.45 MMSCF/day (Phase III) of sweet natural gas 
in the crude treater heaters and the effluent from the incinerator. 
The incinerator selected for the vent gas service is designed for 
the complete oxidation of hydrocarbons to a mixutre comprised pri­
marily of carbon dioxide, nitrogen, and water. The primary source 
of hydrogen sulfide in the vent gas collection system would be 
expected to be from evaporation of crude oil from the walls of 
the crude surge and storage tanks during lowering of tank levels 
and subsequent refilling. In addition, as the brine carried in 
the brine treating·system is expected to be sour, some hydrogen 
sulfide would be produced in the brine tanks due to partial vapor­
ization. The combined hydrogen sulfide rate from these two sections 
of the facility is expected to be less than 2.0 lbs./hr. equivalent 
sulfur dioxide. All brine from the facility will be injected into 
sub-surface formations. Rain runoff from the curbed and dyked 
areas will be trapped and skimmed for removal of free oil prior to 
discharge to the surroundings. 
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FACILITY OPERATIONS 

ENVIRONMENTAL IMPACT - continued 
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August 1971 

.Noise levels should be minimal as the re are no large reciprocating 
units required fo r operation. The equipment is all driven by elec­
tric motors except for the engine driven f irewater pump. Vibration 
should be insignificant. 

EMERGENCY CONTROLS AND OPERATIONS 

Pressure equipment by codes, requires pressure relieving devices. 
All these items. are tied into the closed vent and drain systems. 
In all operations, emergencies can occur due to mechanical failures 
or human errors. In case of emergencies in the facility, all 
vapors will be relieved to the vent gas incinerator for complete 
thermal oxidation. Liquid materials will be either trapped and 
recycled or disposed by ground injection. 

All combustion equipment is protected with flame failure devices 
to shut down individual units in case of flame failure. These 
devices protect against fire box explosions and prevent venting 
of u~burned fuel. 
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HUMBLE OIL AND REFINING CO~IPANY 
GAS PROCESSING FACILITY 

SANTA BARBARA CHANNEL 

DESIGN BASIS 

In requesting this study, covering the design of onshore Gas 
Processing 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 sum·· 
marized below: 

SITE LOCATION 

The Gas Processing Facilities are to be located on the eastern half 
of a site located about 6-7000 feet north of the highway (US- 101) in 
Las Flores Canyon, just north of its junction with Canada del Corral. 
Contour maps of the area were furnished to aid in plant layouts. 

BASIC DATA 

Inlet Gas Conditions 

Pressure 
Temper atur e 

915 psia 
60°F 

Composition, Mol Percent 

Nitrogen 
Hyd r ogen Sulfide 
Carbon Dioxide 
Methane 
Et hane 
Propane 
i-Butane 
n-Butane 
i -Pentane 
n-Pentane 
Hexane 
Heptanes-Plus 

Total 

Initial 
Gas 

0 . 09 
0.80 
7. 30 

68.95 
9.19 
8.17 
0.94 
3. 66 
0.22 
0.28 
0.25 
0.15 

100 .00 

"·-. 

Ultimate 
Gas 

0.52 
0.35 
3.23 

78.41 
8.27 
5.64 
0 . 74 
2.11 
0.21 
0.21 
0 . 17 
0.14 

100 . 00 

.,., ' 



BASIC DATA - continued 

Inlet Gas Conditions 

Mercaptan Content 
Heptanes-Plus Characteristics: 

Molecular Weight 
Specific Gravity 

Inlet Gas Volumes 

100 
0.732 

B-414!}9 
August 1971 

500 ppm 200 ppm 

Initial Plant 
Ultimate Plant 

28 MMSCF/D 
90 MMSCF/D 

Residue Gas Speci~ications 

Delivery Pressure, Minimum 
Carbon Dioxide, Maximum 
Hydrogen Sulfide, Maximum 
Total Sulfur, Maximum 
Heating Value, Minimum 

PROCESS AND FACILITY REQUIREMENTS 

850 psia 
3% by volume 
1 Grain/100 SCF 

20 grains/100 SCF 
1000 BTU/CF (Gross 

Saturated) 

The Gas Processing Facilities shall remove acid gases from the inlet 
gas and process treated gas for plant liquids recovery. 

The facilities will be installed in two phases. The initial phase 
will process the initial gas described above. Processing facilities 
will be of single-train design, with the hydrocarbon recovery facil­
ities being a simple refrigeration unit designed to recover a single 
butanes-plus product. 

The second phase will be a plant expansion designed to process the 
total gas represented by the ultimate gas described above. Acid gas 
removal and sulfur recovery facilities shall include two trains with 
a total capacity of at least 100% of the ultimate requirements. 
Ultimate hydrocarbon recovery facili.ties shall be of the refrigerated 
absorption type for recovering 75% of the propane and substantially 
all of the butanes-plus in the feed gas. The hydrocarbon products 
will consist of Commercial Propane and an iso-Butane-plus mixture. 

A minimum of three days product storage is to be included in each 
phase of the design. Truck loading facilities will be included for 
the single product in the initial phase. 
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PROCESS AND FACILITY REQUIREMENTS - continued 
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Standby gas dehydration is required for the treated gas in the 
ultimate facility. 

The facility will recover 99% of the inlet hydrogen sulfide as 
sulfur or other non-polluting product. Any unrecovered sulfur 
compounds will be incinerated to sulfur dioxide before venting. 

AIR QUALITY CRITERIA 

The facility is to be odor free. No hydrogen sulfide is to be 
vented without incineration to sulfur dioxide. 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 Quality Control Board standards, Environmental Protection 
Agency regulations, California Fish and Game regulations, and 
the 1965 Federal Water Pollution Control Act for discharge of 
water to the Pacific Ocean. 

Any sub-surface discharge of water from the facility will be 
clarified, cleaned, and treated before sub-surface injection. 
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HUMBLE OIL AND REFINING CO:tvIP ANY 
GAS PROCESSING FACILITY 

SANTA BARBARA CHANNEL 

PLANT DESIGN 
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August 1971 

This study covers the design of a Gas Processing Facility to 
process gas for the initial conditions of flow rates and com.,­
position given in the "Design Basis" section of this report. 
The facility is more fu11y described in the other sections of 
this report where a plant description~ equipment lists and 
specifications, flow diagrams~ and layouts will be found. 

The initial facility is designed to be expandable into a 
facility capable of handling the flow rates and composition 
for the "Ultimate" gas as given in the "Design Basis. 11 

Changes necessary to accomplish this expansion are described 
in the section on "Ultimate Plant Description, 11 

Certain process and facility requirements and other criteria 
as outlined in the "Design Basis" dictated some of the plant 
design philosophy. The effects of these requirements on the 
design are discussed below. 

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 areas of the 
facility must be examined. These include not only major areas 
such as the sulfur recovery unit and du~ incinerator, but also 
smaller features such as product loading and miscellaneous minor 
vents and drains, The design of these systems from an air 
quality standpoint is discussed below, 

Drain Systems - Since the major source of odors in a sour 
gas processin.g plant (assuming the sulfur recovery unit is 
operating properly) is miscellaneous venting and acci.-· 
dental liquid spills, every effort must be made in the 
plant design to control these seemingly minor items. For 
this reason, all items such as gauge glasses and liquid 
level controls, which are routinely blown-down in the 
normal course of operations, have been connected into 
closed drain systems. 



PLANT DESIGN 

DESIGN FOR AIR QUALITY CRITERIA 

Drain Systems - continued 

B-41449 
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All process vessels and other equipment which would 
norn1ally be drained for maintenance purposes are a l so 
connected into these closed drain systems. Vapors from 
these drain systems, released in closed v~nt tanks at 
essentially atmospheric pressure, are collected and 
incinerated. 

Flares and Vents - All hydrocarbon vapors discharged from 
the fac ility either by safety relief valves or by manual 
or automatic control valves will be collected in a f l are 
system and discharged to smokeless .flares. This equipment 
is sized to handle maxi.mum venting rates from any of the 
plant sources . 

Any acid gases (mixtures of H2s and COz, containing too 
little hydrocarbons to burn) relcaaed by safety re l ief 
valves or other controls at time of plant upsets or 
emergencies, will be collected in a low pressure vent 
gas system and discharged to the sulfur unit tail gas 
incinerator. This same low pressure vent system will 
gather any oil separa t or and drain system vent tank vapors 
for incineration. 

Fue l and Combustion Equipmen t 

All fuel consumed in the fad.lity will. be sweet natural 
gas obtained from within the proc.ess:tug uni ts or from the 
sales gas pipeline. Total sulfur content of the fuel gas 
will be not more than 20 gr/100 SCF, well below t he maximum 
of 50 gr. /100 SCF allowed i.n the APGD regulations. Fuel 
gas will be used in direct fired process heaters , a small 
steam boiler, an industrial type gas turbine, and as fue l 
gas for the waste gas incinerator. A total initial f uel 
gas consumption of 973 MSCF/D is anticipated. 

Product Loading - The initial facility will produce a 
single liquid hydrocarbon product, a mixture of iso-butane 
and heavier hydrocarbons having a calculated vapor pressure 
of 51 psia at l00°F . This mixture will be stored in pres­
sure storage t anks and shipped by trucks . The truck 
loading and vapor return lines will be fitted with suitable 
connectors to comply with APCD regulations. 
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PLANT DESIGN 

DESIGN FOR AIR QUALITY CRITEIUl\ 

Fuel and Combustion Equipment - continued 
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Product sulfur will be shipped as a liquid at about 300°F 
in i~IJ.l.%.tAd-tan~--.!~t!!~!· Because of the low vapor pressure 
of sulfur at this temperature, no vapor collection sy~tem 
is provided. 

Sulfur Plant Desi.gg - The sulfur recovery unit, while \ 
ultimately recovering about 12 long ton/day of sulfur, is 

bprimardil~ anda1f·r po111.~t bi?n1 .cont:r.odlftlmi~b· . 1~s sucfh, it h~s \I 
een eSJ.gne or re :i..a i 1ty an - exi 1 1ty o . operation 

and for low sulfur (sul fur dioxide) emissions. To accom­
plish this, the facility has been broken down into a primary 
Claus Llnit recovering about 95% of the available su l fur, and 
a secondary tail gas unit to bring the overall recovery up j 
to 99%. The residual 1% of sulfur compounds will be incin- f 
erated to sulfur dioxide before being vented from a stack. 1 
No unburned hydrogen sulfide wi.11 be vented • 
.,..,,, . ..._ ·-·- ·-~·· ... ---.. -- ~· ·-·-··. ·-··· __ ... _,,,,,_._ ... __ , __ ,_,, ............ ,.._, .. .....,._,.,_ .. _. __ , ____ .._,.., .... ~---;--. ............... 

This proposed combination of units will meet the anticipated " 
APCD regulations allowing not more than 0.2 volume percent 
or sulfur dioxide to be erni.tted. In the initial f acility, 
normal emissions of sulfur dioxide should be less than 
12 lb/hr. at a concentration of about 370 ppm (by volume) 
in the incinerator stack. The ultimate facility would 
increase this figure to about 16 1.b/hr. at the same 
concentration. 

The proposed sulfur recovery facility :represents a workable 
combination of proven uni.ts, all p :i.eces of which are in 
industrial operation at the present time. With the combin­
ation, a sulfur recovery of 99% is obtainable. 

The field of sulfur recovery, and particularly tail gas clean­
up, is a constantly changing one in which new developments 
and new processes are continually emerging. One of these 
promising new precesses is the Stretf ord process which removes 
hydrogen sulfide from a mixture of gases and converts it 
directly to sulfur. The removal efficiency of this process 
is good and it would probably cut the sulfur emission~. 
However, the process has some operating problems at present, 
and until these are worked out, we feel that we have picked 
the most practical design at the present t i.me . If these 
operating problems are resolved i.n the near future, it may 
be that a Stretford unit, operating on the acid gas from 
the treating unit, would be considered as a substitute for 
the present design. 
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In designing the unit to meet water quality regulations, several 
factors are involved. The problem has been simplified by t:he 
decision to make the facility as 11 dry 11 as practicaL Very little 
makeup water is required; therefore, very little waste water is 
produced. 

All plant cooling is accomplished by using aerial coolers so that 
no water cooling tower is required. This eliminates a major 
source of blow-down water. In the few cases where an aqueous 
liquid cooling medium is required, such as for engine jackets 
and bearing cooling, small closed loop jacket water systems 
with aerial coolers or radiators have been provided. 

In general, plant heating requirements are handle.d by a circu· .. 
lating hot oil system, or by direct fired process heaters. In 
the sulfur recovery unit, where direct heating and aerial cooling 
are not practical, a small steam system will be required. This 
steam system will require a small treated water makeup, and will 
produce a small blowdown water stream. 

All waste water streams from the facility will be collected in 
closed· or op~n dra'in~systems and routed to a collecting or vent 
tank at essentially atmospheric pressure. These waste streams 
will include any produced water from the inlet facilities, water 
removed from the gas by the glycol dehydrat:Uon unit, backwash 
and regeneration water and brine from the water treating unit, 
backwash water from the amine filters, and steam system blowdown. 
These total waste water streams should ave rag<.~ under 1000 Lb. /Hr, 
After collection, these waste streams will be pumped to the water 
injection unit in the adjacent Crude Oil Facilities (report C-10140) 
where they will be diluted with water and injected into 
a subs ur:.J::.9-.C.12 ... f2~C:1.l~~. 

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 will be separated from the water before 
discharge to the creek. Any skirmned oil will be pumped to the 
Crude Oil Facilities. 

Sewage Disposal - The gas processing facilities will utilize 
a permanent crew of operators and staff personnel. Proper 
sanitary facilities, as required by codes and ordinances~ 
will be provided for these personnel in the office/shop/ 
warehouse area and in the control building. 
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The type of soil at the plantsite, as determined by a soil 
investigation, will have a great deal to do with the selec­
tion of the method of sewage disposal. If the resulting 
soil is a granular type (sand, gravel, etc.) with a rela­
tively high degree of porosity, ideal for natural percolation, 
a conventional septic tank system with a disposal or leaching 
field will be recommended. If the soil is a highly compacted 
clay type impervi.ous 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. 

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 below: 

~guipment Codes - All equipment in the facili.ty will be of 
types usually used in oil and gas processing facilities. 
The following are the 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 Exchanger Manufacturers Association 
(TEMA Standards) 

Standards of the Hydraulic Institute (Pumps) 

American Petroleum Institute (API) various standards for 
tanks. 

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

1. Uniform Building Code, as published by the 
International Conference of Building Officials. 

2. California Administrative Code, Title 24, State 
Building Standards, Parts lA and 2, Basic Building 
Regulat:tons. 

3. Concrete and Foundations 

a. ACI Building Code - American Concrete Institute. 
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OTHER DESIGN CRITERIA 

Building Codes - continued 

b. CRSI Design Handbooks _, Concrete Reinforcing 
Steel Institute. 

c. ASTM Standards - American Society 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 for Testing 

Materials. 

5. Piping 

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

1. ANSI B3l. 3 Petroleum Refinery Piping -
American National Standards Institute. 

2. ANSI B3L4 Liquid Petroleum Transportation 
Piping Systems. 

3. ANSI B3L 8 Gas Transmission and Distribution 
Piping Systems. 

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

c. Miscellaneous ASTM fications or Standards. 

6. Electrical 

a. NEC - National Electrical Code 
b. California Administrative Code, Title 24, State 

Building Standards, Pa:ct 3, Basic Electrical 
Regulations. 

c. API, RP··SOOA - Area Classifications 

7. Instrumentation 

a. ISA Standards and Practices for Instrumentation -
Instrument Society of Au1erica. 

b. API Standards and Recorrunended Practices. 
c. AGA Orifice Metering of Natural Gas. 
d. "Flow Meter Engineering" by Spink. 
e. ASME Bo:i.ler and Pressure Vessel Code for Rc:jlief 

Valves. 
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OTHER DESIGN CRITERIA 

Building Cod~~. - Continued 

8. General 

a. "General Industry Safety Orders," issued by the 
Div~sion of Industrial Safety, State of 
California. 

b. "Petroleum Safety Orders ~· Refining, Transporta­
tion, and Handling, 11 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 Adminis­
tration, 

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

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

9. All design calculations and drawings on foundations, 
structures, buildings, etc., will be stamped by an 
engineer registered in the State of California. 

Foundation Design - A complete soil investigation of the 
entire plantsite by a qualified soils engineering and mater­
ials testing firm will be required. 

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 all other equipment and material. It 
is felt at this time that either spread footings or some form 
of concrete piling (drilled and cast- lace) will be suitable 
for most requirements. 

S ecial Materials of _fQ!l~Lf::i:uctioJl. - In general, for a 
facility such as this, standard materials are suitable in 
most areas. In certain portions of the inlet and gas treat­
ing sections, where the sour gas is handled, controlled com­
position carbon steels may be required. Heat treating 
(stress relief) after fabrication will be required for cor­
rosion protection of certain of the sour gas equipment and 
piping. Extensive use of special materials such as the 
stainless steels is not required in this type of facility. 
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Eguipment J?.p~reL2E.sLJl~~<i~m5L§ncy~ - Normal plant practice with 
respect to spare equipment will be followed. In general, 
rotating equipment such as pumps will be spared, if failure 
of the item would cause a plant shutdown. Equipment such 
as heat exchangers and pressure vessels will not be spared. 

In the ultimate facility, certain 
as multiple trains of equipment. 
breakdown of a single train would 
partial plant capacity. 

units will be installed 
Thus, a major upset or 
result in the loss of only 

Fire Protection S~Il - A firewater system with tank, 
pump, hydrants, and monitor nozzles is provided. The system 
is interconnected with the firewater loop in the Crude Oil 
Facilities, so that the fire pump in either facility can 
provide protection to both facilities. 

Central Control and Emerge!!~.~gs - A central control 
room will be provided control -;:-·""operatI;;g 
varlab les such as pressures. ' flow rates' and 
levels from the various units will be transmitted to the 
control room where they will be displayed and used as input 
to process controllers. The plant operator thus has a 
coi_rp_~!£ture before him oft:he~r€[!:,,~J;,C1tus of the 
operaston and can make whatever adjustments are necessary. 
ArariU J_:?Qi,,µts and automatic shutdown are also displayed in 
theControl room. 

Emergency plant shutdown, if , can be initiated by 
the operator from the control room. In addition to total 
plant shutdown, certain units and ind:Lvi.dual pieces of 
equipment have their own safety shutdown systems. These 
would include flame failure shutdown systems on fired 
equipment, vibration shutdowns on fans for aerial coolers, 
and pump shutdowns on low level in suction vessels. The 
various shutdown systems are described more fully on 
drawing 00-1=27. 

Noise and Vibration Factors - Proper silencing of equipment, 
air intakes, and vents will be provided to keep operating 
noise from the facility at an acceptable leveL in accordance 
with the Occupational safety and Health Standards for General 
Industry. Because very little reciprocating equipment, of 
relatively small sizes, has been used in the plant design, 
there will be no measurable vibration of the earth at the 
plant boundary. 
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HUMBLE OIL AND REFINING COMPANY 
GAS PROCESSING FACILITY 

SANTA BARBARA CHANNEL 

PLANT MATERIAL BALANCE 

Plant Inlet S 

Plant Outlet Streams 

Sales Gas 
Sulfur 
Counnercial Propane 
Iso-Butane Plus Mixture 
In-Plant Fuel Gas 

Plant Conditions 

MMSCF/D 

MMSCF/D 
LT/D 
BPD 
BPD 
MMSCF/D 

Basic Refrigeration Level °F 
Total Lean Oil Rate GPM 
Sales Gas Gross Heating 

B-41449 
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Initial 
Case 

28 

23.39 
8.36 

960 
0.97 

0 

Ultimate 
Case 

90 

76.95 
11,80 

2640 
2537 

2.42 

0 
150 

Value BTU/SCF 1251 1094 
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HUMBLE OIL AND REFINING COMPANY 
GAS PROCESSING FACILITY 

SANTA BARBARA CHANNEL 

UTILITY REQUIREMENTS 
FUEL GAS BALANCE 

B-41449 
August 1971 

___ MSCF-'-/..;:..D ___ _ 

Normal Fuel Demand 

Refrigeration Compressor 
Lean Oil Fractionator Reboil.er 
Ainine Still Reboiler 
Regeneration Gas Heater 
Air and Acid Gas Preheater 
Converter Gas Reheater 
S02 Generator 
Incinerator 

Total Normal Fuel 

Intermittent Fuel Demands 

Glycol Regenerator 
Standby Steam Boiler 
Emergency Generator 

Fuel Gas Net Heating Value BTU/SCF 

Initial Ultimate 
Case 

201. 

615 

28 
22 
19 
88 

973 

94 
16 

1550 

Case 

779 
534 
868 

20 
45 
27 
33 

112 

2418 

64 
120 

20 

1218 



HUMBLE OIL AND REFINING COMPANY 
GAS PROCESSING FACILITY 

SANTA BARBAlU\ CHANNEL 

UTILITY REQUIREMENTS - STEAM 

5511 STEAM SUMMARY - INITIAL CASE 

Glycol Regenerator 
Sulfur Plant Tracing 
I.F .P. Unit 
Sour Gas Heater E- 2 
Tank Heaters T-11, T- 12 

TOTAL 

Sulfur Plant Steam Make 
Standby Boiler 

TOTAL 

482 
1,000 
1,000 
1,436 

600 --
4,518 

'~' 150 
368 

4,518 

55if STEAM SUMMARY - ULTIM.i\TE CASE 

Glycol Regenerator 
Sulfur Plant Tracing 
I. F . P. Unit 
Sour Gas Heater E-2 
Tank Heaters T- 11 , T- 12 
Excess Steam Condenser A-8 

TOTAL 

Sulfur Pl ant Steam Make 

1,630 
1,000 
1,000 

600 
1,621 

5,851 

5,851 
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_:QTILITY ~QUIREMENTS 

MAKE-UP WATER 
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Normal Requirements L 5 GPM Initial 

l, 7 GPM Ultimate 

ELECTRIC POWER 

Initial Ultimate 

Nonnal Operating Load 1,022 KW 1,MO KW 

(See following detailed sheets) 
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HUMBLE OIL AND REFINING COMPANY 
GAS PROCESSING FACILITY 

SANTA BARBARA CHANNEL 

PLANT DESCRIPTION - INITIAL 

B-41449 
August 1971 

The following sections describe the main items of equipment and 
their method of operation for the initial case. The block flow 
diagram below shows the interconnection of the principal process 
units and their product rates. 
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PLANT DESCRIPTION - INITIAL 

INLET FACILITIES 

B-41449 
August 1971 

Plant inlet facilities are described below and shown on Drawings 
00-1-01 & 00-1-10. 

The initial gas flow of 28 MMSCF/D enters the unit at 60°F and 
915 psia as a mixed phase stream. The liquid portion amounts to 
about 16 GPM and could enter the unit in slugs because of the 
large vertical rise in the offshore piping. Because of this, 
facilities have been included to admit these slugs into the unit 
at a controlled rate. 

The sour gas and liquid are separated in the Inlet Separator (V-2), 
Liquids are removed from the drum on flow control (reset by level 
control) and flows to the inlet of the Sour Gas Heater (E-2) where 
it is vaporized and heated to l00°F with the sour gas from E-1. 

The sour gas from V-2 flows through the Sour Gas Exchanger (E-1) 
where it is heated by exchange with treated gas from the amine 
unit. 

From the Sour Gas Heater (E-2) the stream flows through the Sour 
Gas Final Separator where any unvaporized liquid is removed before 
the sour gas passes on to the amine unit. 

The l00°F gas temperature was chosen since it is about 20°F above 
the dew point of the total stream. This represents a reasonable 
safety factor to prevent hydrocarbon condensation in the amine 
contactors. 

V-2 has a capacity of approximately 8,750 gallons. This size was 
chosen in order to be able to contain either a 15 minute slug of 
inlet fluid or a slug equal to 700 feet of inlet pipe without 
filling the drum over 65% full. 

In the event that a very large slug reaches the unit, an emergency 
liquid disposal system has been provided. This is actuated by a 
level switch which dumps the liquid through E-3 where it is heated 
to approximately l00°F. The dumped liquid then flows to the Low 
Pressure Condensate Separator (V-4). Vapor from V-4 combines with 
the Amine Vent Tank gas and together they are treated in the Low 
Pressure ~ne Contactor. Liquid from V~4 is normally returned to 
the Inlet Separator(V-2) at a controlled rate by P~l for disposal 
through the normal liquid flow control system. An emergency dump 
system is also provided on V-4 which dumps excess liquid to the 
closed drain. 
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GAS TREATING 
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For the initial case one 100% capacity treating train is provided 
using aqueous diethanolamine (DEA) as the treating solution. 
Normally this train will be operating at design with the initial 
inlet gas. 

The gas treating processing scheme is described below and on 
Drawings 00-1-02, 00-1-11, 12, 13. 

The sour gas from the inlet facilities enters the bottom of the 
HP Amine Contactor (V-11), which contains 22 valve trays where 
it is contacted by a 25 wt. % DEA stream. The H2s and co2 in the 
sour gas are absorbed in the DEA and a sweet gas stream leaves 
the top of the contactor. 

The sweetened gas stream flows through a Treated Gas Scrubber 
(V-12) where entrained DEA and water are removed. The sweet gas 
stream then flows to E-1 (Sour Gas Exchanger) where it is cooled 
by heat exchange with the inlet sour gas before flowing to the 
hydrocarbon recovery section. 

Rich amine is removed from the bottom of the Contactor (V-11) 
on level control and flows to the Amine Vent Tank (V-1.3) which 
operates at 90 psia. Dissolved gases separate from the rich 
amine in the vent tank. Vent gas is fed to the low pressure Amine 
Contactor (V-15). 

V-15 is a packed column in which the vent gases are counter­
currently contacted with DEA to remove the acid gases. The 
sweetened vent gas leaves the top of the tower, on pressure control, 
and flows to the low pressure fuel system. Rich amine from the 
Low Pressure Contactor (V-14) flows back to the vent tank via a 
gravity return system with a liquid seal inside the vent tank. 
This contactor has not been spared since the gas volume is very low 
and could be flared for short periods without significantly raising 
the sulfur emissions from the plant. 

The total rich amine stream from the vent tank flows (on level 
control) to the Amine Solution Exchanger (E-11) where it is heated 
to 213°F by heat exchange with the hot lean amine from the still. 
The rich stream then flows to the Amine Still (V-16). 

The Amine Still (V-16) contains 20 valve trays. Valve-type trays 
are reconnnended due to the large capacity variation that may 
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GAS TREATING - continued 
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occur on this unit in the future. The feed stream enters the 
still at the 18th tray where it is contacted with reflux from the 
19th tray and by stripping steam generated by heat in-put at the 
bottom of the tower. The steam strips the acid gases from the 
solution, producing an amine stream essentially free of acid gases 
at the bottom of the tower. 

The overhead vapor stream from the still will be at approximately 
216°F and contains the stripped acid gases, steam and a small 
amount of hydrocarbons. These vapors flow to the Amine Still Con­
denser (A-12) where the stream is cooled to 110°F, condensing most 
of the steam. The effluent from A-12 flows to the Amine Still 
Reflux Accumulator (V-17) where the water and uncondensed acid 
gases are separated. The water is returned to the still as top 
reflux by the Reflux Pump (P-13). The acid gas stream from 
V-17 then flows to the sulfur plant. 

Heat input to the Amine Still is by means of a forced circulation 
fired heater; the Amine Still Reboiler (H-11). This unit is 
specified with low heat flux and low temperature rise to minimize 
corrosion. The amine to the reboiler is pumped by the Reboil.er 
Pump (P-14) to the reboiler on flow control. 

The net lean amine flows, on level control, from V-16 to the Amine 
Solution Exchanger (E-11) where it is cooled from 250°F to 186°F. 
The lean amine stream then flows into a single Amine Surge Tank 
(T-11), a gas blanketed, cone-roof tank with a capacity of 370 bbl. 
A by-pass is provided so that this tank can be taken out of service. 

From T-11, the total lean amine is pumped by the Amine Booster 
Pump (P-11) through the Amine Solution Cooler (A-11) where it is 
cooled to 110°F. A-11 is an air cooler sized for the ultimate of 
the design flow and specified so that it will be constructed in 
two separate sections. 

From A-11, some of the cooled amine flows on flow control to the low 
pressure contactor, while the remainder goes to the H.P. Amine Pump 
(P-12). From P-12, the high pressure amine is fed on flow control to 
the H.P. Amine Contactor (V-11). 

A single Amine Solution Filter (S-11) is provided on the discharge 
of P-11 upstream of the Amine Cooler (A-1.1). This filter is an 
automated precoat type sized to handle 10% of the total ultimate 
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circulation rate. The filtering rate is relatively high in order 
to ensure low concentrations of contaminants in the circulating 
amine stream to minimize corrosion in the system. 

SULFUR: RECOVERY 

The sulfur recovery system consists of a split flow, three converter, 
Claus unit and an IFP Tail Gas Cleanup Unit. The system is designed 
to convert 99% of the inlet H2S to liquid sulfur. 

One train of 100% initial capacity is provided for the Claus unit 
with a single tail gas unit sized for the ultimate plant. This 
is a highly efficient Claus unit, which will keep the sulfur recovery 
above 95.1% even if the tail gas unit is off-line. 

The main reactions taking place in any Sulfur Recovery Unit are: 

2H2S + 302. ) 2Hz0 + 2SOz (1) 

2HzS + SOz~ 2Hz0 + 3S (2) 
ZHzS + Oz ZH20 + ZS (3) 

In the split flow process proposed here, reaction (1) takes place 
in the 802 Generator and reaction (2) in the convertors. The 
IFP Tail Gas Cleanup Unit continues reaction (2) in its approach to 
equilibrium. Reaction (3) above shows the overall results of the 
reactions in a sulfur recovery unit. 

These systems are described in the following writeup and are shown 
in detail on Drawing 00-1-03, 00-1-14, 15, 16. 

A. Claus Unit 

Acid gas from the amine unit passes through an Inlet Scrubber 
(V-21) where any entrained water and DEA are removed. The acid 
gas from V-21 is then split by a ratio control system into two 
streams: 

1. A "one-third stream" which goes to the 802 generator (H-21) and, 
2. A "two-thirds stream" which by-passes the SOz generator. 

The acid gas stream to H-21 is preheated to L;50°F in the Feed Gas 
Heater (H-23), a small, dual service heater which is used to 
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SULFUR RECOVERY 

A. Claus Unit - continued 
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preheat the acid gas and to preheat the combustion air to 750°F. 

Combustion air is delivered to the system by the Combustion Air 
Blower (C-21). Air flow is controlled by a ratio control system 
which measures both the acid gas and the auxiliary fuel to the 
S02 generator and adjusts the flow to keep a stoichiometric 
volume of air going to the generator. 

The preheated air and gas streams from H-23 flow to the S02 
Generator (H-21) where they burn and form S02. H-21 is similar 
in design to a normal Claus unit reaction chamber. The main 
diffeTence is the very large residence time (3.0 seconds) in 
the chamber. The large residence time is necessary to ensure 
complete conversion of the H2S to S02 when processing feeds with 
low H2S concentrations. In addition to this, the combustion 
chamber temperature has been set at 20000F to ensure stable com­
bustion. A small amount of auxiliary fuel gas is required to 
achieve the 2000°F level. 

The exhaust gases from the generator are cooled from 20000F 
to 790°F by generating 55 psig steam in the Waste Heat Boiler 
(B-21), a fire-tube type boiler. The cooled S02 stream then 
mixes with the acid gas stream which by-passes the S02 
generator and flows to the Claus converter system. The mixture 
at this point will have the correct H2S and S02 ratio (2:1) 
and temperature (460°F) to ensure high Claus unit conversione 

One added feature has been incorporated in the design to ensure 
conversion of the H2S and so2 with minimum excess air. This is 
a provision which allows 45% (instead of 1/3) of the inlet 
acid gas to be diverted to the S02 Generator to let the excess 
H2S act as an oxygen scavenger. 

The combined gas stream then flows through a 3-converter Claus 
sulfur train. The three converters V-22, 23, and 24 are combined 
in one vessel with internal partitions. This reduces the plot 
area required and allows the use of a larger diameter vessel 
which improves access to the catalyst bed for dumping, loading, 
and leveling. The combined gases flow first to the No. 1 
Converter (V-22). In V-22, approximately 85% of the inlet n2s and 
S02 are converted to sulfur raising the effluent temperature to 
approximately 535°F. 
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The gases then flow to the No. l Condenser (E-21) where the 
sulfur and gases are condensed and cooled to 335°F by 
generating 55 psig steam. The liquid sulfur and uncondensed 
vapors are separated in the outlet channel of the exchanger. The 
liquid sulfur drains through a seal pot into the sulfur pit 
and the vapor passes through a demister to reduce sulfur 
entrainment. 

The condensed gases from E-21 next flow through an externally 
fired reheater (H-22). This type of a reheater, rather than a 
reheat exchanger, was chosen to insure proper temperature control 
with the large variations in throughput that will be experienced 
on this unit. This heater is a dual service heater which combines 
both the first and second reheater in one shell. The gases 
leave the reheater at 410°F and flow to the No. 2 Converter (V-23). 
Approximately 69% of the H2S and so2 in the feed to V-23 are 
converted to sulfur in this converter raising the effluent 
temperature to 420°F. The gases from V-23 then flow to the No. 2 
Condenser (E-22) where the sulfur and gases are condensed, cooled 
to 335°F and separated from the uncondensed vapors (as noted for 
E-21). 

The uncondensed gases from E-22 then flow back to the reheat 
furnace where they are reheated to 400°F. From the heater, they 
flow to the third Converter (V-2Lf), where approximately 22% of 
the remaining H2S and S02 are converted to sulfur. The gases 
leave the converter at 4010F and are condensed and cooled to 265°F 
in E-23. E-23 is similar in design to E-21 and E-22; but, because 
of the lower temperature, boiler feed water is used as the coolant 
rather than steam generation. 

The uncondensed gases from E-23 flow through a high efficiency 
tail gas coalescer where entrained liquid sulfur is removed from 
the stream before entering the tail gas clean-up unit. 

B. Tail Gas Cleanup Unit 

The tail gas unit proposed is an IFP (Institute Francais Du Petrole) 
Claus sulfur plant tail gas cleanup unit. This is a proprietary 
unit of IFP's which uses a liquid organic solvent and a catalyst to 
dissolve the H2S and S02 from the tail gas and to continue the 
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Reaction of H2S and so2 to form sulfur. This reaction takes 
place in a packed tower. Liquid sulfur is drawn off the bottom 
and flows to the sulfur storage area. The solvent and catalyst 
are continuously recirculated from the interface zone (above the 
sulfur boot) to the top of the tower to increase the 
efficiency. Both a heater and cooler are provided on the recir­
culated solvent stream. The heating unit is basically for 
startup while the cooler is required during operation to remove 
a small amount of the heat of reaction and for temperature 
control to keep catalyst/solvent losses low. 

Solvent and catalyst storage tanks for approximately 3-6 months 
inventory have been provided, together with the necessary makeup 
pumps. 

From the top of the IFP contactor the gases flow to the Tail Gas 
Incinerator (H-24) where any remaining sulfur compounds are 
incinerated at 1000°F with 25 to 30% excess air, prior to venting 
through a 100 foot high stack. This incinerator and stack has 
been designed to keep the S02 concentration in the stack gases 
below 0.2 volume percent. In a separate study by Metronics 
Associates, Inc. (Technical Report No. 177), it is pointed out 
that even with the Sulfur Recovery Unit shut down, a stack such 
as this should give off property ground level so2 concentrations 
generally below the State standards. 

C. Sulfur Recovery Steam System 

This is shown on Drawing 00-1-17. 

Boiler feed water (from the treating system on Drawing 00-1-07) 
is preheated in E-23 and flows into the 55 psig Steam Drum (V-26) 
and the Waste Heat Boiler (B-21) on level control. Boiler feed 
water from V-26 is fed to the two Sulfur Condensers (E-21 and E-22) 
via thermosyphon circuits. About 1380 #/hr. of 55 psig steam is 
generated in this circuit in the initial case. Steam generation 
in B-21 (the waste heat boiler) is approximately 2770 

D. Special Design Considerations 

1. Controls 

Both the Claus unit and IFP unit are sensitive to the ratio 
of H2S to S02. Ideally, this ratio should be 2.0, however, 
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ratios of 1.9 to 2.1 do not reduce overall recoveries 
noticeably. The ratio control system included in the design 
will minimize these variations. 

2. Third Converter 

The third converter in the design is basically a pollution 
control feature, added to ensure high overall recovery in 
the event of either poor operation of the first or second 
converters, or the need to shut down the tail gas cleanup 
unit. 

HYDROCARBON RECOVERY FACILITIES 

This system consists primarily of sweet gas chilling, depropanization 
of the resultant liquid, recompression, butanes-plus product: cooling, 
and chiller separator vapor heating. The system is shown on drawings 
00-1-04 and 00-1-18. 

The inlet gas is the DEA-treated gas stream at 885 psi.a and 75°F. 
This sweet gas is cooled to 41°F by exchange with chiller separator 
vapor in the Main Gas Exchanger (E-31). In order to prevent the 
formation of hydrates in the exchanger, ethylene glycol is sprayed 
into the inlet: channel. After the exchange, the mixture is chilled 
to 0°F by propane refrigeration in the Main Gas Chiller (E-32). 
Ethylene glycol is also sprayed into the inlet channel of the chiller. 
Following the chiller, the mixture flows into the Chiller Separator 
(V-31) where the glycol is collected in a bootleg and returned to the 
glycol system. The vapor from the separator at 0°F and 875 psia is 
heated to 65°F in the Gas Exchanger (E-31) and then flows into the 
sales gas line. The liquid from the separator is heated to 17°F in 
the Depropanizer Feed-Ovhd. Exchanger (E-L,3) and :Ls then fed to the 
Depropanizer (V-47) at 234 psi.a. 

Depropanizer overhead vapors are partially condensed in E-43 and 
collected in the Depropanizer Reflux Accumulator (V-Lf8). The vapor 
from the accumulator at 36°F and 225 psia flows to the Recompressor 
Suction Scrubber (V-37). Part of the vapor from the suction scrubber 
is taken for fuel gas uses. The remaining vapor is compressed by the 
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Recompressor (C-32) and joins the chiller separator vapor going to 
sales. The liquid from the reflux accumulator is pumped back to the 
top of the column as reflux by the Depropanizer Reflux Pump (P-lf5). 

The bottoms from the Depropanizer at 21.9°F and 237 psia are split 
with part being pumped directly through the waste heat Depropanizer 
Reboil.er (E-42), part being circulated to heating oil uses before 
returning to the reboil.er, and part going to storage as butanes-plus 
product. Heat from the exhaust gas of the refrigeration compressor 
turbine-driver is utilized to heat the reboil.er feed to 231.°F before 
returning it to the bottom of the column. The butanes-plus product 
is cooled to 1.05°F at 227 psia in the butanes-plus Product Cooler 
(A-44) before being sent to storage. 

GLYCOL INJECTION UNIT 

The glycol injection unit is shown on drawing 00-1-19. The unit is 
designed for the ultimate plant; initially, 5.0 GPM of lean glycol 
is circulated to remove 90.7 lb/Hr of water from the process streams. 

Lean glycol is pumped by the Glycol Injection Pump (P-58) to injection 
points on the Main Gas Exchanger (E-31.) and the Main Gas Chiller 
(E-32). Rich glycol solution is separated from the gas and hydro­
carbon liquids in the Chiller Separator (V-31) and flows through the 
Glycol Exchanger (E-6) and Glycol Trim Heater (E-7) and into the 
Glycol Flash Tank (V-51) where any disolved hydrocarbons are removed. 
From V-51, the rich solution flows to the Glycol Still (V-52) where 
the glycol is regenerated in a packed tower by boiling off the water. 
Heat is supplied to the tower by a steam heated Glycol Reboiler (E-8). 
The resulting regenerated, or lean, glycol flows from E-8, and is 
cooled in E-6 on its way to the Glycol Surge Tank (V-50). 

RE FRI GE RAT ION 

Cooling for the Main Gas Chiller (E-32) is provided by a propane 
refrigeration system shown on drawings 00-1.-07 and 00-1··20. The gas 
is chilled in E-32 to 0°F, using propane refrigerant at -1.0°F. The 
propane is condensed in an aerial cooler at 105°F. A single inter­
stage economizer is used. The system requires an input of 590 BHP 
which is furnished by a gas turbine driven centrifugal compressor 
(C-61). Exhaust heat from this gas turbine is recovered in the 
Depropanizer Reboil.er (E-42). 
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A total propane flow of 28, 000 f/:/Hr. is discharged from the compressor 
and condensed in the Propane Condenser (A-61). The liquid propane 
then flows to the propane Receiver (V-62) at 202 psia and 1050F and 
is flashed into the Propane Economizer (V-63) at 79 psia and 410F. 
6, 900 f/:/Hr. of flash vapor flows from the economizer, through the 
Propane Interstage Scrubber (V-64), and into the suction side of an 
intermediate compressor stage. The remainder gf the propane is 
flashed from the economizer to 31 psia and -10 F prior to exchange 
in the chiller. The propane vapor from the chiller flows through the 
Propane Suction Scrubber (V-61) and back to the first stage suction 
of the compressor. 

STORAGE AND SHIPPING 

The storage, shipping, and rerun facilities are described below and 
are detailed on Drawings 00-1-06 and 00-1.-22, 

The butane-plus storage fCJ.cilities consist of two 90, 000 gallon 100 
psig, horizontaCs't;'rage 't:i!~ks (T-52) which provide three clays-plus 
product storage. Butane-plus product from T-52 is pumped by the 
loading pumps (P-52) at a rate of 500 GPM to truck loading facilities 
Vapors from the truck loading are returnect""tothe'"'~storage tanks in 
a vapor return line. A rerun pump (P-53) is available to pump 
liquids from T-52 back to the unit for reprocessing. 

A one spot truck loading facility has been provided for loading 
liquid sulfur. 

STEAM AND WATER 

The steam generation equipment and feedwater treatment is shown on 
drawings 00-1-07 and 00-1-17. 

Make-up water to the plant is pumped by the Raw Water Pump (P-26) 
through the make-up Water Treater (W-21) into the Treated Water Storage 
Tank (T-23). From here it is fed to the D.A. Heater (W-22) with a 
side stream available for displacement in the Amine Filter (S-11). 

The base of the D.A. Heater is a surge space from where the Boil.et' 
Feed Pump (P-25) takes suction and delivers feed-water to the stand­
by Steam Boiler (B-22) and the sulfur plant with a small stream 
available as make-up to the amine stills. 
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During normal operation, the bulk of the steam demand will be 
supplied by the Sulfur Plant export steam with a small amount made­
up by the stand-by boiler. 

FLARES, VENTS, AND DRAINS. 

These facilities are shown on drawing 00-1-24. 

The high pressure plant facilities relieve to a high pressure flare 
header and the remaining plant facilities, with the exception of 
those operating at or near atmospheric pressure, relieve to a low 
pressure flare header. The two flare headers terminate at the Flare 
Separator (V-8). Liquid removed in V-8 is discharged to the 
Hydrocarbon Vent Tank (V-7). The vapor from the separator flows to 
an integrated flare system. 

The integrated flare system consists of a fan-assisted flare and an 
elevated flare. The elevated flare is sized to handle the ultimate 
plant inlet of 90 MMSCF/D. The fan-assisted flare is sized to 
handle 22 MMSCF /D, the largest quantity of gas which may reaso·nably be 
expected to be flared for any appreciable duration. In event a 
quantity of gas in excess of 22 MMSCF/D is flared, the excess gas will 
be diverted to the elevated flare. The gas may also be diverted to 
the elevated flare during times of maintenance of the fan-assisted 
flare. The flare system will burn smokelessly. A flame front 
generator is provided for remote ignition of the pilots on both 
flares. 

Vapors at or near atmospheric pressure are collected in the vent 
vapor header and are' discharged to the sulfur plant Tail Gas Incinerator 
(H-24). The Amine Still Reflux Accumulator excess pressure controller 
and safety valve also relieve to this system. This acid gas stream 
was taken to the incinerator rather than to the low pressure flare in 
order to obtain more complete combustion of hydrogen sulfide and to 
obtain better dispersion of the resulting combustion gas. 

Equipment and instruments containing hydrocarbon are drained to the 
closed hydrocarbon drain which terminates at the Hydrocarbon Vent 
Tank (V-7), which is equipped with a pump to deliver waste liquids to 
the Crude Oil Facility (C-10140). Water from the L.P. Condensate 
Separator (V-14) is drained to the closed water drain which also 
terminates in V-7. Water is discharged separately to the vent tank to 
prevent freezing which would result from the auto-refrigeration effect 
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of flashing hydrocarbon streams. Open drains are collected in the 
open drain system which is provided with seals at appropriate locations. 
The overhead from the glycol reconcentrator also discharges to the 
open drain system which also terminates at V-7. Boiler bluwdo1;m is 
drained from the boiler drum to V-7. 

Equipment and instruments containing amine are drained to the amine 
drain which terminates at the Amine Sump (T-13). The Amine Sump 
is equipped with a pump which returns amine from the sump back to the 
gas treating system. 

Equipment and instruments containing glycol are drained to the glycol 
drain which terminates at the Glycol Sump (V-53). This sump is 
equipped with a pump which returns glycol from the sump back to the 
glycol system. 

Back Wash from the precoat amine filter is drained to the Amine Filter 
Drain Tank (V-79). The drain tank is equipped with a pump which 
transfers water to the Hydrocarbon Vent Tank. Solids which collect 
in the drain tank will have to be removed periodically. 

All low pressure vent tanks and sumps discussed above are vented to 
the Tail Gas Incinerator. 

FUEL GAS SYSTEM 

The plant fuel gas system is shown on Drawing 00-1-23, A dual pressure 
system is used in order to make the best use of inplant fuel sources, 
For start-up and emergency makeup, fuel gas can be taken from the sales 
gas pipeline outside the plant valve. 

High p.ressure fuel gas is taken at about 200 psig from the Recompressor 
Suction Scrubber (V-37), heated in the Fuel Gas Heater (E-44) to 
prevent condensation after pressure reduction and fed to the H.P. 
Fuel Gas Scrubber (V-77). Some high pressure fuel is used for the Gas 
Turbine Driver (C-61) and the rest is reduced in pressure to about 75 
psig and sent to the L.P. Fuel Gas Scrubber (V-78). 

Treated gases from the L.P. Amine Contactor (V-15) also feed the 
Scrubber (V-78). Fuel gas requirements for all remaining plant 
services are distributed from this point. 
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Plant electric power requirements will be furnished by purchased 
power from local utilities. In order to protect the plant and pro­
vide means for an orderly shutdown in case of a power failure, a 
220 KW gas turbine driven Emergency Generator (G-1) is provided. 
This generator will supply emergency power to one instrument air 
compressor, motorized plant block valves, and some emergency lights. 

In order to provide continuous power to certain electronic 
instruments (analyzers and combustion controls) and to the emergency 
shutdown system, a battery-inverter system will be provided to over­
ride momentary power outages. 

GENERAL PLANT UTILITIES 

An instrument air system complete with air-cooled, nonlubricated 
compressor and spare, an air receiver, and an automatic air dryer 
will be furnished as shown on drawing 00-1-23. 

A utility air system complete with air-cooled compressor and air 
receiver will be furnished as shown on drawing 00-1-23. Utility 
air will also serve as a backup to the instrument air system. 

FIRE PROTECTION SYSTEM 

A motor driven Fire Water Pump (P-8) will be furnished to supply 
water to a fire loop in the Gas Processing Facilities. A valved 
connection will connect this loop with the fire system in the Crude 
Oil Facilities (C-10140) where the fire pump is engine driven. Thus 
either system can spare the other. Suction to both pumps is frorr; a 
common 20,000 Bbl water tank. The system is shown on Drawing 00-1-23. 

Ina:ldition to a water system, numerous hand and wheeled dry chemical 
fire extinguishers should be located around the facility. 

EMERGENCY SHUTDOWN SYSTEM 

The functions of the emergency shutdown system are shown on drawing 
00-1-25. Individual alarms and unit shutdowns are covered on this 
sheet as well as the effects of power failures and general plant 
emergency shutdowns. 

From this drawing, we see for example that a high H2S concentration in 
the treated gas will close the amine contactor outlet valve; closing 
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this valve for any reason will automatically close the plant inlet 
valve. High inlet gas pressure also closes the plant inlet valve, 

As another example, a high rising level in the Propane Suction 
Scrubber (V-61) will first sound an alarm, and then, if the level 
still rises, will shutdown and stop the fuel gas to C-61 gas turbine, 
close the compressor (C-61) suction and interstage block valves, 
stop the flow of Depropanizer bottoms to E-41 Depropanizer Reboiler, 
and vent the gas turbine (C-61) exhaust to atmosphere. 

Most all of the shutdown functions, which are activated by individual 
unit emergency events, will also be activated by a general plant 
manual shutdown switch. Such general shutdown stations will be 
located in the central control room and at one or more remote locations 
outside the operating area. 
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Changes to the initial plant to accommodate the increase in feed 
from 28 to 90 MMSCF/D are described below under the various main 
sections. As will be seen, t he vast majority of the initially 
installed equipment i s used in the ultimate processing scheme 
with the addition of parallel equipment or trains. The Hydrocarbon 
Recovery and Fractionation Facil ities are considerably expanded 
along with their support systems such as Refrigeration. The bl ock 
flow diagram below shows the interconnection of the various pro­
cessing units . 

SULFUR SULFUR -RECOVERY 11.8 LT/D 
--

INLET GAS - INLET { GAS 
90 MMSCF/D - FACILITIES ~ _TREATI NG 

--

-

HYDROCARBON SALES GAS ;;... 
RECOVERY UNIT 

FRAC'rIONATION 
UNIT 

76.95 MMSCF/D 

PROPANE 
PRODUCT 

2640 BBL/DAY 

B~S-PLUS 
PRODUCT 

2537 BBL/DAY 
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Additions to the inlet facilities are shown shaded on Drawing 00-1-01. 
The main equipment additions in the inlet area are two more parallel 
shells to the Sour Gas Exchanger (E-1) and a Standby Glycol Dehy·­
drator (U-31). 

All the inlet area vessels installed in the initial case are adequate 
for the ultimate 90 MMSCF/D case. 

The ultimate gas is much drier than the initial and, therefore, the 
Sour Gas Heater (E-2) would not ordinarily be needed under ultimate 
design conditions. However, it is possible that some liquids may 
separate out i.n the Inlet Separator (V-2), and E-2 is retained in 
the ultimate scheme to dispose of these. To avoid excessive pressure 
drop in E-2 at the ultimate rate of 90 MMSCF/D, a by-pass would be 
installed such that approximately 2/3 of the dry gas did not pass 
through the exchanger. 

In the ultimate case, sour gas would be fed to the amine unit at 90°F; 
this is 40° above the dew point. 

GAS TREATING FACILTIES 

Additions to the treating facilities are shown shaded on Drawing 00-1-02. 
With the increase in inlet gas rate from 28 to 90 MMSCF/D, a duplicate 
DEA treating train would be added. The size of equipment in the amine 
treating unit is primarily dictated by circulation rate. With the 
increase in DEA circulation rate from 422 GPM to the ultimate 593 GPM, 
each of the two ultimate amine trains would be operating at 70% of 
their design capacity. 

The main equipment additions in the Gas Treating Facilities would, 
therefore, consist of a second H.P. Contactor (V~ll), Vent Tank (V-13), 
along with a second Amine Still (V-16) with its Reboil.er (H-11), 
Reboiler Pump (P-14), Reflux Condenser (A-12), and Reflux Pump (P-13)) 
thus giving a common spare pump for these services. 

The ultimate Hydrocarbon Processing scheme will include Propane 
Product Treating. To treat the mercaptan-containing regeneration gas, 
the Regeneration Gas Contactor (V-14) would be added. The sweet gas 
off the Regeneration Gas Contactor will be used in the fuel gas system 
and the rich amine will flow on level control to either or both Vent 
Tanks (V-13). 

Other major equipment such as the H.P. Amine Pumps (P-12), Amine Booster 
Pumps (P-11), Amine Solution Cooler (A-11), along with the Amine Filter 
(S-11) and the Storage Tanks (T;..ll and T-12) were originally sized for 
the ultimate conditions. 
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Ultimate sulfur recovery is shown on Drawing 00-1-03 Ultimate. The 
philosophy of the sulfur recovery expansion to handle the ultimate 
sour gas rate of 90 MMSCF/D is similar to that used on the amine gas 
treating unit. 

A second three converter Claus sulfur train would be added with the 
result that at ultimate gas rates both would be operating at 70% of 
of design. 

The I.F.P. Tail Gas Clean-up Unit as initially installed is sized 
for the ultimate case and would not need to be modified for the 
expansion to 90 MMSCF/D of inlet gas. Even with the I.F.P. unit 
off-line, the highly efficient three converter Claus unit will keep 
the sulfur recovery above 95.1%. 

HYDROCARBON RECOVERY FACILITIES 

In order to handle the additional volume of gas in the ultimate case 
and to obtain both liquid propane and butane-plus products, the 
hydrocarbon recovery facility will be enlarged and a refrigerated 
absorption design will be incorporated into the initial scheme. 

The process flow suggested is shown on Drawing 00-1-04 Ultimate. 

The sweet inlet gas is chilled to 0°F and sent to the Chiller Separator 
(V-31) as in the initial case. From this point on, the flow and equip­
ment differ from the initial scheme. 

The vapor from the separator at 0°F and 875 psia flows into the 
bottom of the Absorber (V-32), a tower with 24 valve trays, where 
it is contacted countercurrently with presaturated absorption oil. 
As the gas flows up through the absorber, approximately 74% of the 
propane, essentially all of the butane and heavier, and approximately 
6% of the lighter hydrocarbon in the feed gas to the absorber are 
absorbed in the lean oil. The gas from the top of the absorber, which 
is at 5°F is combined with 121 GPM of lean oil at 89°F, and the mix­
ture is chilled to 0°F in the Absorber Presaturator Chiller (E-33). 
From the chiller, the mixture flows into the Absorber Presaturator 
Separator (V-33). The gas off the separator, after being heated to 
65°F in the Gas Exchanger (E-31) flows into the sales gas line. The 
liquid from the separator is pumped back to the top of the absorber 
as lean oil. 

Rich oil from the absorber is combined with liquid from the chiller 
separator to make a total feed of 385 GPM to the Rich Oil Flash 
Tank (V-34). The vapor from the flash tank is heated from 3°F to 
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70°F by exchange with absorber denuded lean oil in the R.O. Flash 
Tank Vapor Heater (E-39), The heated gas is combined with any 
deethanizer residue gas not used for fuel and the mixture is com­
pressed and joins absorber residue gas going to sales. The liquid 
hydrocarbon at 500 psia and 3°F in the flash tank is reduced in 
pressure to approximately 435 psia and then heated to 17°F by ex­
change with the feed to the Deethanizer Presaturator Separator 
(V-36) in the Deethanizer Presaturator Exchanger (E-34). The liquid 
then flows through the Deethanizer Feed Heater (E-37) where it is 
heated to 20°F by exchange with the total lean oil stream and is 
then fed to the Deethanizer (V-35). 

The Deethanizer is a combination of a reabsorber and reboiled 
stripper using presaturated lean oil and producing a deethanized 
bottom product with a minimum propane loss in the overhead vapors. 
Vapor off the top of the Deethanizer is combined with 29 GPM of 
lean oil and the mixture is cooled in E-31+, the presaturator 
exchanger, from 73°F to 20°F as mentioned above. The cooled mixture 
flows to V-36, the presaturator separator. 'rhe liquid from the 
separator is pumped to the top of the Deethanizer as lean oil while 
the vapor is heated from 20°F to 45°F in the Deethanizer Residue 
Gas Heater (E-38) by exchange with the deethanizer lean oil stream. 
Part of the residue gas is taken for fuel gas uses. The remaining 
gas is combined with the gas from the Rich Oil Flash Tank and recom-· 
pressed as mentioned above. Liquid from the bottom of the Deethanizer 
is cooled from 278°F to 190°F in the Deethanizer Side Heater (E-35) 
and then flows as feed to the Depropanizer in the Fractionation Unit. 

Liquid to the Deethanizer Reboiler (E~36) is drawn off a chimney 
tray just below tray No. 1 at 222°F and heated to 278°F by exchange 
with circulating hot lean oil. The lean oil is cooled from 493°F 
to 242°F in the reboiler. From the circulating lean oil stream, 150 
GPM is further cooled to 105°F in the L.O. Cooler (A-31) and proceeds 
through exchange mentioned above to the Deethanizer Presaturator 
Separator and the Absorber Presaturator Separator. 

FRACTIONATION FACILITIES 

Since in the ultimate case, it is desired to recover propane as a 
separate product, as well as the butane~plus product of the in:i.tial 
case, a fractionation system will be required. This fractionation 
system is shown on drawing 00-1-05 Ultimate. 

The Deethanizer bottoms product from the Hydrocarbon Recovery Unit 
is fed to the Depropanizer (V-41) at 230 psia and 190°F. Overhead 
vapors are totally condensed in the Depropanizer Condenser (A-41) 
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The Deethanizer bottoms product from the Hydrocarbon Recovery Unit 
is fed to the Depropanizer (V-41 at 230 psia and 190°F. Overhead 
vapors are totally condensed in the Depropanizer Condenser (A-41) 
and collected in the Depropanizer Reflux Accumulator (V-42). The 
liquid from the Accumulator is split into 160 GPM of reflux and 77 
GPM of propane product which is sent to the product treater. Bottom 
liquid is drawn off a chimney tray just below Tray No. 1 at 255°F 
and flows through the Depropanizer Reboiler (E-41) where it is heated 
to 350°F, partially vaporized, and returned to the Depropanizer. Cir­
culating hot lean oil is used as the heating oil in the reboiler. 

As mentioned above, propane product is directed to the product 
treaters. The Product Treaters (V-45 A&B) are two vessels operated 
consecutively (i.e., one is treating while the other is being regen­
erated) for the purpose of removing trace components containing sulfur 
(mercaptans, etc.). The liquid propane product flows through the 
molecular sieves contained in the treater and thence to storage. As 
the liquid passes through the sieve bed, the mercaptans, other sulfur 
compounds, and any water which might be present, are absorbed into 
the sieves resulting in a product essentially free of contaminants. 
Regeneration is accomplished by flowing fuel gas, heated to 600°F, 
in the Regeneration Gas Heater (H-42) through the sieve bed of the 
treater on regeneration cycle. The hot fuel gas drives the contam­
inants off the sieves. The regeneration gas then flows through the 
Regeneration Gas Cooler (A-43) and the Regeneration Gas Scrubber 
(V-46) and to the Regeneration Gas Contactor before rejoining the 
fuel gas system. 

The bottoms from the Drpropanizer are fed to the Lean Oil Fractionator 
(V-43) where a split between the C-4+ hydrocarbons and circulating 
lean oil is made. The overhead vapor is totally condensed in the 
Lean Oil Fractionator Condenser (A-42) and collected in the Lean Oil 
Fractionator Reflux Accumulator (V-44), The liquid from the Accumu­
lator is split into 148 GPM reflux and 74 GPM of C-4+ product which 
is sent to storage. The C-4+ product contains all the C-6 and 
lighter hydrocarbons, 98.8% of the C-7 1 s (F-1 fraction) and 11.5% 
of the F-2 fraction present in the column feed. The bottoms from 
the L.O. Fractionator are split with some being pumped directly 
through the fired Lean Oil Fractionator Reboiler (H-/fl) and some 
being circulated to the Dump Liquid Headers, the Depropanizer 
Reboiler, and the Deethanizer Reboiler as heating oil before re­
turning to the Lean Oil Fractionator Reboiler. 150 GPM of the 
circulating oil stream is removed as lean oil for the presaturators 
as already described. Heat from the exhaust gas of the refirgera­
tion compressors turbine drivers is utilized along with supplementary 
fuel gas firing to heat the Lean Oil Fractionator Reboiler feed to 
501°F before returnining it to the bottom of the column. 
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The initially installed glycol injection unit was sized for the 
ultimate design conditions and thus will not require any changes to 
its equipment. 

In the ultimate scheme, the lean glycol flow will be 10 GPM which 
is 100% higher than the initial case. Rich glycol will be returned 
to the reconcentrator from the Chiller Separator (V-31) with pro­
vision to collect any accumulation in Rich Oil Flash Tank (V-·34). 

In the event of a shutdown of the gas processing operation, standby 
gas dehydration is provided by Unit U-3L The treated gas from the 
DEA unit would be dehydrated by glycol in a Glycol Cont.actor. Rich 
glycol would be reconcentrated in the Glycol Regnerator and pumped 
back to the Contactor. 

REFRIGERATION 

The refrigeration load will be substantially increased in the ultimate 
case. The additional requirements for this system are shown on 
Drawing 00-1-07. 

In the ultimate case, additional duty is required for the Main Gas 
Chiller (E-32), and an additional chiller, the Absorber Presaturator 
Chiller (E-33) must be supplied with refrigeration~ The additional 
HP requirements necessitated by this increased load results in the 
need for two more gas turbine-driven centrifugal compressors. Add­
itional bays must be added to the Propane Condenser aerial cooler to 
meet the increased condensing load. 

PRODUCT STORAGE AND SHIPPING 

In the ultimate case, propane product and additional butane~plus 
product must be accommodated. The added equipment for the ultimate 
case is shown on Drawing 00--1 ~06, 

Two additional 90,000 gallon Butane~Plus Storage Tanks (T-52) will 
be required. Five 90,000 gallon Propane Storage Tanks (1'~51) and 
two 500 GPM Propane Loading Pumps will be installed. 1bese additions 
will provide three days product storage at the increased product 
rates. 
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The main deifference in the ultimate configuration is that the sulfur 
plant produces more export steam than the rest of the plant uses which 
will necessitate the addition of a small Excess Steam Condenser (A-8). 

Water usage in the ultimate case will not change significantly from 
the intial. 
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1 - 15' x 5' x 8200 sq. ft. cooler w/3-5 HP motors. 8,000:ffo 

A-11 Amine Solution Cooler (Initial & Ultimate) 
1 - 30' x 30' x 149,000 sq. ft. cooler w/6-25 HP motors. 121,000:ffo 

A-12 Amine Still Condenser (Initial: 1, Ultimate: 2) 
1 - 30' x 11' x 49,800 sq. ft. cooler w/2-25 HP motors. 40,00o:/t 

A-31 Lean Oil Cooler (Ultimate Case Only) 
1 - 15' x 18' x 18,800 sq. ft. cooler w/1-15 HP motor. 15,000# 

A-41 Depropanizer Condenser (Ultimate Case Only) 
1 - 30' x 24' x 113,700 sq. ft. cooler w/4-25 HP motors. 167,000:fl 

A-42 L.O. Fractionator Condenser (Ultimate Case Only) 
1 -30' x 19' x 87,700 sq. ft. cooler w/2-40 HP motors. 72,000:fl 

A-43 Regenerator Gas Cooler (Ultimate Case Only) 
1 - 15' x 5' x 8200 sq. ft. cooler w/3-5 HP motors. 8,000# 

A-44 Butanes - Plus Product Cooler (Initial Case Only) 
1 - 15' x 5' x 8200 sq. ft. cooler w/3-5 HP motors. 8,000# 

A-61 Propane Condenser (Initial: 1, Ultimate: 4) 
30' x 16' x 75,800 sq. ft. cooler w/2-30 HP motors. 62,000# 

B-21 Waste Heat Boiler (Initial: 1, Ultimate: 2) 
2, 77o:/f/Hr. x 105 psig (design) waste heat boiler 
Approx. size 12' (L) x 6' (W) x 6' (H), 8,000:ffo each 

B-22 Steam Boiler (Initial & Ultimate) 
1 - 8,000:fl/Hr. x 105 psig (design) packaged boiler 
Approx. Size 12' (L) x 6' (W) x 6' (H). 9,000:ffo each 

C-21 Combustion Air Blower (Initial: 2, Ultimate: 3) 
Rotary air compressors w/40 HP motors. 2000:ft each 

C-22 Incinerator Forced Draft Fan (Initial & Ultimate) 
2 - 1400 scfm blowers w/7.5 HP motors 
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C-28 Utility Air Compressor (Initial & Ultimate) 
1 - 6 x 5 air cooled air compressor w/25 HP motor. 200(}/f 

C-29 Instrument Air Compressor (Initial & Ultimate) 
2 - 8 x 8 non-lubricated air cooled air compressors w/40 HP 
motors. 

C-32 Recompressor (Initial: 2, Ultimate: 3) 
1 cylinder reciprocating compressors w/200 HP motors. 

C-61 Propane Refrigant Compressor (Initial: 1, Ultimate: 3) 
Centrifugal compressor driven by 1,100 HP solar gas turbine. 

E-1 Sour Gas Exchanger (Initial: 1 shell, Ultimate: 3 shells) 
26 x 240 type BEM w/1985 sq. ft. 21,00(}/f 

E-2 Sour Gas Heater (Initial & Ultimate) 
1 - 10 x 120 type BEM w/106 sq. ft. 3,500# 

E-3 Dump Liquid Heater (Initial & Ultimate) 
1 - 25' double pipe exchanger w/288 sq. ft. 5,40(}/f 

E-6 Glycol Exchanger (Initial & Ultimate) 
1 - 16' double pipe exchanger w/322 sq. ft. 

~-7 Glycol Trim Heater (Initial & Ultimate) 
1 - 8' double pipe exchanger w/35 sq. ft. 

~-8 Glycol Reboiler (Initial & Ultimate) 
1 - 17 x 27 - 192 AKU exchanger w/345 sq. ft. 

E··ll Amine Solution Exchanger (Initial: l shell, Ultimate: 2 shells) 
44 x 240 type AET w/5,080 sq. ft. 19,000# 

E-21 Sulfur Condenser No. 1 (Initial: 1 shell, Ultimate: 2 shells) 
32 x 144 type CEN. w/877 sq. ft. 10,000# 

E-22 Sulfur Condenser No. 2 (Initial: 1 shell, Ultimate: 2 shells) 
22 x 192 type CEN. w/407 sq. ft. 9,00(}/fa 

E-23 Sulfur Condenser No. 3 (Initial: 1 shell, Ultimate: 2 shells) 
30 x 144 type CEN. w/711 sq. ft. 10,000# 

E-31 Main Gas Exchanger (Initial: 1 shell, Ultimate: 2 shells) 
27 x 288 type BEM w/2960 sq. ft. 27,000# 

E-32 Main Gas Chiller (Initial: 1 shell, Ultimate: 2 shells) 
34 x 62 - 192 type LKN w/3170 sq. ft. 30,00(}/f 
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E-34 Deethanizer Presaturator Exchanger (Ultimate Case Only) 
1 - 20 x 192 type BEM w/655 sq.-ft. 

E-35 Deethanizer Side Heater (Ultimate Case Only) 
1 - 27 x 192 type BEM w/2040 sq. ft. 

E-36 Deethanizer Reboil.er (Ultimate Case Only) 
1 - 29 x 192 type BEM w/exp. jt. w/2130 sq. ft. 

E-37 Deethanizer Feed Heater (Ultimate Case Only) 
1 - 10' nom. double pipe section w/200 sq. ft. finned surface. 

E-38 Deethanizer Residue Gas Heater (Ultimate Case Only) 
1 - 10' nom double pipe section w/718 sq. ft. finned sur~ace. 

E-39 R.O. Flash Tank Vapor Heater (Ultimate Case Only) 
1 - 10' nom double pipe section w/623 sq. ft. finned surface. 

E-41 Depropanizer Reboil.er (Ultimate Case Only) 
1 - 35 x 192 type BEM w/3600 sq. ft. 

E-42 Depropanizer Reboiler (Initial Case Only) 
1 - 13' L x 10' W x 10' H waste heat exchanger w/6500 sq. ft. 
total surface. 45,000:/f 

)1-43 Depropanizer Feed OVHD Exchanger (Initial Case Only) 
1 - 18 x 168 type BEM w/400 sq. ft. 6,000:/f 

E-44 Fuel Gas Heater (Initial & Ultimate) 
1 - 10' nom. double pipe section w/104 sq. ft. finned surface. 

G-1 Ernergencx Generator (Initial & Ultimate) 
1 - 220 KW emergency generator driven by 325 HP gas turbine, 
750(}/f 

H-6 Integrated Flare System (Initial & Ultimate) 
1 - integrated flare system consisting of an elevated flare, 
a fan assisted flare, and a flame front generator 

H-11 Amine Still Reboiler (Initial: 1, Ultimate: 2) 
24.SMM BTU/Hr. fired heater. Approx. size 14' diam. x 30' 
box & stack. 200,000IF 

H-21 S0 0 Generator (Initial: 1, Ultimate: 2) 
Reaction furnace type so2 generator. Approx. size 8' I.D. 
x 2 0 I • 9 ' OOOIF 
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I 
H-22 Convert1\r Gas i\eheate;~ (Init1-al: 1, Ultimate: 2) 

Verticai cylinder heater, 7' I.D. x 12' box & stack. 7,50():/f 
(2 services in each heater) 

H-23 Air & Gas Preheater (Initial: 1, Ultimate: 2) 
Vertical cylinder heater, 7' I.D. x 12' box & stack. 7,500# 
(2 dervices in each heater) 

H-24 Tail Gas Incinerator & Stack (Initial & UltimateY 
1 - loo' high x 14" r. n. 22, ooo:/f 

H-41 L.O. Fractionator Reboiler (Ultimate Case Only) 
1 - Horiz. convection w/turbine exhaust make-up 
18' x 24' x 30' high. 300,000# 

H-42 Regeneration Gas Heater (Ultimate Case Only) 
1 - Vertical cylindrical heater 8' I.D. x 18' & stack. 17,00o:/fa 

P-1 Dump Liguid Pum12 (Initial & Ultimate) 
1 - 15 GPM triplex P.D. pump w/25 HP motor. 2,50():/fa 

P-6 H. C. Vent Tank Pump (Initial & Ultimate) 
1 - 20 GPM vertical turbine pump w/2 HP motor. 

P-7 Drain Tank PumE (Initial & Ultimate) 
1 - 20 GPM vertical turbine pump w/l~ HP motor. 

P-8 Fire Water Purn12 (Initial & Ultimate) 
1 - 6 x 10 centrifugal pump w/200 HP motor. 

P-11 Amine Booster Pume (Initial & Ultimate) 
2 - 4 x 6 x 14 cent. pumps w/300 HP motors. 3,80():/fo each 

P-12 H.P. Amine Pump (Initial & Ultimate) 
2 - 3 x 4 x 5 stage cent. Pumps w/500 HP motors. 7, 100# each 

P-13 Amine Still Reflux Pum12 (Initial: 2, Ultimate: 3) 
1 x 2 cent. pumps w/3 HP motors. 35():/fa each 

P-14 Amine Reb oiler Pume (Initial: 2, Ultimate: 3) 
4 x 6 double suction cent. pumps w/30 HP motors. 

P-15 Amine Transfer Pum12 (Initial & Ultimate) 
1 - 1 x 2 cent. pump w/3 HP motor. 350# 

P-16 Amine Sump Pump (Initial & Ultimate) 

1, 50():/f each 

1 - vertical centrifugal pump w/15 HP motor. l,000# 

P-21 Sulfur Loading Pump (Initial & Ultimate) 
2 - 175 GPM steam jacketed pumps w/25 HP motors. 2,20():/fa each 
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P-22 Sulfur Transfer Pump (Initial & Ultimate) 
1 - 30 GPM steam jacketed pump w/7.5 HP motor. 900:/fo 

P-23 IFP Solvent PumE (Initial & Ultimate) 
1 - metering pump w/l HP motor. 2251fo 

P-24 IFP Catalyst Purn:e (Initial & Ultimate) 
1 - metering pump w/l HP motor. 225# 

f-25 Boiler Feedwater Pump (Initial & Ultimate) 
2 - 112 x 2 cent. pumps w I 15 HP motors. 1, 000:/fo each 

P-26 Raw Water Make-up Pump (Initial & Ultimate) 
2 - 1 x 1 cent. pumps w/2 HP motors. 250# each 

P-31 H.P. Lean Oil Pump (Ultimate Case Only) 
2 - 2 x 3 horizontal 3-stage centrifugal w/75 HP motors. 

P-32 L. P. Lean Oil Pump (Ultimate Case Only) 
2 - 3 x 4 horizontal 3-stage centrifugal w/75 HP motors. 

P-33 Absorber Presaturator Pump (Ultimate Case Only) 
2 - 3 x 4 vertical in-line w/10 HP motors. 

P-34 Deethanizer Presaturator Pump (Ultimate Case Only) 
2 - 112 x 3 vertical in-line w/5 HP motors. 

P-41 Depropanizer Reflux Pump (Ultimate Case Only) 
2 - 112 x 3 vertical in-line centrifugals w/20 HP motors. 

P-42 L.O. Fractionator Reflux Pump (Ultimate Case Only) 
2 - 212 x 3 horizontal centrifugals w/5 HP motors. 

P.-43 L. O. Fractionator Bottoms Pump (Ultimate Case Only) 
2 - 5 x 9 horizontal centrifugals w/75 HP motors. 

P-44 Depropanizer Bottoms Circulating Pump (Initial Case Only) 
2 - 3 x 5 horizontal centrifugals w/25 HP motors. 

P-45 Depropanizer Reflux Pump (Initial Case Only) 
2 - 112 x 2 vertical in-line centrifugals w/2 HP motors. 

P-51 Propane Loading Pump (Ultimate Only) 
2 - 500 GPM vertical turbine pumps w/100 HP motors. 4500# each 

P-52 Butane - Plus Loading Pump (Initial & Ultimate) 
2 - 500 GPM vertical turbine pumps w/50 HP motors. 3200# each 
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1 - 50 GPM vertical turbine pump w/20 HP motor. 

P-54 L.O. Injection Pump (Ultimate Only) 
1 - 1.\ x 2 horizontal centrifugal pump w/3 HP motor. 

P-57 Glycol Inhibitor Pump (Initial & Ultimate) 
i - metering pump w/~ HP motor. 

P-58 Glycol Injection Pump (Initial & Ultimate) 
2 - 10 GPM reciprocating pumps w/10 HP motors. 

P-59 Glycol Sump Pump (Initial & Ultimate) 
1 - 15 GPM vertical turbine pump w/l~ HP motor. 

P-60 Treated Water Pump (Initial & Ultimate) 
2 - 1 x 1 centrifugal pumps w/2 HP motors. 25():/f each 

S-1 Glycol Filter (Initial & Ultimate) 
1 - replaceable, 4 micron, cartridge filter, 751f MWP. 

S-11 Amine Filter (Initial & Ultimate) 
1 - precoat filter sized for 50 GPM. Approx. area req'd. 
10' x 15'. 2,500:/f 

T-11 Amine Solution Surge Tank (Initial & Ultimate) 
1 - 138" x 20' high atmospheric storage tank. 1L0004/: 

T-12 Amine Storage Tank (Initial & Ultimate) 
1 - 120" x 12' high atmospheric storage tank. 10,000iff 

T-13 Amine Sump (Initial & Ultimate) 
1 - 48" x 10' - O" horizontal drum (buried). 2,5009/: 

T-21 Catalyst Storage Tank (Initial & Ultimate) 
1 - 120" x 12' - O" atmospheric storage tank. 9, 8004/: 

T-22 Solvent Storage Tank (Initial & Ultimate) 
1 - 120" x 12' - O" atmospheric storage tank. 9,800://: 

T-23 Treated Water Storage Tank (Initial & Ultimate) 
1 - 84" Dia. x 8' - O" SS atmospheric storage tank. 2, 6001/: 

T-51 Propane Storage Tanks (Ultimate Only) 
5 - 90,000 gallon (150" I.D. x 89' - 7") x 250 psig MWP 
horizontal vessel. 191,000://: each 

T-52 Butane - Plus Storage Tanks (Initial: 2, Ultimate: 4) 
90, 000 gallon (150" I. D. x 89' - 7") x 100 psig MWP 
horizontal vessel. 104, 6004f each 
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1 - 120" Dia. x 20' high atmospheric storage tank. 10,500:/f 

U-6 Instrument Air Dryer (Initial & Ultimate) 
1 - Kemp dual tower adsorptive dryer complete for fully 
automatic operation. 1500:/f 

U-21 Tail Gas Cleanup Unit (Initial & Ultimate) 
IFP tail gas cleanup unit. Approx. size - absorber 60" I.D. 
x 80'; plot area - 10' x 30' 

U-31 Standby Glycol Dehydration Unit (Ultimate Case Only) 
1 - packaged unit 8' x 18' plus 54" I. D. x 16' - O" SS 
x 1000:/f :MWP vertical vessel including internal cooling 
coil. 28, OOO:f!= 

V-2 Inlet Separator (Initial & Ultimate) 
1 - 84" I.D. x 28' - O" N.S. x 1,00011= :MWP horizontal vessel. 
88' 30()://: 

V-3 Sour Gas Final Separator (Initial & Ultimate) 
1 - 48" I.D. x 9' - O" SS x 10051/: :MWP vertical vessel. 14,000:f/: 

V-4 Low Pressure Condensate Separator (Initial & Ultimate) 
1 - 96" I.D. x 32' - 011 N.S. x 1251/: :MWP horizontal vessel. 
23' 600:f!= 

V-7 H.C. Vent Tank (Initial & Ultimate) 
1 - 96" O. D. x 16' - O" x lo://: :MWP horizontal vessel. 9, 8001fo 

V-8 Flare Separator (Initial & Ultimate) 
1 - 78" O. D. x 14' - O" x 50:f/: :MWP vertical vessel. 7, 050:/f 

V-11 H.P. Amine Contactor (Initial: 1, Ultimate: 2) 
54" I.D. x 53' - 011 x 10001/: :MWP towers w/21 trays. 73,4001/: each 

V-12 Treated Gas Scrubber (Initial & Ultimate) 
1 - 42" I.D. x 9' - O" x 10001/: :MWP vertical vessel. 14,5001/: each 

V-13 Amine Vent Tank (Initial: 1, Ultimate: 2) 
54" I. D. x 14' - O" x 125:/f :MWP horizontal vessel. 5, 60()://: 

V-14 Regeneration Gas Contactor (Ultimate Only) 
1 - 18" O.D. x 37' - 011 x 2751/: :MWP tower w/30 ft. of packing. 

V-15 L.P. Amine Contactor (Initial & Ultimate) 
1 - 24" O.D. x 37' - O" x 12511= :MWP tower w/30 ft. of packing. 
8' 900:fl= 
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66" I.D. x 46' - O" x 50:/J: MWP tower w/20 trays. 28,170:/f 

V-17 Amine Still Reflux Accumulator (Initial: 1, Ultimate: 2) 
42" I. D. x 8' - O" x 501! MWP vertical vessel. 3, 340:/f 

V-21 Sulfur Unit Inlet Scrubber (Initial & Ultimate) 
1 - 24" L D. x 6' - O" x 401! MWP vertical vessel. 3, 000:/f 

V-22, V-23, V-24 
Sulfur Converters No. 1, 2, & 3 (Initial: 1, Ultimate: 2) 

108" x 28' - 011 x 151/: MWP horizontal vessels partitioned 
into 3 sections. 35,000:/f each. 

V-25 Tail Gas Coalescer (Initial & Ultimate) 
1 - 84" x 10' - O" x 151! MWP horizontal vessel. 6, 000:/J: 

V-26 55 PSIG Steam Drum (Initial: 1, Ultimate: 2) 
24" x 8' - O" x 1051! MWP vertical drum. 2, 00011 

V-31 Chiller Separator (Initial & Ultimate) 
1 - 102" I.D. x 25' - 611 x 950:/f MWP horizontal vessel. 74,600:/f 

V-32 AbsorbeY (Ultimate Case Only) 
1 - 54" I.D. x 57' - 011 x 950:/f MWP vertical vessel w/24 
trays. 

V-33 Absorber Presaturator Separator (Ultimate Case Only) 
1 - 60" I. D. x 15' - O" x 93511 MWP vertical vessel. 

V-34 Rich Oil Flash Tank (Ultimate Case Only) 
1 - 60" I.D. x 17' - O" x 600:/f MWP horizontal vessel. 

V-35 Deethanizer (Ultimate Case Only) 
1 - 30" & 66" I. D. x 125' - O" x 440:/I MWP vertical vessel 
w/40 trays. 

y-36 Deethanizer Presaturator Separator (Ultimate Case Only) 
1 - 48" I. D. x 12' - O" x 450:/J: MWP vertical Vessel. 

V-37 Recornpressor Suction Scrubber (Initial & Ultimate) 
1 - 18" O. D. x 6' - O" x 420:/f MWP vertical vessel. 1, 70011 

V-41 Depropanizer (Ultimate Case Only) 
1 - 54" I.D. x 88' - O" x 270:/f MWP vertical vessel 
w/40 trays. 
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V-42 Depropanizer Reflux Accumulator (Ultimate Case Only) 
1 - 60" I. D. x 17' - O" x 26o:/fo MWP horizontal vessel. 

V-43 Lean Oil Fractionator (Ultimate Case Only) 
1 - 54" & 78" I. D. x 98' - O" x 100:/fo MWP vertical 
vessel w/32 trays. 

V-44 L.O. Fractionator Reflux Accumulator (Ultimate Case Only) 
1 - 60" I. D. x 15' - O" x 7o:/fo MWP horizontal vessel. 

V-45 Product Treaters (Ultimate Case Only) 
2 - 54" I. D. x 24' - O" x 275# MWP vertical vessels w/18' -
O" bed of mol sieves. 

V-46 Regeneration Gas Scrubber (Ultimate Case Only) 
1 - 36" I.D. x 9' - O" x 275# MWP vertical vessel. 

V-47 Depropanizer (Initial Case Only) 
1 - 30" I.D. x 113' - O" x 27o:/fo MWP vertical vessel w/30 
trays. 32, 50o:/fo 

V-48 Depropanizer Reflux Accumulator (Initial Case Only) 
1 - 30" I. D. x 7' - 6" x 26o:/fo MWP horizontal vessel. 2, 200:/fo 

V-50 Glycol Surge Tank (Initial & Ultimate) 
1 - 60" O. D. x 16' - O" x lo:/fo MWP horizontal vessel. 

V-51 Glycol Flash Tank (Initial & Ultimate) 
1 - 36" o. D. x 14' - O" x 65# MWP vertical vessel. 3 ,45o:/fo 

V-52 Glycol Still (Initial & Ultimate) 
1 - 18" O.D. x 21' - O" x 35://: MWP vertical vessel. 

V-53 Glycol Sump (Initial & Ultimate) 
1 - 36" O. D. x 6' - O" x 15://: MWP horizontal vessel. 

V-61 Propane Suction Scrubber (Initial & Ultimate) 
1 - 66" I.D. x 7' - 6" x 2lo:/f MWP vertical vessel. 7' 000:/fo 

V-62 Propane Receiver (Initial & Ultimate) 
1 - 48" I. D. x 12' - O" x 255# MWP horizontal vessel. 6,000:/f 

V-63 Propane Economizer (Initial & Ultimate) 
1 - 36" I.D. x 8' - O" x 2lo:/fo MWP horizontal vessel. 2 '60o:/f 

V-64 Propane Interstage Scrubber (Initial & Ultimate) 
1 - 30" I.D. x 6' - 6" x 255:/f MWP vertical vessel. 2,500:/f 
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1 - 18" O.D. x 6' - O" x 250:/fa MWP vertical vessel. l,7004f 

V-78 L.P. Fuel Gas Scrubber (Initial & Ultimate) 
l - 18" O. D. x 6' - O" x 125iff MWP vertical vessel. 1, 700iff 

V-79 Amine Filter Drain Tank (Initial & Ultimate) 
l - 96" O.D. x 16' - O" x 10:/fa MWP horizontal vessel. 9,800# 

V-88 Instrument Air Receiver (Initial & Ultimate) 
1 - 72" I. D. x 19' - O" x 130# MWP vertical vessel. 10, 900# 

V-89 Utility Air Receiver (Initial & Ultimate) 
1 - 60" I. D. x 19' - O" x 155iff MWP vertical vessel. 9800:/fa 

V-90 Boiler Blowdowrt Tank(Initial & Ultimate) 
1 ... 42 11 0. D. x 5' 01 r x 7 511 MWP vertical vessel. 2400// 

w~21 Makeup Water Treater (Initial & Ultimate) 
1 - Dual tower zeolite treater. Overall size 10' x 10'. 
30011 

W-22 D.A. Heater (Initial & Ultimate) 
1 - 3' - O" x 12' - O" horizontal vessel. 4000// 
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l (2) - Waste heat boiler (fire tube type) to cool the exhaust 
gases noted below from 2000°F to 790°F by generating 
55 psig steam. The boiler is to be complete with all 
necessary controls and equipment for unattended 
operation. 

General design conditions are: 

Initial 

A. Gas Rate so2 197 
C02 1881 

N2 1733 
H20 540 
02 1 

B. Gas Temperature ~ 2000°F inlet 
790°F outlet 

Ultimate 

139 mo ls/day 
1329 mo ls/day 
1167 mo ls/day 
364 mo ls/day 

1 mo ls/day 

C. Steam Rate 2,770 (1950)#/hr. @ 55 psig each. 

D. Design Blowdown - 2% each. 

E. Design Pressure - 105 psig each. 

F. Water Inlet Temperature - 302°F each. 

a 
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No.Au'•. 1 (1) ---=S~tand~ Steam Boiler 
8 / 71°. - eyRT_ .. G_:b _____ _ 

NUrACTUlllll 

_ __ ev'--_ 1C. _ _ _ .. ___ ,. ______ !!_ ___ ._ 1d __ .. . __ _ __ __ __!!_ 

___ sou11cr :Ouou •'---

One ( 1) - packaged steam boiler - (fire tube type) to produce 
80001fa/hr . of 55 psig steam. The boiler is to be 
complete with all equipment and controls required 
for unattended operation. 

General desig~·conditions are: 

A. Steam Rate - 8000/fa/hr. @ 55 psig. 

B. Design Pressure - 105 psig 

C. Water Inlet Temperature - 215°F 

D. Blowdown Rate - 2% 

E. Fuel - 1,550 BTU/SCF (LHV) gas 
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1 (1). - 6x5 synthe t ic lubricated double acting air compressor 
driven by multiple V-Belts by 25 hp. 1800 rpm, 440V 
3 phase, 60 cycle open drip proof induction motor. 

Unit complete with air cooled aftercooler and all 
flywheel and shaft guards. 

Approximate Weight: 2,000 lbs. 

Suction Pressure: 0 PSIG 

Discharge Pressure: 125 PSIG 

Suction Temperature: 35°F to 95°F 

Compressor RPM: 450 
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Two (2) - 8x8 non- lubricated double acting air compressors 
driven by mul tiple V-belts by 40 hp., 1800 rpm, 
440 V, 3 phase, 60 Cycle open drip proof induction 
motor. 

Unit complete with ai r cooled aftercooler and all 
flywheel and shaft guards. 

Approximate Weight: 3,000 lbs. 

Suction Pressure: 0 PSIG 

Discharge Pressure: 100 PSIG 

Suction Temperature : 35°F to 95°F 

Compressor rpm.: 450 
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NUrACTUlllll SOURCE: Ouon or 

Capacit;t: Normal: 2,768 MMSCFD (14.7 psia, 60°F) 
3,183 MMSCFD (115% normal) Rated: 

Compressor Horse Power (Includes Parasite): 174 h.p. normal 
200 h.p. rated 

Gas: M. W. "" 28.48 CP/CV = 1.191 S.G. • .983 
zs o.~55 Zn= 0.682 Hydrocarbon Gas (Sweet) 

Operating Conditions: Temp. Pressure 
Suction 
Discharge 
Compression Ratio 

36°F 
162°F 

218 psia 
890 psia 
4.08 

Co,npressor Type: 1 cylinder reciprocating, 

Driver: 

Capacity Control by engine speed control 
and purchaser's by-pass 

Each cylinder equipped with suction valve 
lifters 

Electric Motor 200 Hp Explosion proof 4160 Volts, 3 phase, 
60 Hz. 

Location: Sea Level Ambient: 80°F 
Equipment suttable for outdoors/under-roof 

-
-
-
-
-
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~lYUllC*S:Cl Bv :b By :C BY :d Bv 
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,____.. 
OPERATING CONDITIONS ACCESSORIES -

BHP: RATED LLvJQ MAX, Ll3~ MIN. AIR F1LTER!i1 MFG, ,____ 
CYCLE: SIMPLE 0 REGENERATIVE 0 % EFFECT I VE __ MODEL & TYPE DUCTING INCLUDED 0 .__ 

SPEED(RPM) FULL LOAD Z5.PO RANGE ACCESSORIES -
ALTITUDE sea le "e { . FT.ATM.PRESS. L4·7 PSIA ,__.. 
AMBIENT AIR TEMP, (OF) DES I GN . _,!?<') MAX. [j MIN. _f!_ -
FUEL:NAT.GAS 181DISTl.LLATE0 DUAL D PROPANE' D INTAKE SJ LENCER (2'.J MFG, ...._ 
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MOTORS: STARTER LUBRICATION: PRESSURE 0 SPLASH 0 ,___ 

LUBE 01 L PUMP --
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STARTING BATTERY [) CONTROLS BATTERY 0 ----
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-
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Unit jridudes /J~c.flJ,. ialef £; /tev /s:ilenccv, exhm1 d r!l IJ [fl e,v-. 
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47 TUBE SHEETS-ST .. TIONARY P" l.OATINC ,_._ 

·---~-----------------------·------·-----------------48 - 8 A F F L ES_-_c_R_o __ s_s _______ ·-·-~-------T_v_P_s _____________ ___ T_H_1c_K_ N_ 1:_•·------------·-

49 8AFFl. t. • I.ONO TYPE THICKNE911 
.~O ....... .._o_A_F'_F'_L_l: ___ IM_P_'T-.--·------ - ······ - -----·--··- - - .. - - --c- ... - . -K ·E- T.-S------ ·---------- ------

1--- 1---
51 TUl!IE SUPPORTS TH ICKN E SS 

.52f--~l-C-O_N_N_E_C_T_l_O_N_S ___ S_H-~-l.-L---l-N---~--:l'f---------O-U-T----...,.,.,-=<~#,--------·-S-E-R-l-E-S-~~C'.X)-:--:-,:::::r";#'.~-l?---t=°----t 

.531-------!t---- -- CHANNttt.- IN tJ.,11 OUT ~II S ERIES \ c;;.o'tl. \?, i=". 

54 ----- -~EI GH_T s - EAC H SHI: LI. AN'? l!IVN DI. E \ q~ooo'.i\:. __ ,e_u_ N_o _1._E_ O_N_1._v ____ _______ ,.._u _1._1. __ o _F _ w_ A _T _E_R _________ _ 

.5.5~~0VER ~':.:._=~N-C~T-H--/'...-----'2,--W(n~-'-----~--------·----'------------------·--------f 

.56 ls.A.I INDICATES STRESS RIELll!IVINC • IX.A.) INDICATES RADIOGRAPHING 

.5 7 REMARKS:--.s 8 
-

.59 -60 -6 I ---f>'} 
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1 ··--
2 ·-- Stearns-&ttrr 

HEAT EXCHANGERS 
STUDY DATA SHEET ITEM NO. 

ACCT. PAGE 

1 .c usTC~.~~R ....... HUM,.......,.;;;B.,.t""E7'710 ... r ... 1 ... AND .... ,._R..,E-.F..,1;;.;N;.rI=.:N:.:..G=--.:c::..:o::.::MP=-=ANY:.:..:.'-----
' PROJECT GAS PROCESSING STUDY 

3 . .... . _ ~JO=B;;.....;..N;;..;:O,.:.. _ _;::;B_-...::.4=1...::.4...::.4~9 __ . __ 

L oc AT-,o-N-•s:!'"lANr'llT'11"".'Ax--B"'AKH.,.,,....,..,..ARA"l'Tll~c"'RANm""N""E"'L.--, -rn ............... I .... FO"""RN"""I.,A,.---
4 - .. .:-
5 - -- OAT£ 

6 -·-
7 . SEFIVICE_._;;..1.u .. r-u B... CP~ o -c.·1\J ~ t::::"P-

REV, a 
NO. b 

s MANUF AC TUA EA ·--··· ·-··----.. ·---·-·------------------------- c 
9 PROPOSAL OF d 

o=~?.~~.!:-~-~!_S.. .. _\ f..~l __ s_'!..t:=Ls PEA UNIT ON\5 AAAANO£MENT --------·-

1._. ~-~i.,.~"L'·t~ ......... __ _:!',~_I!'.____ c t; N POSITION M 6 e..1 ?:-0.1\.1 ll"""f'l_h. ____ - . 
'2 SUR,. ACE PIER UNIT 8/7 Fr 2. SUAFAClll'. PEA SHELL .877 ~ 2.. . ... 

3 PERFORMANCE OF ONE UNIT 

41---.-- SHELL SIDE TUBE SIDE 

51---+-FL_v_1_0,_c_1 .. _c_u_~~~~------- t..>ATt=='(~ .<;'\JL..Ft.> 1~ VAP.o~ + A C...10 6-+~ 
6 Q VAPOR #/ HR . IN OUT IN 13.720('1,42.) OUT 3

1
0'1 / [ ctj.t'4-, 

7 MOLECULAR WEI GH T 1 ' t----tr----
s, _a.-+_L_1 _o u_ 1_0 ______ • ,_H_R_. _+---------l------- - -J---------1!'!-' ·~q[433J~vL~U~ 

19._. ___ o_R_A_v_ i_T_"!_ ___________ -l---'---------4-----------i.--------·-----------
20 VISCOSITY 
211---+--.T-ll-·A-~--------.-,-H-R-.--+----------t-7-7_$'_(7"-4-I __, 7)c---+--------- -+---- -----
l---t----------·-·---r---,,-----,-----.,.--11--...;...;..=._.,.._i..;....._,,..._~~----------,1----------

22 WATltR #/HA. SC.OD(t ,.21 "1) "'7f...4DfA-i'.. .?,7) 
23t---t-~-~-------'-__;_.--+-==.;..;~-=-"'-'llc..µi"-'-!.~-l--L-.lo.L-L~,.W....l8..l~~~-------~-~--~--

24 NON•CONOENSAl!ILllS #/~H._R...;.._'-+-----------'-----------11-----------'----------

t----t--·-------------;---------- --·--------+-------------------25 
261---t-T-E_M_P_E_R_A_T_U_R_E~IN~~~~o-,.-. ~~+-~----~~~-::,,'~~.D~Z,,_.~~~~~~~~-f---~~--~~~_.,....'5°,~~5'~~~~~~~~~ 

27 Tll:MPERATURIE OUT o;.---1-------~2~,"'.'~~.,~7~---------+---------"3"'-3 ~ 
l---t-------------

28 OP&RATING PREHURE P.s.1 . A "/l..\ 7 2 I 1 I 
2~ NUM•llR Of' PASSES PltR SHELL l'\N t::" {) t\.I \i' 
3( VELOCITY FT.llEC. 
~ ------ - ....... .... ~ .. -.. ·----···--··-··-- -·--t-------------------+------------------

31 PllEHURI: OROP P .S.I. /) R, ALLOWllD CALC . (') '!'r' -- --.. · - -----·- ----+---'..c..1_,.,...._ ____________ _ _ l--_......_."------- ----------
32 FOULING_R_E_s_11,_T_A_N_c_e: _____ -+-------t~)~~c·~}~O_,_l ________ --+-------~~~;_,~0~·~~~~~2..""""-_________ _ 

ALLOWED CALC. 

3~1--..~~~~~~~~~~-'-~~~~...-~~~~..-~~~~-'-~~~~~~~~~~--~~~-
34 ~ ~-'!'-.!'..!.... E::.;X_C::..H-'.A_N.....;:;.O.;:;•.;:;o_- ..;:;•-'..· T_._;u_.l_H_R_. ___ · ·1_ 11-..:....:s'-'·1._0.::::. -'-0-'C_. -'(,.,,,.::::s_i.+~84-1 "'''...;(::...)..::C::.'..-..::l _________ w_._v_. o_._c_c_o_ .. _R_•_c_T_E_o_1 ___ ·-,_;.;..1 _. s:=-·----
35 TRANSFER RAT E-H;RVIC I!: \ "2.. t 0 

3~1-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
3' CONSTRUCTION - EACH SHELL 

38~====0=E=l=l=G=N==P=R=E=•=•=U=A=E=====P=·=S·=·=·=G=:================}:C)::s-===================================;-=·t=,================== 
39 TEST PREUURE P.S. I. coct.::' (/)j)t;:' 

1----11------------..,,---1--~--~--""'-"'0....:::-==--------1--------""'-''-=;-=.---------

401---1~0-E_S l_O_N_T_E_M_P_E_R_A_T_U_R~E-0_ .. _· _-1-______ __,5",,__:5::....;0~--------1--------~t~ •• ~(~j~ (?.,_ _______ _ 
41 coRROSION ALLOWANCE !la 11 y6 " 
421----l~C-O_O_E_A_E_Q_U_l_R_E_M_E_N_T_. _ _ A_S--!"'1Ll:.--------'--=--------~--'---------'--"''"---T-E-M-A-C-L-A-98-~ 

1----11----~~~~~~~~..::..;...i...=.~~~~~~~ ...... ._..~~~~~~~~~~~~~~-.-~~~~~=-..-T"r"~~~~-
431---.-T_U~~s --'A'-'-·-=2,,~1_4.__ ___ _ _ H_o_.~19,,.._7'-_o_._o_.~,_Y~=-"-a_w_G_.~IG.=-~A~i~6!C...:... ~L~E~N-G_T_H ___ l2.. _ ___ P_IT_c_H__..l.__7_/.i~=--''T_,_IC.~1~·-~ 
44._._,,~S-H~E~L~L------------~C:~"-"-''$""-','-----------··-o_._'3~2=-_" __ o_. o_. ____ T_H_lc_ K_ N_E_•• _________ ~ 
45 SHELL COVl!:A FLOATING HEAD COVER - - - .. __ .... . .. . .... ... _ ___ ,, ____ _ _ ___ _ _ _ _ .. _ _____ , _ _____ _ _ _ _ _ ______ _ __ ,_ ... .... ~7~·-·---·"'""-

46 __ :_H-~N-~E~ · - · - · C,<$ , CHANNELCOVllA (~ , •. ; , 

47_:~··•HEET9-STATIONAAY ____ ~c~~s~·~·--------------"-L-O_A_T_IN_G ________ ~------------

::- ::::~ :s-~-:-:-:-:s _______ __,C ........ ~::'~;·,-----------------------------
!IO --a-.. -,,-,,- L-l:-, - _- l_M_P_'_T-. ----·----... - .. -------

TYP E THICK NEii 

TYPE THICKNESS -----· GASKETS 

51 TUl!IE SUPPOATS THICKNESS 
5Zl----4~C-O_N_N_E_C_T_IO_N_S ___ S_H_E_L_L ___ l_N ______ .-::f_,_,~,l------------:r-n-------------'":':'.'~~::-:::::-:::-.::---

CHANNEL-IN I 0 , I 5 3 a. 
OUT "'1· SERIES is·o~c l:" ... t·" 
OUT Io 

,, 
SERIES 1 s·a ::a (<..F 

5 4 WEIGHTS- EACH SHELL ANO •UNDLE 1~000 BUNDLE ONLY FULL OF WATER 
5 5 OVERALL_L_E_N __ G_T_H __ ~/'\,.,/~--~'~G...___,r-_-_1",__ _________________________________ _ 
5 6 lS. R.) INDICATES STAES• AKLIEVING • IX. A. I INOICATlll RAOIOORAPHING 
5 7 REMARKS: -
8,__. 5 I. SLOP t.S: -59 -60 -

6 I -62 



Ferm 1.21 

HEAT EXCHANGERS 

ACCT . PAGE 
~ :~~ Steams·1»t5r . sTuoy DATA SHEET 

- ·------------·· 
4 

1 CUSTOM ER HUMBLE OIL AND REFINING COMPANY 
f .pn-;;;~~- --G'AS PROCESSING STUDY 

Lo~.;!~;;;-- sANtA BARBARA CHANNEL, CALIFORNIA 

3 :!.2!....~:-- B-41449 
----

5 

8 MANUF ~£!-~~~- --------- -·- ·-------------------------- c 
9 PROPOSAL OF d 
o = ~.?..:.~-F- ~~~ - _I f.._?._)__s_H ELLS PER UNIT ONE ARRANGEMENT ···---- -- - - -
I S IZE C.b~.--\.~_a.__ _ _'!°_'!.!"._E;'. _______ C Ii: )'>J POSITION \-\Qi: \ ?. .. O~T.f..H.._ ____ . _ 
2 SURFACE PER UNIT /.'1·-t).-7 \'·°"'T .. 7-- · SURFACe: Pe:f~ SHELL .-!\· (1 7 ~T 2. 

3 PERFORMANC E OF ONE UNIT 

4 SHELL SIDE TUBE SIDE 
1----tf-----·---- - ------ - --·-r------ ------ ---------------'-· - - - ------

1"->A l' l.. E.. :~::u :_. 1::· U fr .. 11 A. '1-'Ci;;:_, "f-;..,-r-:_:-1 L ::., A 5 5 FLUIO C IR CULA TED 

6 Q. VAPOR #/HR. I N OUT IN 1 3 O"tf / 9 , (..QJ+) O UT /3 0 / t' ( q 14-, ) 
7~- ~---M-O_L_E_C_U,~L--A-R_W_E_'-IG-H~T-----1------------1----------+--'-'i,,.::......._.__..___,._;::;..:::__,~--""""""'-'...._~_.,_.._.-:.·'-4 

-----~-~-~-- -+--------------------1-----------.._----~--.----il 8 (\_ LIQUI O 11/tlR. 80 (_ S' 8 ) - ---·---- - - - -+- -------- -1-----------...... --------- -+-----==--"'-'---'----tl 
19 ·GRAVITY 

- - - - - ·---·- ·-·-·-- ·-·----- ------ ·-+-- --------...... - - - -------4--------------l------- --- --
20 VISCOSIT Y 

21 
··-·-- - - · - -··· ·- -------·--1r-----·------t-----,,--- ...--+----------t----------1 

·zqc;. ( I S-C-t) • TEAM 
1----11-------·------··--· ·--··-----

22 WATER •IHR. ':S2.90 ( Z.3f:.Z..) 3000 ( 2 1 4·~~-; )·-t------------------

23 

2~ 

NON•CONO&:NSA8Ll!S •!HR. 
~-~--1----------........ - --- - ----1----------- ........ - - ------- --tl 

t--~r----------·~---+---------------------1--------------------·-2.s 
261----l~T-E_M_P_E_R~A-T_U_R_E~IN~~~~O~F-.~~-+-~~~~~~~-~-•. -C)~Z.~~~~~~~~~-t-~~~~~~~--""1---.-2--()~~~~~~~~~-I 

271----t~T_E_M_P_E_R_A_T_U_R_E_o_u_;_-_-_ _ 0_~_.-=_-·-+--------...;:::;?~.> ~0-=7:;_ ________ 4-___ ______ :3-'-"2.~=s-~--------·~ 

28 OPER A TING P RESSURE P.S. I. ·A 74, 7 I 8 ,C{ 
291----l~N-U~M-B_E_R~O-F-P~A-SS_E_S~-P-E-R~SH..-E•L•L-+-~~~~~~~-(-)-N~A-l~--~~~~~~~~-t-~~~~-~~~-()_N._1:.,_::'..._~~~~~~~--tl 

30 VEl..OCITV F T./SEC. - - - .. -·- .. ..... - ····-· .. - - - ··-·-·----·-+-- - - -------------- --4------------ ---------1 
C ALC . 31 PRESSURE OROP P.S.I . /') , P'I ALLOWED C ALC. ('> , S-- A L LOWED _,_ __________ ., ___ , __ ... -~...l.:~.C...----------------~-..>:.:....:.:::'------------------1 

32 FOULING RESISTANCE O .OC>I 01DC'> 2- ·-
331---+~-..~~-..~~~~~-...i-~~-..~~-..-..-..~-..-..-..-..-..~-"-..-..-..-..~~-..-..-..-..--_,.-..~-..-..~ 
34 ~ ~.'.l~.! -~~~~-A_N_~;;;:E.;;.Dc..-_:B:.;·.c.T.;_.u::..·:.../.c..Hc:.Rc..:.. __ _,:::i...,,,.e::::...'°:::-J-"'l"')-"'0::.;0:;:c.....__ (_,,2"'!t'.>""--'.2~..,o::::)O~D::.1~ ) _______ M_. T_._o_._,_c _o_R_R_lt_C_T _E _o_> ___ 6;:;._4_,_ _______ _ 
35 TRANSFER RATE-SERVICE ~ I\ ,{) • ·-
361---+.-..-..-..-..-..-..-..-..~-..-..-..-..-..-..~~~~-..~~~~-..~~~~-..~~-..~~~~-..-..~~~-1 

A 2.14 NO.(,?"" o.D •. , Yz." BWG. 12..AVG, LENGTH IG. , PITCH 

4 5 SHELL COVER f'l.OATIN<i HEAD COVER 
~ ~··· · -.. - ' ...... - - - ····. ----· ··---··~---· __ .. _____________ _ . - ·-

46 .__ <:_~~N_':'_EL. - - • . c..::: I CHANNEL CO':'._~_R _ _ _ _____ _ c~A~t _\i.~1 _ _ _ _ _ __ _ 

47 --~T_'-'OE SH.EETS-STATION~~- ----"-·-$_·_, _ _ _ ___________ .. _L_O_~~~-G----------·----------
!l B ·AFFL ES-_ c_ R _ _ o _s _s _______ ~·--<:.~~·w$~·~~ . .__ ___ T_Y_P_E __________ _ ___ _ T_H_1c_K_N_a:_s•--------·---~----

49 BAFFLl-. ·LONG TYPE THICKNES• 
.~0- ... o-A_F_F_L-~---IM-P-.T-.-.---------·-- ... .. -------··-·-·-·-·· ·------G-·A-.-K;-~;-----·-----------------

51 TUBE SUPPORTS T H ICKNESS 

1---~J----·-------------------------------+-r------------:----ti:--:c~--I 51 CONNECT10NS- 9HF:LL- IN 3 11 OUT 3 SERIES I SC'.)=·· l:!_f·· 
·------------lor:!....--------------.:=--.,..-----------'--'-'--,,.--:;:::-,,,~--1 53 Ci. CHA NNEL-IN / n 11 ouT / o ,, s E R•E• 1 s D tt-· fc. F 

DUNOLE ONLY f'ULL O F WATER M _ ."_E_l ~H-~~-EACH SHELL ANO &UNOL E 9, 000 ..,. 
55 ~-o_v_E~~~-L~-~L~E~N~G;_T~H __ c..:.,,...,,,...::; ___ 2.:::::.=C>~_,_'r==_:_'r:'_,_ ___ _ _ _ _ __________________ ___ _________ ~ 

56 t s .R.l INOICATES STRESS RltLlllVING a 11<.R.I I NDIC ATES RADIOGRAPHING 

57 
58 --59 -60 -
61 -
61 

REMARKS:-
1. '5 L D p t.:: lo \) J-.,I (:) L 15:". 

:,;., 
l•• \ ... 
_,' 

\ t ,) !-!~ l~ !..- 'T 0 I () (.~· C:~ 

D t;:•. I""\ I $ "rf.:: I~. R l!.:. f.?
1 
D 

-;:; !::: ,._ L l ~' t: c.J.) 
.A. " . - 1 - 30 4 .$,S. 

:'$HI;, <;7 ' f . 

C>t--t 4._ I ~.J 0 U -V- Lt.:. T" 
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·--
HEAT EXCHANGERS 

STUDY DATA SHEET ITEM NO. E-2.3. --- --- ··-
2 ·- Stearns-J!ger . _A....;C;c..C_T_. _ ___ ..:,P...:,.A_G_E _ _ ___ .• 

3 . -···'" 1 CUSTOMER HUMBLE OIL AND REFINING COMPANY 
l ·~Ro_;;~; GAS PROCESSING STIJDY 

.._JO=B-'-N"'-'00~·-_.;::;B_-....;.4..:1....:4....:4_,,,9 __ . ---
4 ,,_ __ 
.s....._. 
6 

Loc;;.~~-sANtA BARBARA cRANNet, cALtPOtmtA -0 A_ T_E _ _ _ A_u_g_u_s_t·-.-1-9_7_],._~J~~fo-r 

!(11 a~.Li.6. . t--·-

71-_...,.s_E_~_'!_l,~.E ... ___ _ $ _Ql- t= V R.. C () t-J D 'C;· r\..l $ ~- f'L N () . "3 
REv,a 

b 

8 MAN_UF ~<;:_!_Y.~~~- - · -·---.. - ------------- ---- ---- -------
_.;;.c ____ _ ____ _ . ___ _ 

9,__ . ..... P_R_O~P_o_s_A_L~O~F~"""":r--~-~~~~~~~~--~------.,.,,...--~----------------~----~-d;:;... __ ~---------------------
0 ·- ~?.'. ?!': .. ~".'_.!'!:~ 1. ( z..) _ __ s_~~~.L.S P .ER UNIT 0 1'.J I.=. _A_fll_R_A_N_G_ IE_M_E...;N.;..T _ _ ___ __ . ___ ·- - --- --·- _ - - ·-

1 -- · ~~!:_-.;?~-~ _J .'-.\'~ . .... . __ __'!"~_t;'._ C /£'1'.J POSITION )"\-Qg_I CQ~~.'.r.(_~c.~- - . .. 
2 SURP'AC EPERUNIT rl\ Ft'~ SURFACEPERSHEL.L. / I\ F:-,-"Z.... 
3 PERFORMANCE OF ONE UN IT 

4 SHEL.I.. SIDE TUBE SIDE 
.s:==:=F=L=U=IO= =C=IR=C=u=C A-~-~°-----_ -..=_-_-_-__ ·--+-~--,-\--}.,-. -r.>-_ -r-: ___ c.-~--~-r-;:,-... -CJ.---.ll·-,--/\--,-~-;:--(2 ____ 1--S_L>_l.._P_L'_l'<.._.;_:;:,=1"'-=:..:' :.:A.::.::C.:...,-0--C:.-A--'·· -~----"-

6 a.. VAPOR N/HR. I N OUT IN 13 0 II I q 14-6) OUT l2.9"1iTCflf"IT ,_ 
7 MOL E CULAR WEIGHT 

1---11-------·-~~-- ----1------------1----------+-----------1-----r--....---t 8 {).. L IQUID •/HR. 40 ('?:,';5) 
-~--------1-----------1----------+----------1----'-~ ....... .=..""-J---t 9 GRAVIT Y 

t----1~--·--··----·---------t----------+----------+----------+----------t 
20 VISCOSI TY 

NON°CON'D1tNSABLIU #/HR. --·- - -+---- - - - - --'----- ---- --!-- --- - -----'-----------

VELOCITY FT./SEC. -- ---- " .... -". "" ____ ... _ ....... -+---- --- ---------- - - 4-------- - - -------- ---1 
31 P RESSURE DROP P,S. I , Oo0 ALLOWltO CALC. {) , ~- Al.I.OWED - -·--·--·-··· .. ____ ,,_,, _ _ _ ___ +---"~~---------------1-~:.!..o~-------------------11 

32 FOULING R~E;;;.,Sl~S.:..T.;.A.:..N.:..C~E::_ ___ _ f--·------~0::...,:''-'();;;_· ~CJ::::_~l--------4--------~/')~~0~L~!~~-=-----·~·~ 
331--1~~~~~~~~~~ ....... ....._~~ ....... _,,.~ ....... ~ ................................................ -.r. ............................................................... ~ ................................... -fl 
34~ ~-~~_!._~_s:_H ANGEO-B.T.U./HR. 4-36 000 ( ":1. /C::. Al)[} ) M , T , O. ICORRllCTEOI 56 ·-- - --- -
35 TRANSFE R R A.;.T.:..E::_- ;;;.,S;;::.E.:..R.;.V_IC.::.;;:::.E ____ I._,\'-',-' "Qo:::_ _ _ _ _ _ ~ _ _ __ "-- ------- - - - - ----- - - - --- ---.. ·- --
36 
l-~t----------------------------------------------------------------------------------------------------------1 37f---t-~.....-.............. ~ ....... ~ ..................... _,.. .............. c_o ....... N_S_T_R_u_c_T ....... IO~N ....... -_E ....... A~C_H ....... S_H_E~L~L~.--.......................................... ~ ................................................. --t 

38..._-!~0-E_s_1 G_N_P_R_E_s_s_u_R_E _ _ _ P_._._.1_.~c.."'-l _ _ _ _ ____ _....l.:..7.:..5=----------'-----------~~~,·~·c:.;__ ___ _ ___ _ _,,. 
391--4~T-E_s_T_P_R __ e_s_s_u_R_ E _ _ _ _ P_.~s_.1_·-4--------~(-· ~f)~IL~)_,E~-:::-~·--------+--------.:..(~.~O~D_:E::;;__ _ ______ -t 

40 O!!SIGN TEMPERATURE 
0

.... S'S"() GOD 
1---11--------~-------ii----------"'-"""-=:.,.....--------+--------....:O...,..-~~--------il 

4 1 coRRos10N ALLOWANCE YB " Ya 11 

"'""--+-·----------·~---'-----------''-"""'----------<---------~=-------·"'":".,.--~ 
411-~~C,.;.O~O~E-R_.;;.E~Q-U-IR-E~M......;E_N_T_S __________ ~A~,'.'.:;~· ~·~...1..~l::::-.__~----...------------------------------...... ------------T-...EM __ A_C_l. __ A_••---l<,-----I 

No. 15 ?- o.o. 1 ti. 11 BwG. 1 G. LENGTH 12. 1 PITCH 1 7/e 11 "t"JQ .1 A 2 14 43 TUBES .,.___ ._,._ .. 
4 4 SHE L. L ..-.. ,.._.._ c . s: . 1.0. 2. 4-" o.o. THICKNESS --

.S SHE L L COVER FLOATING HltAO COVER 
1--- - ~ .. 

6 C'1ANN EL 
.. __ -_· __ -_-_· ---~·.-_-_· _--:_-_--~:s~ .. ---- - -·~---------·--C-H_A_N_N_IE,_l._C:_O_V_~--R-~----~-----~. ---__ - _ . ..;::c_=:c·· -..;. __ s_ .. .. .;.: ·_--__ -_-_·-._-_ .. _ .. _~= 

,__ 
TUBE SH EETS-STATION~.~-------..:C'°'_,_, f;'~'---- - - ------- "'-L_O_ A_ T_l_N_G_·--- - --- - - ·- --·- -----·- - ·· -

7 ,__ 
II 

491--­
B AFF LE S-CROSS C. , <;;, TYPI!!: THICKNS:Sa 

_ _ _ _ _ _ _ _____ ___ _;;::;_..;;...o_. _________ ____ ___ _ ____ _ ______________ _ 

TYPE THICKNESS BAF f'L I -. - L ONG 
.\0~---.. -A-F'_f'_L_t; ___ IM-P-,T- .----- -- -- - - -·-"-·· - -- ------- ·- - - - ··---- -G- A_S_K. _l!_ T_!S _ _ _____ _ __ ·------ - ---t 
51,__ TUBE SUP PORTS 

52 CONN E C T IONS-SHF: L l.-IN 3 II 
--

53 a. CHANNEL-IN I 0 II 
OUT 

OUT 

__ .,. I I 
.:;_, 

I 0 /I 

THICKNESS 

SERIES 

SERIES 

~Q::; p e. \-
3 ("\[') f"' rv=· 

!14 ,__ ,...WEI G_H_T~:.E~H_!_~~~~ BUN OLE I OJ DO() p;- ;;;B.;;U..:.N:.;:D:..:L::;E::_:;O..;.N:..:L:..Y;__ ______ _ _ _ ..;."'..:U:..:L='- ._O_F _W_A_T..c:E:._R;._ _ _ _ _ _ ___ --t 

55 - ,_o~~-'=-'=-~.ENGTH /L· 1 b !==r . 
.S6 I S.R. l INDICATES STRllSS 1111£1.llEVING 6 (X.R, ) INDICATES RAOIOGRAPHINCO 

57 Ri.MARKS:- I 
58........._ \ . stol'>t:: e l) 1J~ u::_ V;:.; 1 

t" '-· If· ' " . 

59 - c: . :::~c A: I_ f.,.<) 1:;: L.D T U8ti' :;; 10 ·1 ; : 1=.. b .. :.:: t->- t ' 1::.- ~r. 

60= ::;, I ~ · II - 30 "t ~ . s . t;, C:. I'"'\ I ~ T<::. R. ~1;:: ('\) I b (' . t-J <L I kl 
61 ~ . ~-, ~c P..~ ~ ~~- c 0 0 )1...1 •'t l/\L CON ~ l '"r"l l.> /\ . ..,J:!.,,, 
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- - HEAT EXCHANGERS 
I , ,. .. _ 
2 

· ~·-

Stearns·l!(er STUDY DATA SHEET 
ACCT, PAGE 

3 . . ..• 1 CUSTOMER HUMBLE OIL AND REFINING COMPANY 
l ·;~-;~·;;;;---GAS PROCESSING STUDY 

JOB NO • . _ _.=:.B_-4~14..!-4..:J9. ___ ,. __ _ 
4 

"--··- .... . ~~~ ~!l_oN -~-~ANIA BARBARA CHANNEL, CALIFORNIA -- -·- ---·--- ---- ---- ·---· 
5 DATE: Au.gust, 197luvR?.1: 

REv,a &/71 -~"-/5.L~. 
b 

9,__ ~ANUF ~~~~~Fl. -------·- ·-· -·-·---- --- --------------------
9 ,__ .... ~P_R_O;;.;..P~O~S~A....;;L....;O~F-------~-----~----------------------d.._ ____________ ~ 
0 NO, O F UNITS _/._ _ SHELLS PER UNIT / ARRANGEMENT 

I== iJz°i:.---~~-~.,i;.giicl ___ =~VP_lr: ____ ~~ POSIT ION 

2 SUR FACE PER UNIT ,2 QC./!") SURFACE PER SHELL ~ 9(;'. 0 
3 PERFORMANCE OF ONE UNIT 

7 MOLE C U~L~A~R~W~E:':l=G~H~T------4--~~L.!c;.~',1. ;Lj':l' '?~--J.---_,/~'5J-z.c..,~':'~'~~--+----·~,?~,2::...:..• ~"fl-~6::.._-+----oc;A·?l.....,~,-~;;z..2~'--
l8 LIQUID W/HR. /!?A' 7 //?. 2<22. 

-·-~-~-+---------1---------l---4-"':::.S..t..,c-----t-·--.c.J""'?"'r-...... '"""~~ 
19 GR A V~~-y- -~-~_a_~:. __ _,__ _ _______ -+----------+-----<"~µ.;;<µ?;,.;.AC2,_-+---..l.-"~,~_AZ., Q;;c,s.'/.__ 
20 VISCOSI TY - !--- ·- -·---- ·- ·- -·-·-------- - -+-- --- ------ -l-----------+-------- ---1----------
21 STEAM . 

22 WATER 
··-· - - •/t:_i~---.J-----------+-----------ff----------+----------

#/HR. 

0 2-"'L 
r:, ~ &1 

r?~ .~ A.s::;>~ 

I I 

c ALLOW&O CALC. -~ ALLOW&D CALC. 

32 FOULING RESl ~S~T=A~N~C~E::_ _ ___ -t-------..!::'.:..:..~:::.L----------f--------""--=..>:::..O.;;;._.o:..-____ __ ._ (J,<:1()/ O .CJ/J./ ---
3~"1--1.~~~~~~~~~~1-.~~~~~~~~~~~~~-'-~~~~~~~~~:--'.~~~~ 

M.T. O, ICORRECTEOI ,;!!/~--------34 HEAT EXCHANliE0-8.T, U.IHR. ,___ X/./.:£ 
35 TRANSF ER RATE-SERVICE 

3 7 

3 9 DE SIGN PRESSURE P .S. 1. 

9 3 TEST P RESSURE P.s. 1. 

4 0 OESlliN TE MP E RATURE op, 

- -·----
4 I CORROSION A L LOWANCE 

- ·- - · 4 2 COOE REQUIREMENTS TEMA CLASS~ 

431----l~T;...:U~~s NO. ~28 o.o. 14' ''ewo. /4 LENGTH 

4 , I O 0 D THICKNESS 1 
SHEL L - --- --- ------ ------- ---- -----·-=-·- - - - - -·- · ---------- - - -----·--

45 SHELL COVER PLOATING HEAD COVER 
-----·~· · . -- -·- - ---· ·-· -------·--- --- --- - - ------- - - --·- ·- -"· ··- ·----- ··- -.. . . ·- ··· 

46 CHANNEL 
~- ···-· · ·· - . -· .. 

CHANNEL COVll:R - ·--·----- --- -- - ---- ----------- ·- ·-·--·-- --- -----------------
47~- ~T~fHl SHEETS- STATIOt:l~~- -----··-·--------·---------F-L_O_A_T_IN._G_·---·-------·-------·.---~·-
48 ,___ T YPll THICKNESS O AFPL ES-_ c_ R_o_s_s __ _ _________ _ _ _______________ ________________________ _ 

49 ,__ ..... e_,.,_,,_,,_L_L_ ·_L_o_N_c; ______ ---- ·-·· - · - ---- - - ·--- ·-·- ·- - - - - - - ---·--------------------

~ol-.-1-=e~A~F:~"':..::L~£:.....::-~IM~·~P-'~T~· ------ - - ------------------G_A_ s_K_E_ T _• _____ -:-:--::-:-:--::-::~----------

TYPE THICK NEIS 

SI TUBE SUPPORTS .__ 
52 a,. CONNEC TIONS-SHF:LL-IN 

53 a_. CHANNEL- I N 

'g ti 

ff> I/ 

OUT 

OUT 

g I/ 

9" 
54 a... WEIGH T~:-_E_A_c_H SMELL ANO . .....;:•...:U...:N_O~L~E~l'V-.::~::-!·1,L.· _,,Oo.,;0::;...>:0,_-:t._. _ _ e_ u_ .. _o_L &: O N L y 

THICKNESS 

SERIES 

SERIES 

~ULL OF WATER 

.s.s,___.._?_v_e_R~_!-_L __ _ L_E_N_G_T_H _ _ _ _________________ _ _______ ______________________ _ 

.So IS.R. I I N O ICATEll STRCSS RllLIEVINIO. lx.R.I INOICATllS RAOIOGRAPHING 

57 

58 ----s 9--
6 0 --6 I -6 '} 

REMARKS:- £.Xa#....P.-A/c.;,./;i".,..Ce ,-95 S/.;z'&:';C? /.S cs c:>o<O ,,C-oR /~6' z O,...c' 
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Ferm 1.21 
HEAT EXCHANGERS 

STUDY DATA SHEET ITEMNO. £.-$;!. 
2 

. ·- Stearns-&o;r ACCT. PAGE - - -------------------1 C U ST OMER HUMBLE OIL AND REFINING COMPANY 
' ~~.J-~~~· - GAS PROCESSING STUDY 

3 ;:;...JO~B~H.:...:0:~·---=B_-....:4..:lc...:4__,4...,9. _ __ .. __ _ 
4 -- 1..oc ~-;-~-- SANTA BARBARA CHANNEL, CALIFORNIX-- ----·------- ---- -···---
5 - -
6 --
7 __ ~_!:_R_~.1_<'.'.!f _ _ _ . .•.• _H# //1/ G_~...c...>o:5...__,,~_..,,.._..,~"-'IG_~,£.__,,,:.::;.~~----------

DATE August, 197],,v~ 
REV, a t7 / 1 1 e v_.i?Jg__ 

b 
8 M A NUF ACTURER - -- - -·- ·-.. ~ ··--.. • Mr~-·- ... ' ,_,, ~· -·- -•-• ,.,, ___ ..,.. --- --------- ------------ c 
9 _ ... ._.P_R_o~P_o_s*·A-1..~_o_F_~~---~--~----~-~--~----------------------------------------~d;;... ________________________ ~ 
0 

I 
-

7l-----lf--M- O_ L_ E __ c_u_ L_ A_R_ w_E_· 1_G_H_T _ ____ -+------'~;.=-=<~":!.;,o{i?,__ __ +---~_.,f_:;;<:;.:~;;ic-<~A'-'Q"---+---~;;;,~·'""-.~jL~..c...~~<~---4---L~..,,C.<;~.;--:/ ...... '.:?~-~ 
8 LIQUIO IW/ H R. ,,1-:J' ~/) /) /~ -:JL) ;J _2tJ. ///t, 

19 GR AV l~ .y-·-~~~_.6..:__ '/J ,,s-~ 7 ef?/0~--i-----''-'/)""-'-,...,L~L.,....A"-----. 
20 VISC O SITY I 
2 11----it--·-.-T-~;;:.·--·------.-,-H-R-.--t-----------i----------+-----------ii-------------;i 

221--l--W-A_T_E_R--·~-·--- ·;;;~-R-.·--1------------11------------1-----------t-----------~, 

23 ·~--t--~-~-~~-t-~-~-~~~~+-~-~---~~1-~~~~~~-~ 
NON•CONOENSABLll~._!l_l_H._R_. __ _ -+----------~----------+-----------'--------~-

2~ 
t----tt-----·~--------------+----------------------1---------------------·~· 

25 
1---11--~-----~---..,...----1-----------------------+------------------------1 

26 TEM P E RATURE IN oF, - ,It) 4/ 
2 7 TUAPER ATURE ou;- -o.;.- - --+---------_-"-/ -0---- ----- - 1--- ---- - ---"t?-"·--- --- - --- ·-

2e - O_P_E_R,_A_T_l_N.-G,_P_R_E_S_9_U_R_E_._P_.S_.-l.----t-------------./,./-----------+---------~r5'C/ 

291-----'t-N-U_M_B_E __ R_O_F_P_A_S_S_E_S ___ P_E_R __ S_H_E_L_L-+-------------_.,~'-------------------+--------------"":;;...>"'"-'"'----------------l 

t--jt-- ------·----- ·--- - .f------------- - ---- -----<1----- - - --- ---- - - - - - ---___J 
30 VELOCI T Y FT.!SEC· - .. - ---.. - ... -. . .. .. ----· ·-.. - ·-· · -!-----------·----------+---=-----------------~ 
31 PRE SSURE DROP P . S. I , .A/// ALLOW&:O CALC, .< ALLOW,ED CALC. I - -·- -- ·- -··· · ·- -·--·---
32 FOUL.ING RESISTANCE 0 11-r'/;'/ ,,--:?,,,,,,,.,/ ! -·-·--·---------+- ------..a.::-'-"'-'""--"'---------+----- --""'--'_...,""'-';_...--- ------·--; 
33 
341_--11-!:!-.lf--_A-_-T-_E_X_-C_!:!,_ .. _N _ _G_E_O __ -.-.-T-.U-.l_H_R_._ ..... _.-~--<:2--S--Q--.-.--c:-o-~------Y-/,-,,-.....::-;.r---------~--M-. T-.-0-.-.-c-o_R_R_ll_C_T_E_O_l ___ ef __ S: __ ..,,._·===---_-_--;! 

..44'. A 35 TR A NSFER RATE - SERVIC E ; 
-----·---~ 

3~ ! 
1--------------------------------------------------------------------------------~ 3 7 CONSTRUCTION - EACH SHELL 
1---1-~~~~~~~~~~~..,.._~...;;...;._..;;...;.__.;;..;;....;_;..;....;,_..;.;.;..;..;;--..;;.;.--..;;..m_,..~~~~~~~~~~~~~~~~ 

381-_ ._o_E_s_1_G_N_P_ R_ E_s_s_u_R_E _ _ P_ •• _._1_._+-_ _ ____ .....,-~"""'./~'"'-/J-----------+-------~::...::~~~""'------------
39 TEST PRESSU R E P . S.I. 1----- ---- - - -------1--------- ---------- --+---- --- ------ - - --- ---40 DESIGN T E MPERATURE °F . -2() / / .:;-0 -.LO~.,:;-/) ..,___ ._... ______ _ 
41 C ORR OSION ALL OWANCE 1---------------~-----_._ ____________________ .._ _________________ ~--
42 COOE REQ U I R·EMENTS ~ "("~ /,&"' TEMA CLASS~ 

1----1-;;;.;.;;.;;..;.;..;;;.;;.;;..~;,..;.;.~;....~~~~~~~...c;""'~~ ..... ~~~~~~~~~~~~~~~~~~~~~..;::::-.~ 
43 ---- !...,U!'U HO;{OCP(? o . o . w BWG. /4 LENGTH /6~ PITCH /Sht A 
44 SHELL --------~-------·------------1_.o_. _____ o_._o_. ____ T_ H_ 1c_ K_ N_11_•_• ______ _ ~---

45 SH ELL COVER P'LOATING HltAO COVER 
~- · · · - --·-- - .. -- -·--··-·- . ---- ··· -·-·· ·----·----- - ----- - ---·------ -- - ------ ... .. . . -- - -"- ·-...... -

46 CHANN EL CHANNEL COVl!A 
47 ~ - T-U-~E SH EE ;~~·ST_A_T_l_O_N_A_R_Y ___ _____ - - ----- - - ---------,.-L-O- A0 _T_ l_N_G--- - --·---- ---- -------·----

·--------- ------------------·-----·---- -·-- ----------··--
-

OAFP'LE S-_C_ R_ o_ s_s_ ___ ___________ ________ T_Y_P_ 11 ______ _ __________ T_ H_1c_ K _N_E_•_• __ . _________ . __ 

49 ~ B AF FL~. - LONG · - -· - . - . - ------T-~!: _ _ _ .. _ ____ - - --- -----T_H_ l_C_K_N_ E _a _a ________ _ _ _ 

,\0 BA F FL E -IMP•T. GASKETS 

--·~~---------------------------------------·-------------------51 T UB E SUPPORTS 

52 C O NN E C TIONS-sH F.: l...L - IN t-- - ----
53 "'- CHANN&:L - IN f? If 

OUT 

OUT ~ ·· 

THICKN!ZSS 

SE RIES 

SERIES 

5.4 t:t WE IGHTS- E .. CH SHltLL AND BUNOL.E "" .So, ooo "'* BUNOLE ONLY P'ULL OF WATER 
55 - '°.;-;;;·~LL LENGTH - ---------------- - - - - -·--

- -·----~~-·--------~-~--~---·---------------·--------------------

55~1----..-'-'·-R---·~IN;.;.;;;O-IC~A~T~a~s-•-T-ft __ E_._._ .. ~lt-L;;.;.;l•-V;..;.;IN-G;;;...;•;...;.l-X~· R~--'-·~N-D_l_C_A_T_E_S.__R_A_D_l_O_G~R-A-P.__H_IN-.-G._ ____ ~~--~~~~--~~-~~~---~---~~ 
REMARKS•- ,4.',Xc:;,A./4.-Ve> e:re- ,,,.;S'" S / .;?'.,£"0 /S G~~~ ,,.--,p,.,,e- /~ ;:;; ~~ ~,,t-/.£:_ 

58~ 

59 
~~7.d£.,,,.t? .??.P.7/ ,,.C-e>~ P .L ,7/,A.•<l'~.:rL ~(~ . -60 -
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4 f PROJECT GAS PRQC.E.S..fil.lli.L S.1.1.rn~Y __ _ 
5 LOC ATION SANTA BARBARA. CHANNEL, CAI.IFORNIA._ 04n: August., 1971 
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8 a,_.__ __ : b ________ _!l_y__ __ :C __ .. ______ ~y __ :d ···-
Ho. Ru ·o . _ _ _,On=e'----1-­

ev 
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1 - Waste heat exchanger to heat the Depropanize r bottoms 
using the heat in the exhaust gas from the gas turbine 
driver on C-61. 

Conditions of Service 

Heat Duty 6,639,000 BTU/Hr . 

Inlet Temperature 157°F 

Outlet Temperature 231°F 

Flow Rate 82,000#/Hr. 

Exhaust Gas Conditions 

Flow Rate: 40,700#/Hr. (Approximately) 

Inlet Temperature: 745°F (Approximately) 

Construction 

1. Bypass facilities will be provided by the Contractor. 

2. A low pressure drop design on the flue gas side is 
r equired to minimize back pressure on the gas turbines. 

Estimated Size and Weight 

Based on a pproximately 6,500 ft2 of surface (4" finned tubes). 

Length 
Width 
Height 
Weight 

13 Ft. 
10 Ft. 
10 Ft. 
45 , 00011 

1-
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HEAT EXCHANGERS 
STUDY DATA SHEET ITEM NO. F-4-3 

ACCT. P ... GE I 
3 CUSTOMER HUMBLE OIL AND REFINING COMPANY 

_P_R_o_J_;~:;- -·-,G"AT'AS...;...,;,P;,.R;,.,Orl'C"'E..,.S"S""'I"N""'G........,S""'TU,_..D.;rY,n.;::=::;__::..::.:.=-::=c::..__ __ .:;..JO.:;.B"'-'--N~00 .:• _ __;;::B_--'4-=l-'4-'4-"-9--. __ 
4 ---
5~-
6,__ __ 

-Lo_c_;;i ___ .:_;
1-o:N===S=AN==T='A==B=ARB===ARA=====C=RANNE=====L=,==C=AL==-I_FO:_:-RN_ -_ -_I=A==== 

7 ~- ~~-~\;f_lg_~ __ j)_t:pi(.!2f!LlN1LfJL££,1;-12 - OVH/) F-t..etll-]/VC:,£.f. 

DATE August. 197k~Pu­
REv, a 8 /71 BY fiI!L 

b 
8 MANUFACTURER C ,,___ >---~---<-------· •· ·-. ·-~ .. ·-- - ---· -··--·--- -------------------------
9 PROPOSAL OF d 
c-······1-------------------------~------------------.;;;;..--------------

o,_ ___ ,_!:IO.'. ~F Ut-i~-r:s . J ______ s_~@:L:_LS P_ER u~ __ L_ ARRANGEMENT ·-·-------------------

1 ___ ~L'Z:_"!: __ ;_f_x _ _/~f _______ !_'!!'_E _ __j]_f;_~m____ POSITION /-/tJ/(17.{),J T/:1_1.,,._ --·---·--- _ 
_ 12 .___ .... ..,.s_u_A_F __ A_c_E_P_E __ R_u_N_l_T __ 4..._-.. o_o _____ ~""'.'.".'~~-~~~~~~S~U-R~F-A_c_E....,P~E-R_s_H_E_L.;..L _________________ _ 

3 PERFORMANCE OF ONE UNIT 
...--ti~~--~--~~~~--~~~~-.,.....~~~~~~~~~--~~~~~~~~~~..,.~--~~--~~~----~~~~--~~~~~--

4 SHELL. SIDE TUBE SIDE 
!----<---------------- ------------------t----------------------+----------=~:..:..::-=-.--------------

5 4 FLUIDCIRCU~~~~---------------~N~v~~~J~~~·Oul1~LA.~~·R~,~ntz~-------+-------~~-v~1n~>~R·~Ow'~DA~-------
6 VAPOR N/HR. IN } 7 (,, ..?4- OUT J/ t_ q 5 IN OUT· !;'.~{):] 
>----~--------·----------+---'-4--""-""--'----+---..LJC/-JL.~:::-----1------------+--~·-.;:;..~7:....=::::::.. ___ _ 

7 MOLECULAR WEIGHT ~ J, /k, 1._J', 4-if ]_i,_, 'J / 
1---11-----------------------+-----"'---'-'--L-""'----t------'"-'--'-"'----+--------~---+----.:;_-'---!-.:._ __ _ 

8'-·-ll----L-IQ_u_1_0__ #/HR. C q ~CJ ,2 {) 11t, /4--. J/J 

9i----+--G_R_A __ v~""!.~---@__~---------1-----------1r----'()"--.,_4 ......... -f..._L. __ -+----3=-=t,'--'.__,,f__,l ___ -4 __ __.,C_._s-_.L_4--'----
20 VISCOSITY 

1---11--------- -~ ------------l-----------+------------1-----------
21 

22 WATER "'/HR. 

261-___ T_E_M_P_E_R_A __ T_U_R_E_IN------~·---·-+----------"'t;,_,· R._ __________ ----4---------_±j__------------
27 TEMPERATURE OUT °F. .?/,. Ji 
1---------------------t----·-------'--------------+---------'--4~~-----------

28 OPERATING PRESSURE P.S.lo f\, ;2_ 3 J ,2 5 
291----ll-N_U_M __ B_E_R~O-F~P-A_S_S_E_S~-P-E-R~S-H_E_L~L-+-~~~--~------/-----~-----~-~--~1------~------------/----------------------~ 

t---<>---------------------+-----------'--------------11-----------'-------------3C 
i---

31 -

FT./SEC. .... ··---· ····--·-· ·-+-----------------------+---~----------~-------+ ALLOWED CALC. -y; 
-·------·--·· -------- ·---------+----'-----------!---"-------------

VELOCITY 

PRESSURE DROP P,S,I. ALLOWED CALC. 

32 FOULING RESISTANCE , uol . 001 

331---..--~----~~~--~~--"'-~------~---------------------i.--------------------------------

39 
401---il-D-E-S-IG_N_T_E_M_P_E_R_A_T_U_R_E-~o-F-.--+-----

TEST PRESSURE P.S.I. 

41 CORROSION ALLOWANCE ,__ .. 
42 CODE REQUIREMENTS A $h) £ TEMA CLASS c 
1--11-~----~--~~~~--~--.;.;;;------~--~----..... ,....,.~~----......, ..... ~~----~------"""T_,..----------------,----------------

43 ,__ 1'.__l_J(t~S NO. 2f5 O.D. 3/f BWG. /4- LENGTH J4- 1 
PITCH JS/16 If LJ 

44 SHELL 1.D. O.D. THICKNESS 

I---&-=-:.:.:::.::..:~-------------------------------------------------------
45 SHELL COVER FLOATING HEAD COVER 

t---- !---· - - ---·--·--·--------------· ----------------------· 

46 CHANNEL CHANNEL COVll!:R 
. -·- --- - -----------------------------------------------------------

47 TUBE SHEETS-STATIONARY FLOATING 
~- .... - ----------------------------------------------------------------

48 BAFFLES-CROSS TYPI!: THICKNESS 
------------------------------------------------~--------------

,___ 
49 1--+-B_A_F_F_L_l._·_L_o_N_G ____________ - - -- - _______ T_Y_P __ E --- ------ ____________ T_H_1c_K...,.-N_E_• __ s __________ _ 
.~Q BAFFLE -IMP'T. GASKETS 

f--·--~ 

51 TUBE SUPPORTS THICKNESS 

52 q, c ONN EC_~_1_o __ N_s_-_sH __ E_L_L_-_1N ____ _..!~~'-' _________ o_u_T _____ _.:~:_'_' ________ s_E_R_l_E_s _____________ _ 

53 4.,. CHANNEL-IN t:_ II OUT /,, II SERIES 

54 Q. WEIGHTS-EACH SHELL AND BUNDLE ,...,_, 6000 # BUNDLE ONLY FULL OF WATER - -------"'-"_::..;::__ _________________________________________ _ 
55 ;;~~;~~L LENGTH -

,___ 1--

56 (S.R.l INDICATES STRESS RELIEVING 6 (X,R.I INDICATES RADIOGRAPHING 
1--~..:.::;:.:.:.:.:..;.:..:~:.:::..::..::.;:..;:..:..:;:.:;.::.::...:.:.::.::.:.::~~.;:;...::.:;:.:.:;::.:...:.:.;.:;~:::..:..:::;:...:.:.;:.~;.:.:;:~.;.:.:.:;:.::.. __ ~--------------~------------~------

57 FIEMARKS:-
58,___ 

59 

60 

61 
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~TUi5Y 1>i\T7\ Sit~'ET E- 44- ,---
PfttMppp ..... 

......... 
-•... Arc •y. I 

HUMBLE OIL B-41449 -CUSTOMER AND REFI NING COMPANY S.R JH 

PROJECT GAS PROCESS IN~ STUDY 
LOCATION ~ANTA BimBARA ~RAN~r:. ~A'L!Falm'IX Datt August l~IJ. Iv' it!& 

E."£"' --lllVtCl ~t:lr£ IJ.~rE'(!. Mo.Rco'o. . nlU/Z. 
,,,., ...... 18 ev_:b ev_:C ev_:d 

. ... Iv 
, .......... ; ... .,,".,. Sou11ct :OUou Of 

.... 
Ho.or UNITS /Jn!~ SECTI ONS P ER UN I T NO. PA RAL l El 

~/?A1& 
SHELLS-Tueu ....,;__ -S H E T YPE f,rJ - rv8£ P OS ITION dc?.f«bW«lh -S URF ACE PER UNIT( TOTAL) i.."~ r -r-1- SuRFAC£ PER S ECTION ""~cl J.- . .._ 

t'l'.ttt-OllloUl.111'.~ OF 1111 .. 1·1• I l 
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1 - 220KW 325 Hp, gas turbine driven alternator 440V, 3 Phase, 
60 Cycle. Package complete with battery or gas expansion 
starter and air lube oil coolers. Exhaust ducted to atmos­
phere through 18' vertical duct. 

All necessary electrical controls, automatic static voltage 
regulator and generator-mounted control panel containing 
AC ammeter, AC voltmeter, amneter/voltmeter phase selector 
switch, voltage adjust rheostat and frequency meter. 

Weight: 7,500 Lbs. 
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Bv 

One (1) Integrated flare system consisting of the following: 

One (1) 24" OD x 100' high elevated flare complete 
with stainless steel tip and pilots and with 
a molecu lar seal . Unit des i gned for 90 MMSCFd 
of plant inlet gas. 

One (1) 48" OD x 3S' high fan-assisted , smokeless flare 
complete with stainless steel tip , pilots, and 
axial fan . Unit des igned for 22 MMSCFd of plant 
inlet gas. 

One (1) Flame Fr ont Generator for remote ignition of 
flare pilots. 
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a 

One (2) - thermal reaction furnace to convert all of the H2S .in 
the feed stream (below) to so2, under conditions of 
minimum excess air. 

General Design Conditions are: 

A. Feed Rate - H2S 
C02 
Cff4 
c2H6 
H20 

197 (139) 
1795 (1276) 

5 (4) 
1 (0) 

109 (78) 

B. Feed Temperature - 450°F 

C. Air Temperature - 750°F 

mo ls/day 
mols/day 
mols/day 
mo ls/day 
mols/day 

D. Auxiliary Fuel- 1550 BTU/SCF (LHV) 

E. Residence Time - 3.0 seconds (Minimum) 

F . Design Gas Outlet Temperature - 2000°F 
(auxiliary fuel is to 
be used to obtain this level) 

G. Design Excess Air at Outlet of Furnace - 0.2% 

Note: 1) Sized on initial conditions 
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One \ 1) - tail gas i ncinerator t o conver t t he su l fur compounds 
i n the c laus sulfur plant tai l gas s tream (be l ow) 
comp le t e ly to SOz. 

Genera l design considerat i ons ar e : 

A. Feed Rate - HzS 4 (4 ) mo ls/day 
COz 5472 ( 7765) mo l s/day 
SOz 2 (2) mo ls/day 
HzO 1149 ( 1589) mo ls/day 
02 1 ( 1) mo l s/day 
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Cl 10 ( 13) mo ls/day 
C2 0 ( 1) mo l s/day 

B. Stack He i ght - 100 Fee t 

c . Stack Out let Temperatur e - 1000 degrees F minimum 

D. Ai r b l ower by othe rs 

Note : 1) Size uni t on ul t i ma te case i n par enthesis 
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"""' I"" nu9t If T BUSHINGS OTHER 
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13 - PT OF_\ \Q SP GR@ 600f'/@PT ___ .,......./.__\.._ ..... 0._._NO. OF STAGES \ MIN CONT FLOW GPM------t--

14 - VIS (Cl') ti) OF/til'T J MIN SUBMER REo•o_n IWEl.LER TVPE_~--t--
15 _ VAi'. PRESS.PSJM> -.~F/@PT I MAX M.l:.OW CAst WP PSIG 0 o, _ 
II - BAROMETRIC PRESS. PSIA RATED ~.w;~---+--
17 _ OTHER NPSHR FT oc::11r Ftr..·~-...----+--
18 _ OH>lIUJ\IS Of SERl/l<L•E/Oi Ptt.f' EFft % I 
19 - CALCULATED RATED MIN /.MU 8HP ~'-' I 3/ 4- I 
20 - UflGPM 0 6<PF I IMP DI A I 
21 _ USGPM ·0 PT ? 5 ·nu~ SIZE. &<:.& F.&rs: Dn••TtftM 
22 - DIS PlltESS '" G &::\ q :;:,:,'l. ~~?,;:;:;;;f,:~$.::::;:~; Glll"TlftM I I I 
23 _ sue PRESS PSIG fi'il. :::~~.;::$.~:0·&:~;:;::~:;:;: ·,., I I I 
2<t -
ZS -
2e -
Z7 -
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Tlf'E : API 6100 AVsCJ OTHER MECH SEAL FLUSH PLAN- (APt 610 APP C)'------~-
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TUBING 
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ROT FACE -------i---
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..... __ 
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QJST. SPECS A!IXU !ARY PIPll\Ki & Nl:f'S$lfilES -• 
TYPE s API 6100 AV5CJ OTHER MECH SEAL FLUSH PLAN- (A.Pt 610 APP C) 
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STIIDY DATA SHEET tn.- No. P-23 
Acc'l. P-oi -----+--

3 -- 4 -.J -8 

CUSTOMER ---'"H-.UMB;..-.;L .. E.._.O..;I .-L...:A;.;;;N;.;.;;::D;......:;;RE;;;;.::..F ;;.;IN;;.;I .... N.;.;::G:......;,C.;:;.:OM:.:.:P:...:A;;:..N:.::Y_ 
PROJECT~-G~'A=So.....;;;P=R~O~CE_S~S~I=N~G_...ST~U~D ... X....._~~~~~ 
LOCATION~-S~A-N~TA....._.B~A~R-B~ARA.,......~C~H~A~N~NE~L~,,_..C~A.-L=IF~O~R=N~I=A-

s.R Joe B-41449 

DAH August , 1971 ev JEt. /DJM 

-7 _ Sr.11 v1 cc_..,J: __ _ F_f_=> __ :S_O_L_V_<:::_-· ·-~_,-__ P_ L>_tv_t_.f:...._ ______________ _ No.Aco'o,___1_(.._1.) _ _.~ __ 
9 _ Rcv 1u o1o11 :O _____ _ _ ev ___ :b ______ _ Bv _ _ :C _______ ev ___ :d ________ ev __ +-_ 

' MANU ,A ClUftl~ SouRCE: OuoTE or 
10 - TYPE PUMP: Pl UNGER 12$1 01 APHRAGM LJ 01 RECT ACT I NG LJ POWE R FRAt.~E LJ 
11 _ METERI NG HEADS: S1MPLF. X ~ DuPlEX 0 T RIPL EX 0 • HEA D GANG D 

--
12 --'1---~~~~~~..-...... -·~u~S~E~S~E~P~APR~A~T~E-O_A_T_A;..;;S~H-E~E~T-F~O~R~E~A~C~f~!~L~l ~O~U~ID;;...;E~N~D;....._..., __ .,..--:~~~l"l'l:!":"r.~ .... _..,._...,. ............... ---

13 _-a-~~~~--~·~~~~M....,A1...._.T·~~R~~IAg .• t . ...._S~~~~~--~--~l._--------~----~·~l~IKw:&U.~l.MtrA~,T~~lrw1~N----------------..... ~ 
1 4 - LI OU ID ENO , ____ c,._.:>_T_. 1.::.._=-_1:..-~_--,..l_=.------------- I> AC K I NG --------DR I VER BRGS . -----------t--
15 ~PLUNGER---~~----?----~~-~---~-~-~ CONN , ROD BRGS. ----------------------------ol--
16-- CROSS HEAD----~----+-~----~------------~ CROSS HEAD------------G~AAIN G -------------11---

17 ~ CONN,ROD ~-----~-~~+----~~~-----~------~~ POWER CYL INDER------- --------..;...-----------t----

18 ~CRANK ------------+---------------~uH~YO:::,:::.RA~U~L~l~C::._:F~L~U~l~~:..;<~D~1~·~P~H;~;A~G~M~P~L ~U N;.;G;£;R~P~u~M~~~):.:::::::::::::::::::::::t---
1g __ GEAR (DR I VER ) ______ -+--------------~-----11-------~;---~=-;'=K~Q::-.::.~~t .. _~A,P~,,11~·~~·~H~E·.;;..:"'~--------.,....--r--
20 ~ GEAR ( ORt VtN) _____ _ ~---~----------- MANUAL~ Au To BWH~l£ RuNNING l2SJ o n Sre PPEo l.J 

21 - GEAR HOUSING------+---------------- REMon LJ l OCAl 

l2 - FRAME -----------'-v _ _____________ _ S 1 G1'1A L : PNEUMATl c O ELEC TR IC 0 Hv11~A.uue 0 --
23 _ VA.L vEs ________ !>_5 ___ _ ____ _ _ _ _ n------~A..,11 ... 1x __ t...,L .. :..:IA~,R1.1o'Y~.F,,.F· ..w. ATl.xlJ~RF..:i:s,__.._ ____ ..--

s s U D 2A ~ VALVE SEATS----------------~----~ J ACKETED STROK E COUNT~R . 

25 _ VALVE BODY $~ T IMER & MUl l l Po-R T VALVE 0 SPA RE PACltl NG n 
26- PACKING----------MAX . TEMP.°F...,....------- ORI Vt -

11-------,PIK"-------. .... ----.,...1"---"T---~ 
27 - GASK E TS - - ------ ----------------- ELECUI C !LSI GAS LI A 1.R u BHP I -
28 _ D 1 AP HRAGM _ _________ MH . TEMP . °F ____ _ _ __ MAK E Gt:"' OQ. CG?. CONS~AIH SP££0 ~VAR.SPEE'D o __ 

29 - GLAND------------ ----- ---------- RPM PHASE \ GYCL fiS l 0 VO L TS ...J.J.Q... -

- ENCL O.SURE -------- FRAM E NO.--------- -

31 - VAL VE C APS Full LOAD CURRENT LOJCKf:D ROTOR CuR>REN T - - - -

32 -+-----------..lr~:fyl.wt'N~iJ.-~rr._11.lnw.&lN~l~._ _________ .ffPOWER Cvt I NOER: 01 AM. STROKE------ -

33_ Siu: TxPE RAT IN G GAS RRESS . SuPPLV .E XHASU T _ _____ _ 

34 - SUC TI ON GAS <CONSUMPTION SCFM @ MAX.SP EED 

35 - D I SCHARGE 

36 - DRAI NS 

31_ 

38_ 

39_ FLU$HING 

40 _ A1 R OR GAS PURG I NG 

41 - VAl VE S RE PL ACEA9L E 

42_ 

NO 0 
No 0 

LIQUID END 
43 - L I OU I O ENO Boov :Tye £( PLlJtf GER)( Q1 Ae MRAf# )( Rf MQi g )(Su £a. 1ERGEO 

SPEED CONTROL ELECT.D PNEUMAT I C 

AUTOMATIC 

SPEED REDU CER: M rR. - ---- IN TEG. 

~ MA~~~~ ~ 
tj SEP ARA TE 0 

---
-

MODEL------- RA T I 0 ----- Ct ASS. - -----·t--
COUPLING: MAKE ---------,-..-- TYPE -

Gtll\RDS: COUP l ING 0 CRANK 0 -
SPEED IN0 1c . Ye:s O No O REMoTE O LocALO_ 

SERVl!:t- c:mmlTlnNS 
4 A _ PLUNGER D I AM STROK E--------f1LI OUl 0 END NG.---L IO . Qf461'JI C. LI Q , (Acni)(BASld -
45 - STROKES/M 1N/C n INDER PUMP ING T EMP . /lf1f> ° F. VAPOR PRESS. @ P . T. __,L'-'-Q.Ll<W,,._ __ • .-_ 

46_ S .W.P. w/Ou oTED DR IVH SIVP w/MAX . DR1V£R VISCOSITY l.Q C .P. SPG.CIFIC GRAVl<Y ---11..:•..,Q..__.t--

47 - V ALVES 
48 -49_ 

so_ 

TYPE 

NUM& £ R 

AR EA IN. 
2 

Stt c r 1 ON Q1 5 cttAR fiP 

5I - PL UNGER SUPP ORT ___ . (PACK I N"G)_ (CRos s HEA D) ___ _ 

52 - PACK ING S1 ZE T YPE --- -----

CORROSI ON OR EROSION F.ACTORS --------------~1r--~ 

CAPA C! TY GPH : MAX . (~0 MIN. () NO RM. ________ -

SucT . PRESs . PSIG: MAx . -1.L_ M I N. 0 NORM. -

DISCH . PRESS.PSIG:MAX.~MI N. 3-Q. NORM . ---'-~"'-.?.-'Q"----1r---
NPSH AVAl lA 9LE2~ f't, i" REO ' D·-----------r--
BHP@ RAT I NG ___ c_,.;._...;.!,-'_..~ ____________ ~-----lr---

53- SPtc1AL SE•ts _______________ ____ _ _ ___ BASE PtA T t ....,.,.----... ..... -----.... .-----------===--r---
sA - TEST: Hvo .12? P£RF . O W1 fNESSEO 0 Ner W1 TNESSED 0 -
.SS _t-:::R-E_M_A_R_K_S_: ______ ~-----------~~------~-~--------..u...,._..., ...... ...,...,..,..,.,....,..._ ____ ..., __ ....,~.,..---... ,..,.... ....... 1 ___ 

} ~""1------~---~-----'---------------------~-----------~~---------------------f-~ 
s1 __ +-------------------~------------------~--------------------------t'~ 58 
~-t-----------------~-----------~---~--~---------------------------------f---

59 __ ,._ ___________ _ ~-------~-~~--------~---~-------------~~-------~-
60 --... --~~------------------------~-----~---------------------~..---
61 __ +---~~---------~~-------------~----~~--~~-~~-----------------------------------....---u 
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fORM 1.34 METERING PUMPS 
I TEM Ho, P-24 -

~~~P.!IH._.. 
~Tl!QX DATA Slit;ET 

Ace• T. P.-ot: 

CUSTOMER li~Lri on, AND REFINI.NQ COMPANY S· A J o lt B-41449 
PROJECT GAS PROCESSING STUDX 
LOCATION_ ~ANIA BA KB AU CRANNEl,., CALIF ORNIA OATl August , 1971 BY JEW D JM 

SCllVI Cl TF-P C . / :\ · ; 1<. '-~:< S I Pu tV\ \f..) ( 1) -
No. lho'o I 

RtVlfl l Ol>IS :Q av ___ :b Bv __ :C ev_:d Bv 

MANUFACTUlttll SouRCE :OuoT£ or 

T vP E PuMP: P L UNGER u D J AP HRA GM LJ DJ REC T ACTING LJ PowE R f RAME LJ -
METERING HEADS : S 1MPLEx O DuPL Ex O TRIPLEX 0 . HEAD GANG D -. USE SE,PARATE DATA SHEET FOR EACH L I QUID END 

' 
MiHFR.1 Al .S I llKH U ' ll I lllN 

l I OU IO ENO ~ Srlt1;:;;L.,,. PACKING DRIVER BRGS. 

Pl UNGER CONN •. Roo 8RG5, 

C ROS S HE AD \ CROSS HF. AD G~A R ING 

CONN. Roo Pow£R CYL I NOER 

CRANK HY OR<AULI C fl U I [) (0J APHaAGM PL UNGER PUM~) 

Gf.AR (DRIVER) - ~ I KUKf: Afl ,lh"' I Mt:.ft I ~ 

GEAR f DR 1vrn ) MAN UAl B AUTO B WH I LE RUNNING~ OR SHlPPED LJ -G EAR HOUSIN G REMO T i L OCAL • -FRAME ' v S1 GNAL : PNEUt.tAT I c 0 EL ECTRJ c 0 .HYCJRAUL I€ 0 -
VALV ES SS Am: I l I ARY FEATllRI":-> -
VAL V( S EATS s~ J A CKETED D SrnoK E COUN TE R D -VAL VE 80 CJ Y SS T I MER & MUL TI P()RT V ALVE 0 SPARE ·PAClt l NG n -
PA CK IN G MAX. TEMP.OF DR I Vt -GASKETS El E;~~JC {2g ~ GAS LJ AJ.R ~ BHP I 
D I APHRAGM MAX . TEMP. OF MAKE (,l; ()f'S. C Q • CONS-f AN T SPEED VAR. SPEED 0 ...___ 

Gt ANO RPM P HAS E I (iYClES (;() VoL rs -Ll.O.. -LAN TERN RI NG ENCL O.SURE FRAME No •. --
VAL VE CAPS Full L OAD CURREN T L 9 CKi: D ROT()R Cu 1MEN T 

r:nt~NFr. r I nNS POWER CYL I NDE R : DI AM. STROKE -
~I~~ rxe~ fill I I tHi GAS BRE SS . SUPP L Y · .E XHASU T -

SUCT I ON GAS <l:O NSUMPT I ON SCFM @ MAX . SPEED -
DISCHARG E 

ElECT . o D RAINS SPEED CONTRO L "'"""" § MANUAL ~ -
AU 10MATJC . NONE -

- SPE ED REDUC ER: MFR. INTEG. SEPARATE 0 -
FlUSIJING MOO EL RAT IO Cl ASS. 

A1 R OR GAS PURGING YES LJ NO D Co uPL 1 NG: MAKE TYPE -VALVES REPLACEABL E Y ES 0 No 0 GUARDS: 
r::rlJNG 0 CRANK 0 -Lll]U ID tND SP EEO INDI C. YE S NO 0 REMO TE 0 L OCAL 0 ....... 

L 1ou 1 o ENo eoov: I:.c:f ~ 'f!Lu t:H.i&B ! i "1 aetd BaSir.il ,B,~.u21& l '~U(jflJ.,iiio SERVI Gt: r.nNOITIO"S -
PL UNGE R DJ AM STROKE l I <XJI D ENO NG.- - - LIO. (Ac1 o) (BASI €) -STROK ES /MJN/CYLINOER PUMP I NG TEMP. A/11180 F . VAPOR PRESS . @ P. T . 1-ou.J 

S.W. P . w/Ouo TED DR1 VI R SWP w/MAX.DRJ VU, VISCOSITY 110 C.P . SP EC I F I C GRAVl • Y 1 . 0 

VALVES S11c 11 g~ QI ~Cti6B~~ CORROS I ON OR E ROSION F ACTORS ~ 

TYPE CAPAC ITY GPH: MA x. CC1 M I N. -.SY_ NORM. -
NUMBER Sucr. PRESs.PS I G; MAX .~MIN.~NORM. -
A REA IN. 

2 DI SCH. PRESS. P S IG:MAx. ~MI N . ;?()NORM. ·::..o -
PLUN GER SUPPORT _ {PACK I N·G)_ (CROSS H EAD) NPSH AVAI L A BLE 2.r:· Fl- ;- REo'D. ~ 

P ACK I NG S 12E TYPE BHP @RAT ING '\,/ !/:.;> 

SP&C I AL SE ALS BA SE PLATE ~ 

T £ST: Hvo.O PEnr .D Wr fN ESSED 0 NeT W1 TNESS ED 0 -
REMARKS : -



R1v. ~rmt-~; I~ CENTRIFUGAL PUMP 
t Qf.arMaw• ~ STUDY DATA SHEET 
i · - =y==•ViPr · ~;-UM_B_L_E ..... O_I_L...._.AN...__D ....... R_E_F .... I.,.N-.IN-.G __ C_O_M_P_ANY __ 

n11. Ne • _ _,_P_ -_2.._S ____ +--
ace:•,. _________ .....,_ 
S.lt Joe B-41449 , ~ 1 CUSYOMER ~~G~A~S~P~R~O~C~E~S~S~IN~G~S~T~U~D~Y~~~~~~~ 

• ~ ' 'ROJECT .~~::-:-:~:---:-:'.'."":"'"=--:---~~-~.....,,.~~~~~ 
LOC AT t ON __ S;;.;A;.;;,;N'"'"'T""'A;;_;;;B.;;;;AR=BA;,;;;RA;.;:;.:.....;C;,;;;HA=NN=EL:;;:..1.,,a ...;C:;;;AL=I;..:;.F..;;.OR;;.;:.N~I==A;:... 

PAGE OI ~~~~-+-.--
D& Ya A11g115t 1971 IY Jt::uVDSt--

90 CA.1•-1 

tt _ J;. IQ,! I D Q.tlfStCJiRISI I ts f>fB!'QRdAN<'E & OWSDJC[l<Ji! -12 _ L IQUID \.-\.t')'r L\) A 'n: ·r-c.. 

13 ~ PT OF 2 1 £? SP GR @ 6<>°f'/@PT I . II / 0 . '7 ,-·9 
• • - VIS (CP) @ °F/8>T I 

RATED RPM '3S-<.:i 0 ROTATION(f'ACING PIJtllP CPLG''--....+-­
NO. Of' STAGES \ MtN CONT FLOW GPM-----~-

15 _ YAP. PRESS.PSI A@ -.~F/@PT I 
MI N SUBMER REO'O- FT UIPEl.LER TVPE ___ ..,.j--

MAX ALl:.OW CAsE WP PSIG 0 o, -16 - BAROMETRIC ft RH5. PSIA-------------1 ,l( RATED M 
0c:i1r F• r.. . 

.. , , 
17 _ OTHER NPSltt FT 

II _ a:NQ!T!<Yl!s.N SF_RVICL· EACH PINP EFF % / . 
•• - CALCUl.ATEO RATEO Ml N I MAY BHP ; 1, .' pi-, I 

I 
SI n: ...... F&rr: 

I I I 
:~ = ~==:: ~o, f~[!Ji~ -- ~ IMP 

0'~1nu• DnC,ITllU• 
22_0ISNHS,SIG 1a n~~~~-~~~-~~'.~.~.~~d~~~~~~~ .. ~rn~~. ~llL-~~L~~~~~~llWL+-

I I ' u - sue PRESS PS IG S:.=--1~1~1~ .. ;::;,.;i::;ii:;:;:1.:· ·ii:~;=:~:i;:*'i·~'iJ. nlll.a.-ll!oCl!All!l'·llW--UL-----1---1---...J...-----+--
ZA .::!:: DIFF HEAD FT. 3.2.$ ia*~{:~~f:~'~*.~~1~~~· nDl\/mi FURNISHED BY MTO ev _______ _ 
z' - HPSHA n(suc FLG 4 ~~~,~~~~f'l MFG. Q e; cYa t q ENC h:-i:::c... FRAME._-~..,_---~-
H - AVAILAtJLE SUMP DEPTH FT HP IS RPM 3W0 VOi:. TS/PHASE/HZ 4u-,/ ::J:. f h/) , 
27 -·- Q1'JSJB\IT!Q'i REQJ!BafNI'S SEE ORtVER SPEC----------------+--

ze - QJST, SP£Cci Al !XII !ARY PIPIM'i & AtTESc;MI ES -
l9 _ T'l'PE: API 6100 AVS(J OTHER MECH SEAL FLUSH PLAN- ("Pl 610 APP C) ______ ...__ 

- SVPl'OR't) . CENTERL I NECJ BASED IN-LI NED VERT I CAID BY S-R BY MFG. 

- CASE SPLT: AAOtALD AXI ALDCOAROSION ALLOW IN PIPE 0 0 
3t - CPLG 8i GUARD BY ORI VER HALF MTD. BY HEAT EXCHANGER 0 0 
33 - r J:qUPLING MFG------MOOEL ORIFICE 0 a 

TUBING 
STRAINER 

SEPARATOR 

8V S-R 

0 
0 
0 

~-
0-
0-
CJ -

3' - LJMECH. SEAL s MFG . MODEL OTHER--------------------r-
35 - SINGLED DOUBLED TANOOO BAL . 0 UNBM.. 0 MAURIAIS; PUMP 

36 - D PACKI HGl MFG & TYPE CASING sr..-g-i..-
SEAL 

ROT FACE 
-

37 - llASEPLATEt Cl0 FAB STL 0 DRIP LIPO EXTENDE00 lt.f>ELLER C..J; STAT FACE 
38 - AJXlUARi...<XHIECI~ SHAFT ___ .s. .... 1_~_t-_b0:._<--...., __ SPRINGS 
39 ........... •ol!or • """' In nau o,. ,.,,. Pl .. EO BY SLEEVE _______ _ SHAFT SEAL 

ti() ~...i•t.1i•.aw··•, u11.1•1.11u'lll-l-·~ .. ·11:u..T--i~--1----l'--' +---+---+----I I..., WEAR RINGS---- STAT SEAL l 

'I --11-•Llallt11w.•"w•1 •w"'is...:•o~uT,..t .1..._ '-+-- -+----+--+---+--+-----! CASE WEAR RINGS ___ _ AUX. SEAL 

•2 .... ,., ,., .. '"'' •.T STATIC SEALS ·----- PIPE/Tue1Nr. 

•3 ,.,, ... , , .... ,, .. ,., •T 8USHI NGS - - -----OTHER .. ~·--~u·u- .... ~. TEST!f:G & !NWECf!W(W !f't)frA1'£S WIJ?fSSfll) -,, 
-11-0;::;.:U..::l;.:;.HC;;.:M;.:l~M.=.•~o;.;::U..:..TL:.:l:;.:T-+---+----+--+---+.--+----4 CERT IF I EO SHOP TESTS : -.. ,,., .. .J•T • .... -PERFORMANCEO __ HYDR00@---PstG -., 

.ta ... 
. 50 

51 

sa 

" ,. 
'5 

' ~' .. 
It 
eo .. 
II 

-ii--:"-..''"'i.....oau.1
••.:..• •lla!:l•'"'111.•.1.11'"1&.1 .. ~--l----lf.-....f..--~-4---l -NPSHR (ON WATER)(] NOHE0 OTHER------ef-'--

... " '"•·"•"••Tu INSPECT ION: -
__,~~M.M· .. ~·--·-----"'--......1"------''----"--"----"'~--~~ ONONE OOTHER~------~-----------1---

TOTA\. IXTlllNA\, COOLIN• WAT111 ____ e .. Me ____ 0 .. CERT PERF CURVE(MIN/MAX HD,FLOW,EFF,rnit,NPSttR) -
-
---

0-
CASllle HNT_CA•tNe DllAtN eAH COH"•s Pl!RF CURVE NO. ----------------t--
WTll PUMP IAt•. DRIVH __ --t BEARINGS: PLAIH0 

LUBRICATION: GREASED 
FORCE FEEDO 

ANT IFRI CTIONQ 

OIL RINGO 
OT HERO 

---



Pom l. I~ 
!Lt, t•H 

IJsanss·J&er ·-- t CUSTOM!R -
-- 'ROJ ECT _ 

l.OCATION -

CENTRIFUGAL PUMP .. 
- ~TUDY DATA SHEET 

HUMBLE OIL AND REFINING COMPANY 
GAS PROCESSING STUDY . 
SANTA BARBARA CHANNEL 1 CALIFORNIA 

P- 2.<=> -,,.(I- .... 
AcC"T. 
S.ll JOI B-41449 
PAGE "' Dua Angus t 1971 ty..ll::LJ£ 1 CY-SI' 

• 
1 
-

klV IC:C 12...Aw w A 'i t:::. t<_ /v't I+ V-. 12'. u t'.) I "U Jv't 1".) NO. OP£RATING I ( t) SPARE I (t) 

• • 
lO 

II 

IZ 

13 ... 
" ,. 
17 

18 ,, 
zo 
21 

22 

23 

24 

Z!S 

H 

Z7 
ze 
29 
. , 

sz 
33 

34 

'9 

36 

37 

38 

39 

'° <I I 

.-z 
•3 
.... 
<15 ... 
<17 ... ... 
!50 

" u 
53 
u 
!l!I 

' 
.• I 

51 

It 
to ., 
H 

-
-

-
-
--
-
-
--
--
-
-
-
-
-
-
-
-
-
-
-
-
-
--
---

-
-
-
-
-

~cv ... °"••• llX 1b 8Y 1C BY 1CI BY 
""illU,AC'fVIU ~ "'''*' IX I '1"\ll)s; HOe.J~ . 

§a!Jms . Oun• ' AT I t\M 1111'1 ~ nt.•r • 
L:l~U2 WMACTERUiilc:i Pmr:'~ a ~a1eti -

LIQUID /AJA.,. i::.: ~ RATED RPM .ROTATION(FACtNG Pl.W CPLG' 
PT OF 40-B<'.l SP GR @ 6<>°ft/@PT I . (.') I NO. OF STAGES MIN CONT Ft.OW GPM 
YI S (CP) @ OF/(l;>T I MIN SU8MER REO'D_FT IWELl.ER TYPE 
YAP, PRESS. PSIMP ___ ?F/tir>T I MAX AU.OW CAst WP PSIG 0 o, -
BAROMETRIC PRESS. PSIA RATED M 

NPSHR f'T .!;!Ir l"I r. · 
... ~ .. 

OTHER 

CXMllil<m Of SER\{ICE·EACH flM' EFF % ·2-;;. ::!CJ I 
CALCULATED RATED MIN I MAX 8HP ''·· t'. S' ./ 

USGPM 0 600r I I IMP DIA 

USGPM e PT 
? - ""' 

<ti.,. .. .. .... Fa,.,,, •"'•ITI"'"' 
DIS lllllESS ~SIG 4 0 . :i: ,'.:::(.f~; <UJCT I l\N I I I 
sue PRESS PSIG () -- "' I I I 
DIFF HEAD FT. <1 2 _ :::S:1:~~~;:~::::-~;~:;~ri~· rm1~1 FURNISHED BV MTD 8V 

NPSHA n (suc FLG I t?-'+· r.~~~r~~w .MFG.C.t::.:· or:t. t:. '\' . ENC n;_T·c,. FRAM£ 

AVAll.AblE SUMP DEPTH FT HP 2: .. RPM ~l·CD VOLTS/PHASE/HZ .e.l .L.f'>/·;, I I. 0 

CDASJBal ai BEQ II REtJENIS SEE DRIVER SPEC. 
, , 

CtJST. SPECCI Al~ll IARV flEIM:i & ~IES -
TYPEi API 6100 AVs:::J OTHER MECH SEAL FLUSH PLAN· (APt 610 APP C) 

SUP,O~l - CENTERLINECJ BASED IN-LINED VERTICAl.D ~ ..!LMEG• BY S•R ll..!!t'.i -CASE SPLT : RAOtALDAXI M.0CORROSION Al.LOW IN PIPE 0 0 TUBING 0 CJ i---

~LG 8i GUARD BY DRIVER HAt.F MTD. ev HEAT EXCHANGER 0 0 STRAINER 0 CJ -j
1

UPL I NG MFG ~DEL ORIFICE 0 CJ SEPARATOR 0 c -MECH. SEAL i Mf"G . fl«)OEL OTHER -
SINGLE a oouat.£0 TANoa.CJ BAL. 0 UNBAL. 0 ~ImlALS; PUMP SEAL ---

[]PACKING: MFG & TVP£ CASING 'C.,Tt;. 1~ I 
ROT FACE h 

BASEPLATE' CID F AB STL 0 OR I P LI PO EXTENDEOO 1 t.f>£Ll.EQ C.l"" t> t~. •;:;'I· L. STAT FACE 

.AUXtU/!ltL<:XmECil.a.s. SHAFT $.T t:O:"E L SPRINGS 

---- -- ••:r• • ...... ,n ...... o, .... ~ PIP£1> BY SLEEVE SHAFT SEAL 
.......... ... ... - ,.,. lr.Y 

r 
IMP WEAR AINGS STAT SEAL \ 

•• .,.,., .. ,,. nu•• .•T CASE WEAR RINGS AUX. SEAL ................. ... STATIC SEALS P IPE/ TU81 Nt: 

..,,. ... , '"" ""'"'' •Y BUSHINGS OTHER ...................... IESIIW & lti~E:CTU!Ultt ltl21~ Wl"M='<:~) -fttllNCMIN9 OUTLCT CERT IF I ED SHOP TESTS : -..... ow9 • ..... -PERFORMANCE 0 __ HYl>ROOO PSIG -.... . _. ........ -...... .. - NPSHR (ON WAT£R)O NONEO OTHER 
,,.. A _tw• ... • •"••••• INSPECTION: -........ 0NONE 00THER 
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CENTRIFUGAL PUMP R1v . 

DATA SHEET P - 4-4- -fteanas .. &rsr ~IUDY ncJ. ... . 
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k !IV ICI ._ Qff.EJS.O.el) l l) 17-f:..!f.. Raz rvm.$. C 1R.C, P <J. 11·tP NO. OPERAT ING I. SPARE I 

-"" ···-•14 Ix 1b Bv 1C Iv 10 IY 
•llu•AtTUl ll U'VW:'I ct'JEt 3 X .5 T-.olt' J-/on:i. o-rfo / 
C... 1n..,..1 1'11.K'li ' AT I" "' l'Jft t tu.•r• 

L l<lJtD l'\J ·- • ;;. ST!t'S f!EREOQMMl' & CXWSJB Cf!~ -
L I QUI D Hv J1I)e ll (' 1-. A~ RATED RPM ROTATION(f'ACING PlM' Cf'LG\ 

PT o, :J... I j_ SP GR @ 6<>°F/@f>T tJ , s~'lt{. I o . 4-7? NO. Of' STAGES MI N CONT fl.OW GPM 

VIS (CP ) @ OF/fJPT I .. MIN SU8MER REO' D_ FT IWELLER TVPE 

YAP. PRESS. PSI All -.~F/iPT I :i.s 7 MM< ALl:.OW CAsE It' PSIG 0 o, -9 AftOMETRI C PRESS. PSI A .J -i. 7 RA:~r Fl r. . mml:: OTHER NPSHR FT 

<XHllIIWS QF ~ICE•fAO:i ELM' Eff' % 711 I 
CALCULATED RATED MIN I MAit BHP .2 3 . 2- I 

UIGPM 0 600 f' ?- '75' <44- I I MP DI A I 
USGPM 0 PT 3 4-;J... 4-·l-I' 'l\MI <•zi:: ........ vari:: DIUlllTlftM 

DI S NIESS f'SI G 2£7 ~~:~2=~::*~:!: .:r.·;~~::r.:!!::: Gllf"Tl t\M r I I 
sue PRESS PSIG 

;J..).).. ~.r:e~~t;::j:;::: :::::*:~~;~:!:! . 1\ . .. ,., ... .. -- I I ' DI FF HEAD FT, 3 13 ·.!~*1m:=~~:: · :l~;,~?.?.$.::~l=~~ ~IVER: FURNISHED BY MTO 8Y 

HPSHA FT(SUC " ·G / (} ~~A~~~~~r MFG. ENC FRAME 

AVAILABt.E SUMP DEPTH FT HP ..2S RPM so()o VOLTS/ PHASE/HZ 4 J'O/ .S/t,o 

C1NS1"AIJCTIW REaJIBfMNTS SEE DRIVER SPEC 

CUST . SPECS .gium IARV e1~1rix; a: ~IES -
TYPE S API 6100 AVsCJ OTHER MECH SEAL FLUSH PLA~ (~Pf 610 APP C) 

S\IP") R'fl · CENTERL I NED 9ASE0 IN-LINf'D VERT IC~ 8\"' S-R ..11....J!f.G. 8Y S•R l!r_!!li -CASE SPLT~ RAOt ALDAlCI ALDCORROSION ALLOW IN PIPE 0 0 TUBING 0 0 -Cf>LG 8c GUARD BY DRIVER HAL F MTD. BY HEAT EXCHANGER 0 0 STRAINER 0 a -i{f
1

UPLI NG MFG MOOEL ORIFI CE 0 D SEPARATOR D CJ -M£CH. SEALS MfG . "*>DEL OTHER ~ 

S INGLE 0 DOUBL ED TANOOO 8AL . D UNBAL. 0 ~IEBltil~i PUMP SEAL -D PACKI NGS MFG & TYPE CASING ROT FACE 

BAS£PLATEl CID FAB STL 0 DRIP L IPO EXTENDE0 0 I t.t>ELLED STAT FACE 

.itlJXlUAllt.Jl'.Hf.iCTI <l'lS SHAFT SPRINGS ........ a 1:n: • ' ""•n ft•u o, 1'9te P IPED BY SLEEVE SHAFT SEAL 
I 

IMP WEAR RI NGS ........ ..... - ....... ,, STAT SEAL l 

• • 11a w • wa OUTL I T CASE WEAR RI NGS AUX. SEAL 

""n' 1u a '"' •.T STAT IC SEALS . P IPE/ TU81 Nn 

''"" ' "'" n n 9 1 •T BUSHINGS OTHER 
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TOTAL IXTlllNAL CODLIMe WATlll GP~ o, CERT PERF CURVE(MIN/MAX HO, f'L.OW,EFF , BJi',NPSHtt) 0 -CAStlte YINT_C:ASINe OllAtN eAH CONl( ' e PERf' CURVE NO. .,., PUMI" IA•I. Oll lVIR BEARINGS s PLAINO ANT IFRI CTION0 -LUBRICATION: GREASED OIL RfNGD -FORCE FEED0 OT HERO -.......... ,, .. , 
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to n.l•'i:· 

" - Liam~ O:iARACTEBISJl«;S Wf'<RMNCJI 8c Q)!STRJcr!().! -
IZ - LIQUID 1-/vJ, nr,.rlDOf'I RATED RPM ROTATION(FACING P\llP CPLQ\,_ _ __.,_ 
13 - PT OF .:?@ SP GR @ 6<>°f'/fiPT O, 4-i76 f 0,.!,~(}.!:: NO . OF STAGES MIN CONT FLOW GPM _____ ot-

1<4 - VI S (CP) @ OF/tiPT_.~...__ ___ ... f ___ _,.._-iMIN SU8MER REO'D_n lal'ILLER TYPE-~--r-
15 - VAP. PA£SS. PSIMP _.~F/CiPT I .:C.J..S°' MAX ALLOW CAst WP _ ____ PStG ti o, -:~ = :~::ETRIC PRESS. PSIA 14. ·; NPSHR FT RA!:.r '""' ~!l.C="---+--
1& _ (l'NQII!Qi!S OF SERy!e& .. fAQ.f Pl.txf EfF % ~ 0 I 
t t _ CALCUt..ATEO RATFn Ml N I uu 8HP /. 7 / 
to - U9GPM. ec,O, ;eA- .30 I IMP DIA I 
21 _ USGPM 0 PT ,'J..3 ,LL} 1 

.,,...,. s1·n· .t.c.t. ~.t.rr: 

u _ sue PRESS PSIG 21 o_ :l:;;;;;.:.r.:: .,~i:;:~~@: · 01 I I I 
22 _ Dts PttESs ,s1 o ,i '7 o =t·· ··~~;;;:, .»:~x,r~-.;:; <I: .. , •• ,...... r r 1 

u - 01 FV HEAD FT . :i. 7 6 .::~~1~:;~:~;$ ;~~1~~1:::i;~ NH \/'Sh FURNISHED 8V MTO av _____ --+_ 
25 - NPSHA n(suc FLG r;; ·~~::~;.;:;::t MFG. ENC FRAME .. _____ .._ 

H - AVAl'-Abl.E SUMP DEPTH FT HP 2 RPM 3@00 VOl:.TS/PHASE/HZ '1-fo73/l,n 
27 - CrNSJBC'T!Cli REQJIBBl£NTS SEE DRIVER SPEC---------------ot-

28 - QJST. SPECS-----------------.. 1 

29 - TvPE: API 6100 AVs0 OTHER-----------t 

30 - 9'1Pl'Oft'tl ·CENTERLINE:J BASED IN-LINFJi'l. VERTICW 
31 - CASE SPLT: RAOtAL.DAXIALDCORROSION ALLOW IN 
3t - CPLG Sr GUARD ·~ DRIVER HALF MTD. av ___ ... 
33 - ·,'31UPLI NG MFG MOOE1.---------f 

Alum IARY e1e1rir; a: a1:1~&1ES 
MECH SEAL FLUSH PLA~ (API 610 APP c). 

ev S-R .!t.J!EG. 8Y S-R 

PIPE 0 0 TUBING 0 
HEAT EXCHANGER 0 0 STRAINER 0 
ORIFICE 0 Cl SEPARATOR Cl 

-
ttJ!m -

0 -0 -
c -

U - ~MECH. SEAL.I MF'G-----· MODEL OTHER--------------------r-
SEAL -35 -o SINGLE 0 ooueL£0 TANOQ(J 8Al.. 0 UNBAI... 0 MATmlA!.,S; PUMP 

3' - PACKING! MFG 8r TYPE CASING--------ROT FACE --------t--
37 - 8ASEPLATEl CID FAB STLO DRIP LIPO EXTENDEOO lt.PE:LLED STAT FACE-------+-
38 _ AJXlUAB'.'L<XffilECfl~ SHAFT SPRINGS 
39 •••••-• ••'• u"'•••n ..... o, ,... Pll"ED llY SLEEVE SHAFT SEAL-------+-
40 --+..1•1.1o•_.. ... .. u'".11a."·...1•L.1U.1"''"u...•--+--4---l--'1--4---l----I It.I> WEAR RINGS STAT SEA\. __ 

1 
______ _ 

•t - t--.u.a'l"ur.u.•u_..1: .. ,,._a><.v.Joun..,.&1-1.T-+--+----+--+---+---+----t CASE WEAR RINGS AUX. SEAL -------t--
42 l'An1 •u• 1u• •.T STATIC SEALS PIPE/TUBINli.._ ______ _ 

•3 -i•',......"''"'...,'u:' .. aa..'""'.,.._."•""• .. •·•,___.__.+----+--+---+---+-----1 BUSHINGS OTHER - --------t--
U A n•M•< ou~ IUl.l.T TESJIN:j & !Ns>ECTl(Ji(W JM)('CAT£S WJJMfSSfD) . -
•5 OUIMCHIN• OUTLIT CERTIFIED SHOP TESTSI -
416 ..... ""T • .,. .. , __ ;ERFORMANCEO __ HV0fl000---PllG -

47 ""'" '".To•••••u• _ NPSHR(ON WAT£R)O NONE() OTHER-------+-
"8 ..,. ,. '"T·••n••••• INSPECTION: -... """"· ONONE OOTHER--------------1--
ao - TOTAL IXTlllNAL COOLtHt nu11 ____ ,, ... ____ 0, CERT PERF CURVE(MIN/MAX HO,FLOW,EFF,8tP,NPSIR) 

51 - CAtlN• Y11n_cAllN• OllAIN ••• , COHtl"• PERF CURVE NO.----------------+--

52 - WTtl PUMP ••••· OlllYU SEARi NGSt PLAI NO 
H - LU8RICATION1 GREASED 
H - FORCE FEE00 
55 ,. ·- ,.-.... , 
57 
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•• - <XH>Lil()JS OF SERV•CE·EICi PUrf EFF % 1---.-R""q...;.•...;:c;~--+----""""----t--
·t - CALCULATED RAT~D Ml N I MU BHP 44-, i/) ..47. ~ 
0 - UtGPM $ 600F KtJt? s:;-110 / IMP DIA B ~...d 73/~ tt!? ~.M' 

z t _ USGPM e PT · I ·1 n... SI""" a<t& va.rr: ....... IT•""' 
22 - DtS NIESS l'SIG /"'.; 7 /.":l 7 :JI· .. ~~::H~:~.;~%: C!O~I""' tt,, // l-::i~'!ll!-1 ,R,,e;- I <"/P£.. 
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7 _ CXJ§J'RC'I <Ii! BEQl!BE>t£NTS 7f'-~ /' / ~ ~ P .n ~~j ~ / . 
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,. - Tl'PE t API 6100 AVsO OTHER M/t:>,.Pr~ sr..n, MECH SEAL FLUSH PLAK (~Pl 610 APP C''-------+--
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o ~ o_ 
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t5 - VN'. PR£SS.PSIMP _.~F/fiPT I /<::>B MAX ALLOW .. • · 960 PSIG 0 200 o, -I t - BAROMETRIC PRESS. PSIA /4'. 7 8_,,./;'~~4- RATED ~IP'l~--t--
t7 - OTHER NPSte · FT 0 asu<". F't G. ·~ 
18 _ (XH)IT!<)IS Of SERVICE•EAQ.t flt.f EFF % 7~ /J I 
It CALCULATED RATED UIN I U&Y BHP .//,!") I ~ll'J.0 -
20 _ USGPM O 600F t---w..~"t::>:::...-+------._,,·.,,.'"'\.f.----'-/-r-~ IMP DIA f 
21 _ USGPM 0 PT / - ~'""'' ~1·u· a•u rartr: •ft•-Tlftu 
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27 - CWSJB.x:I! <)J REQ I I REM:NfS 4- C,{. / ~ ,t;> .P. .OC ,p,1 K/ 

-28 - aJST. !IPEc_cz _________________ 
1 

AllXll IARV p1p11\G & A<rfS<iORIES 
2t - TvPE: API 6100 AVSO OTHER MECH SEAL FLUSH PLAN- (API 610 APP C), ______ ..__ 
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- CASE !IPL T: AAOtALDAXI At.,J:fCOAROSION ALLOW /. IN PIPE 0 
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a 
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0 STRAINER 
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o -c-
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One ( 1) Manually ad justable stroke metering pump 
for 0.2 GPH maximum chemical feed rate 
at 25 PSIG discharge pressure. Unit 
comple te with 1/4 Hp, 1800 rprn,explos ion 
proof electric motor and one 5 gallon 
galvanized chemical tank. 
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One (1) Replaceab l e cartridge filter to remove 98% 
solid particles 4 microns and larger from 
10 GPM of 80 weight percent ethylene 
g lycol water solution at 13.0°F and 40 psig. 
Unit to be designed for 75 psig@ 200°F. 
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One (1 ) - self cleaning pressure leaf filter, complete with 
precoat t ank and pump, mix tank, mixer, and all 
necessary piping, valves, drivers and controls . 

General design conditions are as f ollows: 

Fluid 
Temperature 
Pressure 
Flow Rate 

25 wt. % DEA 
186~F - design 250° 
100 psig - design 150 psig 
50 GPM @ l86°F 
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FOR ~UM&Lta. 01 L A"->D RliFl~\lo.)6 COM ..... ~.,, 

PLANT 6-A.~ P~C.&ii6$ 1~C'ir STUD"'( 

1 orATI 0111 .S&C:., GAL..1.-0Rt.~14. , 

. ORDER NO . e - .41449 ITEM NO . T-11 
MFGR. ~-' Stearns"IQiii 
DATE 8 · 71 BY I A'J. 



"11'.1 vr:<:C!i ll:" ) ~ .RFO•n . ( ....... · VERT.) o....,c&..{ 1) 

S.Hi:: l.L 01 A. 1.0 ...... •2.o .. 
C?-LIJ'l .L TM I Cl<NESS bl:' l/1 ~ .• 
1-fEADS TH.I CKNESS Goi.JSi. 111.c::X:>F ~ !/1"9" -
SMELL & HEAD THICKNESS INCLUDE C. A. 
~MELL LE,'IGTH 1'2.. '-o '' 
li.lUPPORT FOL-A. T &.D'Tl'b ._.... ~ '/4" 

DESIGN tONDITIONS 
conr: AP:t ~~o STAMP Y&i.$ 

OPER. DES IGN ALLOW. 
PRESS .(PS IG) A'TM06, 
TEMP. (VF) I.SO 
CORR.ALLOW.SHELL i..>o HEADS "-lo 

-
'lla g4y STRESS RELIEF ~o 

·~ l ~ w·INDLOAD Pe~ A6ASe. 1 

~ii.I ~NI IG zo~E,.. ~ 

MATERIALS ITT TI--
~oor: ¢.. ec::'l'ro....-i :!>Ta.e.1-

-ti,, .. 

SHELL ~TE.EL. 
,___ 

Nn7ZLES & FLAN{;ES -
GASKETS ,___ ::i -@ & 
NOZZLES & NO . SIZE · RAT I NG· FACE CONNECTIONS REO'C 

,_ 

I. 11-.)\..atT I '2''- 1so• JC.F i- -i-0 
2 OUTLET I ~"- 1so• R.F 

~ 

2o"AP! 3. ToP MAt..lWA.,. 1 !>TO· 

4 . &LA~ !<CE. T ~A.S I ~"- 150 :tt ~F= - H~ 5. TA.~k'~ G.-A.U~E ~ 1 ~z '!. 3000• GPL<=r. ~-:a--- --H s 
6. t=:Lu6M TY'"'li OP'"~· 7 I I --= - I 

' ~4 " ... ?><0" • "'Iii" -- - __ , 

1. HEATtt-JGr C.01 L 2. I"- IS O •Rt: ~l9 

• API M&T~O~:J 
8 • Olii?.AI l.J I '2.''-1 so•~t= 

9. TE M f', IAI CJ, I / 11 CPt..6. & 
10 . 

1 1. 

12. 

13 . 

14 . 

1 5. 

INTERNALS & ACCESSORIES FURN I SHED B' 
VESSEL 

FAB, OTHERS 

FILTER ELEM . - -
PACKING - -
INSU L.R INGS - - W&l<MMT e:....,PTY ~ 10 oOC> 1..e-... 
LADDERS Ye:.5 - l\IOT~C::: I,. ALL COUPL I NGS 6000# , UNL ESS OTH ERWI SE Sl'EC IFIEO . 

I i...> Tlii..Jit.N A.l.. ~ YE.!l - (I) W&:Lo•o 't'Ai.JI< COIL , •• SCM . 4o PIPlii , 61(,D $6, 

NO . DATE BY REVISIONS (2.) \•.lt·llTa 6A~De.l..A6T • Z/~C.- ~ IC.H PS&IMlii. ... 

;/\ ~hi Rr1- /:.£rJ . Rt.\/ 
VESSEL AMllVCii. Sit>r<A~lii. "iA~ I<. 
FOR HU""18L£ 011.. .AJ..)IC> Si!Gi,.l~lt.lc:ir C:OMPA.""'"I' 

PLANT Gn6.$ ?~c.&$.S.1 "->Gr $T&JD"'( 

1 (Ir AT I ON S.6C. ~ GALI S::Ote.t-.>1 A 

ORDER NO. 5-4144-Q ITEM NO. T-1'2. 
MFGR. A-1 ·- ns)liii DATE 8-i I BY I •r. .! 



i--
REQ ' ll. lHORZ . - ..lll@M'. l o..._,E:.(1) -

l-WJ..._Y..(: ~~[;bS 

...2!..ll.!.J... .. f) I A. 1. 0.--. 4-e" 

... :d!.LJ .. L 1H1 CKN ESS ~ Y.d. '' 
!II fll) S IHICKNl:SS s . F. . - (JI!!. ~ '/4" - .. ·- -.. .. 
Siii I I & II E AD THICKNE SS INCLUDF C. A. YE~ 
-·-·-- .. 
•, 111 I. I l I NGTll (SEAM TO SE AM ) 10'- ow 

r----·- --- . ·-

.A l l'!~(' ll I i..Jo~a. 

IH.S I GN C:ONDITIONS 
t. • . .'I' C A$....-\E!. "''" ST AMP uo 

OPrn. DES IGN ALLOW . 
' 'l~ !. SS . \ PS IG) IO ~· HMP . ( 1'F) /So 
lORR . ALLOW.SHELL Ye" HE ADS !le" 
X-H/\Y 5POI STRESS RELI EF t-...>O 

WINDL OAD - ®-I~ 0 ~ lJ ""'1 vv I C...(.... eie. ex.J/2.1 Et:> ~1.JOTIE. Z ) 

MATER IAL S -HEAD S A2.e5-C.. 
SHELL A 2.SS-c 

@- !-'-N07.Z l.E S & FLANGE S 
GASKErs 

®-~ N01.7LES & NO. S 17E · RATING·FAC E CONNECTIONS REO ' C 

I • 1uU•T 4 '0~11..:> I !>'!. 1so.tt- 12F 

z. V Et.lT I 2 ''- 1 S'o '* IC!.F 
©-~ 

,___.__ __ 
•. 1-141.lWA"( 4 Pvt..tP I 18~ 1.so•~-F 

~ ---·-

'2..''- l '»D°' "F .1. 6Tic.AMOc..lT I 

' .,, l...EV&.L IA...lO. I Z "- 160 * !<:F 
b. @-r ------- ---· 
7 . - · 'I. -· 

_2...'-
_l_(J_. --- ·· 

11. -· 
I ;; . -----· 
I .!. ···--------·-·-----
I ii . .-----·----·· 
I ~i . 

INTU<N ALS & ACCES SOR I ES FURNI SHED B~ 

- ·--· · 
VESSEL 

FAB. 0 THE RS 

. . J ..t L rm ELEM • - -
PACKING - -
I NSlJI . . RIN GS - - WEIGHT EMPT""( -::::: 'a~OO 1.2>5 . 

Ll\D!JE.RS & PL AT FORMS - - NOTES: l. · ALL COUPLINGS 6000# , UNLES S OTHE RW I SE SP ECIF1£0 . 

t~Te:te.i..>AL P1Pc Yi&~ - (! ) t.:iot..p. 64 193 • &7 J 1'JUT6 64 194·'2.H 

NO. DATE 8'r REVISIONS (:;.) O~c.J""" Cc:>AjleD W/TA~ b"'f OT+-ISlt..!» • 

VESSEL A N11.u&::. .SU N'\P 

FOR ~<JM ett..c OIL At..::1t:> ~EfSl ..._,1~c:; Co,..., PA '-l '-( 

PLAN T GrA$ P~C:::.ia!!..!. 1 ..._,c;, .5Tl.J s:>y 

J 1 or ll T 1 ON ~&C. ., CALI JISO~~IA. 

ORDER NO . e> - 41449 ITEM NO. T-1?> 

---·---- MFGR . N'>f Stearns·('oler DATE e-11 BY JJl I 



N('\ vF'c:c:~1 s RF't'\•o . 1-.-VERT.) ,.wo<.2 

SHELL DIA. I .0 ........ 1'20" 
<:;HELL THICKNESS ~ 3/ l(p .. 

HEADS TH I CKNESS CO"-.lE i<oop ~ 3/1~'' 
SHELL & HEAD TH ICKNESS INCLUDE C.A. 
SHELL LENGTH f"Z.1

-0" 

SIJPPORT FLAT eiic::nro"""' t::: Y.a." - DESIGN CONDITIONS 
CODE APl (.Ci.SO STAMP YE.~ 

OPER . DESIGN ALLOW. 

- PRESS . (PSIG) A-rm o _.;, lb. 
TEMP . ( °F) I(){) . . 

CORR.ALLOW.SHELL IVO HEADS 1-..)0 

X-RAY STRESS RELIEF I-JO 

~~ cp -~ WI NDLOAD PE'? A~A 58.1 
S£1 S.t•"''ll C.. Zt:>i....>li.. '.!> r MATERIALS 
RCC>F .1. l":!x:>ITONI .5Tii.E.L 

I I 'Ll---
SHELL ~Tie.E.L 

,__ 

- NOZZLES & FLANGES ,__ 

GASKETS ,__ 

NOZZLES & NO. SIZE· RA TING· FACE CONNECTIONS REO'C 
,__ 

1. GO.T./~olve.•.)1" IN I 2"- 1sou-RF ,__ 

2 CA"T./.solv~L..>T OUT I '2' !.... 150 ~R.F 

20·• AP[ ~ro. 
I--

3, Top M.6.1 ... hN'A '( I 

4. Vei.JT "'"'/6':.~i;ce:t-3 I 'Z..'' AP! 6TD '--

s. TAl--lK. ~lJ6E. .3 1 Yz '!. 3oo0"" GPL..u. 0----1 6, FLV !. ~ T'(Pli OP&.> I 24"><~·· * ~-w n ,---
7. ' I 

-
6. 

9. 

1 o. G 
1 1. 

12 . .)j(:A.,PI 1-'1 E.. THc>o' B ' 
13. 

I 4, 

I 5. 

I INTERNALS & ACCESSOR I ES FURN I SHED B~ 
VESS EL OTHERS FAB , 

FILTER EL EM. - -
PACKING - -
INSUL.RINGS - - Wl&..tC..-MT G.~PTY ::;::: Q ~ l..e.S. &AC.1-4 

LADDERS '{E.~ - NOTES: I.· ALL COUPL IN GS 600011, UNLESS OTHERW I SE SPECIF I EO, 

l~T~L 'PIP'ii YE-6 - (1) WHtTE SA"->Ot!>LA6T 4 '%1t..lC.-RIC._. Plil.t9-JIS.1t.. 

NO. OAT.E BY REVISIONS 
& f /71 /l..1(., 6fN. f?...t:v. 

VESSEL CAT.AL"(6T /.SOLVE.t-.>T STo~<;li. IA~t<.S 

FOR ~uMe,Lli 01L ..:.i-.>o R.fi.FINltJ<ir Cow>tP•~""( 

PLANT GA.5 ACC>C.\ii SS I ...;>Gr STuO"""( 

LOCATION £:.,BC. J CAL I f:ORJ-,ll A 

ORDER NO. &•4 l44Q ITEM NO. T-'Z I 4 2.2. 
MFGR. !Vt I Stearns·Jto&er DATE 8-71 BY l~I 

-



·" . 

J::tl.l....,.V[SSELS REO 'D. {~.-VERT.) O i...lE. 

'..illC l.L DI A. -. - 0.D. t04 '' 
~~;·;jJ:~i~~_IH I l.'.KNESS ~ '/1c0

11 

.. .l ! L!'l?.~; .... 1.:!LI CKNESS . Coi..:>E ~F ~ !>/1'-" 
'.:> 1 1L.~:.l:.. •. ~.-!1 E AD _!HI CKNESS I NCLUDE C . A. ~O 
'..;1111.1. Ll."NGTH (SEAM TO SEAM) e '- 0'1 

>-;~~i'-i~·orn !=LAT boTl'.ON'\ ~ Y4" 
DESIGN CONDITIONS 

C0P[ API ~so STAMP -,'Iii. $ ,...._. 
OPER. DESIGN ALLOW. 

PRfSS . ( PS I G) A TMO.:), 

1 [ MP . ( · F ) 100 

CORR . ALLOW . SHELL i..>O HEADS i...JO 

X-RAY STRESS RELIEF 

WI NDL OAD Pe..~ A.64. .Se. f 

MATER IALS 
·----~---~~ 

HEADS 4' e>T.....,. G':Aa..e> . .STL. 

SH ELL C.0.2.~. e,1L · 

NOZZLES & FLANGES 
GASKETS 

N0 7.7LE S & NO . 
CONN ECTIONS llEO ' c 

1 . Fl l-L. I 
__ 2 . Pc.J M P .5u~T. I 

- ·-~:-~'§_"-) T f 
_:!."-T~-~tc:: GAu c::re. ~ 

'.> . Tc::::> P "'1.A.'t..l ""'4\. "'< I 

S I ZE ·RATI NG· FACE 

2''- 1so•~F 
Z" AP\ .$Tl> . 

I· !12• oc:x:::ic> '= CF L<:r · 
2 o"A?I .6TO . . 

8 . -··------- ----+- --+--------4 
n. 

l(J . 

1 1 . 

--1!._·------~---+--1---------f 
1 3 . 
~----~----+---+------~--4 

14 . 

.I ~;, 

INTERNALS & ACCESSOR I ES FURN I SHED B~ 
VESSEL OTHERS 

t--···- ·-------------+--'Fc..;.A;.:;B.:...• -t----f 

........ LJJ" TER ELEM. 
PACK ING 

CD- i-

n 

.__1_N;..;cS..c.;U_L_._R_l_N_G_s _ ______ +-_-_ _..,_-_ _.., ________ w_e._1_&_~_T __ El_M_P_T_""(' __ ~ __ 2_~_0_<=> __ 1..._6_.$_,_---t 
LADOERS & PLATFORMS NOTES : 1. · ALL COUPL INGS 600011, UNL ESS OTHEllWISE SPE CI FI ED. 

NO. DATE BY REV ISI ON S 

ORD ER NO . e-41449 ITEM NO. T-Z?> 



N(l vEssr.;~:2 Rtg •o . !HORZ . -~. ) -rvvo - SHELL DI A. I .0 . -tlli. 150" 
ca.n:LL TH I CKNESS =:;::. '1'2. '' 

TI HEADS THI CKNESS ..... e....., I I~ 1/-z. II 

SHELL & HEAD THICKNESS INCLUDE C. A·¥•• 
SHELL LENGTH (IA..., .• 10 TAW,) e9•_ , .. -
<lllPPORT 6400L.•S - DES I GN CONDIT IONS ~· (.I ) 
CODE Aa...,,IC Vtll STAMP '"(l!J ~ 

OPER. DES IGN ALLOW. ~ ... -i-@ 
PRESS.(PSIG) 100 - TEMP. ( °F) 1$0 
CORR.ALLOW. SHELL 1/1(0 .. HEADS 1/ 1""" ( I 1 
X-R AY F=UL...L- STRE SS RELIEF f\JO 

~~ -WINDLOAD PE.a A!>A 56. 1 
S.&1 SM I C.. -z.c:> ~ G:. .?> 

.... MATE RIALS 
HEADS AS/ 5 - 70 
SHELL AS' t S • '70 
NOZZLES & FLANGES AIO~ e, Alf?>I crR. . I V W>&T&K •"-'•· GASK ETS 
NOZZLES a NO, 

S I ZE·RAT ING· FACE @-1- ..I. -t-(!) ' CONNECTIONS REQ' C .. .. 

-
1• L.1Q , t to.) it. our I ~"- IS'o*Rt= 
2 &:'~UAL.l"Z t ....,Gr I ~··- ISott'RP 

3, P!::>\I ~ 4"- 1so• R.F 
4 . l..Gr 9~1PLe 2 ~·1-1 so•2F 

cl>4J-
5. P~C:~6 . I I.JC , I 3'/4 '' G PLGr-, 

6 . T W I 3/4 11 C ?L...Gr. 

7. SAMPL G: ~~. I I" C.PL.(:r, 

8 . D ll.A I i..> I 2•- 150,. ll.F ©-1-9 . M~WA"'I' "'fo.t....., IT" I 1e>"-1 so•~~ 
10 , @- +- ( l l 
I I , 

H-@ 12. 

.... 

-
- 13. 

14 , 

I 5. -- INTERNALS & ACCESSORIES FURN I SHED B' 
VESS IL 

FAB . OTHERS 

FILTER ELEM . - -- YOR.\ 6.X e.~EiAKS~ '(Ii.~ -
INSUL .RI NGS - - wa1 GrMT EM1>T"'f ~ •o4 boo La6. EAG'-4 , 
LADDERS & PLATFORM C:.LIP!» "'1'1£$ - NOTF'S : I. · ALL COUPLI NGS 5 000/;' , UNLESS OTHERWI S E S PE CIFIED . - ~1 N\allt. ~TIE ('I.) '(li.6 - (t ) C>llii..Slc:ir,_, 4 ~6T'laUGTtOt.> .SMAL.L COMPL...'( W/tJFPA 

NO . DAT E BY REV ISIONS PAMPML.&.T~ ~. stS .. 5, • - (.2.) WHl'Tlr. 6AIU~LA$T 4 21tJC • i:r tCM P•tMIE.~, 

VFSSEL euTA"'->ti&. - PL.I.)$ .::rt'n:>~lii- T'~.._,KS 

FOR Mu,.....lelL.& CIL. 49-)0 UfSlji.)th)C., Co...,f'$.~~ 

- PLANT GA.~ PltOGlliS5•"-IClr ~UD"Y 

I (lf"'.ATI ON =ec::,, c:A\..1 Foct.tl.)tA. 
ORDER N0. 8-41449 ITEM NO . T-52 
MFGR. _,...,I Stearns~-
DATE 8 -'71 BY JJ>i-1 

-



~ I 
; S!etnefdr 
3 1 CUSTOMER HUMBLE OIL AND REFINING COMPANY 
' f PROJECT GAS PROCESSING STUDY 
& lOCAT 1 ON·~ SA~~~)~~~.A.~:t'"HANN...-;:_=EL .... -.'._CA'T'L""'I..,F;or.Q""Rt-.:Nr..!"'~-

AIR DRYER 
STUDY DATA SHEET 

DATI August' 1971 llYD 
e 
7 1•111c1 _____ ..!_~st!U!!,1~-~-~ir_P._rye!"___________ ------------ No.Au'•· 1 (1) 

• 111111oe.e1a ______ ... _JlL ___ 1b .. . .. _ __ ,_ av 1C ___ ,, _ ___ _ ___ !b'....,. __ :d _ __ ______ _!!_ 

t -t=H=F::,:AC!:.!1':,::U.:!111~11~---...-.--===--=·-=--=-=•--··· -= .. 
10 

Sou11c1 : OuoTl or __ _ 

" 12 

13 

"' 15 

HI 

t7 

18 

19 

20 

21 

22 

23 

u 
2!I 

26 

27 

28 
2t 

0 

32 

33 

34' 

35 

35 

37 

38 

39 

"° 
"' 4'2 

'3 

'' 45 

"6 

"' 4'8 ... 
50 

!It 

52 

53 

54 

55 

' :i7 

58 

!It 

60 

61 

62 

One (1) - Kemp Dual Tower Adsorptive Dryer, Model 75-E 
completely packaged with all interconnecting 
piping, valves, . fit tings, electrical wiring etc,, 
for fully au tomat ic operation. 

Desicant: 851fo Si l. gel/tower 

Reactivation Heat: 2.4 KW 

Outlet Dew Point: - 40° 

Dryer Cycle: 8 hours 

Capacity: 250 cfm air 

Weight: 1500 lbs, approximate ly 

R(v 



n1• .... U-21 ~ I PACKAGE UNITS 
STUDY DATA SHEET ; Stearns=a&f r 

3 . l CUSTOMER HUMBLE OIL AND REFINING COMPANY 
ace•.,. "••-------l-
'·" J• B-41449 

4 f PROJECT GAS PROCESSING STUDY 
5 lOCAT I ON-SANTA BARBAiHC°CH.ANNE~L-,-C~A~LIFORNIA 
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1 

8 

9 

to 
11 

12 

13 

"' 15 g . 

16 

17 
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19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

10 

31 

32 

33 

34 

35 

36 

37 

38 

39 
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47 

.t8 ... 
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51 
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53 

!14 

55 
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58 

59 

60 

61 

62 

- - --- ··-·-----· ··-··----------·--- BYJW 

Tail/ Ga~_g!_e~_!!:-_UJ.? .. JJpit____ No .Au'•· (1) 
8 71 --~'.!'._G._: b ·---·-- -·- _ __.e~v __ ·:C __________ ..!!_ ___ :d __ . ___ . __ _!!_ 

_ ·-·------ -··----·-----·-- Sou11c;1: OuoTl o' 

One (1) - I.F. P. (Institute Franca is du Petrole) Claus Tail Gas 
Clean-up unit. General description, design and con­
struction requirements, sulfur recovery and unit 
guarantees are summarized below . 

A. General Description 

The process is a proprietary (I.F.P.) design which utilizes 
an organic solvent and catalyst to continue the reaction of 
H2S + SOi to form sulfur . The solvent and catalyst are non­
toxic and non-corrosive. Carbon steel construction is used 
throughout . Liquid sulfur, bright yellow in color, with a 
purity of 99.5%+, is produced. 

B. Design Basis 

Tail gas flow rate 
Temperature of gas 
H2S + S02 in gas 

C. Sulfur Recovery 

Design recovery 
Guaranteed recovery 

D. Process Design 

3 - 4.5 MMSCF/D 
265°F 
0.2 to 0.6 mol % 

85% 
82% (based on H2S to S~ ratios between 

1.9 and 2.1) 

I.F.P. will do all design work 

E. Construction 

Mechanical Engineering and construction ~y the prime 
contra·ctor. 

F. Size 

The major piece of equipment in the unit is the absorber. 
This will be about 4 to 5 feet in diameter by 70•80 feet 
high. 

J~ 

r 

a 



Nn VEC<C\ELS RF"t"l'O. (HORZ . •\9M",) Olo..)5(1) 

SHELL DIA. I .O. --. e,4•• 
c:1 .. u : 1 L TH I CKNESS-::;: 2. tC I '' 
HEADS THICKNESS S.E.--~==-z.s4· 
SHELL & HEAD THICKNESS INCLUDE C.A. "1'&6 

SHELL LENGTH (SEAM TO SEAM) 28'-o" 
SUPPORT ~Al::>QL..Jii.~ 

DESIGN CONDITIONS 
conE A~••<''\\c VIII STAMP Yl!.6 

OPER. DESIGN ALLGN. ©-t- H-@ PRESS. (PSIG) 900 1000 --
TEMP . (uF) tQo 100 

~ CORR.ALLOW.SHELL Y,:a. .. HEADS Y~" (I 
l<-RAY FUL...L.. STRESS REL I EF ve s 

@-~ WINDLOAD Pe.~ ASA se.1 ti I' .Slli. a ~i.;i IC. "ZO~Qi. 3 ~ H--@ j'MATER I !.\LS il 
HEADS AS'l4'> .•70 T-0 .A.300 I . ..1.. 
SHELL ASIG;a - 70 To tA..~oo a~~ NOZZLES 8c FLANGES A!>!>~~, 4 ~S"o l..F 2. 

GASKETS 
NOZZLES & NO. SIZE·RATING·FACE ~ I- H-@ 

CONNECTIONS REO'C 

1.~Sti...)l...fiT I 10"-te.oo • ~F 

-$ 2 CS-A& ourL.liiT I IO" -<Oc:x::>1' 2F 

3, C0h,)06i..)6A"fE OUj I '2 ··- <::.ex:>• e.F 
4. WA,.ait. Oc..!J" I I !12."- <Coo#. ~F Lt. 

~ 5. O:>~OEt..>.sA.'Tlll. OUT I 3 ··- teoo • liaF 
6. LC eatict...E; 2 '2''-~lt R.F= 
7, LC. (el'\E:~NC.'t) 2 II'~·:. c0oott eF 
8. UE:VliL.. ~cJGrli. 2 I Yz." -6oO • ic:s: (I I 

LC. 2 I ~z '! G.oo it ICF 9 

10, ~WA"'t' W/Q.6.VIT I 16"-600.t laF 0-t- H~ 
11,PSV I -c000# R.F 

12. 
13, 

ef 14. 

15. 

INTERNALS & ACCESSORIES FURN I SHED B~ 
VESSEL 

FA B. OTHERS 

FILTER ELEM. - -
i>ACK I NG - -
INSUL.RINGS - - we1&MT t!.~PTV ~ AA ?aOo Las. 

I AnoERS & PLATFORMS - - "'l"ITFS: I, · ALL COUPLINGS 6000#, UNLESS OTHERWISE SPECIFIED, 

ll..1T£~'- ?1~ ~oz. ~ YISS - (I) 6....,&~a.£1o.)~ .... 

NO. DATE BY REV ISIONS (2) 601..T~ ~A.1~~-~7,• .. HJT:r> S.0.l,4·'2M 

II\ 8/71 RTt. NEM (ls;,, (3) W"41TE SAUO&l..AsT 4 Z.I~· lelC:.M PlltJM .. ~ • 

V£S<;EL tt..)L.li,T Sl!P'Af&ATO~ ffi. 
FOR J.11,,1t•'\e)l...E gu ... A~Q ~liifl&I i..)l~Cir C.O""'P~~""( 

PLANT G..6..$ PR.OGE. 56& ._,Gr $TUf:rf 

1 l"lr6TI ON ~&C. \ c::A.1..\ FOltt-.)1 A. 

ORDER NO. B-41440 ITEM NO. V-2 
MFGR. ... I ·-------DATE 8-71 BY .111.l -



~ ... ~SSl,:.L'.i .Jl!..Q .. :Ji. (_.. -vr.in. l } ( ' ) 
-·- -----

'..i l ll.l.1 ()IA. I .n .-~. 48 '1 
............... -..... -, ...... ----····-

.. .dl I U.J~-L~H!: KN r. !3 s -::::. I • G:i. .. 
11! /\PS Ill I l:KNESS S . E.·GfiS.. ~ ' ·~" ·--· ........ ~ . ... __ ... ---··- - ---
--~~.U::.L... IX HEAD TH I CKNESS INCLUDE. C. A. 

.; 

~;; 1 i i I. L LLN GTH (SEAM TO SEAM) 9'-0'' 
1---.. - · - -·· · ·-· 

T '.:_;Ul ' l~ OH T ~t<::..12.T "'- 3 1-0 1
' ~t GrH 

DCSIGN COND ITIONS 
l ,:•l' [ A..SS.~S V II I STAMP ""((£~ .... 

OPER. DESIGN· ALLOW . T 
f' lff S S . ( P 5 I G ) RP.O 1aoS £ 
TLMP. ( ' F) I (J O I ~.S .__._ 
< OHR. ALLOW. SHELL Ve," HEADS Ye," I 1/ 1/ 1/ T1 -:; 
X-RAY F<.JLL STRESS RELIEF '(e..f:> '--- -- -
WIN DLOAD PIS!i'e. A~A. 58.1 ti --@ 
6Gi..1SM IC... ZO"->i:c. 5 

MATER I ALS 
HE ADS A SIS - 70 
SHH L. AS IS - 70 . CD-~ 
NOZZLE S & FLANGES A le::>'=:> 8 . A IE!tl ~ I 
GASKE TS 
Nll?.71..ES & NO. SIZE·RATING· FAC E CONNECTIONS REO ' C -t H-@) ,___, 

10"-~#aF . 11-.)\..e. T I . . 
--1..~ .. ~T'::ET I I O"-~·· K:.F I 

:~ . DR.Al"-.:> I z. "- ~,... tar= - - ·'"--··-- · 5 
'' · \..C. z. l /'2'~~- ~F 

-~~-Le.ve.l ~E 2. 3/4" - c.plc:r. - · 
v. P l I 5/4" c.,pL c.;;. . I -----

16"- <Doo* R.F 7 . ~WAY~~v1T f 

4-q_ <i>- lr-lo-··--- H-@ ~) . 
1 0 , - --
I I. 

\ 14 
I t'. '-... / 
I :i, 

........_ 

~..:-:: --· . H---0) I ti . 5tc::ll;~,,. Ve'""3T 5 4 3' '~ . 80 PIPI& IS f---· 

1:; . .6flt:'.'.t:.:t.T A~S I le>'' IC.El ~f' · . 

INTERNALS & ACCESSORIES FURNISHED 8' 
VESSEL OTHERS 

......_·--···· Fl\9 , 

1 1 L rm t---- ·- .. ELEM. 12 l.8/ FT i "" i:..s ye;.~ . -
PACK I NG - -- --
INSlJL.RINGS - - \<./EIG HT 5""1f' T-< ~ 14000 L.e.~ . 

>--
I 

LADDERS & PLATFORMS - - NOTES: I . · ALL CO UPLI NGS 6000/t , UN LESS OTHERW ISE SPf.CIFIEO. 

Pe•...,u.•:R. ~c::>Te ( •) '(e.S, - ( 1) W~lTIZ 5A"-.)Oe,l..A..s1 ~ 7:111JC::.-1'1<:..fo4 P atNtE.re,. 

NO. DATE B'r REV ISIONS (~) IX:>l..T• ~19~- 1!>71 IVUj.S.SA 1<)4 2 1-1 

l/J\ '9/71 ~T6 G £./IJ. Rl!.'I/. 

VESSEL $<::><.JR., GAS i=1....,AL .SE. PAt;;:..0.. TO Ro 

FOR 1-lU~ e.Le 01L A.11-JC> eeF1U1~6- C:::OMPA....,"( 

PLANT GA~ P~C::..E.~~1~6" .5T'-'D"'( 

1 {)rAT I ON S-e,.C, ,1 c.4.L-1 r::'Oi:;ti..> I A 

ORDER NO. e>-41449 ITEM NO. V .:'3 
MFGR. /i,, l Stearns·J'oler DATE e-7• BY lL. I 



111n vi:-i::c;1="1 c; Rl='O•D. lHORZ . --. ) bN .. ( 1) 

SHELL DIA . 1.D.---. ~~·· 
SHf.LL THICKNESS~ 0.4.7" 
HEADS THICKNESS S . E . --.~0.47•• 

I\ SHELL & HEAD T~ICKNES~ INCLUDE C. A.yas .____ 
SHELL LENGTH (3EAM TO SEAM) e>'i :..o•• 
SUPPORT ~AOC>L.Gi~ 

DESIGN CONDITIONS ,,, 
COD E 4.6"""' Ii: VII I STAMP Yfii.~ ,,1 

OPER. DESIGN ALLOW. @-t-
l'I 

-i-@ PRESS. (PSIG) eo 125 1' 1 
' TEMP . (VF) 11 0 500 1,1 

CORR.ALLOW. SHELL VA" HEADS Ye.• l'I ( I })P - l~I 
X-RAY Fua..i... STRESS RE LIEF 'ffi. ~ __ j~ 
WINDLOAO P E l:l.' A5A sa.1 ' 0 ' $&.1.$ ...... IC 'ZoN>\:. o 

@-r 
.o ~-© MATERIALS @ 

HEADS A515 .. 70 u u 
SHELL A51S-7o a$~ N0'1ZLES & FLANGES 4100e., At61 G.R.t 

GASKETS 
NOZZLES 8c NO. SIZE·RATING·FACE ©--~ H---@ 

CONNECTIONS REO't 

I. L.lc:;>\JIC> Ii..) I 3 '!. tSo • ~t= r i'\ 
2 GirA:> OUT I 3 •!.. 1 So '* flF= 

ffi ~L/ 3 . c.o..>~-re our I 3 "-150 '*~F 
4. C:O.,Q&.M .. ATll OVT I z ·•. 1so•rc:F 
5. WAT&R. OUT I Z"- 150 it e.r: 
6. L.C ~ t!/~"-1.SO Cl ~F 

7. L..G 2 1Y2 '!. 15o "'raF @-r- ( I I 
8. L.lli\lll.L. G.O.ueir~ 2. I~.. c,p1,.c;,. 

9. L..Cir e~IC>L.& 2 '2"- 1so• ~F 0-r- -i-@ 
I 0 , L..G 2 IY2'1-15o •~s: 
I I , M4NWA."'( ~£)0.V IT I IS"- I so• l!F 

12. P6\I I - 1SQiok 5'.F 

13. LlQlJ I O I 1-J I .2"- ISO~ RF £ ¥i ; 14. . 
1 5 . 

I NT£RNALS & ACCESSORI ES FURN I SHED 8'1 
VESS El. 

F AD, OTHERS 

FILTER ELEM. 1'2 L.&/r='T 3 ... ~· '(E.$ -
PACK I NG - -
INSUL.RINGS - - Wii.l<A+4T ti.MPT"f ~ '2& ~CO 1..86, 

LADDERS 8c PLATFORMS - - NOTES: J,. All. COUPLINGS 6000~. UNLESS OTH[RWISE SPECIFIED, 

(1) &.ME~Gret.)C.y 

NO. DATE BY REVIS IONS (2) WHIT .. $6.~09L.A~T 4. Z.INC.•Rt~ P~tM& ... . 

Ir\ S'/7 I Rr.r, GtN. I<. £1/, (~) &COll..T~ ~ 1,ft• &7 .1 N(JT~ ""°' 1')4 • 2 M 

VESSEL LOW PR&.S5U~f: eot.)t)li~S.Ta O&~'tolt. 
FOR ~ulVle.l..Gi. OIL A~O Sl&;Pt~t9')(ir C:CMllllA.W""'I' 

PLANT GIA$ PRQ~li.5$tl-4 STUOY 

L or: A. Tl ON S.&C. I CA\...lfl=O"-~ .. 

ORDER NO. &-A.l44Q ITEM NO. V-4 
MFGR. _ .... .......... DATE a ... ;J BY ,J,/!1-



1-ti:.J.,,_.'~'.f. ~>SELS fU:.Q'll . (HOR?.-~. )Oi-.>e. 

f_.'.::U.!.._U __ 11 I A. I • n. -~. 9<.0" 

1 .. • !JlLL.k_ni11:KNr ~;s ~ 3/e." 
j i I! /\l J" 111 1 U<NESS S - F:. - Eiiiil!IL -:;:::: ?>/E!;)" 

I 
. --. ..---------·--------·-·--·-·---

:i.1.1 1 __ 1 ,1 .. ~. ll l". Al~_~rHl\:I<NfSS I NCLUDL C.. A .'(6!. 

· ;d ! I i 1 I NC 111 ( SE AM fO S F. AM l I ~ '- o" 
•1 t· ;•!' 1li< i IVO.._,E 

-----~--~~~~~~~~~~~~~~~--! 

Ill SI GN CONDI ·r l ONS 
· '" ! A.S'-'\t!. VIII STAMP ~O 

>-·----------·-----.------..----~ 
OPER. ors 1GN ALLOW . 

I" I· i ·:; _:; , ( p 5 I G ) I 0 
----·,.,---+-- ---+-----+-----4 

I I MP. ' 1· ) '2.SO -·---··-------L-.----,-L-.-"-...;:.;...---------l 
, 11rn . A1.Low. s HEL L Ye'' HE ADs Ye" 

----··-~·------~ 
x-k/\Y ~POT STR[SS RELI EF t-..>o 

WI NDLOAU -

MA TER IAL S 1----·---------- ---------1 
HF: AOS A zes . c... 

NU/ ZLES & FLANGES 

Nl1l/LCS a NO. 
CONN ECTIONS RE:O'[ 

SI ZE · RATING· f AC E 

-----·-------~l---+-----:-----1 
1 , C::.l..o6eo ~c DR.A• ... ) I 4·~ ISO ti-IC.F 

· --~ ~~.!"-t:> .. ~.~.,,o.c._ . .=c.D-=Q.A;._:_•~-+---'-1 -4-4..:,__•:..._1_s:..o_ il_2.....:..F_--1 
' OPli<t-.) t>12A.1t.:i I 4"- 150* li!J:. 

- - "'·- ----·· '"·--·--------·-· ·-· .. ---J---+--'----,....----4 
__ !_c~~-~::(.i_ PuMP I 18"-ISollraF 

. L~V'l:.L 1"-)0. I 2 ''... 1.io• ~F 
-----,,·-·-·-----+-~1------.-----1 

". FL.AR.~ 5(C;P. Lte:> ' ~·!.., 1so• e.F ---- --- _ .... =:...~;;;..:..:....:;;::.:::i--11--.;__+.:=--·~=-=~.:.=:.---j 

_!..: t'>011.Eit ~·ov.,,i..1. I Z ''... 150•12..F 
'l , 

------~--------·!---+-~------~ 
__ .2.:,_ _________ +---+--------1 
,,, 

·----------------+-----+--·-----~ 
1 1 , -- ·---------- -- +----+---------1 
I i', 
--~-~------+--+---------1 

I .!. r---·----------·-_...---4---- ----
111, - -.. ---------i--+----------1 
1 1) . 

I •nU<NALS & ACC ES SORIES FURN I SHED 8'1 
VE SSE L OTHERS ,__ ___ .. _______ _______ ,._.:.,:f" A;:..::S:..:,•......f.---1 

__ fun H ELEM. 
l' ACJ< I NG 

-------~--·---------1----+----I 

@-~ 
@--~ -

®--It-

@-l-

@-t-

®-~ 

I I 

' 

l.AUUlRS & PLATFORMS NOTES: l . · ALL CO UPLINGS 6000#. UN LESS OTHERWISE SPECIF I ED. 

(I ) b:::>l-T:i> .:SA 193 .e.1, ~l,)T~ ~A 194-'2.M. 

NO. CJATE B'r REVISIONS 

ORDER NO. 1!:>-41449 ITEM NO. V-7 

1 

-;--;----------_µ~:.!.!.:...:::::~:..:..;~ ·:.-
6
-_-

7
-,--

8
-v-I.J:s,..,c..-Q.-..... ~ Stearns·Jto2er 



•. !il.J ... Yk ~ ~~L.:.2 BLQ ' l> . l,.._. -V[IH. > o~e. 

•.111 ll DIA. I .D.--. /& " 
. ·:; ;1,·~:- n II c:KNI. :)S- ~ s /; <O .. .. -- · ........ ___ .., _______ . ____________ 
! II /\I 1"; IHIC:KNLSS (' r -.e ..... Y4" ..,) . . . . _...... . . • • '- ·---.-·--·-- ,.~----·•~--••--_. ,..,.,,.,,,.w ··--- - -·--· · -

:;1 11 I I. & HU\O THICKN[S5 I NCl.lJDI C. A ."(I;!. 
-···~· ---· · · -.. ----~ 

' i i ii I I LI NGTH (SEAM ro SE.AM) 14 1- 0" 
·-·- .... ...... .... 

~ ·;u I ' I' \)Ii I :;w::..1N?.T >< ?>'- a '' 1-llGr~ 
PLSIGN CONDITIONS 

-~~~'l A6.....-tl'i$.. V III STAMP ""'{C::. ~ 

OPER. DESIGN ALLOW. T 
\) 1; f' SS . l PS I G l So 
HMP. ( · F) zso 

f-----·-

' ~ )f{fL ALLOW. SHELL Y1<:0" HE ADS Y1~·1 

X-RAY ..:!3PoT STRESS RELI EF I-JO CTA..,Ge.:•TIAL 

WINDLOAD Pef;2, A~A se. I (j_)--1 
~ .. , .. ,..,,, c. ?> ZA:t.....,E. I ' I 

MATERIALS I HEADS A zes- c... I l 2 
SllELL A 2es-c., ,____. 
NOZZLES & FLANGES AS'?> ~, Ate>f GrQ. I :l - -@ 
C·ASKETS @--c 
N0/.7LES & NO . SllE·RATING·fACE CONN EC TIONS REO'C -II-® ,...__ ___ 

1'2. ' 1-1so.;k liZP:: 1. MP FlA!i!..1i.. It...> I @--c 
·-..£.'-1...P f=LA~~ IU I l~"-ISO~ IZF a--@ 

' l \/APO~ 01..)"i I ao'!... 1&;0• r.ai= 
t--- .: . .:_OM--··--..---· 

_'.!..:...LIC£Ul_O °"-'T I 3'' - 1.s:oil g-F -
14 

. ,:. 
' L.. L..C, '2 I '1'2 •• c...pl...G-. 

. ' / , . ..._ 
-r -b. L&:va.L GAu6C. z 3/4" cp1...c:r. I 

Ple.EittS. ~£ 8/4" cpLGr. 
I H--@ ., . I ----

~.~.: .. """'l..)'<IVA'"t ~DAVl'f I 1e•!.1.SO*Jiitl; 15 
9 . 

l 'J. 
·-·-----~----·------· 

11. 
~· -

I / . -· 
I .I . _,..,. __ 
I 4 . 6tc::.1,;i.T \l~T'- 4 2. '' .:><! ~ • eo P1 "'6i. .._... ___ .. 

1 •; . ~le:j' ACCE:f.S I 18" 2.S'I ~ F. 

I NH'.RNALS & ACCESSORIES FURN ISHED 8' 
VESSEL OTHERS 

,..__._,_ ····- fAB , 

f IL.H. H -. .., ~· 

ELEM. - -
!'AC.KI NG - --·-·-· L~$. INSIJL.RINGS - - v../E t<:rl-\T S::"'1?T"'f ........ 7<:::)50 -""""'····· 
l.ADOE.RS & PLATFORMS - - NOTES: I, · ALL COUPL IN GS 600011 , UNL ESS OT HERW IS E SP EC I FIED, 

(1) ~oLT~ S.A. 193 - !>"7, "->Wf$ ~ '94 - 2.U 

NO. DATE BY REVIS IONS ('2) WHITS. :sA,1-)t:>~ST 4 "%IA.JC:. - 2,. ICM 1>2.t"""E~. 

VESSEL F L. A-rc:.e.. SE.~QATO~ 
FOR l-IUMel..l:i 01~.Alo.JO ia• F 1u1 a..>c..,.. C:::OfoJ\ p,o...., "< 

,_. PLANT G-A~ "PR.oC E. S.S I "'-J Cf:r .!STUD'( 

1 or AT 1 ON se.c.._. c.A. LI FOl2.""" I A 

ORDER NO. e> -41449 ITEM NO. v-e 
MFGR. /'IA I Stearns-~r DATE 8-71 BY .Lf:t-1 



Nn Vl="S·SF"l S RFO'D . (_..-VERT,) 1(2 } 

SHELL DIA. 
I . 0 . ·-· 

54'' 

~i~~ ~~~-~T C::HELL TH ICKNESS ~ I ~V4'' 
HE.ADS TH I CKNESS S. E. --• ~ I ~/411-" 
SHELL & HEAD THICKNESS INCLUDE C.A."'(U 
SHELL LENGTH (SEAM TO SEAM) s-a•-o .. 
~llPPDRT. 61<.U&T IA. 5 '·0 " Mlc::;.M 

~ 
.. tz o,t,:;.JUM.Q· 

DES IGN COND ITIONS 
CODE A:SM\i. VI II STAMP '('5.$ 

·: , __ -H =---@ 
OPER. DESIGN ALLOW . • - _1. 'f._ -

£ 
l 

PRESS . (PSIG) 8 80 1000 
TEMP. (VF) l~G> 2.oo 
CORR . ALLOW.SHELL v~•I HE ADS '/ A" 
x~o"y FUl-1... STRESS RELIEF '(&6 
WI NDLOAD PEI<'. At.A se.t 
SU I$ NI IC:: Zc::n1o.lGa ~ 

MA TERIALS " HEADS A5ttd. N7o TO Ai!>oo 2 
SHELL AS 1<0- 70 Tc:> A ?.oo " NOZZL.ES & FLANGES A~?13Q",A~So L.F '2 t 

~ 
GASKETS 

NOZZLES & NO. StZE 0 RAT ING°FACE ~ 
CONNECTIONS REO' C 

@) 
I, ~!:. · ~ I 8 "- <COO tt R.F 

DEA OUT ~·~ 0ooit ~F 
~ 

2 I 

i 3, GrA'$ OUT I 8 '' - "'1o0 _. R-F 
4, ot:A 1.v I <O''-<aoo# ~i= 
5, LC '2 I ~'!. ~c:>O • R.~ N 

6. v•~T I '2 "- <=.oo " ~F 
7, MA....,W.o.'(,:, '°"1PAVIT 2 1 e··-~eo • 1u: 

' _,,.1...,TWA~L 
8. L.11. Vfiil.. GtAUcrt. 2 I Y2 ''-~ex:> tl ~,::. 

~fi 
1..AOOalt. 

9 , 0--~ ~ 10 , 

~f; -· I I , .. _ .. H s 
12. 1eo• \ 14 13 , ..... ..,-"' 
14 , :SKll~i vr=iYT:. 4 4 .. $€.I-I • eo ~1Pe. . ~ ,_ --~ 2 

IS 
15 , l:IKIRT Ac..c:a.6S I 10'' ~e1t..>F. 

INTERNALS & ACCESSORI ES FURN I SHED B' 
Vt:: SSEL 

FAS, OTHE RS 

FILTE R ELEM. 121..~/FT ~ ><CO" y~$ -
I~"( :)IJPPOllltT lla' I~:!> "'t'IC.S - 'NEl&MT ;;.._..,PT"(~ '-7,300 L.1'66 .~M 

INSUL.RINGS - - WEIGHT -r'RAY.5 r,::::::: '-,100 La~. llA4H 

1 ADDERS 8c PLAT FORMS C::1..1P$ '"(e£$ - NOTES: I , · ALL COUPLI NGS 6000# , UN LESS OTHERWI SE SPECl,IED . 

Ttlt.A ""( I t.,) 6 TA. I.'""'°" TIOW '(& $ ,..,oya (1) {1) ~A.,,:!I ~U,.~1..1&.0 a""( OTM£~$. 

NO, DATE BY REVISIONS ('2) ta01-T• &a.19~ -57 , 1 •• 11.JT.6 6"0.194 - ZH 

-· - Ii\ sh1 f?..r6 GbJ. f-l.Ev'. ~) WM l'Ta CS..,,to.)l)aL.ASi • Z.l~C.- lltlC:.'4 P~l "°"tli~ • 

VESSEL M . P. AM I "'-JG!!. COl-.)TAC:. TOR'. 
FOR MUM8C...E. 0\ L. ANC> q,&J:IMIWClr Cot.I\......,~ 

PLANT G-66 Pt;ROCE.!1161"->6' STUD'°\' 

I f\r ATI ON :!:>aG, <:A L.1 FOR. t..> IA. 

ORDER NO . ~-41449 I TEM NO. V- II A .. & 
MFGR . ;V"J I .lltearnslfiii! DATE .8-71 · BY.!~ 



11.11"1 V~C:C:c:'I c; Ri:n• o . ,_. - VERT.) 0~5.(1) 
SHELi. DI A. I .D . ..... 42 II 
S.U,~bb THICKNESS ~ t.4 .. 

I 

HEADS "tHICKNESS S. E ..... ~1.4" 

<f SHELL & HEAD THICKNESS INCLUDE C.A.Y"-f> 
SHELL LENGTH (SEAM TO SEAM) '3 '-o" 
~1 1PPO~T f!>I< I At, 'f >' '.!.1-0" M16 .... T 

DES IGN CONDIT IONS 
C:OnE A~W\ii. " '" STAMP "i'li.!. 

OPER . DESIGN ALLOW. 
PRESS. (PSIG) a-rs 1000 & 
TEMP . ( °F) - -----· 110 150 ""- '.../ .!,_I .,t., ...!. /..!. 
CORR.ALLOW . SHELL I/a.·' HEADS Ye" 
X- RAY S::ULI.... STRESS RELIEF ve.s 
WINOLOAO PCC.R. A$A se., 
$1&1$....-. 1<::. %,oi..,>G: ~ H-0 MATER IALS 

HEAOO AS'tS -70 
SHELL AStS-'70 

NC17ZL ES & FLANGES A10<0e, Al6t G~ I 

GASKETS 
NOZZLES & NO. SIZE-RAT ING· FACE · CONNECT IONS REO 'C 

<+ ~--© 1. Gnl>.~ I~ I IO'!.. ~oo• i:tr= @-Ir 
2. GiA t. OW T , 10"- <000 * R:.F 

3. l...IQ. C:H..) T I 3 ,, _ ~-!CF=: & 
4 . LC. '2 I Yi~~oo# ~f; 
5. MA~WA"'( ~00.VIT f 18"-~oo• ~i= 

~---© € • LEi::V\i.L ~Vi:irE 2 ?>/411 GPL.Gr· + 
7. 14 ) 

" 8, .. ......_ ./ , -
9 I 

H--@ 10, "' ' ... - - -
15 I 1 , 

12. -
I 1 3. 

111. 6t.:: tsotT V\i.~i~> 4 3'' S<:.1-1. eo PIPS 

\ 1 •,_ SK. I Ii. T AC:..C. l:i.:l>.S I IS" rc?~l~F. 
•, !NTERNALS & ACCESSORIES FURN I SHED B' 
I 

VESSEL OTHERS 

if'7L'rrn ELEM. 1'2 l..e/F-T:3,. <O'' 
f AB, 

YE.$ -
l PACK ING - -

INSUL.RINGS - - WE.IGl-IT &MP,..,, ~ 14 "00 L.a6, 

LADDERS - - NFlTl='S: 1,. ALL COUP LIN GS 6000#. UNLESS OTHERWISE S PECl,llD, 

PR.IM(i.~ IYC>Tli (tl ...,.. .. $ - (1) WMIT& $4'->0.l..A$T 4 %.It.JC. R.IC:.M PR.lMS.lt. 

NO. DATE BY REVISIONS ('Z) ~LT.S .sA19~·&7~ 1-NT~ .s.0.194-214 . 

£ ,8/71 f?iG Ge,.;. Kev. 
VFC::SEL TllC.t£AT&.O Cir4& $(;.tU &e.s. R. 
FOR Mu"""' a 1...e ou.. A"->C> rt.Ii Ft ho) I t..><lr COM P\Aoti.)"'( 

PLANT GrAt. P~c::>C::.lii.5S I ~Gr .STUO"'t 

I rir 11TION ~&G. GAL.IFO~~IA 
ORDER NO. C!>-41#9 ITEM NO. v- 1'2. 
MFGR. ml 81earm!fijii 
DATE 8-'71 BY .LAP- I 



i.ir. ~ \1i:-c:c:r::1 <;; i:>cn • 0. ( HORZ .• ._- . ) ll2} 

SHlt'.LL DIA. 1.0.-a.. 54-" 
SH~ l L THICKNESS ~o.~e" 
1-l~~ AOS THICKNESS S.E. ·-· ~0.~2" 

-SHELL · & HEAD THICKNESS INC LUDE C .A.'(fi~ 

SHELL LENGTH (SEAM TO SEAM ) t41-0" 
~llPPORT ~AC>G:>L..IE.f.t 

DES I GN CONC1 IT IONS 
CODE A~MG!. "'"' STAMP ...,..Ec.6 

H~ OPER. DESIGN ALLOW. ~r 
PRESS . (PS I G) 75 teS ..... H z 
TEMP . (uF) 1$0 Seo & 
CORR . ALLOW. SHELL Ye 11 HEADS '/e," (I 1 
)( .RAY FU\..L. STRESS RELI EF ...,..G:f> 
WINDLOAD PE~ A.SA se.1 
.:51&1.SM IG 2.0"->(i, ~ 

MATERIALS 
@)-t- - - -- ----

HEADS ASl5.-7o 
SHELL AS1S ~ 10 

NOZZLES & FLANGES Alo~&, AISI G-Q!, I 

GASKETS , 

NOZZ LES & NO. SIZE-RATING· FACE 0)-+ 

t 
CONNECTI ONS REO ' C 

1 , DEA I i\,) I '='''- 1Sott ~F 
2. Olit.A. OUT I "''~ 1 so'* ro::F 
3. ~.:e. ow,.. I .2 •:.. 1so• ~f= 
4 OllA IJ:tt.OM Vliii..11' c.. I .2 11

- ISo•~F & 
5 . L. c::. e>R1 t>L.li&. 2. '2.."-ISO,.i~F 
6. MA""1WA"i' ""/OAV1T I • S "- 1 so.ct~s= (I I 
1, P'1trl..SS , l~O. I 1·•-1so•~ 
8 . 

j 

9 , -- -- 0-t- ____ , 
.t 

I 0, 
I / - Wt:ARL 

1 I • 
\" __ , _ _L 

12 , -
1 3 . 

14. 

15. 

INTERNALS & ACC ES SORI ES FURN I SHED B~ 
VESSEL OTHERS 

t--
FAS, 

FIL TEH EL EM. - -
PACKING - -
INSUL .R INGS - - WE..IGr\.4,- liMP'l"V 't:: 4' ~ LAC., &Ae..t.1. 

1 AnoERS & PLAT FORMS - - NOTES: 1,·ALL COU PLINGS 600011, UNLESS OTHERWISE SPECIFIED, 

I .>T.c-· .... . P•P•~.,. W~ft a YIE.$ - (1) WMIT&. ~t..)Dal..A$T ... %UJG•9i/GM Plt.IMGi.R.. 

NO . DATE 8Y REVISIONS (7,) aoLT:i> S.0..19&-57 I NU~ ~194 ·'2M. 

Ii\ 2/71 ~T(,, 61f.,J. Rfi-..1. 

. VESSEL AMlt-.>E VE."""'T TA.._,K. 

FOR 1-tUM&L.£ OU- A~C ~Fli.)11,H:ir C.O.....~'Y 

PLANT GA6 PRQC:.fi.~lh>GP PLA~T 

Lf\r ATION 6&C::.. CAL.I fllOlilt-.>IA.. 

ORDER NO. S-41449 ITEM NO. V-1!> 
MFGR. .II .. I ....... ~ DATE e-7• BY~I 



Nn. vi::~Ci E'.LS REO'D. ,....., • ·VERT.) o~•< • ) 
Tow&R. -~ SH[LL DIA, ..... Q.O. ?A'' ~-~Mf:'I L TH ICKNESS =::' !/'4 '' 
o.o..~·"T z.... 

HEADS TH I CKN£S!• s·. E. -~ ~ Y4 '1 ::c: 
SHELL Sc HEAD nil CKNES~·; INCLUDE C. A 856 .... ';I 7 ::r .:r :i: H-@ ,.--

SHELL LENGTH (SEAM TO Fl.Gr.) 3i*.o" c :·: .. ~-:.'> 

Cll IPPOCIT .. Klllr.T I( t2..' .. o" MIC'irM __,. o.or-194.'~ 
DESIGN CONO IT IONS 

l"'.nnE 45.Mli. v II I STAMP "l'E.6 
OP ER . DESIGN ALLOW. 

PRESS.(PSIG) 75 125 .. -
~aA,6C:WIClr q:1WGr6 

i EMP . (°F) l~O 2oo ... 15'·0" a.AD· 

CORR . ALLOW.SHELL y,... .• HEADS•/~" 

)(. RAY 6P<.:IT STRESS RELIEF ""'(e~ 

WINnt OAD PIE~ A.!>A se. I 
.... 6MIC. '%.O~G!: ~ ~1-® MATERIALS ==~ 
HE'.ADS ~515 •70 ~ PAt:.6C.l~c:ir 

SHELL A5t S - 7o 
~fDPOtl.\ 

N07ZL ES & FL ANGES "' to~" · A 1&I G1:1:.. 1 
lk>L T~ .:sA I~ i • 8 7 , Nf.)'f"~ 04 I 94 ... 2.M 

~ iu.acw1G. rc.iNGr 6 NOZZLES & NO, 
CONNECTIONS REO'C S IZE· RATING·FACE , IS~o·· .. o . 

1 • Gr~ I "-.) • ~··-1so 4RF 

2. L.IQ-.,JIC> lt..J ' 1 •/., "- 1 so~• R.S:: 
3, 6.0..6 OUT I 2. "- tso•R.F & 
4 ~l~UIC> OUT I 2·1-1so•~F ' HI-@ 
5. ,.,..c::.ac1i..1Cir ~VAl 2 10"-1so a1: R~ ... ~C:..: l ~Go .... ------

~·!... 1so~ ~s::. • ~uppotaT 
- 7 ·- -. -

H-0 6, l l.J6P~T'0.._, I -
7.~W4.""( a '2.4'~1so•~s: * 
8, @-it-
9 \ 14 ..... , -

10 , IS .. ,_ -· 
~ 4 1 1, . .. 

I 2. 

13. 

I 4. 5 K.u~:r Vtiaut" s 4 2'' .:SG~. 50 P IPlm. 

15, ,:!:oic:..1 llt.T Aa::.C.6~ I I~" R-G.•"-lF· 

INTERNALS & ACCESSORIES FURN I SH ED B~ 
VESS EL 

FAB , OTHERS 

FILTER ELEM. 121.8/Fr',,<e"s.s. ve. • -
PACK I NG !SUPT~,. P16T"-1&, ""'(6:$ - W&:.l~'T ~C.IGO • .)CW -::s:: 'Z.Soo .... 6 . 
INSU L. RINGS - - 1..&..J•tG.-MT liii"-" P'1'.., ~ &;..~ ~ L911.6 , 

LAnnERS & PLATFORMS - - NOTES: I, · ALL COU,LINGS 8000#, UNLESS OTHEllWI SE S' ICl' IED. 

* -/eL.1~0 P L..A.t..)&r .. 6 . 

NO. DATE BY REVISIONS (1) PAGK.l)o.JG- .!>""( C>Tl41Ut6 . 

./ft 8ht /l..r(, [;rtJ. Rf:v. (2.) W'"41T .. ~ue\...A£T 4 :Zl fl.)C. - ~IC:M PRIM .... 

VFSSEL L.ov.J Pit.£~ AMl..,li COU-r.ia.C:.~ 
FOR ~UMeL. .. c::>U .. A~O RE.~t.>dr ~ ,-

PLANT ~~ ~6·1~ .STUDY 
I nrATl ON S &GJ CA~1tro«u•A 
ORDER NO. 8 -41449 ITEM NO. V-15 
MFGR. .A ... I l!Hr,u~Jiii DATE &·7 1 BY. l -'-LI 



11.11"1 vr.·4:c:i:-i" Rs:-o•o. ,......_, -VERT. l I ( 2) 

<:;HELL DI A. 
I .O. ·-· 

<,C.(;.lf 

~l-l~Ll TH ICKNESS ~ 3/e." ~YTOw•~~·T HEADS TH I CKNESS S. E. .... ~ 3/e" LI FTl~Gr 

.. SHELL ~HEAD THI CKNE SS INCLUDE C.A.'fE.!» LU-~ 
SMFLL LENGTH (SEAM TO SEAM) 4'-'- 0" 
C:IJPPORT •Kt lll.'T )I. i.At~• ~I& ... '3 ; ZS:, ~ ==-<i> 

DESIGN CONDITIONS w----cons:- ..4.A.M&. VUI STAMP '(&i6 
OPER. DESIGN ALLOW. ©--.-- 18 

PRESS.(PSIG) lcO So -----
TEMP. (VF) 250 <OSO & ~ 
CORR .ALLOW . SHELL YP-" HEADS 1/e" u 
'll-RAY f:.l)L.1.. STRESS RELIEF Y65 ~ WINOLOAD Plilft.. A$A 56.1 
sea &Mac:. 'Z(>.,)li. ~ • 

MA TERI AL S ~ 
HEADS AS1s .. 7c GI 
SHELL AS IS-io Ill 

N07ZLES Be FLANGES .4. 10<0 !!I , Alf~I ~I i GASKETS 
NOZZLES Sc NO . SIZE-RATING· FACE 2 CONNECTIONS REO' C 

1 • ltlc.t-1 09.A ·~ I b "- I So• fi?fl" & 11.J'TE~l.>AL %> 2. C>~O. v'A.P. OVT I 6'!.. 150'*~ L.AODIUt~ 

3. aSlllL.UX. I 2''- ISO tt A:.F I / 

~ -¥; i==-@ 4. ~l\..Glit. V.A.P. • B "- 1soil'R.F= & @-r-
5. ~ 'TQ IZ'i&014.lillt I G ' !.. 1 so• 12.i:: 

~J- 1j-\Z) & • '-IE."&c.. c::;...o..uars ~ . ~/4" ~P'~<ir. .: . 
7. ~WA.,. ""/~"°IT '2 1e"-1so• ru= ~. ><;r -le.O• 14 
8 . L.C. z 1 Y2·:..1so • ~i:: 

;-- , 
_,.,. I 

~---© 9. vor<re:x B~1<.'R . I • ... __ 
10. 

& 
11. 
1 2 . 

I :> • 

14 , f>Klll.T Vli5."->T:) 4 4"6GH,8C) ~IPfii. 

$ I 5, 5""1i?.i AC:.C::.e..6~ I IS'' IOi.&.1 ~ pir, IS 

INTERNALS Be ACCESSORIES FURN I SHED B' 
VESSEL 

FAB, OTHERS 

Fl lTER ELEM. 
~"'(' .f>UPPO~T R.l~G-.5 VE.S - wa1G.MT ~PT.,. -:::: 19, 700 L.&6. -...CM 

INSUL .RINGS YE!$ - wa1a.~ i ~"< s :;::: 8.A -ro ~•&. ~M 

LADDERS & PLATFORM Gt.IP'~ '(£$ - 11.1nTES: 1,• ALL COUl"L INGS 8000#, UNLESS OTHEltWI SE SP EC:I Fl ED, 

~""( l~STA\..l..A.TIO"'-' YE~ J.JOT&(t) ( 1) ~"'1' S SUPPL.19.0 & "( OTMlillt.• • 

NO. DATE BY REVISIONS (2) ~LT.S ~·q~-&7,, uvr• .SA ' ''4- - 2M 

if\ 8171 Kru r:. i: "'· REv. 
VESSEL A M l ""'Ci. .STI i..l-
FOR MuMe.L.m OIL. .0.-..JO ~&~U.,)Jlo)(ir Go"""p•uv 
PLANT GIA~ P~C-a51 "->Cir ?l-A~T 

1nr AT1 ON &&C..., C::Al-1 FOAt.••.HA!i. 
' ORDER NO . ~-4144Q ITEM NO. V·l<O ' 
! .A\I llearns·B-MF GR. 

DATE e-7• BY ·115.J 



t.11'1 vi::c::c:r:1 c: Rr:l'l•Q. I-. •VERT.) I (2) 

SH.ELL DIA. 
I .D . ·-· 

42 .. 

C? c:.1-11='1 L THICKNESS v ........ tJOtw\. 

HEADS TH I CK NESS S. E. • .... !/4" IJc:>M. T 
SH[LL &, HEAD THICKNESS INCLUDE C . A.'Y'a~ 

SHELL LENGTH (SEAM TO SEAM) 8 1 .. 0" -
~u;:;;:;\, .. T $1(.U&,T"' 8' .. 0 11 MICirM 

DESIGN CONDITIONS i. Z:/,. L-,.::zz' 
conE A-...._,ug VIII STAMP 'fli6 

OPER. DESIGN ALLOW. c-@ 
PRESS . (PSIG) 10 so & 
TEMP . ( vF) CI O wSo 
CORR.ALLOW.SHELL I/A" HEADS 'IA." 0-~ b-@ 
)l.RAY .S.PoT STRESS REL I EF Vl1l6 

WINOLOAD PE.It A~A 5&.t 
$1ll.$MIG ;&.Ot..)til. ~ 

MATERIALS ®--~ 0 --© 
HE'.ADS A.Sl'S .. 1o 
SHELL AStS-10 

®--~ N07ZLES a FLANGES A•o<- e) AIESI ~I 

GASKETS 
NOZZLES a NO. SlZE·RAT ING·FACE @-t- ::1-@ 

CONNECTIONS REO' C 

1 • tt.>1...SlT I G '1-1S:c::>*IO?F \ ' r-@ & ill L/"t-y.:T / 
2 A.C.10 a.A~ OUT I 10·~ 1so•~F 

-1- .-
H--@ ~··- 1so• R..F= 

· VOP..T£X &RK~ .- \._ - -
3. lltlifl~u X OUT I 
4. LEVa1.. GAUC$E. z 3/4" GPLG.>1~, 

s. L.C 2 IY~"-tSo#RF 
6, P~&.alt. 1i...>O. I ~/4 •• c.PL..Gr. 

7. M'°'-~"""A ""( ~\11T I 18'! ISO" RI= 
s. Pl. ' 3/4" C..PL6-~ 

9 . 

1 o. 

$ 11. 
IS 12. 

13. 

i 14. 5W::JflT v&"~T6 4 '2" SC..14. 60 PIPE 

r 1 5 • 1f,IC.lllllr,'f A. C.C:.li0.$S I 18'' r.?l:l~F. 

I INTERNALS & ACCESSORIES FUHN ISHED B' 
VESSEL 

~ FAO, OTHERS 

FILTER ELEM. 1'2.~/FT-.,. ~·· "(i&$ -
I PACK ING - -

INSUL.RINGS - - WatCirMT l!MP'l'"'i' ~a '2..~ IA4r. l&&C.M 

I Ar"IDERS 8c PLATFORM CL.IP.$ ""(lit~ - NfHES; I,· ALL COUPLING$ eooON. UNLESS OTH ERWI SE SPECl,1£0. 

( 1) W"hTE. 6A~O&l.A.~T 4 i:.1~C:. ·12.lC:~ P~IMQ.R, 

NO. DATE BY REVISIONS (2) eoLT!I SA IC)~ · G7 J ~T~ $A. tq4-2H 

A\ 8h1 ~16 Gt:tJ. Rc.v. 
VEc:;c:;EL A~aeve: STILL R.EFL.UX ACCIJM\JLATOR A\ 
FOR ~-h..>Me.1-~ OIL. A.~O lit.riiJllll~t~Gr Ge..-\~.,, 

PLANT <in0.6 F>ROc:..&.S61t..>Gr 6TUOY 

I f'\f"'ATI ON S&C.. c::AL.1.-Ctt.._,IA 

ORDER NO. &•41449 ITEM NO. V-17 
MFGR. 

__ , Stearns* ~-.-
DATE 8-7• BY ...ft¥.I 



No vi:-s~l='1 ~ R~a ·o. <~ . -VERT.) o~E.( 1 ) 

SHELL DIA. -.-o.o. 2.4" 
"~flt THICKNESS ~y4•• 

HEADS TH I CKNESS S . E. -ea. ~!/4" 
SHELL & HEAD TH ICKNESS INCLUDE C. A . ..,.&$ 

SHELL LENGTH (SEAM TO F\..Gr,) ~·-o·• 
SllPPORT . . LE.Gr~ 4 ":' fi:ii.C:) ' C>. )4 2. '-o" 

DES IGN CONDITIONS 

~ CODE A.::,ME; Vl l l STAMP ye:.:> 
OPER . DESIGN ALLOW. 

PRESS. (PSIG) 10 40 ---@ TEMP. ( '-' F) 
... 

110 ISo Lb. 
CORR . ALLOW. SHELL y~ · · HEADS y,-.•• H-© ll-RAY ~POT STRESS .RELIEF "(E.$ --- - --
w I NDLOAD P&:..'! A:SA se.' 

L U .L/_L .L!. 

.se:esM1c. zo"'->e. a 
MATERIALS 

HEADS AS•S-70 
SHELL AS'I S-70 

NOZZLES Be FLANGES Alo'- a~. A 1e1 c-.e.1 
GASKETS 0-r-
NOZZLES Be NO. +" H 

CONN ECTIONS REO"C SIZE· RATING· FACE ,_ 
I. li...>LE.T I JO'!.. ISO t: R F 

) 2. OUTL&T I 10''- 150• RF 4 
3. C>~ l t..) I 2' '- ISo*RF -

2"- ISO~ IC:F 4. L~ '2 
5. LC. 2 2.'~ 150 .. RF -¥ 6. MA~VVA'( l 24•:.150.tt RS:~ ~ 

ti::' 
7, ve...,T I 3/4" c.p1...Gr. 

8 . 

9. 
:L 

I 0, 

11. .• cb 1 2. 
i::: 

13. 

14. 

I 5. 

INTERNALS & ACCESSORIES FURN I SHED 8' 
V~S SEL 

FAB, OTHERS 

FILTER EL EM. 12 U>/F'T3
1do" s.s YES -

PACK ING - -
INSUL.RINGS - - WE.1Gr'4T E.""'1 PT"' -::::::. ?>.Oc::>C> \..~6, 

LADDERS Be PLATFORMS - - NOTFS: I,. ALL COUPLINGS 6000#, UN LESS OTHERWI SE SPECIFIED. 

• W/e1..1i..>D FLA'->6E • 

NO. DATE BY REVISIONS (1) Wl-llTC: ~oeL.A.:.r ... %1"G- fi:IG~ ~ ....... .-.. 

M. 8h1 rt.i6r Girr• . Rr:v (2) e.cL TS. ~ ,,3.s7,, uur~ SA 194 2M 
V£<;<:;£L SUl.-FU2 Ut...>IT lt-.)L..E\ ~~u~~&.R. 
FOR ~U'"'1i?>L& OIL AND !Ui.Flfl.>I~ C:.O"""P.A.....)y 

PLANT GnA.~ P~Ciii~:S ft..)Cir 5TUC>"( 

1 f\rATI ON sec::. CA'- I t=or«.,~I~ 

ORDER NO. &•41449 ITEM NO. V-'2.t 
MFGR. "" I Stearns·Jloler DATE 8-71 BY .LA.:-1 



l\lfl VEC:CC' t c; REO ' 0. ( HORZ. • ~. ) ' (Z.) 
SHELL DIA. I . D . --. 10~" ,...., 

"~ELL TH ICKNESS ~ 3/e" ti 

HEADS TH I CKNESS S . E. ..... ~ '3-/e" {, 
SHELL a ~EAD THICKNESS I NC LU DE C. A. YO:~ ti 

.... 
,,, ~ 

SHELL LENGTH (SEAM TO SEAM) 28'-0" ~ ~ o 
c:.i IPPORT ~AOOL&S.~ (4-~SQ'o.EA~) ~ 4 L 

DES IGN CONDITIONS ~ /'_1 _ 7.1"" ~ [~ 
CODE AbME. V II I STAMP I-JO 

OPER. DESIGN ALLOW. ~~~1\ 
I I 

PRESS . (PS I G) 7. t t5 IA :~r© 
TEMP. (OF) 4oo· 4-60 G5o G.$ l i~H~ CORR.ALLOW.SHELL l/e" HEADS 1/s,'' 0-1-
x.1ay ~POT STRESS RELIEF l00 @' 11) I 11 I 

WINDLO AO PE.R. A~A se.1 ii I ~ 
~IS.M I C.. ZO~i:. a I 11 

l- _L - >-

MA TER IAL S 
L. _ _J -!:;, 

.: =-= = = =--::.~ Ill 

HEADS ASIS ·70 r- --- - -, a...1 
- I I I 

II 1'I 

SHELL A51S -7a rr--+- l 
'.) N 

NOZZLES & FLANGES A10<0 &, A l.6 I c::rJOl... I ®-- l 1 I ~ .J~ ,I I I 1 I GASKETS 
' I ''$-" NOZ ZLE S & NO, 0-~ 
I H-@ CONNrCT IONS REQ'C 

S IZf .RATING·fACE I I 
1. &A!:. I~ .3 ID "-1so'$t'RF & ~ , I 1 I I 

"• 
? • G,..A.6 OUT ~ IO'' - ISO ti R l= I I II I.- _:__..-i>-
3 . i--fAt.jW"'"""< W/CAVll 3 16''- IS'O *RF N" 

~~=~~ =( 4. ~t-.JWA "( ""/DAVIT e, 18''- ISO~ RF (""°T&a) ,..,, Ct 
(l.) 0 .:l' & 5 . ~TEAM GO..,;i...>. ~ '2 ''~ tS o *RF ~~ ~- - - - - --

~~ 6 . :x g r- - - , ...... -, 
7. ®-:1~- J ...&.. I I l 

u.v 
' -v ! ~~ ~ ~ e. '', I I' ....., 

~ : 

9 . 0=~W$, 11-$' H-© ~ 10. II ~ t~ 
11, ~@'I I I ~ 

I-
12. ~o~ .-~ \11 I 83 -- ~111?:-5 I I 13. ' I 

I 

! <I :r 0 ·' 1 _\li / /, l 4. ~~ )- ' 
~ cO -1 ~. 

I NT ERNAL'.; ,~ ACC[SSOR I f".S FUHN I SHED B~ ~' J 
Vl:SSEL OTHERS :r~ Iii 

- FAB . I-) di 
FILTER ELEM. - - : 0 ~ 
PACKING - - 0 l!.I 

tn '1 ii WE.IGri-'T e....,,P'f'"'( 4,. 
INSUL.RINGS - - EKC::..L . CATAL""'Si -:::: !>S,ooo i..a~ . KAc.M 

LADDERS & PLATFORMS - - NOTES: 1.· ALL COUPLINGS 600011, UNL ESS OTHERW I SE SPEC I F IED , 

l"-)T~fi>.J...>A.L~ 4 51.JPf»OR..T~ Ye:.!> - (I ) e.uLK.1-!lilAO Oli.~ l~N FC>ri ~p "'5 P$1 € lOSO •p: 

NO . DATE BY REVIS I ONS (2) TAi...>C~T IAL To e>c:>1Tc:>t-1 OF $~&LL . 

& th1 tll 6. Gf::AJ . t<t"· (3) 80LT~ SA 19 3 · 6 7J IJWT~ ~ 194 • 2.~ 

·- -·. - --·-- · VESSEL SUl- \=U R.. C.CIVV ER.i E.R.5 
FOR 1-11.JMZLES 01 L .o.~C> ~li.Flto.)1.....,a,. CD~PA._,"'( -·------·····- ··- --·---·------ _ .,.., __________ PLANT ~S 'P~C.IS.S~\~Gr SIUC>"( 

.. ---· I l'lrATI ON ~BCJ CA\.. I FO~~IA 

ORDER NO. e-4•449 ITEM NO. V-2'2, '2.~, 24 
MF GR. A-. Stearns·Jtoaer 
DATE 8-71 BY ..J/.t:h 



Nn vi:-"c;FI c; Ri:""'D. CHORZ •• .,_.-.) l (l ) 

SHELL DIA. 
I .D . ·-· 

64" 
SHELL THICKNESS ::::: I/ 4 II 

HEAt:s TH I CKNESS S. E. ·tllll&. 'rP 1/4" 
., .. SHELL. & HEAD TH ICKNESS I NC LU OE C. A .YeS 

~ SHEL L LENGTH (SEAM TO SEAM) I0'-0 " ·o 
SUPPORT '5AOt>L(S.S 

Ill all 
t-J 

DESIGN CONDITIONS u CODE A$......,C:.. V \I\ STAMP ~o T 
OPER. DES IGN ALLOW. /I 

PRESS. (PS IG) A1'""10~. IS 
I/ I 

H~ TEMP. (OF) 2(:;.0 :Xx:> 
,~, 

CORR . ALLOW.SHELL V~" HEADS •/e.11 ©--r- I-' I 
X- RAY ~Pc:>T STRESS RELIEF 1-.)0 

, ~, 

WINDLOAD PEr<?.. ASA se. 1 @- -+ 11, 
I~ I I 6~1stwf1C. zo~-. 3 

@--1- 1) 
MATERIALS ,~ 1 

HEADS A5l5-70 
SHELL A515·70 1:1 
NOZZLES & FLANGES A IOb a"' A I e I <:;.~. I or 11 1 

I 

GASKETS 111 
NOZ ZLES & NO. S I ZE · RAT I NG · FACE 

_j 1:1 
CONN ECTIONS REO'C O·(Y -- -,,, 

1. GrA::::> I"'-) I 10 "- 150# rc::i= ~ 
'fl \!) 

1 ~1 .-fr.I~ 
2, 6-A!> our I 14-·'1• IS"O.ti RF : > l'I 
3. I ~SPe.£:.TIO"V 2 <0" -15 o ii'RF ~ ~Q ' 

!STeAM C.O~llJ. 2 2"- 1soc~F 
,,, 

4 . ,,, 
s . SULFU~ 0'24111.) I ,y;·- ISoit R r=: ~ ' 
6. MANWA'Y ""/~vcT I 18'' - 150. ~J: ,.,.. 0-r- i'I 

7. 
l ~I I I @-- -+ ,~, 

8. 
' ,~, 9, 

©-~ 10. ,,1 
1 1 . 1'1 
12. 

,, ,, 
13. 

, 1 
I 

14. 

15. 

I INTERNALS & ACCESSORI ES FURN I SHED B' 
VESSEL OTHERS FAB, 

FILTER EL EM. <:O"(uoTi:. z.) Ye.~ -
PACK I NG - -
INSUL.RINGS - - w e.1<:;,.1-1 T E.t-'\PTY t::::::' (O.coo L.&ti . 

LADDERS & PLATFORMS - - "'()TES: 1. · ALL COUPL I NGS 600011 , UNL ESS OTH ERWI SE S PEC I F IED, 

-¥ -w; e.L1~~ Fl.At..>~ 
NO, DATE BY REVISIONS ( I ) BoL "f 5 .s.A. '" 3 - e.7, I-JOT~ -"A 194 - Z M 

£ f? /71 /(.((, ;:; f:,.j Kl:'.v (Z) LI G...~T w EIG.i-lT ~ol'I.)- PLuGr&-•~Gr . 

VESSEL TAIL GrAS C.OA L.. Ii. SG&.fil.. 

FOR '-'UM~L= 01L A.Vo ~ef1'1J..J1t.Jc:ir CoM,.A.t.JV 

PLANT GA~ P~G~S.:SI ~Gr 5T"U0'( 

1 nrATI ON S&G,, GAL..t Fo~~IA 

·ORDER NO . ~ ·41449 ITEM NO . V -2.5 
MFGR. h91 Stearns·l'ol-DATE .8-71 BY L.Atr.1 



~n VfCC:~I s Rfn•o. , ...... -VERT.) I (.2.) 

SH£LL DIA , I ,D, -er.. 24" 
ca-1E".LL THICKNESS ~YA. '' 
HEADS THICKNESS S .E.-~. ~ Y4" 
SHELL & HEAD THICKNESS I NC LU DE C. A .~is~ 
SHELL LENGTH (SEAM TO SE AM) e·-o ·· 
SUPPORT LU('.;,~ 4 ~c.<:;i 'o. 

~ DESIGN CONDITIONS 
CODE A.SfVIE. V II I STAMP YE.~ 

OPER. DESIGN ALLOW. ;-
1 i..>~L.a1~ 

PRESS. (PSIG) 55 105 
TEMP, ( uF) ~O'Z 3So -

CORR.ALLOW. SHELL Y1'=>" HEADS '/1~" ////,,-; /l -- - - - -
X·RAY 6Pc::::>T STRESS RELIEF "-JO 

WI NDLOAD PE:.R A.$A se.1 
6ii..I ~lw'I t (;.. ZO ....:l~ ,3 

MATER IAL S 
HE ADS A- zes c 0-l- H-© SHELL A·28Sc 
NOZZL ES Be FLANGES A 1ot. e., A 16 1 GoR . I 
GASKETS 

NOZZLES & NO. SIZE 0 RAT ING°FACE CONNECTIONS REO '[ 

I. WATG;f;;!. F=~o._,, G..·22 I 3"- 15o*R.r= ®-I~ -i-@ 
2. WATE.~ Fia.oM'l E ·'2.1 I 4''- 15 0 ,._IC:F 

3. ~Tli~ To E-22 I 2.''-1so*R.F 
4. WATER.. 10 t;;-21 I 3" - ISo#R!= L_ ~ 
5. 5TEAM e>VT . I 3" - 15ojtRF= 0-c -f -@ 
6. t.C.. 2 I Y.'2 ''-ISo #RF 

7. 1-6- z ~/,4.'' C.PLG- . 

a. "'1A'(Ci.UP WATER. I '2"-1SO•R~ 

9. MA...,WA"'( W/DA111j I 1e11
- ISO~ JZ..F: 

0)-- r: -i~ IO. - -It . 

-
12. - _r l 
13. 

~ 4 14. 

IS. 

INTERNALS & ACCESSOR IES FURN I SHED B~ 
VESSEL OTHERS FAB, 

FILTER ELEM. 12.i..0/Fr!>.c:""s.5. "YE.~ -
PACKING - -
INSU L.R INGS "YE~ - w e 1C..MT liO."-'\P'T~ ~ 2000 L•S . 15AC"' 

LADDERS & PLATFORMS - - NOTFS: 1 .- ALL COUl'LINGS 0000/I, UNLESS OTHERWISE Sl'EClflEO , 

(1) e.oLT~ ~ 19?>- a7, uur~ .SA•94 - 2..M 

NO, DATE BY RE VISIONS 

VESSEL ,!>~ P~IG- STlimA.._.., 02UM 

FOR 1-luM eLe: 01L A....,o ~1u1t..>Cir CoMPA~Y 

PLANT <&A~ P~c.655 1 "-.>Git STUD "'( 

I nrATION S~C::~ CALtFO~._,,, 

ORDER NO . 6 -4144Q ITEM NO . V-2'=» 
MFGR . ~ ... I Stearns~-
DATE 6 - 71 BY~I 



-
-

-

Nn vi:-c: c:i:-1 c: Rj'.:'" . D. ( HORZ. - ..-: • ) 0"->6. 
SHELL DIA. I . O . ..... 10'2." 
c:1.u;LL TH I CKNESS ~ '2 · ~" 

HEA()S TH I CKNESS S. E • • ...._ ~ 2.. 9 •t 

SHELL & HEAD THICKNESS I NCLUDE C . A.~&• 

SHELL LENGTH (SEAM TO SEAM) 25 !...<::::,." 

DESIGN COND ITIONS 
CODE A~Me V IH ST AMP ""'(E.S. 

OPER. DESIGN ALLOW. 

PRESS.(PS IG) e'=iO 9SO 
t--T_E_M_P __ . _(v_F_l~_.....~_()~~L-~2~0~/_1~s_o_,_~---~~&. 

CORR.ALLOW . SHELL Vi<e.'' HEADS V,<Q " ©-t- ~---H-@ 
X-RnY FULL. STRESS RELIEF Yli. S> 
WI NDI OAD Pliiil<l. A.SA 56. I 

SHELL A51 S-7o 
NOZZLES & FLANGES A 10G:. S A.161 GrR. l 

GASKETS 

3. LIQUID OUT I. 3" -cooo*RF 

a. C>~I t-..> I 2. '' - (.;co 11: ~F 

11, 

_, __ 2 ·----·----·---~-----+------·----" 
13. ,___ _____ . --------··-·..._·-------' 
~--·------~--+--·------' 

15, 

INTERNALS & ACCESSORIES FURN I SHED B' 
VE SSE:L 

FAB, OTHERS 

FILTER EU:M . - -
PACKING - -
INSUL .R INGS - -
LADDERS & PLATFORMS - -

&AFF Us:5 4- VOIC'.TS.X e.iai<. ' R • "'(&.5 -
NO. DATE BY REVISIONS 

tJ----,,,_-------. 
IL\ LIU ( I I fs\ 
~· l r=-/-<fr ~ 
®-1- ~ ~ f •[}~ 

@{ \ __ J_"©J_ "@ @-c 

~ 4'-0" 

i Hl-0 
____ j~--

( I I 

. 
\.\. I 

' 

~1ny~C:: 1.- ALL COUPLI NGS 6000#, UNL ES S OTHERW I SE SPECIFIED, 

-----~~~~-t-----~~-....~~~--~--..... ------------.....f 
-----.+---+-----·--·--·-·--------;-V_,'E""'S""S;.:::E=L'--C.-~-:-1 L_L_E._~~_S_S._P._:o.._~...;._~..;__O_R._;:.. ________ -1 

FOR ~Ut-.1\eLCi, Oil- A~o ~P:.1i..>1...X. CoMP ... t..>"( _________ .._ _ __._ _________ . ··---- --t---" ______________ __;;. _____ ..;;.~----....;..----l 

PLAN T GAea PR.oe&r&.~1"'->G- .STc.JC>V .__ ..... __ . _ __..._ _ _,,___. ___ . __________ r-="'-"-'-'----'__;-------------------~ 

I nr11r1 Ql\I S&C., CALI FoA."-JtA. 
t--+-~·--1---+~---------·------t..l..!>o~w..L.~~::.=::..=.~:::.:;,;~.=...;::.::::.:.::.:.:~--------~ 

ORDER NO. S-4t449 ITEM NO. v-~• 

Stearns~ 



~~'<';'; (-tul., v 1: ss EL s _fil..Q..'..~J-~ . -vun . l oi...>e. 
'., 1 ll U [) I A • ~. - 0 • D. I e, " 

-----~---· 

1 
__ jj_i_UJ::c_Jlll CKf:!FSS ~ ~le" 

I !Ii /\ll'.i fHICKNESS ~.-C.D.:;:::::: 3/e" 
t -· .. ·- -~ - ·- ·------·----·---------------·--

'.) 11 I I L & ~ff AD THICKNESS INCLUDF C. A.'iE:~ 

',1 I! L I L f NGTH (SEAM TO FLG-.) ~'-o" 
~·~--···- -~ -· 

A.:/•t:·llli I SK.11<:.T ><.. "Z, I o'' 1-itGH 

® PfSIGN CONDITIONS 

~':..~~l.~-~ ~G. VII I STAMP '(E.!, 

OPER. DESIGN ALLOW. 

(' id S S . ( PS I G ) ~70 420 
._1G'v1P . (-~ <02. IOC'> . T ---@ 
~ 

i Uf!f«. ALLOW. SHELL Y1<Q'' HEADS Y1c..." 1------............ ///tl//tltl 

X-RAY :':>pC>T STRESS RELIEF 1-.)0 -----
WINDLOAD PER... A.$A se. I @---t c--<J) 
,SIEi..1.,S.M IC.. 'Z.Ot...>E. 0 

MATERIALS @) [ 

HEADS A516-/0 H--(D 
SHELL A.SIS -70 

>---·----
....l::!.\)l LLES & FLANGES Alo<O e.J A 1e1 GR!. I 

(;ASKE rs 

NO/'./LES & NO. SIZE·HATING°FACE tl--@ CONNF(,TIONS HEQ' I ,___ 
1.VAPOR Ir....) I <0 ''- 3cx:::> *6- 12.F 

~--

__ _c, __ yAPoR... _c:::>WT I <0"- 3oe>""eF 
I D2AI 1-.) I 2 ·~ 300 iJI, IC!.F r··-·--·-··-- --------·-·--- ---
.1.ALA~ '2 t ''- <!.?LG-. o--@ f ·--·-·---- -·---
·, l...EV!iiiL GAu&e 2 3/4'' C.pl..Gr 

--~.:-~~wA"'I' ""I eL1r..>i:> I e '!.. :x;o4t< !<. F£>c> I @- I\ I 

AC:.E.5'&. ~GrG. I 8/4 ~ c::::..pl..c:::r. 
,_ ...... -.-/ I, 

>\, I H--@ ---·--- - ... "-- --
15 ::1. ---- -

I';, ·-------
11. ,..... ___ ___,..,,,__~---
I 1. 

t-----~-----~-----

1.l. 
~-··- --------- ~-

1 4 . .e.K-112... T VE.....,T6 '2 '2".&::.1-1. 60 Ptr=>& 
.--.. -----.--~-

1 •,. si.:::.112.T 1~6p. 2 GQ" 12.Etl-.>F. 

I ~n U~NALS & ACCESSORIES FURN I SHED m 
VESSEL OTHERS 

-----·-- FAB, 

__ f Ll: Tf: R ELEM.12 ~/i::::-r8><.G:."s.<£. '-(e.~ -
!'ACK. I NG - -

-·------~ 

!Wi!JL.RINGS - - we.tG-14T 6...-!PT""( ......... 1700 1...eis • -__.. .... -...... 

LJ\DlJE:.RS & PLATFORMS - - NOTES: 1 •· ALL COUPLINGS 60001.t, UNLESS OTHERWISE SPECIF I ED, 

(I) l?oLT~ ..5A. 193-~7 J ~vr.s 6A l<J4-2~. 

NO. DATE BY REVISIONS (z) \A.IH-ITt&. 6A~t>~l.Ai:.T ~ "ZI '-IC. - 2tC4-I Pre?.t i.-t erz... . 
& 11171 /tr(;, 6lA> f<r.?.'11. (3) D£s1c.1111ro Fo,q, v.1..TJMAT"'E CASE Lb. 

··- VESSEL l<.E.Co~ Pl<: E.SSOtia. SUC.T10....i .soaueiee.e 
FOR ~u,....,e,L.r;;. 01L A...::io f<!.e:.Ft"->•~ COl-'\f"A.~'T' -
PLANT GC...S Pl20c..e:.&s I t-.l G- .STc.)O'i' ,_ .. _ 

-->- 1 nrAT I ON !::le:.c.,, CALtFC>te....,,1.C:... 

ORDER NO. 10-41449 ITEM NO. V-37 
1----1-- - MFGR. NJI Stearns·Jtoler 

DATE e-71 BY J' L5. I 



Nil vrc:: <~r:1 s HE:O '(). <i.-1 . wVERT ,) o,..,.Gi 
Tow~R c__-~ I ~HUJ. PI A. I • lJ . •Slflf!. 30" C>AV•T LlfTI~ Luc.-~ 

•• ~lH LI •. . !!.i i C:KNr SS ·~ 5/e, "AVE.RAG..E. T 
I tll /\PS fHICKNl '.)$ S.E.·-· ~ Yz" r 

"""' ·- ~ ·· · ··--·~ ~·-·-- ·-------......... -
~ ~;Hf I \ & HE. AD THICKNESS INCLUDE C.A.'ia6 @-~ '.-fl~ 

· .. 111 Ll ll.NGIH (SE.AM TO SEAM) 113'- o•· 
30 ----- Pl.A"TP:-f 

I '; tlPPUB T ~l<...l~i" >'- 4'-0'' l-llGl"M t&o• 
I . OES I GN CONDITIONS 

CUDE. A~ME.. Vil I STAMP ye.~ 

k .;s . (PS It;) 
OPEH. DESIGN ALLOW. 
2.22 270 

. 1 r MP:-IT'"rT- z19 4S'O 
- LUR H,ALLOW.SHELL 'II~·· HEADS V/<0" 

X-HAY F ULL. STRESS RELIEF ~o 
(D--1-WINDLOAO PE.R. A~A se.1 

- :!>W:.1 S.~ IC:::.. z.o...,e ~ 
MATER I AlS 0-1- -- '• 17 

i-- - ---

HEADS ASIS -70 CD--1- eLAJ:E~ 
A51S - 7o - SHELL ~· 

NOZZL[S ec FLANGES Alo~e..A1e1 ~ .. 
GASKETS - NOZZLES & NO . 

C:ONNECr I 01\IS REO' [ 
~llf ·RATIHG· FACE --I . CoLUtw'\ ~ Pe&E.t> 3 ~··-soo,,.~F ,~ - 2 • VA Pe>R.. oc...>T I 6 11

- ·~oc»* ~F 11.YTl:Rl.lAL 
3. L-lG:>UI P OuT I 6"-?>oo .. ~F LAoc&<.R~ __ ! __ ,fa II 

4 . JZ.e FL IJ K I I Yz''- 3.:::x.:>:11.: R.F @-..-- \ a - --5 . P <.J 1-11 P A 'Rc>Ut.J D I .3''-3oo#RF 

s. 1C?ee.o1l. e.1< R:E"fuR. ... 1 I 8 1
'- ~c.:>o• ~F ®-1-~?~~ --@ 

·· , MA-.>WA"( ""'IDAvtT z 18"·- ?>ex::>•~ -
IW6UL©-c 

-- • + - ii ---oG) - II . 6-Au Gr lr'.i <iii I.A :, .$ 2. Z"- ~oo-~F - .. -- PL~ 
-2..: PRe6~. ~UGr-E I 3/4••cpLar. R•~Gi!. \....__/-fi ...... '" ... 14 -

1 o. LEvr;;.L (;.o~-r~L 2 · I Yz 11
- ~oo • l<:.F---· - ·· - 1 1. IE:.l-'\P' , 1ivc. _ _g__, I '' .::..pL<:T. VOR'iE<X. _.,.., \ -. - :--t ---@ -------------·- e.~1<.'R. . 

,, _·Tw e -·'" C.p\... G>. -----·-------·-- - --·- IS 
1 I . ,,.,__,, ____ , _____ -----

- ,..2..:.'~.~IRT._YE ~- 4 3" .SCl-l.80 P1PE. 

I !i . 5K.l~T AC<-&;$.:S I 18" ~a«NF. 

· N fl RNJ\L S :i, ACC F.. S <; QA I ES FURNISHED B~ 

- VESS[L OTHfltl 
............ - .. -.. -· ·--·- - ·- · - -·--- F AB, 

TRAY .5wppo1<.1 R.1t-.)~~ "(<£~ -,__ __ ---·--···--
_:r.R.A""( _!_~TAl.:l.ATIO~ ye:~ ~'I'll(." VJ&i.IG+tT ~'T'~ ~ 4, 500 L&6, 

11\j<~l ll . f< IN<./:. --t'e~ - wrs1G-MT e'-"PTY ~ ZB)ooo t..&a . 

~ADDER~ & Pl ATFORM -· ·-- ···----·· <:.L1Pt. "'(E$ - NOTfS• I, · ALL COUllLt.1185 tOOO#. YNLlll OTHIRWlll SPICIF1£0, 

LAt>DW:.la!I f t Pl.ATf:<>lit.M S - Yes (1) 1'£AY5 .5UPPL1~0 ei"t' OTWEE6 . - N() . (IA ft 0 ·1 REVISIONS 

-
v£ssn D~P~PAr-..)\ ze.t2_ ·--- -·· 

·-------··- ......... ·-···· ..... FOR 1-1 U""I ~ L... E OIL A.~D 21.::f:l~lt-.>l"'~ CIO~PAlo..l"'( 

-·- --··-- - PLANT <E:rA.5 Pli?C>C:.E; SS I IVGr 6TUDY ·-- , ·-·- · -...- -_ ... 

-·- -·-··-- - -- ··-- 1 nr ATI ON .sac.. CALI F02t-l\~ 

-- i. ....... - • • - ........ - ------·- ORD ER NO . e-4•449 ITEM NO. v-47 ·-··--
---· -····· - . . ------ ---..-·-· - MF GR . /V') I liiiiiilfij! 

DATE B-7• IY ~I 



NO Vl"'"~· Ls 11[0'0. !HORZ . -~.) o~L 

~ ... ~illLLL.!2.~! 1.ri •• -.. 300 
'>Hl l.I r11 1 LKNI ~,s :::: ~/~" 

r-.-...-~-·-.. · --

1!1 ~~!~~·-.nl.~(K~! SS J· . r. ·e!l ._t:::=' 3/6 11 

SHU l & Hf AD fH I CKNESS I NC LU DE C. A ."'(e~ --·---
•;1 1HL ll.Nt;IM l SE. AM TO SEAM) 7'- ~·· 
~----

'>L' l-'POR f ~Ao.c~t.=-~ " 1-. 
OE<;IGN CONDITIONS 

c \.lli [ .A~"'11&. VI~ STAMP '"(E!) 

OPU~. DESl'GN ALLOW. 
l'Hf:~ ; ::;, ( PSIG l '2.10 2<00 

T-F MP .! l'lr l 30 75 
c o~m. AL LOW. SHE LL Yteo" HEADS 1/ f (;o 11 

©-~ -I-@ -
X-R AY $F>OT STRESS RELIEF t...>O 
WINDLOAO PG;R., A.5A se.a 

( I l $CCISMIC,... ZO,._,lil.. 3 
MAfER I AlS @-1- ~ -® HEADS AS•S-70 -

SHl:: LL A5t5·/0 
NO ZZL [ S & FLANGES 

GASKlfS 

Alo'=:>e>LA 1e1 GirrR.. I @- c H- -@ 
NOZZLES & NO . ~ l l F -HAfl HG•F ACE @-c 

CONNECT I ON:'> REO' r 

-ii-@ l' F E.ED It-.) I -~" - I So.- IC..f 
2 . OIC?.AI ~ I Z " - 1so• R..F -
3 . REFL..IJ.)( 'PUMP I 3 ··- 1so• eF ~t-
4' GAUG.li Cole.JM~ 2 zu-1so•~F 

'>. L.C. ~latDl...E. '2 I Y2 ''- 1so ... 2.F 
n. P G C..O~t..). I I " GPLG-. ®-~ ---. PRE.~ . GtAc.JCirt: I 3/4" c-pl.6-. 

>l, MAtVWAY o/o.ii.v1T . I 1e>"- lSO'¢~F 
I I I -- ,__, 

10 
'l. VAP<?~_,~'"f ~ PA~!I I 4 " - I SO~ R.f- I 

llJ. VAFOR.. C>uT 1 0" -_ISO~ R':F ~ ~-® - ·· _________ ., -··· -
1 1. -·-- -- ··--~~ -· . ·---- - _,_ --

_!_:j_ _ __________ , __ , .. 
I 'I, 

~--·-·--··-·-----· ---·- el 
I 'l. )( \I) ,-·--------·-·-

~~ ' 1 • • 

: °"J I RN·'\L ", \ Acer s ·;oR 1 f ·; FURN ISHED e~ Ii Bl 
VlSSF:l OTl![ lt S g eO 

~- -- · .... -- -··- ---·-- -· r AO. 

I i L I t . 1" . , · . ,; • - -- - ·- ···--·----· -·- ·- --··• . -- -·- --···--
PAl I' I ~i r: - -

~'----·-·-··- · · . ' - .. --- ---- W E.I C::.-..1-fT EMPT"'( ~ 22.00 LSS . 
l l\l ')lll . l<INI .' . - --- --·- -· 

_..LAf.:t!Jf '!.~: "~- f'l ATF !1RMS - - MOTES: I,. ALL CO ... Ll895 fOOO#. UNLltl OTHl••lll l"IC IF UO , 
·- ··--- .... - .. ·- ·----·-

( 1) f!>ol..T.$ ~1~3-87, ._,VT$ ~A 194. 2.H 

- N(i. (IA Tl ll't' REV ISI ONS (1.. ) v.JM\T;:, ~....,Ol!ILA4T 4- 'Zlll.)C..-~IGM P2.l.....,6~ _.,. .,. _____ , ____ 
_ .. -- ._ ...... - .. 

VE<::<::i:' I DePFe.OPAt..)12.~R:. fi>EF\.UX AC.C.UMU LA "T'OR-···--- -···· -- ·- ···-----
1-- FOR MU""'1~L£ c:nl... AUD 5aEFlto..>tl.JGr C:OMPAt..)"'( 

·----.. ,- --- ·- • • ·~ ·- • +• ........ 
PLANT GrA 6 ~ce..SSti....>Gr .Sil.JO"( ·- --··-- - -- +.- .... . , ... ···-·"·· ··-·-· · 

-- - .. - ~ .. .... ·- L nr AT I ON ~ e,c;... <:4L..1 Fc:::>~...>tA 

-- -···- .... _ ._.. -··· . .. .. . .. .. -· ORDlR NO • e,-41 449· I TEM NO. ~-48 

_ .. _~ 
!"-·· · · - · ~·· ~ --· - ··-----· M~GR. ~- ' liiiiiiltiii DATE 5 -11 IYl~I 



? (\1 

~ 

.J:iU ••. S~.SCLS REQ ' D ! {HOR Z. -~. ) 
:.; 1-11. LI. f) I A. i::::o... -0 . D. S 1-0 11 

~~~u~u~-- :n:LL~ K N Es s J!f . ...;;,.-b-11 _____ __ 

~ lt.J\_!? ~; __ fHICKNESS t.F.ri ~. flA'f ~ .. ' ·-$111 1.L & HEAD THICKNf.SS INCLU DE C. A. 
................ --··----·· 
' •il l 1 1 l.LNGTH (SEAM TO SEAM) l '- ' - 0 11 

:--~~~i .. rl:~in SADOL~S ( 'Z) 
11 n 

(f" - t ~~ 
& t: (I ~ I· 

',I) i::: 

U> ···--- i-; 

OES IGN CONDITIONS 
_'....;_:2_l_:_.L~ i.1;'1 t:r ._ llll I: S TAMP NC 

OPER. DES I GN ALLOW. 

Ff\ L SS . \ PS I G ) .A.,, .. ...,, c $ tO 
-ir..:-;--

Tf. MP. ( F) l'P() Z.OC> 
- ·--
(~.>HR.ALLOW .SHELL _Yu .. " HEADS Y1b" 
X-RAY lhA STRESS RELIEF t...tl'\ 

WINDLOAD ~~la ASA !)6.1 

MATERIALS 

NOZZLES & FLANGES l'I. I 0"·~~!...:.:i-'--1 ~.~\ --~ 

___ .£.~tit I ~r.: .-'-~--llf_'fC...o..=_t\--+-'~l-"2.='-1 _-_ll_~•-' - --i 

_)~~~SS ~ ~ # c,,oco~ Ull.6 

·-''. GL.~c..o1.:_e-'.,.-~---'"""s_1'-t-1"'+-_.:.,.' -+-"-' ~~",...--'-' __ ,,_~ 
--~1C..Ql.. ...,~"~ I I~" - II II 

-~- . !t ll"N i:_----+---'-1--+...,,2."-'-'
1 
-_1_'S'_o'-_'*'"ie.._ F __ 

....2· De.Al 1'..I I 4 11 
- " 11 

G>·-·-- t- I , ... _. 

~. MAk£ W.AT' I Jg"~ 9{., rJl-t:/ri. fl. r---·--· 
I e • ~ l~""O '4- Q.F" 

. .1.2.:_·-·----------+---i--------4 
1 1. 

I J. 
~·~--~~-~~~-+--+-~~~~·~--t 

I 4. 
t;-.. .. -.------------+-----~-----

I 
I~). 

INTERNALS a ACCESSORIES FURN I SHED B~ 

-·--··--------------~v~..;.;.i.:;.;~~ ... L-+-o-r_HE_R_.s 

___ .U.t TER ELEM. 
PACK I NG 

I NSUL. R I NGS 

LADUERS a PLATFORMS NOTES· 1,· ALL COUPLINGS 600011, UNLESS OTHERWISE SPEC IFI ED. 

NO . DATE B'r REVIS I ONS 

-~>---~·-t---t-~--~-----~--..--l-F~O~R~~!..:-:::.O~M..;,.;;:;;ft-~~~~6~11..-~lt-1',J:..:..:.;:~~~~~~~~·~.:::..r;l~N::.;.;11\..f.;::_-:~::......:CO:::::::·~M~~~A~N~V.:,_-' 
--·-r---t-t------------+.!...P=.:LA:::.N.::....:T~G:!..:1\-~S_!_~..:.:~=.:::C.:::.:t::::..'"$~.!...:· N.~<:.::::_!·5~1"'..:::::c.>:..!C:::...lf..!..._ ______ _j 

I or AT I ON s BC. ' CAL.l rTOe..N I A. 



ALLOW. 

l'f<! ~S . ( P5 1G) 

11··~1P . ( "F ) '2.00 
~----·~-L--~_._~~---"-~----t 

c 0 111< .ALLow. sHELL 1/1c:;.." HEADS Ylco" 
>:-k/1Y 6POT STRESS REL IEF tJo· 
w I NDl.OAD t=>ei<. A S4 .se, I 

MATERIALS 1-----------------------l 
... 11t ADS AZ.6.S-C 

Slit: LL A '2.6S -<:.. 
~·---~--------------~ 
... ~H)! LU: s & FL ANGES AS~ e, A/61 Gr2. .1 . 

C -,A ~;Kf. TS 

NO/. !LE.5 & NO. CONNFCTIONS REQ ' [ S I ZE - RATING - FACE 
~-----------:---+---+-----.,..~---I 

I. ~C.H 5c>L.',,.,,,. t h.) I '2."- ISO# 2.F 

__ L .. ~ '(CO L_o.:__;v_T.:._.+-..;.l--'·~Z.=-"-_;_15::::.-0-=-•~2::.::F_~ 
1 . I-IC:... Oi.JT I '2..'~ 150 t! eF -- - ---····------------+-~-+-.;._ ___ -,,-.;__--I 

_;:_. __ L:::_ ~-- 4 I }'-z. " - IS" o .._lilt F 
,. _ _., ve.~1 1 ~·!.. 1soa.. R.F-

'' · L.£veL ~uc::.c. 4 3/a" c:..pL.<=-. ------... ·~ ----------+---l----'-----.i 
'. P~e.1.5 . G.4u6ii. I ~/4" c.PLC:r, 

·--~~- MO.....,"""A"'('°";tt14V1T I IS>''- IS'O*JaF 
_ ,;i, T•\IV. I l"G-PL..6-. 

I ,, • --·----·---------+----+------__..,, 
11. --- - ----------4--- -+---- - -----1 
11 . 

------------·-·------+---l~-------4 
1 ! , 

~--·----·--------+---+-------
ltl, 
---- ---·-·--------+---1-.,...------~ 

f 1 •• • 

I ~H[RNALS & ACC ESSORIES 

,__ __ ----------------+-'~---t-----1 

.. .-'.U: ff: R EL EM . 

NO, UATE A'r REV I S I ONS 

(i)-- 1--'1 

@-- ~ 

@--c 

@--·-t­
@ [ 
@ r-

J -@ 
-j - ----@) 

b~ 

H---@ 

0--i: 
@--c 

r.--------i 

(.';;\__ ____ ___: \ '- -: -, :r-- / 
~ ...._ r ,._..--..::..-• _ __, 

JSr---- - + 
'----H - --@ 

-

fl.l{)TES: I.· ALL COUPL I NGS 6000#, UNLESS OTliERW I SE SPECIFIED. 

VESSEL G.-1..YC..oL F~~ TA..._,K 

-- ~·-·-r-;-------------t-"-'M"-'FG=R:..:.... ----~-4-1-' Stearns •naa• 
DATE 8-71 BY /.15....1 ·~ 



l\11 I yf · <;<~(:"I S Rl'Q ' ll . (~.-VERT . ) Ofo.)E. 

--~U.LL1 .. n1A . - .-o.o. 1e,· 

... :.d . .ILLLJ!:l..1 CKNf:SS -:::::: 3/e, .. ~ ·' I _l!_/\l ! ~ -; ll!ICKNE:SS s.F:.-~ .. :::: ?>/e ~ 
........ ·--·--·-------·--------~--I ~.::!.J' .. U· .. -~JICA~ TH ICKNrss lNCLUDL C. A.'(&$ .-

'>1 111 I l I NGTH (SEAM ro SEAM) Z l '...O" 
-~--· ·· · .. ~- .. ·--~--

@-1~ "Ali ' P\l li I $~IL\ 1<. <ii::>!..c:>" 1-1 •<at--t.l 
(l[SI GN CONDITIONS 

,_ ____ 
/////// ,, 
~ - - - -

A S..M&. STAMP yes. ;, ,_,Dr V I II ,._. 
@--OPER. DES IGN ALLOW. I 1'' c.o1L 

Pfi:fS S. \PS I G) as 
rf.\1P7F l ?>co ..... - - - - - -i -@ -· -.. - == ::: .... 

( urrn. ALLOW. SHELL Yi lG." HEADS Yi<G." -----~ - _ ... 
~-® X-R/\Y 6 P c:::>T STRESS RELI EF I-JO -- -

WI NDLOAD P E.Gt. .A~A S&, I --- - -- ---- ----
SE.I~...,, IC:. 'Z.CJe..,) tii. ~ ---

7 ~I~ MATERIALS 
HEADS AZa4 WP~ G.A'f'l':t. 

I" PA\.L ' SHE.LL '"°'S~ll:> P i Pt!E ' I 

NOZZL. ES Be FLANGES A S -0 '° ~ ..C.1 6 1 Grliil • I 1'1,...,&~ 7 

- x~ GASKETS . ' --NOZ?LES & NO. SIZE·RAT ING· FACE CON NECTIONS REO' C 4---(D ...._._. 

: (\~ t • PiiC!Et:> I ~":..ISO •ic.pr 

__ ,L_ _ _C)~MIE.o.O I ~··- I Sc •a.F (i)---lh 
3. ~IEFl.v>< CO I L '2. t "- 1solk~F -- --' 

__,j ~FFLe. -- --·~--·------
--- - -

--~_, __ fL~10 To UL~ I 4 " - IS c:> lla atF @ i: ( H--@ 
~, . VAf'CRl FR.oM "'-fl&.~ I <e'1- 1s o •eF I 

ti. L-tmVaL G.t.U&E 2 3/4 " G.Pl..e&r, ::t--@ ,,__ __ 
<01-lsO~F~&l..1 ._,t 1. ~AGl.(1~ ~ltV. z .@--- 11-f.--·· 

-~ .:.. P&e:!it. . ~6- I o/4 " c::..pL..a.. . 

9. T \AJ ' I '' G.PLG.-. @--- c ..... ® ... 
1 (). l...a&p. Of>li£ o..). z. ~ '!. I so*'R..F ":t~Llt.ll) ' -- " / 
t I . .SUELL Fl ~~~' 2. te '!... IS0*2F4Q 14 - , 
l ' i.'. 

, __ __ .. 
~--@ 

1:.1. -..... _ 
15 

._I_~:. 5tc::1& r VE!!....iT~ '2 '2 ".sGll, eo Pl PE -
I !) . 61C:'..1 lil.. 'T 1 ~6P. '2. "=>" ic:.e 1 ~F · 

INTERNALS Be ACCESSORIES FURN I SHED B' . 
VESS EL OTH ERS 

1----·~ .• • -· 
F A B , 

.... LLk.TEFI EL EM. IZ. 1..~/FT ,,. '='"s..s. • Y 4E f. -
PACK! NG ~UP. 4,. t:>tt.T~1e. . YE f. -
INSlJL . RI NGS I Y2. .. '(e.~ - WS.\G-~T EM~T"'( ;:::.' a coo L Z'& • 

-· 
L.A00£RS Be PL AT FORMS C::..L tP~ Y&. 6 - N()Tf:" S: 1. - ALL COUPL INGS 6 000#, UNL ESS OT HERW I SE SPE CI FI ED . 

l...,Tll~A.l.. P lll"'E ._ c..o1L ""(e $ - ( 1) ~Ln SA. 19~ - 2>i ~ to.I I.IT~ ~ 194·2M . 

NO. DATE BY REVISIONS (-z.) w ..i 1Te ~o~~T f.. 'Z-1 ....,)' . Q 1C: 1-4 Pe,1Mil!:Q!.. 

VESSEL G-L. ....... C::..OL ~Tt l..L 

FOR Hv~ec..e Oil.. A.h.>D RE-Ft ~1...><ir Co'-1 PA~'( 

PLANT C:rA6 ~oc:.e.s.s 1 t...>G- ..::, TUC>"'( 

1 r.riq I ON $S.C. CAL r Fo~t>..>1~ 

ORDER NO. 6-41449 ITEM NO . V -S'2 
MFGR . /Yll Stearns·Jtoor DATE $ · 11 BY J..£l.I 



ll l'SIGN COND IT IONS 
• , 1 ~ >1 A.. ~""1\!" .mn:. STAMP NO 

;----·---- ·-·---.... ·---·_,;...---- ·-~---'---r-·----' 

OPEIL DESl<.?N ALLOW. 
! ' lil ; ,-:, . I f' '..) I G l C> }S°' 
11:.:;w~( ·"r) 'o'!.1 ?,o0 aoo & 
r----.-...--. ... --- ·-==-......._ ___ _. 
...:...:.:!~!~. /\ L L.ow. sHELL Ye u HF.ADs Y.e 11 

6-kAY ~ 0 STRESS REL IEF 

WINDL.OA!J 
-------------~ 

0'2.(..)M W it.-(_ !Cc $C)~p.;: .. o ( NDTt; "3 } 

MATERIALS 

!-'-H=E.;...;.AD:;c_;S::;_ ___ A--'-G--=&:....:S~----=C~---------1 ©- ~ ~HI-- ___ _ ~ ____ _ 
SHLLI. A 2.&S--C. 

- :-.i9nu:.s & FLANGES . 

(~J\SKL rs 
:~i>VI [ S & NO. 

l.ONNECT IONS REO'I SIZE-RATING-FACE 

; 
~ .... --.. ........ _ ""--·-------+----+--------! 
-·--·-· ·· ---· ·---·-------------

I • 

-··--···------------+---1--------t 
.. _.::.!..:_.. __ __ , _ _____ --+----1--------1 

' ''· ----- -- -·--.. -.. -----+---+--------- ·-·----------' 
I /, 

I \. i.-.... _ __.._ .,_ . _ ___ _____ ___,f---+---------1 
I •I. ------· ·--------------+---+----------! 
I '· · 

I ~J I i:fmALS & ACCESSOR IES FURN I SHED B~ 
VESSEL OTHE RS 

- · _ ,, · -·--------------1--r;,..;.A;,.::;B.:...• -+---~ 

. -" LJ:..ff:H __ E_:. L_~_:M __ • _________ _.... _ _ _.. 4) i--1_6 , J..'f c...ovt::"·rc> ~r.tot"l ~ ' 1 ,P_ u11TH ~SA- f:.1 1>1..;; ·~ ~·· (>-"' 
I' l\.C: K I NG r "- "" . ...,.., " ' 

f MAC.~IN ~ G.A S l<:...c:o·-r SI) fC..F.AC...l.::.-
,_ . .J~ll~:..;Jl_;·_R.....:l_N;_:G;_:S _______ +---+---...._-------------------------4 
..... _·--·-·----------4---..._-~ 

L ADUER S & PLATFORMS 
t~·n2·~~L. PIPt:::" x 

r.1()TES: 1.-ALL COUPL I NGS 600011. UNLESS OTHERW I SE SPEC IFIED. 

2.) BCL "IS SA \C\ 3 - B 7 ' N virs S A \Cf'+- -z H 

NO . !JATE BY REVISIONS 

.-.-... t----1---+-----------·---1-...:.P-=L:..:.·A;.:..N:....:T.....;;.6'-~....:...;~;;__;f":_....;~::...b_C..;;.· ...::·t;:;..;S.::'.i:c; J :....:...;I N~G~.;::.$:...T'....:U:..0;::.....:1-(:.__ _______ ....j 

t OC:ATION SBC CALl~ORMIA 

ORDER NO. S -~ 14'°1 C, ITEM NO. v- s;; 
~--+-~·-·-t---i---·~----------4-!M~F~G~R~.'---------' 

DATE e-'7 I BY 1-~'Mi 



Of<;tGN f.ONOITIONS 
l'c..>()l. ,A~~e_ V III STAMP '(ti.~ 

OP~H. DESIGN ALLOW. 
l' td:. ::;~;. \PSIGl f0 '210 !£::. 
TF MP • ( F ) - I O • 2.o 100 

CORR.ALLOW .SHELL Yi'°'" HEADS '/ 1<4:.'' 

6PoT STRESS RELIEF' to.JC> 
OAO ?Gi~ A$A se.' 

SHELL .A 'Z.f!t>S'- C.. 

N 7. LES 6 FLANGES 

GASKETS 

NOZZLES & NO. 
CONNECT I ON~) REO' 

'. VAPc::>~ It...> I 
2 VAPOR. ov I . 
3. D~1...:> t 

s. L..&. vaL A~ -z. 
6. ev•L ~u~e 2 

II, 

9. 

•; 1 lF · RAT IHG• FACE 

10. - ---·- ·-.. - ···---+---+--------.. 
11. ----·--···-· --·-+----!--------'"" 
1" '. 
1 ;, 

4 

I N Tl RN/\L ':) \ ACCE S'.>OR If '.) 

I i l. 1 £ R .U:.!.. VI • l'l U!>/FT 'I< r;,," .5 . .5. '(IE$ 

-@ 

--@ 

1--Q) 
-@ 

I _.:;:.._ --:."/~- I 
'l----1~ / ---~14 

'...._. -'- --

PACl<.IN(; . 
c.. --R--:-::: · --~.s~a1..1... w&•Gir\.-11' '""""'PTY-::::::: 7,ooo L1&s. 

I ~ .,Lil . I Nie, ... ~_"!\_Jo:le.,c.o..__-'-'(.!..:CE.=-::.S::..J..--...... -------------------------t 
ADDE.R c..L.Le::> - ·--·- ')"IE~ 1 .. ALL Co •• tOOOf. IHILltt OT"•-· '' ·~•c•• ' . 

-1--~~· ----·- - - ---

·-·------- NO. 8·41449 ITEM NO. V-
~· · 

.. ..,.,. ........ ~ ... I_ . .. -11 ..._ .... • ~ '\ . -8·71 BY 



IJll vr '> S f' L S lff.O ' D . (HORZ. -~. l o~e. 

i-1.!.!LlJ.~:..- I • U. • l!li!!!ll. 4 5 " 
' iHI 1 1 -· u_~!!..:~ss _ ~ 9/10 1

' 

!1.1.1W> . l_tl.1 .. ~~.~~.~~-~~-:~·~ 1/z" 
'..HI.I I & IH AO THICKN[ SS INCLUDE <:.A . '(&~ 
-·-·--·~-.... ~ ' " . 

·;111.l l I [ N l j I ti I SEAM TO SE AM ) 1'2.. 1- 0 \ I ·---· 
'it1t'f'OR I 6ACO~la.6 

Of<; r GN CONOITIONS 
n1DL A6""1 \\i " ''' STAMP "(E. 5 

OPt:H . DES IGN ALLOW. 
P t \l: ~; S . \ PSI Lil I R 7 2ss IA H-@ --H MP. I r) IO S 150 
COFrn . ALLOW. SHELL '/t<O" HEADS '/1 (0 '' · Cl I X - RAY ~POT STRESS REL IEF to.JO 

..il NnlOAD pe;~ . A~~ s e .1 @-r-
.$&I .:S ""'1 l C,. "Zo~a. ~ 

MA TERI AL S 

HEADS A'2.6S -G. 

SHELL AZ.8S-C-
NOZZLES 6 FL ANGE S 
GASKETS 

NOZZLES a NO. ~ tz f. RA T I NG·FACE @-t-
C:ONNEC T IONS RE o· r 

I • l ~LET I "=:>'1 - I 5o* IZF 

2 O(.)TLET I c:O"- ISO.RF 

t11-3. VE~T \ '2 '' - 1so•~F ·- - - -
~ ·• - 1so• R.F 4 , . P .:S V I 

'i . LE VE.L.. 8R10 Le. z 2.''-1so*-~F @ 
1; . MA~WAYW/~v1T I 10"- 150 .. ~ --· 
' 

>!, 0-h ( I l 
'I . 

-----~-.. - ··- - ·- - · 
\() . - - · ---··---·· · -.... , , _ 

·--· ·-----·· ----· 
1·· 

._.-!.-.!._ ___ _ _ _ ··-· · - -- - - - · 
1 .t. 

~ ~ 
- ·------··--

1 -1 . .......-·- - .. -·-·--- · 
1 • • • 

! !\, r i ;:i"I /\ i. ' . ~ AC:C f. S '>OR I F .-, FURNISHED B' 
Vl9 5£L OTH(ltl 

1---- --~- - · -·-- - · - --·- r1. o . 

I I I. I E. ti ' ; I • t, - - --· - ·- . ---- - ·· . ···-- . -- --· - ·· 
P At ~IN < ; - ----· .. ·- -·- ·- - . "-~-- ·- ·· · ·--- ·~ w e 1G+ IT £MPT'f ~<.C:>ooo Las. 
11'Vill l . l! INV · - --- -----· 
l.. ArH1 [1~ <. 'X i't.A TF IJRMS - - NCITfS: • •. ALL Coll9&.-aaeJ tooo.. UNL&•• OTHIKWlll ... ,c., 110. 
~----·- ·- · ·- · ·- ·-···-·- ··--·- -·-··· 

(1) 50l..T6 $A 193 -67. i..>IJT$ .S.O.. 194-2. .... 

NO. f >A H fl'( REV I SIONS (.a) WM-tlliii SA~e>8l.A.6T 4 'Zlt.JC..-21G.H P~t""' I&~. 
--- - -· 

& 8/11 ,<.TG Gc-.v. I~ C: v -- ---- --·-
V£~S S:I Pli!:-0 PA t-.>G::. liCt: C..G::. I VE.12., -.. ---·····- ·····--.. -·-·- · 

~· - ·-- -·----- -·-·--· . . FOR 14U MBLE oil A."->0 ril.liE,S:t"-Jli..>Gr G::>M?.A,t..l "'(' -·· .. ·· - - - ... -. 
·-··- -·-·-.....0 - ·------·----..... - . - · - M• •·' . 

PLANT ~~ ?Sil-OC-E.$51 i....>Gr !!!Tc.JOY 

··- -- -- - - - ... . _ · ·--- LQ.C8I I Ot:i .sec..: CAL I po~"-> IP.. 

- - - ·- - --·-· ·-· ORDER NO . ?:>-4144'7 ITEM NO. v-c:oz. ·- .. . 

-·· ... .... --· - ··- - MFGR. ~· OAT£ 8-71 IY LA-I 



fl.lo vrs ,~1·1 <~ HLO ' 0. {HORZ •• oamw.) Ot..>G. 
SHEU DI A. 1.U.-~. 3cG> " 
~-----

31e" '>llLl I rt 111:KNI '.)S ...... ..,.. 
. !:~r~~!~~-- TH 11.;1<~2_i_:;. F. -- • ;:::. .3/e" 
~~ & Hf AD THl("l(Nf.SS INCLUDE C .A .'(C $ 

Sii( l l l I NG I H (SEAM TO SEAM) 8'-Q II 

'>t 1f-'f'llR T !!>A t::>C> Le.~ 

llE51GN CONDITIONS 
ruDE. A~Mli. Vl\I STAMP '(E.$ 

OPf.R. DESIGN ALLOW. 
PIH; ~; S . (PS I (;) 04 2. \0 

~~ H-@ HMP . (' f) 4 1 -20/100 
CORR.ALLOW . SHELL Y,c;o .. HEADS '/1~" 

( I X - RAY ~POT STRESS REL I EF t.JO I 
WINnL OAO l>"CC..R.. A.:>A. se. • 
~£15.M I C.. 'Z.oo..>Ei. a 

MATER I AlS 

©-~ H£ADS A2.8S - c.. 
SHELL A '2.85 - C... 

NOZZLES a FLANGES 
GASl<F.TS 

NOZZLES & NO. ,.; 1 lF. RAT t ,..G• FACE -$ CONNEC r IONS REO'r. 

I• l t.JLe.T I ~1'- lSoil ~F 
2. VAPOJCl ouT I 8 11-rso'* raF @ 
3. l...I Q UID Ot.:>T I <C:,11 - I SO~ l'aF 

4 ~ P6V I 2,11
- ISO t:k ~F 

-· 
'i. L.EV&I.. l!>RI O l.E z 2 ·· - 1so • ~F G)- r- ( I I 6. !.JtA..,;wAY w/~v•T ' 16''- ISO.-~F 

' . . 
I\ , 

9 . . -·--
: 1 (). ------· ··-· ··· - -··· ... ·-

11. 

~ ~ 
··--··---·-·· , .. . . - ------·- ·-- · 

1 " ' · - - - - - - - - - 4~·- ---· 
14 . 
~-· -· · ······- --·· 

. • . 

· '. r 1 4~; .'\l. c; ~ ACC f') ';QRlf'~ f-" URNISHED B' 
Vf SHL OTH!ltt ---- - . - - --···· .. ... rAe, 

___ ! .U·. _i _ _L ;: •. : .! . • .. .'::!.: - -·- -·- ----·----
f'l\t ~ 1 llJI; - -,___·-------···- -- .. . ____ ... ·-- ·-----·-

"2 <=>oo 1111',l ol . . I? I NI ·" - - W E:.lG-HT EMPT.,.. :;:::: L..&6 . _____ .._ ........ ____ 
•. A !')Jl( !~~- .. '..\... F l f\ I I'! 1J?MS 

tr..-~···· ·- ·- '-- · - NOTES · 1,. ALL co ... a.u111 tOOO#. UNLll• OTMCa•tll .,IC I FI ID - ·-- - ·"--· ·-·--.. ·-
( 1) ~oLT.S .5A. t c} a - e. 7 ~ i-lUT6 .5A •94 ·'Z ... 

Ntl. ('IA Ii "" ·---- - ·· REVJ_S IONS ______ __ 

--------
VE<:<:E:L P~OPAt-...>IS:. fii.CO~OMl 'ZEm;z ... -........... ._. ... _, .. . .. 
FOR Hu -a Le OIL .... NC> ctlEFl~I~ C.Oiw\~"-)"'( 

-· --·---·· - ------~· . - -· 

-- -· - PLANT G\-AS. P~c.e..0~1 '->Cir- ~TUC."( --··-- ~ .. ..-- - ... 

. ·-··- 1 orATI ON SSC..~ CALI FO!iei...> l A 

- ·- - --· ·--·----i-.- - .- ·--.. -- ORD CR NO. e-41449 ITEM NO. V- ~!, 

_ ..... !"- ·· ···---.. . -- - .... _ MFGR. ..........,. I liiiiiiiliiK DATE 8 -71 IY f...Q,;..I 



.... 

-

!.iti l':l .I P I A . I • U, . -.. ao" 
'1 .l.I . XII I CKNI' :;;s ::::::' ~le 

! !f. Af ~_<... !! 1.l~.~li-.:~ . F • ·-• ~ 3/e 
11 

!:.HI.IL a HEAi) THICKNESS INCLUDf. C . A."'t'•' --· 
~;Jl lll t.lNGIH (SEAM TO SE'.AM) 0'-<0'' 
,. 

) .$K.•111.T ~ '2. 1-0 11 i-11G-M 
DE51GH CONOtllONS 

C1..1Dt A :&W\E:. VII\ STAMP '(E.S 

OP "R. DESIGN ALLOW. 
l't1 t. ·;s . (f' S l u l 04 2.SS 
H MP . ( F' ) 4 I I SO 
CORR. ALLOW. SHELL Y,~" HEADS !/1co" 

~Po STRESS REL I tF t..JO 

OAO p~~ A .6..C.. se. 1 

MATERIAL S 
H A05 A'Z.8S - c,, 
SHELL A.ees-c.. 

).,,.-

~ )>!Q lZL f.S a FL ANGES 

GASKU S 

NOZlL f.:5 & 
CONtiECT IONS 

I • VA OR. It..> 
2 :~4.POR. c:>i..>T 

NO, 
REO·' 

3 . Oli:.AI IV I 

fl. 1-iOT O\L. GDI L 2 

Fl . 

9. 

11) . 

~ IZF- RATl~G-FACE 

6"- ISO .. R:.F 

e 11
- 1so• fi?.F 

'2 "-150~RF 

1e '!.1so ~ ~F 

I 1 . ·- -- ---- -·-+----+-------... 
---- -- -+-- _______ ... 

1 ·1. 

NO, l>JIH fl Y 

FURNISHED 9 
VESS L 

FAI, 

REVISIONS 

OTHllll 

©- -© 

.:+-:: ::: ~:: -... _ 
~-:::-~ ... -­~':::' ----­~-- - -'....---

t , · ALL Co . t H IOCIO# U LUI OTHIHI H ,,_ IP llD 

... .... ... ·- ~ ..... : ~· ~ . ' ' ' -., 



I 
I 
I , 

,...tiW .... Y.L ~I ;J L. L ~; HI Q. ll . ( ........ - vu~ I • ) Ot...lE, 

'>1111.1 DIA. --.-n.D. 18 " ·-·-,;·,; ,-;·· -1~;·;: KN I:-;;;--~ 3/6-.. -----
1 .. ;~1 ·;,·;::·· ·;~·~· j~-"KN'1:ss ... - <. ."n .~ 3/e," . I . . ..... -- -···----.. -.. ---.. --.,--···---.. --.. · -----~----···--:,1111 ·1 1~ 111 All THICKNl" SS INC:l.IJl.ll C.A.'faS 

.. :~·; _; ;-~, 1 - · ;~·i~~;«:n1- (SEAM rn fLGr.)° G:.'-01
' 

·U i'!°"l)I: I ~t<. 1 ie..1 ,,.. Z'-o " ,...__._.. 
DFS I GN. CONDITIONS 

\ • .... " ~ ) f A:>....-\e.. v ·1 I I STAMP "'T'ES - · 
OPER. DESIGN ALLOW. 

r. 1; 1 S:) . \PS I Gl 'ZSC --1 ! MP. ( · F) I S'O - -
c OHR. ALLOW. SHELL Y,~" HE ADS 1/1<0" 

X-RAY ~POT STRESS RELIEF ~o 

WINDLOAD PE2. A6A se.1 

5e.1.s ....... 1c::.. "ZO....,E.. 0 
MATERIAL S 

HEADS AS15-7o 
SHELL. ASIS - lo 

.......?.'iO?ZLES & FLANGES Alo'=> e>. ~le>\ C#-Q. I 

b ASKt-. rs 

NOl.lLES Ac NO. SllE · RATING· FACE 
CONNf-.CT IONS REO'f. 

-
1. l=Uel. <ii.A~ ,...., I 3 "- fSO"' IGF 

__ L .... FVe.L G.A.6 O<JT I ~· ';.. 1so*'t:aF 
.•. L IQ<JID 

~· --·-·•-M 
OUT I 1Yz"- 1So*i:F 

'l. LLC. -----···--·- '2 I /z." c..pL<::r . 

'· LS. 2 I " ~LG... 
b. Ll&VliiL GAuGe-. 2 .3/4" c..pLCr. -->·- - ·- -
I . P2.E:$6. GAUe::. I 0/4" C,pL6-. 

~-. MA~'( /~L11JO ___ ,__ I te "-1.so.,~F::.O 

9. ·-
,__ 1 f J. 

1 1. 

I ;o . -· 
1.s . ..,._ ,. ____ 
I 11. ~ic::.1 iit.7 

I---··--·· 
VE.NT~ 2 z" ~ct-1. eo p1PE 

I '> - &K-1 fl?. T 1'->~f>. 2 <0" IGE1e..lf='. 

I ~fl LRNALS & ACCESSOR IES FURNISHED B~ 
VESSEL OTHERS FAB , 

.- .. -·-···-
• _ _f . .LL Tf: H [LEM .l'Z &..e/FT

1
""" $.s,, ye;~ -

Pl\Cl<ING - -
-~·-----· 

I N ~~l J I.. RINGS - -- ·· 
L ADUE.R S & PLATFORMS - -

NO. DATE BY REVIS I ONS 

-
--

--1 

I 
T 

---- - ~ //////// 
- · --i- - - -

CD--~ 
o--(j) 

t @--c b--@ 
@ ®-i ( 

b--@) I 

4-
14 '- / --.--

' ~--® '- - - -
15 

we 1 <:::14 T =-•···u=>T '< -- l(oo L.O!il • 

NOTES: I.· ALL COUPL INGS 6000#, UNLESS OTHERWISE SPECIFIED. 

( 1) eoL.T~ .:SA l~o-t.7, 1-:>UTS ~194--2'4 · 

(2) \Vl·HTe. .SA..1.Jt::>e. LA::. T ~ "Z I "' C.., IC..1 C:.H Pl'Z-1 '"'1 e. ~ . 

VESSEL l-4P FUE..L ~ ::ic.eu BBE. \C:. • 
FOR ~u1-11eLE. O t l.... A~o 1'.EFlt...>lU<ir CO...,~,_;,"( 

PLANT 6-AS P~ C.E.~.5' I ~Gr ..STuC'Y 

I nr AT I ON sec.. CA.l-IFC>Qtt-.JIA 

ORDER NO . ~ -41449 ITEM NO. V-17 
MFGR. /\l'l l Stearns·~ 
DATE 8-71 BY li!J I 



' ~Li'.J .• !J:CSf,L,; lll.Q 'l '- ,_, . ·V(Rl.) <>"""-
·, 1 Ii l.l [). A . 15ill8". -0 . lJ . te, " 
· ~-~;~ -~~ .. Ii·~ I •. KN!" SS -::=. ?I/fl&." 

!··-- ····-·······--
I il! flt •:; I H I CKNf:SS Sii'2 . - C .D . ~ 3/e'' , .. --· . ·-·----··---------- ----
~iJ!_~ _1: ... ~~~~--TH I CKN[~)S I NCLUDF C. A ."(e~ 
-.1.111 l.INGTH ( SF /\M TO FLC..-.) <.0'- 0" . -- · ~ ·· ·-
~~•, I I ~! 61c:'..1TaT "-2'...c::>" \..ll~M -- Ill~, I GN CONDITIONS 

~ 
\ •• I A ~ t---1 tE VII I STAMP Ye:~ 

--- ·- ··-'...·---.. -··--- - · 
OPF.H. D[SIGN ALLOW. 

I ,.i . ·) .tY'.> I I ) ) 125 
--·-----··~ff< 

11 'v"I '. ,- ' r) ISO .... 
- ·.....--- ·- -·- · · 

~ i · .t ·· l<.M L.<)W. SH F.l. L l/1<e" HEADS '/tG;." -----
--~--- //////// 

X - l'<f1Y 6'POT STRESS REL I r:F ~Q ----..;.. 
__ WINDLOAl> pe,e_ A.S.A. se.1 

.:!>liiE.I ~N'l l C:... "Ze:>..., e; 5 :J - --(7) 
MATERIALS 

0 HLAOS A51S - 7c:> l-
'.)HU . I. AS •S-70 

t 
,___ 

,_'jJLLL!:.l~ S & FL ANGES A 1o<d~, A le!»I G~.I 

1,/\'.,Kl·. I S ® -- c: 
I 

NOi. i L LS & NO. SIZE - RATING- FACE @)--c: ®l ti---© CONNECT I ONS REO' [ 
- ·- ·- ·---... 

~"-1so1i eF 1 • FUG:..l ~,6 I....:> I -
~,._ 1.so* ~'F __ L~_f'U~L . GrA~ OUT ' I -@ " LIQUID ouT I I !12"- tSoat ~F 

4-
J 

P-- -· ·~--· -- ·----· ·-- - - · 

:t, 1-L..C. e. I Ye" c.-pl..Gr . 
·------ ·--· 

Lb 2 I " c,pL<::r . _,. __ 
lo. LEV&L.. GJQ.1JGE. '(~ ~/4" c..pLc3. @---_:. \ J ..... _____ -- ....... --~ "-. 
I PlitE6E:. . 66.oG&. I 2V4 ' ' c.pLer. -. ..-

: .!:.·.:.~ ~~\A.IA"( "'?'e.L1o..10 I le'! I S0~2Ff>C> I 

:-t @ -- --
·i 15 ..___;__, ____ 

' ''· ·---- -· 
1 1 . ------
I/ -·-------··--
I '-

~· ·-· ·-·-· 

I •1 . .SIC:. I iej 
.......... .. - ·-- VE.11.)T~ 2. Z"~ci-1 . eo PIP(; 

I': . .SK.l!C..T 1 ....:>~p. 2 G:." ~l!f;l~F. 

! 1n 1: R"I AL. S & ACCESSORIES FURNISHED B~ 
VESSEL 

FAil, OTHERS 
-- ·· · · "'·--· 

.... r Ll f l. H EL EM .1'2. t...e/FT ' ... ~·· S.f.. YGO..\ -
;··1V K I NG - ----·-- ·-·-----
l"l '.:> lJ l. . RINGS - - 'NStG+.\"f E.1-iP"T"'( ~ l(oo 1-06 . ..,_._ ___ , __ 
L. fl.DUERS & PLATFORMS - - NOTES: I ,· A LL COUPL IN GS 600011, UNLESS OTHERW I SE SPE C IF I EO . 

(1) boLT~ ~4 1 ~'3 - ~i , UvTS ~A 194--.M. 

NO . !JATE 8) REVISIONS (-z) ....VM I TE ~..:it>tt>\..A6T 4 '¥I "-JC.. 21C::.l-4 PIZ.•,._,,E~. 

VESSEL LP Fue1.- GA~ .sc.2ue.eiG.~. 
FOR ~ IJ M Cll..1'. O•l.. A~O 1Z1c. F l .._,,...JG.- Cctw1 PA.._,y 

·- - · 
- - PLANT GrA.~ ?2.0C::.S..~ ·~c::r 6\uo.,, 

- 1 or AT I ON 5.e.c.., CA.LI F<:>~i..JI A. 

ORDER NO. B-41449 ITEM NO. V-78 

--- - MFGR . .J"\ I Stearns·Jlo2er 
DATE S-71 BY J'.../::Jr.] 



I 
I· 

~!1U_,.YLO 0 lJ .. 1L.!l1JL.ll , l II OH 1 , - - • I O uE 
'.i ll! LI DIA. I . n ...... ~GO" 
-:~~~-i ~i~---1-11-1 ~ .. KN ,:·s-s-- ::::: a1e:. .. 
! I! /\fl'..; llllCKNl:SS S . L-Clm. ~ '3/e;,." - . -·· -- -·. --------------·--·- ·- · · · ·------~~--

Siii i.i.. & HEAD TH I CKNf.SS I NCL.UDI C . A.'(e,~ 
. ----·--- ........ --··- -----

'.;1 t! I. I U NGTH (SEAM TO SE.AM) l"'=:i '-o" ·- ··-..... ..... ~· ·· 

:AJl' \"' \) l i r uo.._,..._ 
DC.:S IGN CONDITIONS 

~~--=~~'l_. A~ME. V II I STAMP ....,0 

OPER. DESIGN ALLOW. 

P Ii: f: S S • I PS I G ) 10 
H MP . (

11
F) 100 

l DIHI. AL. LOW. SHELL va · HEADS '/e; 
X-fHY ~POT STRESS RELIEF "-JO 

WINDLOAD -
O~UM WILi.. ee: ev~IE.C> (i.JoT& z) 

MATERIALS 

llEADS .A2e.S - c. 
Slff. LL A2..e>S- <:.. 
N<J 7 ZLES & FLANGES 

CAS KETS 

N0!.71..ES Ile NO. SIZE - RA TI NG· F ACE CONNF. CT IONS REO' I 

1. l..IQWIC Ii....> I 41~ 1so•R.F 
_ L.__,MAw\IJA'( 4 Pl.JM P I 15"· 1so• 1':.F 

·.1. LE~f!".L l~O. ' 2"- 1 Soil~F 
t-- - .. --.·-·· -· ·--· 

-~ V~"-li I 4 " -ISo *re.F 
, ~ \ 

,__ 

Ii . ._ _____ 
... I . 

1-\, 
>---· 
i--.~ . 

I 'J . --- ·---·-· 
11. 
11. 

>--- · 
I :! . ....,._ ___ , _____ 

14. 
1----·· --·· , ,. 

} , 

INl l':RNALS & ACC ESSORIES FURN I SHED m 
VESSEL OTHERS FAB. 

~, ..... ... -. 
... L t L. TEH EL EM • - -

I' l\CI<. I NG - -- ---
_ JNSUL.RINGS - -

L.AOlJE.RS & PLATFORMS - -
NO. DATE BY REVISIONS 
/,\ ll/71 Rrt. G£rJ. R~v. 

-·-1 

®-I~ 

®- t-
.. 

©-~ 

CD-~ 

we.1.::.-1-1; clw{ p T "( -:::: 90QO ~" . 

"'nTi:-c;: I ,· ALL COUPLI NGS 6000#, UNLESS OTHERWI SE SPECIFIEO . 

(1) ~oL'T6 ~ 19~ -87 J ~uTb :!'.A •94- 2~. 
( 2 ) t::> R.U "-'f CoAT&C> -.v/T"AR. ey e>Tl-IEeS . 

VESSEL AMINE FIL 1£1?. Ol?Au..J TANK ~ -

FOR l-IU""'1~L1& 01L At..)0 12.&l=Jt..)I._,~ Co""'PA~y 

PLANT ~~ P~CE:.6S. t ~G:r Sil.JOY 

1 nrAT I ON Si?:>C... I CAL1Fo~...._,1A 

ORDER NO. B - 41449 I TEM NO. V-79 
MFGR. /VJ I Stearns·Jlo&er 
DATE e-71 BY LJ,S,..1 



•. fi'J_._'ll.d S l. LS RE Q ' ll . (~ . - VERT . l I (1) 

.dULU ... OI A . I .D. --. 12." 
I ,: ll iL I H l ( KNISS -:;:::: Yz " 

ll! /\ I •' ; IHIC: KNl:SS S .F . . --. ~ 7/ic:O" 1 · .. . . ..... ________ ,,_,,_ ----- ----·----·---·------ -
·,.1 11 I I IX II [ AD TH I CKNrs s I NC LU DI (. A ."'(f.S 
.. . ..... . . -·---------·------------- -----
'.I ii 1 1 1 1 N( i lll (SF AM ro SLAM) 19'- o" 

f 
i'-- · - ·~· · - ·-----·-~----· 

• L ·I ' ! . 1 li< I ~t<:.. l ~T )(., .3'- 0 " J..' 1<#-M ..............,_ 
Ill ~,1 (1N <:OND I r I ON S 

• 1" ( A.=>~ I!; V I II ST AMP Yfi.~ ,,_, __ ., ______ _ ... _ ............. ------... 
UPI.IL DI S I CN ALLOW . T 

1· 1;i :<·i . \ PS I <;) l~O 
11~..,, p. r-n r ) 1 "2...5 ------ I 1 ! Jl< f<. AL L OW. SHELL y,~ .. HEADS Y1'7" 

X - R/\Y 5 P c:>T STRE SS REL IEF tvo I 
I 

WI NDLOAD P ER.. A :!>A S S.I 

~E.1 ~ 1-../\ I C. % 0...., .... 2> b--@ 
MA TERI AL S 0--- f-HEADS A '2..e>S - c,, 

SHELi. A2SS , c.. 
M)i.'ZLE S & FL ANGES AS'! b . A IE!:>I ~.I 

<,A·:; K ~ rs 
:i--@ N()/11.L S & NO. SI ZF. · RAT ING· FACE 

CONN H.;T I CNS RE O ' C 
lo-------· ..... ---

1 . AIR.. 1....:> I Z."-1so.,..eF -
2'1-1so*'aF _, ;_;_:.. .. ~!.....~-- 0~! I 

• . L..1qu10 c wT I 2''... 1so:tt ep 
®-I~ ~ .. ... ____ ···- "-·--···~·-'""·--·· ·-·#-·-- ~-

-~' ... -~·_6 . I t-.>O • I 3/4' ' Cpi.-6', u--@ 
Lit.Viii.\.. GrAU&-e 2 3/4" c.pi.&. 

--. ;:-:--.;\A_t.l~'"'(.,...~Y•'T I 1e ·:.. 1so• 1ZF I 

...__ __ . ___ . - --·- 14 " / 
I . ........ _ .. 
'\. I~=- --t-i -@ _.,...__._, 

1£, 
,_-2...:__ 

l'J . ----
1 I . - · 
1 I . ___ ,. ______ 
1 .i. ,.._ 
1 ·1. 61C'.I a. T V~T ~ .... --· ·- 4 '2 " $C.J.4 • Bo pi Pis 

I ': . ~~.Hi!:.T Aa..EE.S I IS" ~e1~F · 

I N l t:RNALS 8: ACCESSORI ES FURNISHED 8' 
VESSEL OTHERS ___ .,.. -. - ·-- - FA0 , 

.. J. IJ .. Illl. FLEM . - -
P/\( K I NG - -- --··----
I N ~) l Jl .R INGS WEIGi-iT Et-J\Pi"'( ......- 10,900 le.6 . - - -i----.. · -

1.1\lll> t.f~ S & PL ATFORMS - - N()T~<:;: 1 " AL L COUPLIN GS 600011, UNLESS OTH ERWI SE SP EC IF I £0. 

(1) W l-llTC:: SA-.>t>~l.AST 4 -z.1....,C.- Elc+-1 PIO!. I ..,, E.11:.. , 

NO . IJATl B'r REV I S I ONS (-z) e..-L1~ ..5A 19-a.- Si , 1-.lUT~ .SA 1~4- ~~ 

VESSEL I J..>5TR:.Utv1&h>T At~ iae.c..e..1 vE.R.. 

FOR 1-\UM e,L.G:. OIL A~C IC.EP: 1-...>1..:>G.- CO "'1 PA. i..> "'( 

,___ PL ANT <&-A.!> ~~oc.e..5~1~G .5TUP"( 

I r.r AT I ON .S.BC , CAL I FOIC.to •• )I A. 

ORDER NO. ~-41449 ITEM NO. v-ee 
-- MFGR . ..r.i I Stearns·~r 

DATE e .,, BY ~I 



.~~ ·- -·· 
~tfilL' L ,;iLLS m.o' Ll. ,_. -vrn ( . l Ot..:IE.. 

· ,111 t 1 o : A. 1 • o. -~. ~o" -·-- - ----------·- -
_:_llJJ,~.fflli'KNI '.15 .c;: 1/'2" 

I ! I! /\I)'.' fH I 1'1<.Nl SS S.F..-~. ~ 7/1<0" 

I 
--· - .. -· ·--------·----~-· -----------·-· --· '--·-··---···---·----·-----

11 I I 8: Hr AD TH I CKNESS I NCUJDI c. A. Ye.:S 

I "ii! I I ~ l·-NGlli--( Sf·:AM-f 0 s I AM)--, q '- 0 ;-;----
--- ··- ~-·-

3~0" .. l. i' 1 '\lli I 5i.;:;..11<,. T >'.. !-11 Gi-1-1 

er Pf~, I GN CONDITIONS 

· ·'''l ASl-1E. VII l STAMP 'YE.~ 
-·--~--

' 
OPrn. DLSIGN ALLOW. -r 

I. i~ I (' ~; . ( p 5 I G ) 155 
-T-l \1P.(IT F ) 1'25 --------

i '.\Im.ALLOW.SHELL Y1c0" HEADS '/i(c .. 
-· 

X-1-?./\Y ~POT STRESS RELIEF f,.JO 

WINDL.OAD PE..R.. A:bA se.1 J---@ 
~E.14""""1G zo~;;.. .3 

MATERIALS CD--1---· HEADS A2SS-C.. 
'.:;Hf: LL A '28 S~ c... 

.__.LHJ/ /LES & FLANGES AS~ ei., AIBI GR.I 

<,A'.)KL rs 

Nl1!/LES & NO. SIZE-RATING-FACE 
CONNECTIONS REQ' [ tl---·-® .......... --~-~--

-1so•eF I. .p.1.a 1.....i I '2" 
>--

__ :.'.:.~J R-__ ouT I Z" - 1 so"ic:.r-
~ , . l IQUIO OIJT I '2." - t.Soit. re.F 

- --· ·-~---·-- ---------------
I cl. ~E.!!:ofb. 1~ •. n:>. I ~4" c.pLc:r. 

--- ------ ----
Leve.L GAUGE: 2 ?>/4" c.,pL.Gr. --

--~.:.~~_!-!-~fl'.''( ""/~v1T I 16"- ISO""l2F ®- II-
I ]--® ~--·----·· 

'\. 
- ----·-------
___ 2-:_ _____ ! I 

l'J. 
14 ' / 

·---------- ------
......_ -I I. 

-. 
H--@ _____ ....._ ____ , ___ -

I I . 15 
---------------~---· 

I'· . ----·--------~~~~ 
I ·1. fiiK.I !aT VC:.WT~ 4 '2".scl-l. ea P1Pe ,___ _____ - -

, , . 6"1e.r AC.Ce6s I 10" !2.E.t..:>F, 

I'~ I U~NALS & ACCESSORIES FURN I SHED m 
VESSEL OTHERS FAB, --- - -- . -· 

I IL. ffk [LEM. - -. ·-· ·-· 
1·.t,(i<ING - -

--···--~~-~----

I N:3!JL. RINGS - - WE•GHT E.MPT'"'( ':::::: 9SoO LBS. 
-···-

lAElUE.RS & PLATFORMS - - NOTES: 1 .·ALL COUPLINGS 600011, UNLESS OTHERWISE SPECIFIED. 

(1) w1-11TE£ .!>Al-.;)1:::.-eLA-t>T ~ Zl~C..- R.IC~ PfC..l.....Clii.~. 

NO. DATE B'r REVISIONS (2.) ec::>LT~ .5.A. l~?i ·l?>/ 1 UWT.6 ~A 194-2.f-I • 

VESSEL UTILITY AIR.. 1'2.e:.C..E.1 v t:.lC,. 

FOR HUM el-£ 01L A....,c RE.FI "-"I u<S- CO ~'?Ai.-)"'( 

PLANT GA5 PR.C> C.E.!:.IS I ~6- STi...>Oy --
----~ 

LOCATION .:::.~c. J CAL I l=Ola..~IA.. 

ORDER NO. B-41449 ITEM NO. V-89 
MFGR. A.. I Stearns-~r 
DATE e-71 BY LlS..I 



l\HI vr· s <;[LS . tUQ ' ()~-'-~ · -VERT. l_ or-1£ 
2.ti!J.l_~~ : .. _.~. -u . L) . L/-2. .. 

' ,l tllt t lll l 'KNl '>S J/.(L' 1 !-->·--- -- ... ___ .. ____________ .. • 
-~11 p,1 ~_.,.. __ [1:1_1_'. _KN~ __ s s _ ::~.:L~ -~-· 1/4 11 

:·;1 11 I l 8- II E- I\() rH I c KN r c, s I NCLUDt. C.A .y[S 

I 
--·------~-··----· . .. ·- - --··· 
. •I i I l I L I. Nl.i I It f ";~AM TO SEAM) s~/) .. ~ 
~---~--·-... ------·-·· 

·;(a: n ·· JJ 16. J.J •;, •f'l" OH f S1<1 R.Y- -
DE'S I GN COND I TIONS 

l '(10LA~ ~~- STAMP '(£<:;; 

OP[H. DESIGN ALLOW . .-
'1-~ rlt'4S UL. Pf!f.:.·.~s. (PS 1c;J R,IN~S 

H MP . ( l""fl" 300 ---- '/I& •. - -
COFIH. Al. LOW. SHELL 0~< HEADS -----
X:~kAY ~T STRESS RELIE F NO 
WINDLOAO ASA SBtl (J)-1-

1:- - ----, _, Ji. ·~. lJE°AR 
_l::;EJ~MIC ~nNJS: ~ i-J {---i-

MA rm I AL S IA•NIT1A,... 
I_, I 

Tt.'ArC 1£" '' 
--------- (})--- ~ WI :OJ!., 3lo.D0 

HEADS SA Z.85"' c 
SA :Z.~.'\ 

- t::_ __ -- - _ I A "'Ol--1 N t;) /,./) 
SHELL c. ' 

NOZZLES a 
GASKETS 

FL ANGE S SA IOl.o R 
- J 

SAJAI - / 

NOZZ LE S & NO . S ! Zf-RA TING·FACE CONNECTIONS REO'I. 

I . BOtJ..ER ~llhW ;.. /~-;;:_f 51> ii Ii F 
2. WATER. a.>T I :Z '' - ISZ>*' R.F -
3 . v£1"1r I ,//.. " -1 sc• R.F" --@ 

~Jlf~AIN-.. I J ~ ·:., 1~d'" RF -
·,. f'IW'IWAY' ~:!JT.. .. I 1 p, ''- 1srJI' RF 
t>. C""'P..~Jf~~'i. __ I j/~ "c Pi.6 ' ,.,.,. - -H--@ , .. , 
fl. ®-

_, 
I I ....._ 

------ - ' ./ 
9. - I _. - T --

10, ,_ - - .: -~ ---@ - ·- ·- -··----· ., __ 
1 1 . --
1 l . ---
I :1. __________ .. __ -
111 . ~KIRT VEN*TS ,__ 2" scH. $0 Pl'PE ,___ -
1 !' . 5/<IR:r tNSP, I IS 1' REIN F'; 

'. "< fl RN/ll. S '.~ ACC f.S SOR lf'; FURNI SHED 8~ 
VE 9SEL . OTH(ltt - -·-·------- . 

r A S. 

....... L!_I,,. r E l:i..1-~:.:.~:~----·-----
Pl\(KIN<; - - ----- ------ - ··-· 

E./VJPT'f =Z350 I W>l!l.. HI NG~-. '/£S wt:'1G-HI 
~pDERS _j<_J:: I ATFORMS _ MOTfS· I ,. ALL COWILfN85 IOOOof. UNLllt OTHlltWlll ll'lC IF I [D. 

( '2.) 6()1,.:TS SAl'f4-B7 Ht.rr.S SA 1~4-2.H 

NO. OAH BY REVISIONS -· 

--·---- ··- --· VESS[L BOIL.ER B/..~DOWN '1112.lJ.M 

FOR H/..IMBL.E.. Olt. .AN'D REF"/NIN<E, Ct>MPAN'( - . _.._ ....... _ .. M_. ..... _ _, -·--·- .... 
__________ .,,.. -.----- PLANT GAS PROCE. SS IN<Jt STUJ.JV 

-- -- ·· --------- -- ·- L ()l' ATI ON ~Be. CA1,..1roA.NIA 

-- ..... _. ·---·- ..... -- ·------·- .... ~. ORDER NO. Bl././t;..JJ.q ITEM NO. \I .-<.fD 

- - ·····-- ·- .. --- - ·~·-·---·--
MFGR . I liiiiiiliii! .DATE ~/2?/"1J IYE.f/3 -, 



RI V. I PACKAGE UNIT 
STUDY DATA SHEET 

fl[ v 

tr&•.... W-21 ; . St.rm-Mr 
3 l CUSTOMER HUMBLE OIL AND REFINING COMPANY Ace•.,. "••-----+--

1.1t J• B-41449 
l ' PROJECT GAS PROCESSING STUDY 
s L oc AT , oN . SAN!~-~~B~A~:c~E:-L-, """""c""'A'"""L""'r""'F _.,.,OR ..... N=.!_rt~ 
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9 

to 

u 
12 

13 

t4 

t5 
t6 

t7 

HI 
, g 

20 

21 

22 
23 

24 

25 

26 

%1 

28 

l 

... o 
31 

32 

3 3 

34 
35 

36 
37 
31) 

39 

40 

41 

42 
43 

44 

45 

46 

47 

48 

49 
50 

5 t 

5Z 
5S 

54 
. ;5 

56 
57 

58 

St 
60 

6t 

62 

IVll l ON$ !a 

PIU"'CTUH If 

Make_,-up Water .JI.fill.t_fil:.._ 
a 111 JlLln:.G_: t> ______ __ _ 

--------------- No.Rao'o. 1 (1) 
ev 1C ___ . ____ ____ ...!!__ :d __ ___ _ __ __ _!!_ 

One ( 1) - dual tower zeolite water t r eating unit , complete with 
all necessary t ·ower, controls, drivers a nd piping . 
Ope ration shall be cyclic and automatic. 

Ge neral des ign conditions are as f ollows: 

Flow Rate - 6 GPM maximum (3.0 normal) 

Ha rdness Reduct ion - 99% mi n i mum (based on inlet calcium, 
sodium and magnesium 
hardness of 50-100 ppm) 
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e 
9 

Hi 
H 

12 

t3 

'~ 
t5 
1(1 .. , 
Hl 
99 
20 

!t 

22 
u 
24 
25 

26 

t? 
w 
~9 

30 
31 

32 
33 

34 -
~5 

36 -
37 
3S 
59 

~ 

41 

<32 
43 

M 

45 

46 -
47 

48 

49 
so 
SI 

52 
59 

'34 
. . 55 

·sG 

57 
53 

!»> 
GO 

G1 

62 

..... .... ld - 2-2. 
aicc•t. .,.. 
1.1t J .. --B--... 41449 _____ _ 

m11c:c D , A , _J:! !£AT· L:.;.°_]S,.,.__ _____ _________ No.Ru"o. 1 (I) 
1t\ltit°"1l11A_ JU_. ___ :b __ . _________ ··-·- Bv :C _ ____ _ __ ._J!:!._. __ :d --·· _____ _.!.! _ ___...._ 

111.!l'ACTlll!t&!..=a==--=="----=---===~=~=·=·--=·===--·=-"'°<r:==·-=-=-==-=-Sou="c=':-:;.::::Qu=-:0::.:."'=-..:0f~============-====r 

(.)N 1.:::- Li) l~.A, H 1£ A 'l t.:.: R.. ·1 C H \;.AT * 0 t. ·h i:::· ~Arc:;· ,._ .... ,A· \<... ~.:" v fO 
t-v I\ ., e:;- R.. + f<. lo". Y v e.. f\J c.-o f-...t O t:..":r\J ~, I\ "1' If,!::' 

I' l . <..AT!.i.:'."S ~ C.Dt-...l I'.:.)\ '7' I ON<;. A e. e::·· 1\..1 ()'ft.:::-- ~ l6 C::: l.. (.,..') w ' 'S I ?.: t:.:::$ I\ '€.C 
1::: o 12.... ~'£. lr· 1 ~ .._,, A - -r-· i t.,; c::;. C )/l.J. L .. '-t 

p L) te..C..l-t A $ ~ D u f\..l ,.,.- T 0 (?:., c:;:: t.,,.., f,;;: 6. -0 "'r{':, I 

S'S ~ H-l::>A"rlf\JG Q - IO{) ~/1; ~ 

~12~'D 
s-rCl\M "s r-

1 M A tc:..c:-:· t) F> t.v A <r E"e 
6b - IO c a> f:" 5------­
C..00- 800 t!:/rHc.. 
(A~ e. ti'<.'.V 'c:i J 

s 
,Af<> Pe.ox GO t::r .$ 

~- U (fl.(, C V ~, L. • I $ 

12.teq'D 

Q 
I 

-(') 

1z. ' -o" 
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GENERAL 

HUMBLE OIL AND REFINING COMPANY 
GAS PROCESSING FACILITY 

SANTA BARBARA CHANNEL 

PLANT CONSTRUCTION 

B-41449 
August 1971 

As mentioned previously in this report, the gas processing facility 
will be located in Las Flores Canyon approximately 1"·1/ 4 miles 
north of U.S. Highway 101 and 15 miles west of the city of Santa 
Barbara in Santa Barbara County, California. 

Preliminary schedules indicate the period of plant construction as 
being approximately 34 weeks (or 8 months), The attached "bar~ 
chart 11 schedule gives a preliminary picture of various phases of 
engineering and construction. 

Based on a preliminary field manhour estimate to perform the work, 
a peak construction crew of approximately 1Lf0 men is indicated 
plus a field supervisory staff of 7~10 people. The attached craft 
manpower curve gives the prediction of craft requirements during 
the course of construction. This curve indicates the peak will 
occur at approximately the. 75% point in the schedule, 

PROCEDURES AND TECHNig~~ 

The construction crew will include a supervisory staff of 7-10 
people, including a superintendent, an assistant, field engineer, 
material man/field purchasing agent, aceountant, tirnekeepers, cost 
engineer, and technical supervisors as required. Craft personnel, 
averaging 65 in number with a peak of approximately 140, will be 
employed. 

A temporary field office for use during the construction phase will 
be provided along with a materials warehouse~ craft change rooms, 
and sanitary facilities. The requirements of the "Safety and Health 
Regulations for Construction" as published by the Department of 
Labor, in regard to drinking water and sanitary facilities, wi.11 be 
met as well as the requirements of any local codes. 'I'he criteria 
for the type of sewage disposal system selected as discussed in the 
"Plant Design" section of this report will also apply for construction 
requirements. 



PLANT CONSTRUCTION 

PROCEDURES AND TECirnrguEs - continued 

B-41449 
August 1971 

Electrical power feeders will be brought into the plantsite area 
prior to the start of construction. This power will be used on 
a temporary basis during construction; and then installed in a 
permanent manner to supply plant requirements. Electrically powered 
small tools and small construction equipment (such as motor driven 
air compressors)· will be utilized wherever possible. Temporary 
building heating, if required, will be either electrical or from 
commercial propane or butane, Other fuel requirements for 
construction purposes are minimum; therefore, the danger of fire 
or explosion is minimized. 

Heavy construction equipment required will include medium sized 
cranes, hydraulic cranes (cherry pickers), bulldozers, front end 
loaders, flatbed and pickup trucks, etc, Tall vertical vessels 
or towers will be erected either with large hi-lift cranes or 
utilizing a "gin-pole" arrangement, 

Ready-mix concrete will be used for all major foundation work in 
this plant. Ready-mix will be obtained from a nearby existing 
source (possible 15 miles away) requiring concrete trucks to 
utilize the highways in the area. A period of approximately three 
months will be required to complete the majority of concrete work. 

The majority of piping work, 2-1/2" size and larger, will be 
fabricated in a fabricating shop in a city remote to the plant, and 
hauled to the plantsite for installation. Smaller piping, 2" 
size and under, will be fabricated in a temporary shop set up at 
the plantsite. Electrical welding machines will be used (rather 
than gas engines) in most cases for fabrication and installation. 

Most plant process and operating equipment will be fabricated in 
shops remote to the plant area and hauled to the plantsite for 
installation, with the exception of large storage tanks which will 
be erected in place in the fi.eld. This field erection will require 
a certai~ amount of construction equipment and welding machines. 

During the course of construction, daily cleanup of trash and 
debris will be carried on; and disposal of this trash will be made 
as re·quired at areas designated by the county authorities. 

In general, all construction work will be carried on as rapidly as 
practical in aceordance with the recommended practices and codes 
established for the industry and in accordance with the requirements 
of local authorities. 
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EQUIPMENT /MATERL\L DELIVER~. 
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As mentioned above, most of the process and operating equipment 
' in this plant (w:. th the exception of storage tanks) will be 

fabricated or manufactured at locations remote to the plant area; 
and then shipped to the plantsite for installation. Some of the 
larger and heavL~r i terns may be shipped by rail to the nearest 
siding; then hauled by contract truck to the plantsite. However, 
the majority of items will be hauled direct from the manufacturer's 
shops by truck (contract hauler or commercial carrier). Other 
general materials including piping, electrical, structural steel, 
concrete reinforcing steel, etc. will be delivered by truck, generally 
a connnercial carrier. Miscellaneous materials purchased locally 
will be delivered by the supplier's truck or picked up by one of .the 
contractor's vehicles, 

ENVIRONMENTAL IMPACT 

Every precaution necessary to minimize the impact of plant con­
struction on the existing environment will be taken during the course 
of construction. 

Most construction projects are susceptible to a dust problem from 
loose disturbed soil, excavating equipment, and frequent vehicular 
traffic throughout the site area. To minimize the dust problem a 
number of steps will be taken including periodically laying down a 
coat of road oil on the access road from Highway 101 to the plantsite. 
At completion of the project, a permanent treatment to this road will 
be made. Another step will be daily sprinkling of the plantsite 
with water. 

The "Safety and Health Regulations for Construction" prescribe limits 
of noise exposure for construction personnel. Feasible administrative 
or engineering controls will be utilized to reduce sound levels to the 
limits noted. If all such controls fail, then personal protective 
equipment will be provided. The relatively secluded location of the 
plantsite with the buffering effect of the surrounding hills should 
be ideal for minimizing the noise level at the surrounding property 
lines. 

It is anticipated that fresh water wells will be drilled at the 
plantsite and that this water will be available for use during con~ 
struction. As mentioned earlier, contamination of the flowing stream 
through the plantsite area will be avoided. Construction waste 
materials will not be allowed to be dumped or discharged into this 
stream without proper treatment. 
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ENVIRONMENTAL IMPACT - contlnued 
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The sewage disposal system installed for construction purposes, 
as well as the permanent installation, will be a totally enclosed 
system. 

Most of the major construction equipment to be used have either 
gasoline or diesel engine drives which will emit the usual exhaust. 
vapors associated with this type of equipment. However, studies 
on air currents through this canyon area indicate that an excellent 
dispersal of this type of vapor will occur. 

Traffic congest.ion on the local highways will be increased to a 
small degree during the course of construction from a number of 
causes. Construction personnel, driving to and from the plant.site 
in early mornings and mid-afternoons, will contribute perhaps the 
heaviest congestion. However, with a peak crew of only lL}O men, 
this will not be appreciable. During the working day, periodic 
deliveries to the plant.site of equipment, concrete, general materials, 
etc., will be made with large trucks. 

Electrical power will be the main utility for operation of 
construction tools and small equipment.. Gasoline and diesel fuels 
for heavy construction equipment and vehicles will be stored in 
minimum quantities; and steps will be taken to prevent spills, fire, 
etc., from occurring during loading or unloading. Other types of 
fuel for heating purposes, if required, will be connuercial bottled 
propane or butane; and proper equipment and supervision of installation 
will be utilized to prevent any accidents occurring. 

INSPECTION - CODE COMPLIANCE 

During the course of construction, inspectors will regularly be on 
the job to confirm that the plant is being built. strictly in 
accordance with specifications and construction drawings; and that 
all applicable codes, regulations, restrictions, etc., are being 
met. They will also regularly be alert to assure that environmental 
controls are being adhered to. 

Field engineers will keep a close check on concrete quality control 
through numerous normally prescribed test procedures; and will 
maintain proper methods of curing to assure minimum design strengths 
are attained. 

Welding inspectors will check all piping welds made in the field; 
and x-ray technicians will be used as required by codes to 
assure welding quality control. 
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INSPECTION - CODE COMPLIANCE - continued 
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Miscellaneous engineering technicians will be utilized to assure 
that the proper piping and electrical materials, fittings, etc., 
are installed in the proper locations. An instrument supervisor 
will check out the installation of all instruments, and will check 
the setting and calibration of all applicable instruments. 

The various inspectors and technicians mentioned above will also assist 
in establishing certain test procedures of many systems prior to 
plant startup. Testing and startup is discussed in the following 
section of this report on "Plant Operation." 
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HUMBLE OIL AND REFINING COMPANY 
GAS PROCESSING FACILITY 

SANTA BARBARA CHANNEL 

PLANT OPERATIONS 

JESTING i. STARTUP AND DEBUGGING 

B-41449 
August 1971 

After construction of the facility is complete and all lines 
and equipment have been hydrostatically tested in accordance 
with the applicable codes, the units are considered ready 
for operation. 

The facilities are then given a final check by process and 
operating personnel before purging, The first step in putting 
the plant into operation is .:o purge all air from the lines 
and equipment. This purge is usually accomplished by using 
sweet, dry natural ga3 or an inert gas such as nitrogen to 
displace all air from the system. All units are then brought 
up to operating pressure with the purge medium, and all joints 
and seals checked for leaks. 

After it has been established that the fac:Llity is free of 
any leaks, other systems can be started up and checked out 
prior to gas processing. The sulfur recovery unit should 
be dried out and warmed up. Treating solution circulation 
should be established and brought up to temperature. The 
refrigeration unit should be filled, checked out and readied 
for operation. The glycol unit should be brought to operating 
temperatures. 

With all systems ready for operation, sour inlet gas, at re~ 
duced rates, can be admitted into the plant, treated, and when 
sweet, passed through the hydrocarbon recovery unit and on to 
sales. Acid gases from the treating unit can be started through 
the sulfur recovery unit. As units are successfully put in 
operation, the inlet gas rate can be increased up to design 
capacity. 

While any initial startup will produce periods of intermittent 
gas flaring, the use of a carefully thought-out procedure, 
based on a program such as described above, can hold this flax­
ing to a minimum period of time. Starting at reduced inlet 
gas rates will also hold the total quantity of gas flared to 
a minimum. A procedure such as this should keep the time for 
startup flaring to 24 hours or less. 
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PIANT OPERATIONS 

TESTING, STARTUP AND DEBUGGING - continued 

B-41449 
August 1971 

After the facility is started up, final adjustments and fine 
tuning of the unit should be accomplished without major upset 
of the uni.ts, and should result in no additional flaring. 

NORMAL OPERATIONS 

In normal operation, the facility should operate at design 
rates of inlet and sales gas, and produce products as shown in 
the "Material and Utility Balances" section of this report. 

Measured process variables of temperature, pressure, flow, 
some levels and some compositions will be transmitted to the 
central control room where they can be monitored by the plant 
operators and adjustments to control set points made as neces­
sary. The operating personnel in the control room will have 
complete control of the major plant operating variables. In 
case of upsets in plant operations, the operator can shut 
clown and bypass various plant units and, i.f necessary, shut 
clown the entire plant operation. 

Liquid products produced i.n the hydrocarbon recovery section 
of the facility will be stored under pressure and shipped 
from the initial facility by pressure tank truck. Loading of 
the trucks will be by solid hose connection to the truck with 
a pressure tight vapor return system to the tanks. The volume 
of products produced by the initial facility will require 
eight truckloads per clay on the basis of shipping only during 
the day shift for five days per week. 

Sulfur produced in the sulfur recovery unit will be shipped as 
a liquid in tank trucks. The volume of sulfur produced in the 
initial plant should require only about one or two trucks per 
week. 

ENVIRONMENTAL IMPACT 

In normal operation the facility should release no odors. Emis­
sions to the air will be limited to the products of combustion 
from burning 970 MSCF/DAY of sweet natural gas in process heat­
ers and gas turbines, plus about 12#/HR of sulfur dioxide from 
the incinerator. Except for normal rainfall or incidental 
irrigation (of landscaping) no water will be discharged to 
surface drainage. All plant waste liquids will be collected 
and injected, along with produced water from the Crude Oil 
Facility, into the formation. 

-2-



PLANT OPERATIONS 

ENVIRONMENTAL IMPACT - continued 
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Proper silencing of equipment will keep noise levels to minimum 
levels. Because of the very limited use of reciprocating 
equipment, there will be no measureable vibrations of the earth 
at the plant boundries. 

EMERGENCY CONTROLS AND OPERATIONS 

Pressure equipment, by codes, requires pressure relieving de­
vices. All these devices are tied into closed flare, vent 
and drain systems. In all operations, emergencies can occur 
due to human errors or mechanical failures. In case of emergen­
cies in the facility, pressure will be relieved into the flare 
and vent systems and the released hydrocarbon vapors burned in 
smokeless flares. 

All combustion equipment is protected with flame failure de­
vices to shut down individual units in case of flame failure. 
These devices protect against fire box explosions and pr~vent 
venting of unburned gases. 
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