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ENGINEERING-SCIENCE - 
FOREWORD 

.: 

Evaporation l o s s e s  du r ing  s t o r a g e  and handl ing of c rude  o i l  and 

i ts  products  have been of concern t o  the  petroleum i n d u s t r y  f o r  many 

y e a r s .  As e a r l y  a s  1952,  t h e  American Petroleum I n s t i t u t e  sponsored a 

"Symposium of Evaporat ive Loss" a t  one of i t s  annual  meetings.  I n i t i a l  

r e d u c t i o n s  i n  evapora t ion  l o s s e s  by the  i n d u s t r y  helped main ta in  b e t t e r  

product  q u a l i t y  and improved s a f e t y  w i t h i n  t h e  i n d u s t r y .  That  concern 

f o r  evapora t ion  l o s s e s  has  cont inued and is now shared by environmental  

r e g u l a t o r y  agenc ie s  a s  w e l l .  A number of e f f o r t s  a r e  underway t o  

q u a n t i f y  hydrocarbon emissions so t h a t  major s o u r c e s  can b e  i d e n t i f i e d  

and c o n t r o l l e d .  Furthermore,  much work i s  being done today t o  s tudy  

t h e  r e l a t i o n s h i p  of hydrocarbon emissions t o  photochemical smog problems. 

The only b a s i s  a v a i l a b l e  f o r  e s t i m a t i n g  emissions from fixed-roof 

s t o r a g e  t anks  h a s  been a document d e s c r i b i n g  p o t e n t i a l  vo lumetr ic  

product  loss  publ ished by t h e  American Petroleum I n s t i t u t e  i n  June 1962. 

e n t i t l e d ,  "API B u l l e t i n  on Evaporat ion Loss from Fixed-Roof Tanks" and 

i d e n t i f i e d  as API 2518. 

The API e q u a t i o n s  f o r  f ixed-roof  t anks  were based on work done over 

20 y e a r s  ago w i t h  a major emphasis on t h e  economic b e n e f i t s  of reducing 

product  volume loss .  

s t o r a g e  t a n k s  and no e m p i r i c a l  d a t a  were developed f o r  working l o s s e s ;  

c o r r e l a t i o n s  for t h e s e  were based e n t i r e l y  on t h e o r e t i c a l  c o n s i d e r a t i o n s .  

Furthermore.  i t  i s  d o u b t f u l  t h a t  t h e  c o r r e l a t i o n s  were meant t o  be 

a p p l i e d  t o  small product ion  lease t anks  o r  crudes w i t h  s i g n i f i c a n t  

amounts of methane or ethane.  

The work w a s  based p r i m a r i l y  on l a r g e  g a s o l i n e  

The Western O i l  and Gas A s s o c i a t i o n  undertook t h i s  s tudy  t o  

determine,  through f i e l d  measurements, t h e  g e n e r a l  a p p l i c a b i l i t y  of t h e  

MI c o r r e l a t i o n s  f o r  p r e d i c t i n g  hydrocarbon evapora t ion  l o s s e s .  I n  

t h e  even t  t h a t  measured emiss ions  d i f f e r e d  s i g n i f i c a n t l y  from p red ic t ed  

emissions,  methods f o r  p r e d i c t i n g  emissions were t o  be re-evaluated.  

Thus, as  a i r  q u a l i t y  concerns ar ise  i n  t h e  f u t u r e ,  i t  is hoped t h a t  t h i s  

r e p o r t  can serve as a new r e f e r e n c e  p o i n t  f o r  e s t i m a t i n g  fixed-roof 

t ank  emissions and i n  de te rmining  t h e  need f o r  f u r t h e r  e m p i r i c a l  d a t a .  

i 
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CHAPTER - I 

EXECUTIVE SUMMARY 

S ince  i t s  p u b l i c a t i o n  i n  1 9 6 2 ,  A P I  B u l l e t i n  2518 has been used t o  

estimate hydrocarbon emissions from fixed-roof s t o r a g e  t anks .  L i t t l e  

a d d i t i o n a l  d a t a  have developed s i n c e  t h a t  t ime, and because of wide 

a p p l i c a t i o n  o f  t h e  API e q u a t i o n s  by both i n d u s t r y  groups and government 

agenc ie s  charged w i t h  a i r  p o l l u t i o n  c o n t r o l ,  i t  has  become ev iden t  t h a t  

t h e  d a t a  base needs t o  be re-examined and expanded. 

P o t e n t i a l  problems e x i s t  i n  apply ing  t h e  API equa t ions  t o  f a c i l i t i e s  

and types  o f  o p e r a t i o n s  not  measured i n  t h e  o r i g i n a l  c o r r e l a t i o n .  Some 

of t h e s e  ques t ionab le  a p p l i c a t i o n s  inc lude  t anks  handl ing u n s t a b i l i z e d  

crude c o n t a i n i n g  methane and e t h a n e ,  and product ion working t anks  w i t h  

l a r g e  throughputs  bu t  w i th  corresponding sma l l  l i q u i d  l e v e l  changes. 

The Western O i l  and Gas A s s o c i a t i o n  i n i t i a t e d  t h i s  i n v e s t i g a t i o n  

to develop a d d i t i o n a l  and up-to-date measured d a t a  t o  add t o  t h e  API 

d a t a  base.  The o b j e c t i v e s  i.ncluded developing d a t a  through f i e l d  measure- 

ments o f  f ixed-roof s t o r a g e  t a n k s ,  determining A P I  method a p p l i c a b i l i t y  

by comparing measured t o  c a l c u l a t e d  emissions,  d e r i v i n g  from t h e  new d a t a  

<$o base  c o r r e l a t i o n s  p r e d i c t i n g  emiss ions  from fixed-roof t anks  i n  crude 

o%nd low vapor p r e s s u r e  d i s t i l l a t e  s e r v i c e ,  and c h a r a c t e r i z i n g  the  
P 

emission composition by s t o c k  t y p e ,  g r a v i t y ,  temperature ,  e t c .  
c 

F i f t y - s i x  tests were conducted on 4 9  fixed-roof t a n k s .  Twenty-three 

tests were conducted t o  measure b r e a t h i n g  l o s s  emission and 33 f o r  work- 

i n g  l o s s e s .  Ten tests were voided f o r  v a r i o u s  reasons;  46  tes ts  were 

completed. F igu re  1-1 i l l u s t r a t e s  t h e  4 6  t e s t s  and some o f  t h e  parameters 

a s s o c i a t e d  w i t h  fixed-roof l o s s e s .  F i e l d  t e s t i n g  on t h e  p r o j e c t  s t a r t e d  

i n  January and w a s  completed i n  May 1977. 

To measure t h e  hydrocarbon emissions,  ES followed a procedure i n  

A P T  B u l l e t i n  2512 w h i c h  involved d i r e c t l y  meter ing  t h e  t o t a l  volume of  

vapor o u t  o f  and i n t o  t h e  s t o r a g e  t anks ,  and measuring t h e  hydrocarbon 

c o n c e n t r a t i o n  cont inuously wi th  a flame i o n i z a t i o n  d e t e c t o r .  Grab 

samples of t h e  vapor were c o l l e c t e d  and analyzed on  a gas  chromatograph 

I- 1 
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l i q u i d  -. samples,  taken a t  each tank ,  were analyzed f o r  phys i ca l  and 

chemical c h a r a c t e r i s t i c s .  P o s i t i v e  displacement  gas  meters, and tu rb ine  

meters, were housed in t r a i l e r s  and connected by 6-inch f l e x i b l e  hoses 

t o  t h e  tanks .  The flame i o n i z a t i o n  d e t e c t o r ,  t h e  vapor sample c o l l e c t i o n  

sys t em,  and t h e  temperature  measurement system a l s o  were contained i n  

t he  t r a i l e r s .  

Resu l t s  of t h e  t e s t i n g  program showed t h a t  b rea th ing  l o s s e s  average 

about 58 percent  of t h e  q u a n t i t i e s  es t imated  by t h e  AF'I equa t ion .  - - - 
Losses from working tanks  are dependent upon the  mode of ope ra t ion .  

The working tanks  i n  t h i s  s tudy  were c l a s s i f i e d  i n t o  t h r e e  groups 

according t o  t h e i r  mode of o p e r a t i o n :  

b o i l i n g .  

however, some gene ra l  t r e n d s  were no t i ced .  

ba tch ,  cont inuous,  and s p e c i a l /  

Measured r e s u l t s  on t h e  f i v e  ba tch  tanks were not  d e f i n i t i v e ;  

The cont inuous o p e r a t i o n  t a n k s  inc luded  Lease Automatic Custody 

Trans fe r  (LACT) tanks  and wash tanks .  Hydrocarbon emission rates from 

working tanks  v a r i e d  cons ide rab ly  bu t  on 13 t e s t e d  t anks ,  t o t a l  emissions 

were only  about  55 percent  of t h e  q u a n t i t i e s  c a l c u l a t e d  by t h e  b rea th ing  

and working loss equa t ions  of  A P T  2518. 

Seven s p e c i a l  t anks  which r ec i eved  b o i l i n g  crude were analyzed 

s e p a r a t e l y .  Emissions from f i v e  of t hese  tanks were c o n t r o l l e d  by vapor 

recovery systems. 

t o  d isconnec t  t h e  systems f o r  t e s t i n g .  R e s u l t s  showed l a r g e  emissions 

from most of t h e  tanks  due t o  f l a s h i n g  of t h e  l i g h t  ends.  API B u l l e t i n  

2518 i n d i c a t e d  t h a t  b o i l i n g  c rudes  were not  intended t o  be covered by 

t h e  AF'I equa t ions  so no c o r r e l a t i o n s  were at tempted.  

Permission w a s  ob ta ined  from l o c a l  c o n t r o l  o f f i c i a l s  

e 
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CHAPTER I1 

CONCLUSIONS AND RECOMMENDATIONS 
.. 

CONCLUSIONS 

No new hydrocarbon emission p r e d i c t i o n  equa t ions  were recom- 

mended f o r  fixed-roof s t x t a n k s ,  a l though s e v e r a l  gene ra l  . 
t r e n d s  were observed i n  (Dortions\i of t h e  d a t a .  

Measured hydrocarbon evapora t ion  lo s ses  from s t a t i c  s t o r a g e  

t anks  con ta in ing  crude o i l ,  f u e l  o i l ,  and low vapor d i s t i l l a t e s  

w e r e  less than  l o s s e s  c a l c u l a t e d  by t h e  API equa t ions .  For t h e  

t anks  i n  t h i s  s tudy ,  t h e  average l o s s e s  were 58 pe rcen t  of 

t hose  c a l c u l a t e d  from API 2518. Tanks of 2,000 b a r r e l  capac i ty  

or less showed n e g l i g i b l e  evaporat ion l o s s e s  wh i l e  i n  s t a n d i n g  

s t o r a g e .  

Measured hydrocarbon evapora t ion  l o s s e s  from s t a t i c  s t o r a g e  

t anks  con ta in ing  f u e l  o i l  and l o w  vapor p re s su re  d i s t i l l a t e s  

were n e g l i g i b l e .  T h i s  is a r e s u l t  of t h e  re la t ive ly  low 

c o n c e n t r a t i o n  of hydrocarbons ( less  than 1.3 pounds of 

hydrocarbons p e r  1000 s t a n d a r d  cub ic  f e e t )  i n  vapors 

e x p e l l e d  from t h e  tank.  

Losses from working t a n k s  were found t o  b e  dependent upon 

t h e  a c t u a l  o p e r a t i n g  p a t t e r n  of t h e  s p e c i f i c  tank .  Thus. 

broad a p p l i c a t i o n  of t h e  API B u l l e t i n  2518 equa t ions  f o r  

l o s s e s  from working crude o i l  t anks  i s  not a v a l i d  procedure.  

Measured hydrocarbon e v a p o r a t i o n  l o s s e s  from continuous 

t anks  con ta in ing  crude o i l  and low vapor p r e s s u r e  d i s t i l l a t e s  

were less than  l o s s e s  c a l c u l a t e d  from API B u l l e t i n  2518 equa- 

t i o n s ,  which were based on t h e  volume of l i q u i d  pumped i n t o  

t h e  tank. For t anks  i n  t h i s  s t u d y ,  average emissions were 

55 pe rcen t  of t hose  p r e d i c t e d  by API 2518. Losses from 

continuous t anks  were h i g h l y  v a r i a b l e .  I t  appeared t h a t  

l o s s e s  were in f luenced  by both t h e  manner i n  which t h e  l i q u i d  

level changed and t h e  l i q u i d  throughput .  
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(6) The API e q u a t i o n s  were obviously not  v a l i d  f o r  t anks  
.~ 

r e c e i v i n g  u n s t a b i l i z e d  crude under a s l i g h t  p r e s s u r e ;  

f l a s h i n g  of l i g h t  ends i n  t h e  tank was observed. The 

API B u l l e t i n s  suggested t h a t  t he  equa t ions  might n o t  

be a p p l i c a b l e  f o r  u s e  on t anks  where f l a s h i n g  of t h e  

l i g h t  ends occur red .  

( 7 )  The molecular  weights  of . c o l l e c t e d  hydrocarbon vapors ranged 

from about 22 t o  125 lb/lb-mole.  The ma jo r i ty  of t h e  hydro- 

carbon vapors  from crude o i l  had molecular weights  be twee j  

50 and 55. The vapors  from f u e l  o i l  and low vapor p r e s s u r e  

d i s t i l l a t e s  such as d i e s e l  tended t o  have h i g h e r  molecular  
- 

(9) 

weights  than crude o i l ,  g e n e r a l l y  averaging 70 t o  100. 

The b a s i c  A P I  method of measuring hydrocarbon l o s s e s  from 

fixed-roof s t o r a g e  t a n k s  u s i n g  p o s i t i v e  displacement meters 

w a s  demonstrated t o  be workable. On t anks  e m i t t i n g  hot  

vapor s ,  c o o l e r s  must b e  used i n  t h e  l i n e s  t o  remove con- 

d e n s i b l e  hydrocarbons and water vapors  b e f o r e  t h e  hydro- 

carbons r e a c h  t h e  meters. 

For t h o s e  u n s t a b i l i z e d  crude o i l s  con ta in ing  s i g n i f i c a n t  

amounts of methane o r  o t h e r  l i g h t  ends, t h e  Reid vapor 

p r e s s u r e  may n o t  b e  a good i n d i c a t o r  of t h e  s t o c k ' s  t r u e  

vapor p r e s s u r e .  Apparent ly  t h e  l a b o r a t o r y  t e s t  procedure 

is n o t  t r u l y  s u i t a b l e  f o r  ana lyz ing  u n s t a b i l i z e d  c rude  

o i l s  due t o  t h e  unavoidable  l o s s  of t h e  l i g h t  ends du r ing  

t r a n s f e r  of t h e  sample t o  t h e  Reid appa ra tus .  

RECOMMENDATIONS 

(1) For c a l c u l a t i n g  b r e a t h i n g  losses from c rude  o i l ,  d i s t i l l a t e s  

and o t h e r  low vapor p r e s s u r e  petroleum products  contained 

i n  fixed-roof s t o r a g e  t anks ,  t h e  API b rea th ing  l o s s  

equa t ion  should be reviewed and modified,  i f  necessary,  

due t o  t h e  l a r g e  v a r i a b i l i t y  of r e s u l t s  between measured 

and p red ic t ed  l o s s e s .  
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The API working l o s s  equa t ion  f o r  fixed-roof s t o r a g e  tanks  

should be modified or t a i l o r e d  t o  t ake  i n t o  account s p e c i f i c  

tank  ope ra t ions .  

For cont inuous o p e r a t i n g  t anks  where simultaneous f i l l i n g  

and emptying o p e r a t i o n s  occur ,  t h e  API working loss equat ion  

should be ad jus t ed  t o  r e f l e c t  t h e  a c t u a l  change i n  f l u i d  

l e v e l s  e i t h e r  i n  a d d i t i o n  t o ,  o r  i n  l i e u  o f ,  t h e  amount of 

l i q u i d  throughput.  

For t h o s e  t anks  r e c e i v i n g  u n s t a b i l i z e d  crude under s l i g h t  

p re s su re ,  t h e  API equa t ions  should d e f i n i t e l y  not  be used. 

For u n s t a b i l i z e d  c rude  o i l s ,  t h e  Reid vapor p re s su re  should 

no t  b e  used as t h e  s o l e  i n d i c a t o r  o f  t r u e  vapor pressure .  
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CHAPTER 111 

INTRODUCTION 

BACKGROUND 

In June 1962, t he  American Petroleum I n s t i t u t e ,  publ ished API 
B u l l e t i n  2518 e n t i t l e d  "Evaporation Loss from Fixed-Roof Tanks." 

major emphasis of t h i s  B u l l e t i n  cen te red  on evapora t ion  l o s s e s  from 

g a s o l i n e  s t o r a g e  and working t anks .  

l o s s e s  were r epor t ed  on only 15 t anks .  

i n  diameter .  A c o r r e l a t i o n  was 

developed f o r  crude l o s s e s  from t h e s e  15 d a t a  p o i n t s  by mul t ip ly ing  the  

expres s ion  developed f o r  g a s o l i n e  l o s s e s  by a cons t an t  (Kc). 

The 

Observat ions on crude oil brea th ing  

Fourteen of t h e  15 were 115 f e e t  

Th i r t een  of  t h e  15 w e r e  p a i n t e d  w h i t e .  

A P I  B u l l e t i n  2518 r e p o r t s  t h a t ,  f o r  crude oil working l o s s e s ,  da t a  

Therefore ,  no empi r i ca l  c o r r e l a t i o n  were ve ry  l i m i t e d  and s c a t t e r e d .  

w a s  poss ib l e .  

working l o s s e s  could a l s o  be ob ta ined  by mul t ip ly ing  t h e  t h e o r e t i c a l  

expres s ion  developed f o r  g a s o l i n e  working l o s s e s  by a cons t an t .  

T h e o r e t i c a l  c o n s i d e r a t i o n s  suggested t h a t  crude o i l  

While t h e  1962 d a t a  base  w a s  somethat l i m i t e d  and intended f o r  

p r e d i c t i n g  l i q u i d  volume loss. no o t h e r  r e sea rch  group, p u b l i c  o r  

p r i v a t e ,  had p resen ted  any s u b s t a n t i a l  d a t a  on which t o  estimate vapor 

emissions. 

equa t ions  t o  tanks  which were d i f f e r e n t  from those u t i l i z e d  in t h e  

o r i g i n a l  c o r r e l a t i o n  t o  u n s t a b i l i z e d  c rude  oils o r  crude oils con- 

t a i n i n g  methane o r  e thane ,  and t o  working tanks  wi th  l a r g e  throughputs 

bu t  sma l l  l i q u i d  level  changes. 

Other p o t e n t i a l  problems e x i s t e d  in applying the  A P I  

OBJECTIVES 

The Western Oil and Gas Assoc ia t ion  undertook t h i s  i n v e s t i g a t i o n  

in la te  November 1976, t o  develop up-to-date measured emission d a t a  

on the  amounts and types  of hydrocarbon emissions from f ixed-roof  

s t o r a g e  tanks t o  add t o  the  e x i s t i n g  d a t a  base presented  by MI. 
s tudy  had two primary o b j e c t i v e s :  

The 
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.. 0 Determine the hydrocarbon emissions from selected fixed-roof tanks 

by making field measurements. 

Determine the applicability of the API equations by comparing 
observed emissions to the calculated losses. 

In addition, if consistent trends were observed in the data base, 

another objective was: 

0 Characterize the composition of the emissions as a function of 

crude type or product, specific gravity, storage temperature, etc. 

In the event that a significant discrepancy was observed between the 
emissions calcualted from the API equation and the emissions measured i n  

the field, and if consistent trends were also observed, a final objective 

was : 

0 Derive correlations predicting hydrocarbon emissions from fixed- 

roof tanks within limitations of the new data base. 

SCOPE 

To update the data base on emissions from fixed-roof tanle, the WOGA 
task force made available 49 tanks for testing. A total of 56 tests were 

scheduled on the 49 tanks. Twenty-three separate tests were scheduled 

for breathing losses. Thirty-three tests were schedules for working 

looses. Of the 56 scheduled tests, ten had to be voided for various 

reasons; 46 were completed. Some of the tanks were tested in a standing 

as well as a working mode or were re-tested. 

tests of tanks in static storage were completed; 25 working loss tests 

were completed. Of the working loss measurements, 5 batch and 13 con- 
tinuous tanks were completed. The remaining working loss measurements 

were conducted on 7 special oil field service tanks that received un- 

stabilized crude under slight pressure. Among the working tanks two 

Twenty-one breathing loss 
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p a r t i c u l a r  t ypes  a r e  wash tanks") and lease automat ic  custody t r ans -  

(2) f e r   ACT) tanks .  

A l l  tanks were l o c a t e d  i n  Santa  Barbara,  Ventura,  Los Angeles, and 

Orange Counties ,  C a l i f o r n i a .  Thir ty-seven of t h e  tanks  conta ined  crude 

o i l  and n i n e  of  t h e  tanks  conta ined  low vapor p r e s s u r e  d i s t i l l a t e  

products  or f u e l  o i l .  

A l l  t anks  had ver t ical  c y l i n d r i c a l  s h e l l s  and f i x e d  roo f s .  Al l  tanks 

were opera ted  a t  approximately atmospheric  p re s su re  (t0.86 inch  water  

column). A l l  t e s t e d  tanks  were equipped wi th  pressure/vacuum va lves  and 

were no t  f r e e l y  vented t o  t h e  atmosphere. Permission was rece ived  from 

t h e  a p p r o p r i a t e  governmental agenc ie s  t o  d isconnec t  tanks  from vapor 

recovery systems f o r  t e s t i n g .  

The t anks  were t e s t e d  between January and May 1977. 

This  s tudy  r ep resen ted  a c ros s - sec t ion  of  tanks  in Southern Cal i -  

f o r n i a  con ta in ing  most ly  C a l i f o r n i a  c rudes  and d i s t i l l a t e s .  It d id  not 

n e c e s s a r i l y  r e p r e s e n t  t h e  t o t a l  popula t ion  of t anks  found in t h e  United 

S t a t e s  nor d id  i t  r e p r e s e n t  a s t a t i s t i c a l  sampling of  t h e  va r ious  t y p e s  

of t anks  in t h e  i n d u s t r y .  L a s t l y ,  t h e  s tudy  d i d  no t  t ake  i n t o  account 

a l l  t h e  p o s s i b l e  v a r i a t i o n s  of tank  or process  o p e r a t i n g  procedures .  

APPROACH 

A sampling schedule  was developed whereby f o u r  tanks were tes ted 

each week using two f i e l d  t r a i l e r s .  The trailers were d isconnec ted  

from t h e  tanks  and moved t o  a new s i t e  each Monday and Thursday. 

t h r e e  f u l l  days of t e s t i n g  were a v a i l a b l e  on each tank.  

pared f o r  t e s t i n g  by d i sconnec t ing  vapor recovery systems (where they  

were used) ,  s e a l i n g  t h e  tanks  t o  be vapor t i g h t  and a r r ang ing  f o r  t e s t i n g  

wi th  t h e  f i e l d  supe r in t enden t  or o t h e r  o f f i c i a l .  

f l e x i b l e  p l a s t i c  hoses  were connected from t h e  tank  t o  gas meters i n  the  

Two o r  

Tanks were pre- 

Two 6-inch d iameter  

(1)  The term "wash tank" refers t o  a tank  i n  which t h e  primary s e p a r a t i o n  
of  produced o i l  and water occur s .  These are product ion tanks  and a r e  
cons idered  as p rocess  tankage r a t h e r  than s t o r a g e  tankage. 

a p a r t i c u l a r  t ype  of cont inuous ly  working t ank  i n  t h e  product ion a rea  
Cont ro l  of t h e  c rude  is a u t o m a t i c a l l y  t r a n s f e r r e d  from t h e  producer 
t o  t h e  t r a n s p o r t e r  (e.g. ,  p i p e l i n e  ope ra t ion )  as i t  l e a v e s  t h i s  
tank.  

(2) The term "leas8 automat ic  custody t r a n s f e r "  (LACT) tank  r e f e r s  t o  
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trailer which measured t h e  vapor  expe l l ed  o r  a i r  drawn i n t o  t h e  t ank  

over  t h e  test  pe r iod .  

vapor a n a l y z e r s  cont inuous ly  recorded t h e  t o t a l  hydrocarbon con ten t  of 

t h e  discharged vapors .  

i n  Ted la r  bags and r e tu rned  t o  t h e  l a b o r a t o r y  f o r  ana lyses  by gas chro- 

matograph. Liquid samples of  t h e  crude o i l  and d i s t i l l a t e  s t o c k s  were 

c o l l e c t e d  a t  t h e  t i m e  o f  t e , s t i n g  and l a t e r  analyzed fo r  key parameters 

r e l a t i n g  t o  p o t e n t i a l  emissions.  

Vapor temperatures  were recorded and o r g a n i c  

Grab samples o f  t h e  emi t t ed  vapors were c o l l e c t e d  

111-4 
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CHAPTER I V  

METHODOLOGY 

PRINCIPLE 

Tes t ing  procedures  employed i n  t h i s  i n v e s t i g a t i o n  were designed t o  

measure con t ro l l ed  working and b rea th ing  hydrocarbon l o s s e s  from crude 

o i l  and o the r  low vapor p re s su re  petroleum products  i n  fixed-roof s t o r -  

age tanks .  The t e c h n i c a l  approach f o r  t h e  t e s t i n g  e f f o r t  was pa t t e rned  

a f t e r  API B u l l e t i n  2512, "Tenta t ive  Methods of Measuring Evaporat ive 

Loss from Petroleum Tanks and Transpor t a t ion  Equipment," P a r t  11, Sec- 

t i o n s  E and F. 

The mass rate of hydrocarbon emiss ions  w a s  determined by d i r e c t l y  

meter ing the  volume of vapor from t h e  s t o r a g e  t ank  and by measuring the  

hydrocarbon concen t r a t ion  of t h e  vapors  us ing  a cont inuous flame ioniza-  

t i o n  d e t e c t o r .  Grab samples of vapor a l s o  were c o l l e c t e d  f o r  subsequent 

a n a l y s i s  on a gas  chromatograph. Samples of t h e  l i q u i d  conten t  of t he  

tanks  were c o l l e c t e d  f o r  de t e rmina t ion  of p h y s i c a l  and chemical charac- 

t e r i s t i c s .  Parameters monitored dur ing  the  f i e l d  t e s t i n g  program 

p a r a l l e l e d  those  needed i n  t h e  AF'I 2518 equat ions .  Two o f f i c e - s i z e  

mobile t r a i l e r s  were used t o  house and t o  t r a n s p o r t  t h e  permanently 

i n s t a l l e d  test equipment and t h e  a s s o c i a t e d  hoses and connect ing dev ices .  

A t ra i ler  was p laced  a s  c l o s e  t o  the  t a n k  a s  p o s s i b l e  and connected t o  

t h e  t a n k  wi th  s ix- inch f l e x i b l e  hose ,  Photographs of t h e  f i e l d  t r a i l e r s  

a r e  s h a m  i n  F igu res  IV-1  and IV-2. 

FLm MEASUREMENT 

Vapors expe l l ed  from t h e  t ank  as w e l l  a s  a i r  drawn i n t o  t h e  tank 

were metered by two s e p a r a t e  measurement systems i n s t a l l e d  in each 

trailer.  

p o s i t i v e  displacement  diaphragm meter and a t u r b i n e  meter connected in 

p a r a l l e l  (F igure  IV-3). Those t h r e e  meters were requ i r ed  t o  cover  the  

p o t e n t i a l  range of flow rates. 

t e s t i n g  was t h e  p o s i t i v e  displacement  diaphragm meter Model Number 

10000, manufactured by Rockwell I n t e r n a t i o n a l .  The t u r b i n e  meter, 

Each air  o r  vapor system was comprised of a l a r g e  and a smal l  

The meter used p r i m a r i l y  i n  t h e  f i e l d  
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ENGINEERING-SCIENCE IES] - 
Model Number 30000, a l s o  manufactured by Rockwell I n t e r n a t i o n a l ,  was 

use&-exclusively du r ing  peak f low p e r i o d s  when t h e  d i f f e r e n t i a l  pressure 

d rop  a c r o s s  t h e  p o s i t i v e  displacement  meters approached t h e  tank r e l i e f  

va lve  s e t t i n g s .  A small p o s i t i v e  displacement meter (Rockwell Model 4 5 0 )  

was used f o r  extremely sma l l  f l ows .  Meters were equipped w i t h  i n t e -  

g r a t i n g  flow reco rde r s  and were brought on and o f f  stream manually. For 

l a r g e  f lows,  t h e  l a r g e  p o s i t i v e  displacement  meter and t u r b i n e  meter 

were sometimes run s imul t aneous ly .  A one-way va lve  was i n s t a l l e d  on 

t h e  downstream s i d e  of t h e  meters on t h e  vapor s i d e  i n  o r d e r  t o  prevent 

t h e  meters  from t u r n i n g  backwards when t h e  tank was under nega t ive  

p r e s s u r e .  S i m i l a r l y  a one-way va lve  was placed upstream of t h e  meters 

on the a i r  s i d e  of t h e  meter ing system t o  prevent  t h e  a i r  s i d e  meter 

from t u r n i n g  backwards under a p o s i t i v e  tank p r e s s u r e .  These one-way 

valves were a l s o  weighted t o  s i m u l a t e  the  a c t i o n  of a 0.86-inch water 

column pressurelvacuum r e l i e f  v a l v e  s i n c e  the  API equa t ions  a r e  based on 

t anks  w i t h  re l ie f  valves .  Tel l - ta les  were i n s t a l l e d  on t h e  tank p r e s s u r e  

r e l i e f  v a l v e  t o  i n d i c a t e  i f  and when vapor escaped t o  t h e  atmosphere 

du r ing  a t e s t .  

Six-inch diameter  f l e x i b l e  v i n y l  hoses  w e r e  used t o  c a r r y  t h e  

t a n k ' s  vapors  o r  i n t a k e  a i r  t o  t h e  meter system and one-way va lves .  

Due t o  s a f e t y  c o n s i d e r a t i o n s ,  on ly  PVC (40 IPS)  p ip ing  was used i n s i d e  

t h e  trailers.  Vapor condensat ion i n  t h e  flow meters and l i n e s  was no 

problem d u r i n g  tests of unheated tanks .  

r equ i r ed  heat  exchangers immediately upstream of the  vapor flow meters 

t o  remove condensible  hydrocarbons.  Th i s  h e a t  exchanger used a water- 

e t h y l e n e  g l y c o l  mixture  c h i l l e d  t o  about 45°F t o  c o o l  t h e  vapors.  

condensate can c o l l e c t  i n  t h e  low s p o t s  of t h e  v i n y l  hoses ,  those hoses  

were normally arranged s o  t h a t  any condensate would d r a i n  i n t o  the  hea t  

exchangers.  A l l  of t h e  hydrocarbon condensate c o l l e c t e d  i n  the  hea t  

exchangers was weighed f o r  later i n c l u s i o n  i n  t h e  hydrocarbon l o s s  

c a l c u l a t i o n s .  On a f e w  t anks ,  t h e  vapors  l eav ing  t h e  h e a t  exchangers 

were a l s o  warmed-up about 10°F b e f o r e  e n t e r i n g  t h e  meters, by a heated 

s e c t i o n  o f  p i p e  t o  f u r t h e r  minimize condensat ion i n  t h e  meters. 

approach was la ter  d iscont inued  because of s a f e t y  c o n s i d e r a t i o n s .  

Tests on heated t anks ,  however, 

Since 

Th i s  
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HYDROCARBON MEASUREMENT 

-. 

A sample s t ream of  t h e  tank  vapors  was cont inuous ly  drawn through 

a 1/4-inch i . d .  hea ted  l i n e  to t h e  ' t e s t  t r a i l e r s  f o r  a n a l y s i s .  A p o r t i o n  

of t h e  sample s t ream w a s  bled t o  a Century Organic Vapor Analyzer (OVA) 

Model 138 to o b t a i n  hydrocarbon concent ra t ion .  Since the  OVA can measure 

a maximum concen t r a t ion  of on ly  10,000 ppm (1%), it w a s  necessary  to 

d i l u t e  t h e  b leed  s t ream w i t h  hydrocarbon-free a i r .  

a i r  to t h e  b leed  stream was normally 1OO:l. 

The r a t i o  of d i l u e n t  

The vapor grab samples for  gas  chromatograph ana lyses  were obtained 

in two d i f f e r e n t  manners. The samples for tanks wi th  ho t  vapors  were 

taken  by hand from a t a p  on t h e  heated sample l i n e .  This  was done t o  

avoid  condensing any of t h e  h o t  vapor be fo re  it reached t h e  sample bag. 

I n i t i a l l y ,  t he  grab samples f o r  unheated tanks were c o l l e c t e d  auto- 

m a t i c a l l y  wi th  a s e q u e n t i a l  sampling system. 

b l eed  stream from t h e  hea ted  sample l i n e  t o  f i l l  t h e  Tedlar  bags.  I n  

t h e  last t h i r d  of t h e  program, however, grab samples f o r  unheated 

tanks  were taken  manually. 

system is presented  i n  F igure  IV-4.  

This system used another  

A schemetic  of t h e  hydrocarbon a n a l y s i s  

TEMPERATURE 

A Thornwaite Model 304 4-channel s e q u e n t i a l  t empera ture  monitoring 

system was used f o r  t h e  s tudy .  

system employed copper-constantan thermocouples t o  measure vapor and 

a i r  tempera tures  a t  t h e  meters, and ambient a i r  temperature  and l i q u i d  

s t o c k  temperature  i n  t h e  tank.  The system worked w e l l  dur ing  t h e  f i r s t  

h a l f  of t h e  t e s t i n g  program. 

quent  maintenance on t h e  sys tem,  i t  was rep laced  completely wi th  d i a l  

and mercury thermometers. 

The s e q u e n t i a l  temperature  sens ing  

La te r .  however, due t o  t h e  need f o r  f r e -  

CALIBRATI ON 

The gas  meters  were c a l i b r a t e d  or proved p r i o r  t o  and dur ing  the  

. s tudy  by t h e  Southaf l  C a l i f o r n i a  Gas Company. 

were proved accord ing  t o  the  methods p re sc r ibed  by t h e  American 

Na t iona l  S tandards  I n s t i t u t e  (ANSI) B u l l e t i n s  B109.1 and 8109.2 

Displacement meters 
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ENGINEERING-SCIENCE IES] - 
(proposed) .  Turbine meters were comparison-proved a g a i n s t  a test meter 

t r a c e a b l e  t o  t h e  Na t iona l  Bureau of Standards.  The meters were accu ra t e  

t o  w i t h i n  1 percent  w i t h  one except ion:  

rate by 5 percent  and was no t  used a f t e r  t he  d iscrepancy  was discovered 

i n  t h e  t e s t i n g  program. 

t h a t  meter unde r s t a t ed  flow 

The Century Organic Vapor Analyzer was spanned d a i l y  us ing  100 

percent methane. The methane c a l i b r a t i o n  s tandard  was s t o r e d  i n  

Tedlar  bags and new s t anda rds  were r o u t i n e l y  prepared.  To r e l a t e  OVA 

readings  t o  t h e  gas  chromatograph r e s u l t s ,  s e v e r a l  comparisons were made 

on d i f f e r e n t  s e l e c t e d  t ank  vapors  (F igure  IV-5). Resu l t s  showed ex- 

c e l l e n t  c o r r e l a t i o n  of t h e  OVA flame i o n i z a t i o n  d e t e c t o r  response and 

t h e  gas chromatograph a n a l y s i s  of t h e  weight concen t r a t ions .  

A few samples were s t o r e d  f o r  up t o  30 days p r i o r  t o  a n a l y s i s  w i t h  

t h e  gas chromatograph because of equipment d e l i v e r y  d e l a y s .  In orde r  

t o  check f o r  p o t e n t i a l  deg rada t ion  of t h e  samples du r ing  s t o r a g e ,  labora-  

t o r y  tests were performed on s e l e c t e d  tank vapor samples du r ing  t h e  

f i e l d  program. 

Degradation tests were conducted on a c t u a l  samples c o l l e c t e d  i n  

Ted la r  bags.  

F igu re  IV-6. 

Test No. 9 a t  t h e  Chevron 821 t ank .  Eachbag w a s  i d e n t i c a l l y  pre- 

evacuated,  f i l l e d  wi th  sample, and s t o r e d .  The bags were analyzed on 

t h e  chromatograph on 0 ,  1, 7 ,  1 0 ,  and 26 days a f t e r  c o l l e c t i o n .  On 

each day on which samples were ana lyzed ,  several samples were run i n  

o r d e r  t o  gauge t h e  r e p r o d u c i b i l i t y  of t h e  c o l l e c t i o n  and a n a l y t i c a l  

techniques.  It w a s  concluded t h a t  t h e  deg rada t ion  o r  loss  of hydro- 

carbons in t h e  bags cannot  be d i s t i n g u i s h e d  from t h e  v a r i a t i o n  due t o  

the  sampl ing /ana ly t i ca l  methods. The samples c o l l e c t e d  a t  Chevron 821 

had t o t a l  hydrocarbon c o n c e n t r a t i o n s  on t h e  o rde r  of 25 lbs /1000 s c f .  

Another series of 9 r e p l i c a t e  samples were c o l l e c t e d  a t  Texaco 25267 dur- 

i ng  T e s t  No. 47 ( a t ank  con ta in ing  hea ted  crude oil). 

t r a t i o n s  f o r  t h e s e  samples were on t h e  o r d e r  of 5 lbs /1000 s c f  as t h e  tank 

w a s  under a nega t ive  p r e s s u r e  and a i r  was mixing w i t h  t he  hydrocarbon 

vapors.  These samples e x h i b i t e d  about 40 percent  loss i n  t o t a l  hydrocarbon 

The r e s u l t s  of t h e  deg rada t ion  test a r e  dep ic t ed  by 

A t o t a l  o f  13 r e p l i c a t e  samples were c o l l e c t e d  dur ing  

Measured concen- 

IV-8 



FIGURE IV- 

a 
W 
N * 
J 
4 z 
4 

\ 
0 
0 - 

0 
Cx 

0 
m 

0 
c 

0 
‘n 

0 
0 - 

0 m 

D 
m 

0 
c 

D 
a 

0 
“7 



z 
0 

w 
-1 

I 
4 
U J  

n 



ENGINEERINQ-SCIENCE - 
over  an 11-day pe r iod .  

eve r i -was  due t o  t h e  exper imenta l  method. 

t r a t i o n  on day 0 f o r  example, w a s  approximately equa l  t o  the  h ighes t  

concen t r a t ion  on day 11. 

t o  whether t he  l i g h t e r  o r  h e a v i e r  hydrocarbons i n  t h e s e  Tedlar  bags 

were be ing  l o s t  due t o  s t o r a g e .  

P a r t  o f  t h e  v a r i a t i o n  ove r  t h e  t e s t i n g  pe r iod ,  how- 

The lowest  measured concen- 

In g e n e r a l ,  t h e r e  was no c l e a r  i n d i c a t i o n  a s  

(1) Schue tz l e ,  et  a l .  

loss i n  Tedlar  bags w a s  dependent on t h e  q u a l i t y ,  q u a n t i t y .  and temper- 

a t u r e  of t h e  o rgan ic  vapors .  I n  t h e  Schuetz le  s t u d y ,  t o t a l  hydro- 

carbon loss from bags conta in ing  500 ppm hydrocarbon w a s  less than 10 

pe rcen t  ove r  a s e v e r a l  day pe r iod .  

h igh ly  p o l a r  compounds were more s u s c e p t i b l e  t o  adso rp t ion  on t h e  Tedlar  

bags than  were non-polar compounds. The o rgan ic  vapors  from crude o i l ,  

on the o t h e r  hand, are p r i m a r i l y  s a t u r a t e d ,  s t r a i g h t  cha in  hydrocarbons 

which are non-polar. Bag samples c o l l e c t e d  from t h e  v a r i o u s  s t o r a g e  

tonka had measured t o t a l  hydrocarbon concen t r a t ions  which were g r e a t e r  

by a f a c t o r  of 10 than  those  r epor t ed  i n  the referenced  s tudy.  

r e p o r t e d  in t h e  l i t e r a t u r e  t h a t  hydrocarbon 

However, Schuetz le  d i d  f i n d  t h a t  

S i n c e  t o t a l  hydrocarbon measurements f o r  samples c o l l e c t e d  a t  t h e  

Chevron 821 t ank  were more r e p r e s e n t a t i v e  of t h e  concen t r a t ions  en- 

countered throughout  t h e  s tudy .  i t  was f e l t  that  the  mechanism by 

which hydrocarbon samples undergo degrada t ion  was a l s o  r e p r e s e n t a t i v e  

(i.e,,  permcotion of l i g h t  ends o u t  of t h e  bag and condensat ion of 

heav ie r  ends on the  bag w a l l s )  of t h e  ma jo r i ty  of  samples c o l l e c t e d .  

Therefore ,  measured t o t a l  hydrocarbon concen t r a t ions  were n o t  upgraded 

t o  r e f l e c t  deg rada t ion  even though a few samples were s t o r e d  f o r  up t o  

30 days.  

I n  a d d i t i o n ,  i n  t h e  c a s e s  where sample s t o r a g e  t i m e  w a s  long  enough 

f o r  p o s s i b l e  deg rada t ion  t o  occur ,  t h e  OVA-138 d a t a  f o r  t h a t  test was 

compared wi th  t h e  gas  chromatograph a n a l y s i s .  

OVA-138 c o n c e n t r a t i o n  d a t a  w a s  g e n e r a l l y  c o n s i s t e n t  w i t h  the g a s  chromato- 

graph a n a l y s i s  f o r  t h e  h ighe r  concentrations. Thus, t h e  OVA-138 d a t a  

It was  found that t h e  

(1) Schue tz l e ,  0.. P r a t e r .  T . ,  Ruddel l ,  A., "Sampling and Analys is  of 
Emissions from S t a t i o n a r y  Sources  I. Odor and T o t a l  Hydrocarbons," 
J o u r n a l  of  t h e  Air P o l l u t i o n  Cont ro l  Assoc ia t ion ,  Vol. 25, No. 9 ,  
1975, pp. 925-932. 
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suppor t s  t h e  conclus ion  t h a t  n o t i c e a b l e  degrada t ion  d i d  not  occur 

i n  those  p a r t i c u l a r  ca ses  where  sample s t o r a g e  t ime w a s  g r e a t e r  than 

d e s i r e d .  

SAFETY CONSIDERATIONS 

Due t o  t h e  exp los ive  and hazardous n a t u r e  of t h e  hydrocarbon vapors 

which were metered and sampled du r ing  the  i n v e s t i g a t i o n ,  each mobile 

f i e l d  l abora to ry  was equipped w i t h  a Bacharach p o r t a b l e  o rgan ic  vapor 

ana lyze r  Model Number J-W 23-7350 and a hydrogen s u l f i d e  monitor.  

a i r  packs w i t h  se l f - con ta ined  b r e a t h i n g  appara tus  and s a f e t y  harnesses  

a l s o  were a v a i l a b l e  i n  the  trailers.  

S c o t t  

All i n s t rumen ta t ion  s e l e c t e d  f o r  use  i n  t h e  mobile t r a i l e r s  was 

r equ i r ed  to meet C l a s s  I ,  Div i s ion  11, Group A ,  B, C ,  and D s a f e t y  

c r i t e r i a .  Recorders,  s e q u e n t i a l  sampling swi t ches ,  power s u p p l i e s ,  

hea ted  l i n e  c o n t r o l l e r s ,  and any o t h e r  ins t ruments  which d id  n o t  meet 

t h e  s a f e t y  code were e n c l o s e d . i n  a f i b e r g l a s s  case  which was kept  under 

a s l i g h t  p o s i t i v e  p r e s s u r e  wi th  n i t r o g e n  purge gas .  

purged i n  o rde r  t o  prevent  t h e  p o t e n t i a l  build-up of explos ive  gases .  

The cases  were 

FIELD PROCEDURES 

Tank P r e p a r a t i o n  

Before each tes t ,  t h e  tanks  were normally prepared by the  tank 

Owners. 

va lves  and vapor recovery l i n e s  and t h e  s e a l i n g  of l eaks .  

no p r e s s u r e  tests were conducted on t h e  tanks p r i o r  t o  t e s t i n g .  

t h a t  were on vapor  recovery were disconnected s e v e r a l  days be fo re  t h e  

tests began t o  a l low equ i l ib r ium cond i t ions  t o  occur .  The meter ing 

system was connected t o  t h e  tank  w i t h  a f langed adap te r .  Depending 

on t h e  i n d i v i d u a l  tank ,  t h e  a d a p t e r  was f i t t e d  to e i t h e r  t he  gauge 

ha tch  opening or t o  t h e  t ank ' s  pressurelvacuum r e l i e f  va lve  opening. 

Hose connec t ions  were made l e a k - t i g h t  by us ing  a s i l i c o n e  s e a l a n t .  

A v i s u a l  i n s p e c t i o n  w a s  made of t h e  tank f o r  any vapor shadows which 
would be i n d i c a t i v e  of hydrocarbon l e a k s .  Leak checks were performed 

when t h e  system was under a p o s i t i v e  p re s su re .  I n  some i n s t a n c e s ,  a 

This p r e p a r a t i o n  inc luded  t h e  b l i n d i n g  of pressure r e l i e f  

However, 

Tanks 
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l i q u i d  soap s o l u t i o n  was used. 

p u t t y  or c lay .  Whenever no vapor f l o w s  could be de t ec t ed .  e f f o r t s  were 

doubled t o  e n s u r e  t h a t  a l l  p o s s i b l e  l eaks  i n  t h e  s y s t e m  had been elimi- 

na t ed .  Weights were added t o  t h e  pressure/vacuum valve on t he  tank roof 

accord ing  t o  t h e  s p e c i f i c a t i o n s  of t h e  i n d i v i d u a l  tank  owners based on 

t h e  s t r e s s  des ign  of t h e  tanks .  

Leaks were s e a l e d  wi th  rubber  gaske t s ,  -. 

E l e c t r i c a l  connect ions were made according t o  t h e  s a f e t y  requi re -  

ments of t h e  r e s p e c t i v e  tank  owners. In cases  where explosion-proof 

or o t h e r  s p e c i a l  connec t ions  were r e q u i r e d ,  hook-ups were made by 

o p e r a t i n g  personnel .  

Flow - 
Before each tes t ,  d i a l  readings  on t h e  flow meters were recorded 

and r eco rde r  c h a r t s  were indexed. P e r i o d i c a l l y  dur ing  the  t e s t ,  addi- 

t i o n a l  d i a l  r ead ings  were recorded  and t h e  c h a r t  c lock  was updated. 

Tank gaugings were taken a t  t h e  beginning of t h e  t e s t  and a t  s e l e c t e d  

t i m e  intervals du r ing  t h e  test. Tank p r e s s u r e s  were monitored by a 

manometer l o c a t e d  i n  t h e  t r a i l e r .  Manometer readings  were manually 

recorded and t h e s e  readings  served  a s  a guide t o  the  s e l e c t i o n  of t he  

a p p r o p r i a t e  gas  meters by t h e  o p e r a t o r  and as a warning i n d i c a t o r  when 

t ank  p r e s s u r e  (or vacuum) approached t h e  r e l i e f  va lve  s e t t i n g s  on t he  

t a n k  roof. 

Temperature 

During t h e  e a r l y  s t a g e s  of t h e  t e s t i n g  program, t h e  s e q u e n t i a l  

t empera ture  s e n s i n g  system provided 10 readings  p e r  hour .  During t h e  

l a t e r  phase,  meter temperatures  were manually recorded on t h e  average 

of six times p e r  day. The number of times t h a t  t he  s t o c k  temperature  

could b e  measured va r i ed  wi th  t h e  i n d i v i d u a l  tanks .  Most tanks  were 

equipped wi th  sample t a p s  so t h a t  s t o c k  temperatures  could b e  obtained 

r o u t i n e l y  a long  w i t h  meter  and ambient temperatures .  Stock temperatures  

f o r  wash tanks.  however, could b e  measured only a t  t h e  start and f i n i s h  

of a tes t ,  a s  access  t o  t h e  gauge ha tch  w a s  r equ i r ed ,  and t h e  ha tch  was 

being used t o  hold t e s t  equipment. 
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A min-max thermometer was used t o  measure d a i l y  ambient a i r  tempera- 

t u re -change ;  va lues  were recorded each morning. A mechanical pyrano- 

graph, Model Number R-401-E, manufactured by Weather Measure Corporat ion,  

was used du r ing  t h e  day t o  measure s o l a r  i n s o l a t i o n .  Ambient tempera- 

t u r e  and s o l a r  i n s o l a t i o n  were augmented by d a t a  from l o c a l  weather 

s t a t i o n s .  

Hydrocarbon Vapor 

Hydrocarbon concen t r a t ions  i n  t h e  d i scharged  tank vapor were moni- 

t o red  cont inuous ly  by o rgan ic  vapor ana lyze r s  through heated sample 

l ines .  Hydrocarbon vapor samples f o r  subsequent a n a l y s i s  by gas  chro- 

matograph were i n i t i a l l y  scheduled t o  be c o l l e c t e d  i n  Tedlar  bags every 

t h r e e  hours  by t h e  s e q u e n t i a l  sampling appa ra tus .  However, i t  was soon 

ev ident  t h a t  s t a n d i n g  s t o r a g e  tanks  would draw i n  a i r  a t  n igh t  and 

t h e r e f o r e  the  samples c o l l e c t e d  a t  n i g h t  would con ta in  only hydrocarbon 

concen t r a t ions  i n  t h e  ambient a i r .  I n  a d d i t i o n ,  t h e  concent ra t ion  

p r o f i l e  observed dur ing  t h e  b r e a t h i n g  o u t  c y c l e  was r e l a t i v e l y  f l a t .  

Therefore  the  s e q u e n t i a l  sampling appa ra tus  was abandoned i n  f avor  of 

manual sampling. I n  g e n e r a l  t h e n ,  only about t h r e e  grab samples were 

c o l l e c t e d  d a i l y  f o r  each test t ank .  

Liquid S tock  Samples 

. 

Liquid sample c o l l e c t i o n  p o i n t s  were s e l e c t e d  based on t h e  tank 

I n i t i a l l y ,  l i q u i d  s t o c k  samples were c o l l e c t e d  i n  g l a s s ,  ope ra t ion .  

b o t t l e s .  However, because of concern f o r  weather ing loss  of t h e  l i g h t  

ends,  most of t h e  l i q u i d  s t o c k  samples were la ter  c o l l e c t e d  i n  numbered 

s t a i n l e s s  s t e e l  bombs which had been p rev ious ly  evacuated.  

bomb was connected t o  t h e  sample t ap  i n  a v e r t i c a l  p o s i t i o n  t o  f i l l  

from t h e  bottom in orde r  t o  prevent  t r app ing  any l i g h t  ends which might 

f l a s h  o f f .  A volume of o i l  equa l  t o  f i v e  times t h e  volume of t h e  bomb 

was allowed t o  pass  through be fo re  the  flow w a s  stopped and the  bomb 

s e a l e d .  ( I n  a few i n s t a n c e s ,  a s p e c i a l  r i g  f o r  filling t h e  sample bomb 

was used t o  c o l l e c t  s t o c k  samples where t h e  only  access  po in t  t o  the  

crude oil was the  gauge ha tch . )  

The sample 
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LABORATORY PROCEDURES 

Grab samples o f  hydrocarbon vapors were c o l l e c t e d  r e g u l a r l y  from 

each tank f o r  a n a l y s i s  by gas  chromatograph. Likewise,  a l i q u i d  o i l  

sample was c o l l e c t e d  from each t ank  f o r  subsequent ana lyses  of i t s  

chemical and p h y s i c a l  p r o p e r t i e s .  The l a b o r a t o r y  procedures a r e  b r i e f l y  

desc r ibed  i n  t h e  fol lowing.  

Hydrocarbon Vapor 

Vapor samples c o l l e c t e d  from t h e  tanks were analyzed f o r  C1 through 

C13+ hydrocarbons u s i n g  a Tracor  550 g a s  chromatograph w i t h  flame 

i o n i z a t i o n  d e t e c t o r .  The column packing material was s i l i c o n e  o i l  

(20% OV-101) on J-M 22 F i r e b r i c k  70180 mesh .  The column was 6 f t  by 

2 mm I D .  Ultra pure n i t r o g e n  carrier g a s  swept t h e  column at  30 cclmin. 

I n j e c t i o n  loop va lve  and a s s o c i a t e d  l i n e s  were kept  a t  90°C. The column 

temperature  was p rogramed  t o  i n c r e a s e  a t  15'C/min from 30°C t o  250°C. 

The flow rate of hydrogen t o  t h e  flame i o n i z a t i o n  d e t e c t o r  was set a t  

45 cclmin; a i r  flow t o  t h e  d e t e c t o r  w a s  1 . 4  cfm. 

C o l l e c t i o n  samples were s t o r e d  c a r e f u l l y  i n  s e a l e d  cases a t  room 

temperature .  Ea r ly  i n  t h e  s t u d y ,  d i f f i c u l t y  w i t h  d e l i v e r y  and set-up 

of t h e  gas  chromatograph l e d  t o  a backlog o f  hydrocarbon samples. 

maximum s t o r a g e  t i m e  between c o l l e c t i o n  and a n a l y s i s  was about 30 days .  

Once t h e  backlog was e l i m i n a t e d ,  t y p i c a l  s t o r a g e  t i m e  was one week on 

t h e  unheated t ank  vapor s .  During t h e  l a s t  month or so of t h e  f i e l d  

work, samples were d e l i v e r e d  d a i l y  from t h e  f i e l d  t o  t h e  l a b o r a t o r y  

and s t o r a g e  time seldom exceeded two days.  

The 

Before a n a l y s i s ,  t h o s e  hydrocarbon samples which had been c o l l e c t e d  

from h o t  t anks  were hea ted  t o  between 18O-20O0F f o r  f i v e  minutes o r  . 
u n t i l  no condensate was v i s i b l e  i n  t h e  Ted la r  bag. The sample was 

in t roduced  i n t o  the g a s  chromatograph sample loop ,  allowed t o  reach 

thermal  e q u i l i b r i u m ,  then  swept i n t o  t h e  column. 

The Tracor  550 gas  chromatograph was c a l i b r a t e d  d a i l y  w i t h  a o n e  

pe rcen t  propane s t a n d a r d  (Gravimetric s t a n d a r d  PS 1311 n i t r o g e n  g a s  

mixture  a t  t h e  temperature  of t h e  samples t o  be t e s t e d .  Mul t ipo in t  

c a l i b r a t i o n s  were a l so  performed throughout t h e  s t u d y .  
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Liquid Stock 

.: 

Crude oil samples c o l l e c t e d  a t  t h e  va r ious  tanks  were q u a n t i t a t i v e l y  

analyzed f o r  methane through heptane p l u s  hydrocarbons us ing  f r a c t i o n a l  

d i s t i l l a t i o n  techniques.  Reid vapor p re s su res  were measured per  t he  

procedure p re sc r ibed  i n  ASTM D-323 and AF'I g r a v i t i e s  were measured f o r  

bo th  t h e  heptane p l u s  f r a c t i o n s  and f o r  t h e  crude o i l  samples according 

t o  ASTM D-287. For t h e  d i s t i l l a t e  and f u e l  o i l  samples ,  r e f l u x  d i s -  

t i l l a t i o n s  and f l a s h  po in t  measurements were conducted according t o  

ASTM D-86 and D-323 r e s p e c t i v e l y .  For f u r t h e r  d e t a i l  the  reader  should 

consu l t  t h e  re ferenced  methods f o r  t h e  d e t a i l s  of t he  API g r a v i t y ,  f l a s h  

p o i n t ,  and r e f l u x  d i s t i l l a t i o n  procedures .  A d i s c u s s i o n  of t he  f r a c -  

t i o n a l  d i s t i l l a t i o n  procedure is presented  below. 

Crude oil samples were s u b j e c t e d  to hydrocarbon a n a l y s i s  through 

t h e  use  of low temperature  f r a c t i o n a l  d i s t i l l a t i o n .  This  method i s  

v i r t u a l l y  the only a v a i l a b l e  method s u i t a b l e  f o r  a c c u r a t e  q u a n t i t a t i v e  

s e p a r a t i o n  of  c rude  andfo r  r e f i n e d  petroleum products  i n t o  t h e i r  

i n d i v i d u a l  hydrocarbon components from methane through hexane. The 

accuracy and p r e c i s i o n  a t t a i n a b l e  vary from 0 . 1  percent  t o  0.5 p e r c e n t ,  

depending on percentage  of component and sample,  d i f f e r e n c e  of b o i l i n g  

p o i n t ,  t i m e  of d i s t i l l a t i o n  and many o t h e r  f a c t o r s .  

The appa ra tus  used f o r  t h e  a n a l y s i s  w a s  a Podbie ln iak  S e r i e s  8600 

Hyd-Robot au tomat ic  r eco rd ing  low temperature  f r a c t i o n a l  d i s t i l l a t i o n  

appa ra tus  wi th  a column packed w i t h  Heli-Grid packing (4.7 millimeters 

diameter  by 36 inches  long) .  

provide e x c e l l e n t  a n a l y t i c a l  r e s u l t s  e s p e c i a l l y  for t hose  samples where 

t h e  concen t r a t ions  of t h e  l i g h t  and in t e rmed ia t e  hydrocarbons a r e  

r e l a t i v e l y  low. 
a s t r i p  c h a r t  r eco rde r .  

f r a c t i o n a t i n g  column i s  recorded on t h e  a b s c i s s a ,  whi le  t h e  s tandard  

gaseous volume of same m a t e r i a l  is monitored on the o r d i n a t e .  

This type  of column h a s  been found to 

A permanent record  of each d i s t i l l a t i o n  is made v i a  

The b o i l i n g  p o i n t  of t h e  m a t e r i a l  l eav ing  the  

The d i s t i l l a t i o n  commences wi th  t h e  sample charge,  which c o n s i s t s  

of condensing approximately 20-25cc of l i q u i d  material i n t o  t h e  d i s -  

t i l l a t i o n  k e t t l e ,  u s ing  l i q u i d  n i t r o g e n .  

removed from t h e  k e t t l e ,  t h e  sample is warmed s lowly and t h e  l i g h t e s t  

The l i q u i d  n i t r o g e n  f l a s h  is 

IV-16 



ENQINEERINQ-SCIENCE - 
component is vaporized i n t o  t h e  column f o r  f r a c t i o n a t i n g .  A c o n t r o l l e d  

r e f &  is e s t a b l i s h e d  w i t h i n  t h e  column by c i r c u l a t i n g  heated a i r  around 

t h e  lower p a r t  of  t h e  column and c h i l l e d  a i r  around the  upper column 

a r e a .  Once a r e f l u x  has  been e s t a b l i s h e d ,  t h e  m a t e r i a l  is ready f o r  

removal from t h e  column. The  vapor phase i n i t i a l l y  pas ses  a thermo- 

couple  loca t ed  in t h e  top  of t h e  column which senses  t h e  temperature  

of t h e  m a t e r i a l  and e l e c t r o n i c a l l y  r e l a y s  t h i s  in format ion  t o  t h e  s t r i p  

c h a r t  r eco rde r .  The vapor then  passes  through a c a p i l l a r y  manifold 

system, ac ross  a r a t e  c o n t r o l  va lve ,  and i n t o  a vo lumet r i ca l ly  c a l i -  

b r a t e d  r e c e i v e r  b o t t l e  s i t u a t e d  i n  a cons tan t  temperature  ba th  of 100°F. 

For samples w i t h  small amounts of hexane and l i g h t e r ,  t h e  e n t i r e  dis- 

t i l l a t i o n  is performed at  a p r e s s u r e  of 100 millimeters of mercury. 

As gas  enters t h e  r e c e i v e r  b o t t l e s ,  t h e  p r e s s u r e  va lve  w i t h i n  t h e  

b o t t l e  is sensed by a p r e s s u r e  compensating manometer. 

t he  manometer rises, a m e t a l l i c  probe w i t h i n  t h a t  l e g  c l o s e s  an  e l e c t r i c  

c i r c u i t ,  which i n  t u r n  d r i v e s  the s t r i p  c h a r t  r eco rde r .  Hence, t he  

l eng th  of  c h a r t  d r i v e n  is p r o p o r t i o n a l  t o  the  volume of g a s  e n t e r i n g  

t h e  r e c e i v e r  b o t t l e .  After t h e  f i n a l  component (normal hexane) has  

been removed from t h e  column, t h e  d i s t i l l a t i o n  is terminated by c l o s i n g  

a s topcock.  The gas  i n  t h e  r e c e i v e r  b o t t l e s  is mixed thoroughly by the  

use of a dev ice  c a l l e d  a Toepler  pump. A sample of t h e  gas  is then 
c o l l e c t e d  i n  a small g l a s s  c o n t a i n e r  and is subsequent ly  sub jec t ed  t o  

chromatographic a n a l y s i s .  

k e t t l e  is then weighed and its p h y s i c a l  p r o p e r t i e s  a r e  measured through 

t h e  use of s pycnometer (dens i ty )  and cryoscopic  appa ra tus  (molecular 

weight ) .  

mining the s t anda rd  gaseous volume of each component and r e l a t i n g  t h i s  

t o  the t o t a l  s t anda rd  gaseous volume of t h e  s t a r t i n g  sample. 

As one l e g  of 

The heptane  p l u s  r e s i d u e  remaining in t he  

The molecular  pe rcen t  a n a l y s i s  is then  obta ined  by de te r -  
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CHAPTER V 

HYDROCARBON EMISSIONMEASUREMENTS 

.: 

GENERAL 

Fixed-roof tanks  a r e  widely used f o r  s t o r a g e  of v o l a t i l e  l i q u i d s .  

They may a l s o  be used a s  cont inuous ly  operated process  tanks .  

are c y l i n d r i c a l  and the  roo f s  a r e  n o r m a l l y  coned. 

a minimum s l o p e  of 0.75 inch  p e r  12 i nches .  A fixed-roof tank w i l l  

s a f e l y  accommodate only a very l o w  i n t e r n a l  p r e s s u r e  O K  vacuum depending 

on t h e  des ign ,  s i z e  and g e n e r a l  maintenance. Many fixed-roof tanks  a r e  

equipped wi th  p r e s s u r e  and vacuum r e l i e f  va lves  t h a t  a r e  set a t  0.86 i n  

H20. 
than  l a r g e r  tanks. 

The s i d e s  

The roof usua l ly  has  

Smaller  t anks  w i l l  normally accommodate more p re s su re  o r  vacuum 

The pressure/vacuum r e l i e f  va lves  w i l l  p revent  t h e  vapors from 

escaping  f o r  small tempera ture  changes o r  very  small changes in s t o c k  

l e v e l ,  bu t  they w i l l  relieve t h e  excess  of p re s su re  or  vacuum caused 

by s i g n i f i c a n t  l i q u i d  level o r  tempera ture  changes. 

I n  o rde r  t o  b e t t e r  understand t h e  s i g n i f i c a n c e  of t h e  measured 

emissions of f ixed-roof  t a n k s ,  a thorough a p p r e c i a t i o n  of t h e  f ixed-  

roof t ank ' s  o p e r a t i n g  cond i t ions  i s  r equ i r ed .  

used f o r  many purposes  and are opera ted  i n  s e v e r a l  d i f f e r e n t  modes 

t h a t  a f f e c t  emission cyc le s .  

Fixed-roof tanks  a r e  

A very  common use  of a fixed-roof t a n k  is f o r  s t o r a g e  of petroleum 

l i q u i d s .  

level is s t a t i c ,  t h e  only emiss ions  t h a t  occur are those  de f ined  a s  

b r e a t h i n g  l o s s .  Brea th ing  loss emiss ions  a r e  t h o s e  mainly a s soc ia t ed  

wi th  t h e  thermal expansion and c o n t r a c t i o n  of t h e  vapor r e s u l t i n g  from 

t h e  d a i l y  ambient tempera ture  c y c l e .  

as wind speed ,  r a i n ,  cloud cover ,  s o l a r  i n s o l a t i o n ,  and barometr ic  

p r e s s u r e  a l s o  may a f f e c t  t h e  tempera ture  and p r e s s u r e  of t h e  vapor 

space.  

Af t e r  t h e  l i q u i d  has  been f ed  i n t o  t h e  t ank  and t h e  l i q u i d  

Other atmospheric cond i t ions  such 

It is a l s o  common f o r  f ixed-roof  tanks  t o  be i n  a working mode. 

I n  t h i s  mode t h e r e  is movement of l i q u i d  e i ther  i n t o  o r  ou t  of t h e  tank 

o r  bo th .  The rates of l i q u i d  movement can be q u i t e  cons t an t  o r  vary 
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e r r a t i c a l l y .  Liquid usua l ly  enters  a t  t h e  bottom of t h e  tanks  through 

sp reade r s .  

of time (minutes) or may be s t o r e d  up t o  s e v e r a l  months. Shor t  s t o r a g e  

times of only s e v e r a l  hours  a r e  mainly a s soc ia t ed  wi th  tanks t h a t  s e rve  

a process  func t ion  such a s  s e p a r a t i n g  water from crude o i l .  S torage  

times of only a few hours  a r e  a l s o  a s soc ia t ed  wi th  fixed-roof tanks 

t h a t ' o p e r a t e  as surge  or r o u t i n e  sh ipp ing  v e s s e l s .  

-. 
The l i q u i d  can remain i n  the  tank f o r  a very  s h o r t  per iod 

The cyc le  or mode of l i q u i d  withdrawal  from t h e  tank i s  a l s o  an  

The withdrawal  r a t e  can be l e s s  than or g r e a t e r  important  v a r i a b l e .  

t han  t h e  feed  r a t e  f o r  c e r t a i n  pe r iods  of  t h e  working c y c l e .  Some 

fixed-roof tanks  o p e r a t e  a t  a cons t an t  l i q u i d  l e v e l  by withdrawing 

t h e  o i l  through an overf low p ipe  nea r  t h e  top of t h e  tank .  Emissions 

a s s o c i a t e d  w i t h  a change i n  t h e  l i q u i d  l e v e l  of a tank ,  which may in- 

c lude  bo th  t h e  displacement  of vapor by r i s i n g  l i q u i d  s u r f a c e  and the  

loss of vapor fo l lowing  a r a p i d  withdrawal ,  is def ined  a s  working loss. 

Losses a s s o c i a t e d  wi th  o t h e r  phenomena such a s  t h e  l i q u i d  b o i l i n g  

due t o  h igh  temperatures  or by t h e  f l a s h i n g  of l i g h t  components from 

u n s t a b i l i z e d  crude a r e  not  cons idered  i n  t h e  normal d e f i n i t i o n  of work- 

i n g  loss. 

t h a t  loss a s s o c i a t e d  wi th  t h e  f i l l i n g  and/or  emptying of t h e  fixed-roof 

tank .  It should  be noted t h a t  t o t a l  measured emissions from any par- 

t i cu la r  working tank  ope ra t ion  i s  a combination of both t h e  b rea th ing  

and working loss as a l l  tanks  a r e  s u b j e c t  t o  atmospheric changes.  

Throughout t h i s  r e p o r t ,  working loss w i l l  be de f ined  a s  

Working fixed-roof tanks can  be ca t egor i zed  a s  fo l lows  based on 

how t h e  l i q u i d  is f e d  and withdrawn: 

(1 )  opera t ions  t h a t  a l low t h e  l i q u i d  t o  b e  fed  i n t o  t h e  

t ank  or withdrawn from t h e  tank but  no t  a t  t he  same time. 

The emiss ions  a r e  t h o s e  a s s o c i a t e d  w i t h  f i l l i n g  or emptying 

and b rea th ing .  

Continuous ope ra t ions  t h a t  a l low the  l i q u i d  t o  be pumped i n  
and o u t  a t  va r ious  rates and cyc le s .  

a s s o c i a t e d  wi th  f i l l i n g ,  emptying, and b rea th ing .  One 

s p e c i a l  case  i s  when t h e  withdrawal  r a t e  e x a c t l y  equals  the  

feed  ra te  which r e s u l t s  i n  no l i q u i d  l e v e l  change. 

(2)  
The emissions a r e  those  
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(3) S p e c i a l  o p e r a t i o n s  t h a t  a l low t h e  l i q u i d  t o  e n t e r  t h e  tank 

under p r e s s u r e  o r  e l e v a t e d  tempera tures  and r e s u l t  i n  t he  

l i q u i d  b o i l i n g .  The emissions are a s s o c i a t e d  wi th  t h e  

f l a s h i n g  of f  of t h e  l i g h t e r  components, f i l l i n g ,  emptying, 

and b rea th ing .  

-. 

Figure  V-1 shows t y p i c a l  conf igu ra t ions  of t h e  types  of opera t ion  

of fixed-roof tanks  d iscussed  above. Test  da t a  a r e  l i s t e d  i n  t he  Appendix. 

STANDING STORAGE TANKS SUBJECT TO BREATHING LOSSES 

Twenty-three s t and ing  s t o r a g e  tests were conducted. Two tests were 

voided (GATX 80006 and Chevron 4991, one due t o  inadequate  power supply 

t o  o p e r a t e  t h e  ins t ruments  and t h e  o t h e r  due t o  l a c k  of a r e p r e s e n t a t i v e  

l i q u i d  sample. The r e s u l t s  of t h e  21 remaining tests a r e  shown i n  Table 

v-1. 

A l l  emission tests repor t ed  a r e  f o r  a 24-hour midnight t o  midnight 

per iod.  When several days of tests were performed, t h e  24-hour r e s u l t s  

were averaged. On moving days,  t e s t i n g  w a s  performed f o r  on ly  a f r ac -  

t i o n  of a day bu t  f o r  t h e  sake of  c o m p a t i b i l i t y ,  r e s u l t s  were d iscarded  

even though they  were v a l i d .  

Of t h e  21 t a n k s ,  16  tests w e r e  on tanks con ta in ing  crude o i l  whi le  

the o t h e r  f i v e  conta ined  d i s t i l l a t e s  or f u e l  o i l .  Dis t i l la tes  are 

de f ined  as l i q u i d  hydrocarbons obta ined  through r e f i n e r y  d i s t i l l a t i o n  

processes .  Some examples i n c l u d e  d i e s e l ,  j e t  f u e l ,  and gas  o i l .  

Fourteen of t h e  21 t e s t e d  tanks  r e s u l t e d  i n  emissions of 0 t o  12 

pounds of t o t a l  hydrocarbons p e r  day. 

emiss ions  r ang ing  from 44 t o  575 pounds p e r  day. 

S i g n i f i c a n t  f a c t o r s  a f f e c t i n g  b r e a t h i n g  l o s s  emission rates were 

n o t  r e a d i l y  ev iden t  dur ing  t h e s e  tests. Four tanks  i n  t h e  tests were 

hea ted  and i n s u l a t e d :  A t l a n t i c  R ich f i e ld  Soladino,  A t l a n t i c  R ich f i e ld  

R-49, Chevron 25302, and Chevron 281. F ive  of  t h e  t anks  t e s t e d ,  in- 

c luding  two of t h e  i n s u l a t e d  tanks .  were very  small c rude  o i l  t anks ,  

2,000 b a r r e l s  o r  l e s s .  

were n e g l i g i b l e .  

The remaining 7 t a n k s  had h igher  

Flows of vapors  from a l l o f  t h e s e  tanks  

v- 3 



F IGURE V- 

IONS OF FIXED-ROOF TANKS EXAMPLE OPERA 
.: 

STAN0 I NG STORAGE 

SUBIECT TO BREATHING LOSS. 

1 I I  
VAPOR 

WATER 4 " L - V A T E R  

t l .  
5f 

BATCH OPERAT IONS 
SUBJECT TO CYCLIC F I L L I N G ,  
EYPTYING. AN0 BREATHING 
LOSSES. 

CON1 I NUOUS OPERAT IONS 
SUBJECT TO FILLING. EMPTYING 
AN0 BREATHING LOSSES. 

CONTINUOUS OPERATIONS (WASH TANKS) 

SUBIECT TO BREATHING LOSS. 
NOTE: IF TANK FEED CONTAINS UNSTABILIZEO 

CRUDE UNDER SLIGHT PRESSURE, THE 
TANK WILL BE SUBJECT TO FLASHING 
LOSSES ALSO. 

SPECIAL OPERAT IONS 

SUBJECT TO FLASHING, F I L U N G .  EYPTYING 
AND BREATHING LOSSES. 

L IGHT PRESSURE v- 4 



ENGINEERING-SCIENCE - 
\ 



ENGINEERING-SCIENCE - 
Four unheated,  un insu la t ed  tanks  contained d i s t i l l a t e .  The d i s -  

chaiged vapor flow ranged from ze ro ,  f o r  Chevron 490 w i t h  smal l  ou tage ,  

t o  a very l a r g e  flow on Texaco 80034 w i t h  21.7 f e e t  of outage.  The 

Texaco tank  wi th  t h e  h igh  flow r a t e s  w a s  pa in ted  b lack  on the  tank wa l l s  

and t h e  tank  roo f .  The o t h e r  t h r e e  tanks were pa in ted  peach or  white  

c o l o r .  For a l l  d i s t i l l a t e  t a n k s ,  t h e  discharged vapors were s i g n i f i -  

c a n t l y  lower i n  t o t a l  hydrocarbon (THC) concen t r a t ion  than f o r  t h e  

crude tanks .  The t o t a l  hydrocarbon concen t r a t ion  of discharged vapors 

f o r  crude ranged from 2-44 lbs /1000 s c f .  The vapors discharged from 

d i s t i l l a t e  o r  f u e l  o i l  tanks conta ined  only  0.2 t o  1.3 lbs/1000 s c f  

t o t a l  hydrocarbon concen t r a t ion .  As f o r  methane con ten t ,  both t h e  

crude and d i s t i l l a t e  t e s t s  i n d i c a t e d  low concen t r a t ions  ranging from 

0 t o  1 .5  lbs/1000 s c f .  

The remaining 10 l a r g e  un insu la t ed  tanks which contained crude 

o i l s  showed t h r e e  t o  have ve ry  low emiss ions ,  between 0 and 10 lbs /day .  

Seven tanks  shared  emission r a t e s  be t een  37 and 575 lbs /day .  

can t  f a c t o r s  a f f e c t i n g  emission r a t e s  were not  r e a d i l y  ev iden t .  

of t h e  s t a n d i n g  s t o r a g e  tests showed any s i g n i f i c a n t  amount of methane. 

S i g n i f i -  

None 

From t h e  flow measurement c h a r t s ,  i t  was i n t e r e s t i n g  t o  no te  t h a t  

t h e  b r e a t h i n g  l o s s e s  occurred most f r e q u e n t l y  between t h e  hours  of 0800 

and 1200. 

by mid-afternoon t h e  t anks  were under  vacuum. 

loss p a t t e r n s  on a s t a n d i n g  s t o r a g e  t a n k  is shown i n  F igure  V-2. 

Very l i t t l e  b r e a t h i n g  occurred  i n  t h e  a f t e rnoon  per iod  and 

An example of b rea th ing  

The molecular  weights  of t h e  d ischarged  vapors from a p a r t i c u l a r  

t ank  were f a i r l y  uniform. The molecular  weight f o r  a l l  15 crude o i l  

t anks  t e s t e d  ranged from 22 t o  69,  w i t h  median be ing  55. The crude 

vapors  conta ined  some q u a n t i t i e s  of t h e  l i g h t  ends of hydrocarbons 

whereas t h e  d i s t i l l a t e s  d i d  no t  ( s e e  Appendix). The molecular  weight 

of t h e  d ischarged  vapor from d i s t i l l a t e  tanks ranged from 52 t o  126. 

WORKING TANKS SUBJECT TO COMBINED WORKING, BREATHING, AND FLASHING LOSSES - 

The t e s t e d  working tanks included f i v e  ba tch  t anks ,  I3 cont inuous 

t anks  and seven s p e c i a l  ( f l a s h / b o i l i n g )  tanks .  Of t h e  33 tanks which 

were scheduled f o r  tests,  e i g h t  t e s t s  were voided due t o  va r ious  



FIGURE V-2 

EXAMPLE OF BREATHING PROFILE FOR STANDING STORAGE TANKS 
(TEXACO 80034, MARCH 5 ,  1 9 7 7 )  

06 0 7  08 09 10 I I  1 2  13  14 

TIME OF D A Y  

I- 

0 

J 
0 
2 
U 

p: 
0 
k 
U > 

a 

06 07 08 09 10 I t  1 2  13 14 

TIME OF DAY 
SUNRISE 0 6 1 7  
SUNSET 1 7 5 2  
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equipment o r  o p e r a t i o n a l  d i f f i c u l t i e s  a f t e r  s e v e r a l  days of unsuccessfu l  

opeFat ion.  

S e v e r a l  t anks  i d e n t i f i e d  a s  LACT t anks  and wash t anks  were t e s t e d  

i n  t h e  s t u d y .  These a r e  e s s e n t i a l l y  cont inuous t anks ;  however, some 

of t h e s e  t anks  r e c e i v e  u n s t a b i l i z e d  crude under s l i g h t  p r e s s u r e  and 

were t r e a t e d  as s p e c i a l  ( f l a s h / b o i l i n g )  t anks .  The LACT t anks  s e r v e  

a s p e c i f i c  f u n c t i o n  i n  t h e  o i l  f i e l d .  Control  of t h e  crude is auto- 

m a t i c a l l y  t r a n s f e r r e d  from t h e  p r o d u c e r . t o  t h e  t r a n s p o r t e r  ( o r  p i p e l i n e )  

as i t  l e a v e s  t h i s  tank .  The l i q u i d  l e v e l  i n  t hese  t anks  v a r i e s  b e t w e e n  

two set  p o i n t s .  As l i q u i d  e n t e r s ,  t h e  l i q u i d  l e v e l  slowly r i s e s  t o  t h e  

upper set p o i n t .  The high-volume LACT withdrawal  pump i s  a c t u a t e d  and 

t h e  l i q u i d  l e v e l  f a l l s  t o  t h e  lower set  p o i n t .  The withdrawal  pump is 

tu rned  o f f ,  and t h e  procedure s tar ts  aga in .  

Wash t a n k s  a r e  t h e  second p a r t i c u l a r  type of continuous s e r v i c e  

t ank  t e s t e d .  They s e p a r a t e  o i l  and water of t h e  incoming crude. O i l  

normally e x i t s  t he  t ank  i n , a n  overflow p i p e ;  t h e r e f o r e ,  t h e  t anks  have 

a c o n s t a n t  l i q u i d  level.  Frequent ly  crude comes d i r e c t l y  from t h e  

v a r i o u s  wel lheads t o  t h e  wash tank .  The crude mixture  con ta ins ,  o i l ,  

wa te r ,  s and ,  and gases  such a s  n i t r o g e n ,  and carbon d iox ide .  The mixture  

a r r i v e s  a t  the wash t ank  sometimes under p r e s s u r e  ( i . e . ,  30 t o  50 p s i )  

and o f t e n  a t  e l e v a t e d  temperatures  ( i . e . ,  150 t o  200'F). A v e r t i c a l  

c y l i n d e r  c a l l e d  a "boot" is sometimes a t t a c h e d  t o  the  s i d e  of wash 

tanks .  

f l a s h i n g  of the t rapped gases  can occur upstream of t h e  wash tank .  

These gases  are piped t o  t h e  vapor  space o f  t h e  wash t ank .  

b o o t ,  the  o i l / w a t e r  mixture  f lows i n t o  t h e  bottom of t h e  wash tank .  

The oil f l o a t s  t o  t h e  t o p  and overf lows i n t o  o t h e r  wash o r  LACT t anks  

and t h e  water i s  d ra ined  from t h e  bottom of t h e  tank and d i sca rded  i n t o  

a sump. 

The "boot" r e l i e v e s  any p r e s s u r e  from t h e  crude. o i l  so  t h a t  

From t h e  

Each o f  t h e  t h r e e  c a t e g o r i e s  of t anks :  ba t ch ,  cont inuous,  and 

s p e c i a l  ( f l a s h i n g l b o i l i n g )  a r e  p re sen ted  s e p a r a t e l y  t o  c l a r i f y  t h e  

working loss emission problems. 

summarized i n  Table V-2. 

i n  t h e  Appendix. 

Important  test d a t a  f o r  each tank are 

Complete l i s t i n g s  o f  t h e  test d a t a  are given 

v-a 
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Batch Tanks 

-. 

Seven ba tch  tanks  were o r i g i n a l l y  scheduled f o r  i n v e s t i g a t i o n .  Two 

tests were voided (Chevron 499 and Mobil 900x2).  The Chevron tank  was 

voided because no o i l  sample was obta ined  a t  t h e  time of t e s t i n g .  The 

Mobil t ank  t e s t  w a s  voided because t h e  vapor recovery system had not  

been disconnected from t h e  tank f o r  a s u f f i c i e n t l y  long per iod  p r i o r  

t o  t h e  t e s t .  There was a p o s s i b i l i t y  t h a t  vapors o t h e r  than  those 

generated from the  tank  s t o c k  cou ldhave  been i n  the  tank.  

Flow r a t e s  from t h r e e  of these tanks  were extremely h igh ,  reaching 

over  75,000 s c f / d a y  f o r  the  Chevron and two Get ty  tanks .  

were due t o  t h e  r a p i d  f i l l i n g  r a t e s  of o i l  i n t o  the  tanks  which reached 

approximately 15,000 bbls /day .  The emergency p res su re  r e l i e f  va lve  

s e t t i n g s  on t he  t a n k s  were only s l i g h t l y  h ighe r  than t h e  metering 

system p res su re  drop.  For a l l  bu t  t h e  Union 6761 and Conoco 5389 tanks 

t h e  t e l l - t a l e s  i n d i c a t e d  t h a t  t h e  emergency p res su re  r e l i e f  va lve  had 

opened. Therefore ,  unmeasured vapors  had escaped.  The measured volume 

flow is no t  c o r r e c t  f o r  t hose  tanks. An e s t i m a t e  of t h e  volume flow 

can be made from t h e  l i q u i d  pumped i n t o  t h e  tank .  

High flows 

The Union 6761 and Conoco 5389 tanks were small bo l t ed  tanks w i t h  

low l i q u i d  f i l l i n g  r a t e s .  During bo th  t es t s ,  t h e  metered volumetr ic  

exhaus t  f low was much smaller than  would be caused from t h e  l i q u i d  

f i l l i n g  rates. Th i s  i n d i c a t e d  l e a k s  i n  t h e  meter ing system o r  t he  

tank .  The system w a s  checked f o r  l eaks  b u t  none could be found. 

w a s  concluded that t h e  l e a k s  were ve ry  small and were occur r ing  a t  t h e  

t ank ,  poss ib ly  around t h e  ha t ch  and/or  b o l t s .  Again, r a t h e r  than void 

t h e s e  t e s t s ,  t h e  volume flow can be es t imated  from t h e  l i q u i d  f low r a t e s .  

Continuous Tanks 

I t  

Th i r t een  tanks  c l a s s i f e d  as cont inuous were t e s t e d ,  i nc lud ing  f i v e  

atmospheric  p re s su re  feed  LACT tanks  and two atmospheric  p re s su re  feed 

wash t anks .  In a d d i t i o n ,  four  tests were voided: t h e  Chevron 25699 

t ank  because t h e  extremely ho t  and voluminous vapors  caused f a i l u r e  of  

t h e  v i n y l  sampling hoses ,  t h e  Union Weldon wash tank due t o  unsea lab le  

l e a k s  i n  t h e  t ank ,  t h e  Mobil 800X127 t ank  because of malfunct ion of the  

test meters  and t h e  Edgington 30004 t ank  because of unsea lab le  l eaks  

i n  t h e  tank. 
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Two of t h e  cont inuous t a n k s  contained d i s t i l l a t e s  and showed very 

low hyhrocarbon c o n c e n t r a t i o n  i n  t h e  vapors  and, t h e r e f o r e ,  low mass 

emissions.  Of t h e  remaining f i v e  cont inuous t anks  handl ing crude t h a t  

were n e i t h e r  LACT O K  wash t a n k s ,  one discharged only 6 l b s  hydrocarbons p e r  

day while the o t h e r  f o u r  d ischarged  between 100 t o  200 l b s  hydrocarbons 

p e r  day. For most of t h e s e  t anks  c o n t a i n i n g  d i s t i l l a t e s  and f u e l  o i l ,  

t h e  l i q u i d  l e v e l  changed only s l i g h t l y ,  t hus  gene ra t ing  small vapor 

d i scha rges .  

The f i v e  LACT t anks  t h a t  were c l a s s i f i e d  as continuous ( those  with- 

o u t  g a s  f l a s h i n g  i n t o  t h e  tanks)  showed va ry ing  emission r a t e s ,  3, 13 ,  

21, 255, and 1289 l b s  hydrocarbons per  day. FOUK of t h e  f i v e  t e s t e d  LACT 

t anks  were normally opera ted  w i t h  vapor recovery systems. In p r e p a r a t i o n  

f o r  f i e l d  t e s t i n g ,  t h e  t anks  w e r e  t a k e n  o f f  vapor recovery 2 o r  3 days 

p r i o r  t o  i n i t i a t i o n  of tests. 

The t w o  a tmospheric  p r e s s u r e  f eed  wash tanks generated only small 

amounts of vapor-as would b e  expected s i n c e  the  l i q u i d  l e v e l  does n o t  

change. The Champlin 2030D tank had z e r o  vapor d i s c h a r g e  while  t h e  

Get ty  5793 e m i t t e d  only 17 lbs hydrocarbons pe r  day. 

S p e c i a l  (F la sh ing /Bo i l ing )  Tanks  

Eight  t a n k s  were t e s t e d  t h a t  r ece ived  crude under s l i g h t  p r e s s u r e  

from which f l a s h i n g  occurred.  A l l  e i g h t  tanks were product ion  t anks .  

One o f  t h e s e  tank tests (Union 10117) w a s  voided e a r l y  i n  t h e  program 

because  t h e  c o o l e r  had n o t  y e t  been added t o  t h e  flow measurement system, 

and vapor  condensat ion w a s  i n t e r f e r i n g  w i t h  t h e  gas meter ope ra t ion .  

Also t h e  vapor s p a c e  i n  t h i s  t a n k  could n o t  be s e p a r a t e d  from t h e  vapor 

space of a d j o i n i n g  t anks .  

FOUK of  t h e  s p e c i a l  t anks  were LACT tanks and t h r e e  were wash  t anks .  

Five of t h e  seven t anks  had vapor  recovery systems which were disconnected 

f o r  t h e  test. Emissions from t h e  seven t e s t s  ranged from 4 t o  1712 l b s  

hydrocarbons p e r  day. Two tests were less than 10, f o u r  were between 10 

and 1000 and one test was about 1000 l b s  hydrocarbons p e r  day. Of t h e  

t h r e e  wash t a n k s ,  two had emissions less than 10 l b s  of hydrocarbons pe r  

day and t h e  t h i r d  w a s  302. The t a n k  w i t h  t h e  l a r g e s t  emission rate had 

t h e  h i g h e s t  l i q u i d  flow rate.  These special  tanks r e c e i v i n g  u n s t a b i l i z e d  
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crude-emitted vapors with a r e l a t i v e l y  high methane content. 

the seven tanks t e s ted ,  the methane .content o f  the hydrocarbon vapors 

ranged from 10 to  28 percent by weight. 

For s i x  of  
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CHAPTER V I  

COMPARISON OF MEASURED EMISSIONS WITH API CALCULATED 
-. 

EMISSIONS AND NEASURED PARAMETERS 

One a spec t  of t he  o r i g i n a l  scope of work was t o  determine the 

a p p l i c a b i l i t y  of t h e  API equa t ions  by comparing observed emissions t o  

t h e  c a l c u l a t e d  l o s s e s .  In a d d i t i o n ,  i f  c o n s i s t e n t  t r e n d s  were observed 

i n  t he  d a t a  base ,  another  o b j e c t i v e  was t o  c h a r a c t e r i z e  emissions a s  

a f u n c t i o n  of c rude  type or product ,  s p e c i f i c  g r a v i t y ,  s t o r a g e  temper- 

a t u r e .  e t c .  The purpose of t h i s  chap te r  is t o  show t h e  comparisons 

wi th  t h e  API equa t ions  and t h e  measured parameters .  

The American Petroleum I n s t i t u t e  (API) eva lua ted  product  l o s s e s  

from fixed-roof s t o r a g e  tanks and presented  i t s  f i n d i n g s  i n  s e v e r a l  

publ ished b u l l e t i n s .  Three b u l l e t i n s  of s i g n i f i c a n c e  t o  t h i s  p r o j e c t  

were: 

API B u l l e t i n  2513, "Evaporation Loss i n  t h e  Petroleum Indus t ry  - 
Causes and Con t ro l , "  1959. 

API B u l l e t i n  2518, "Evaporation Loss From Fixed-Roof Tanks," 

1962. 

API B u l l e t i n  2523, "Petrochemical  Evaporat ion Loss From Storage  

Tanks," 1969. 

The f i r s t  b u l l e t i n  i n  t h i s  series, API 2513 c o n t a i n s  a d i scuss ion  

of t h e o r e t i c a l  c o n s i d e r a t i o n s  a f f e c t i n g  evapora t ion  l o s s e s  from f ixed -  

roof  tanks .  API 2518 p r e s e n t s  e m p i r i c a l  c o r r e l a t i o n s  f o r  p r e d i c t i n g  

evapora t ion  l o s s e s  f o r  tanks  c o n t a i n i n g  g a s o l i n e  and crude  o i l .  

Evaporat ive l o s s  c o r r e l a t i o n s  f o r  tanks con ta in ing  petrochemicals  a r e  

presented  i n  API 2523. 
and c l e a r l y  d e f i n e s  t h e  a p p l i c a b i l i t y  of each c o r r e l a t i o n .  

The scope of each b u l l e t i n  i s  q u i t e  s p e c i f i c  
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BREATHING LOSSES 

.. 
The c o r r e l a t i o n ,  a s  presented  i n  API 2518 f o r  the  p r e d i c t i o n  of 

b rea th ing  l o s s e s  i n  f ixed-roof  t anks ,  is based p r i m a r i l y  on d a t a  obtained 

from g a s o l i n e  s t o r a g e  tanks .  The equat ion  de r ived  i n  API 2518 f o r  

p r e d i c t i n g  b rea th ing  l o s s e s  from crude  i n  fixed-roof tanks  is  a s  fo l lows:  

‘68 1.73 .51 .50F 
D H T  

P 
) 

24 P 
c (m) (14.7-P 

L = K  
Y 

where: 

L = brea th ing  loss ( b b l s / y r )  

K = f a c t o r  t o  a d j u s t  g a s o l i n e  b rea th ing  loss equat ion  
Y 

C 

t o  b rea th ing  loss of c rude  o i l  = 0.58 

P = t r u e  vapor p r e s s u r e  at  bulk l i q u i d  temperature  ( p s i a )  

D = t ank  d iameter  ( f t )  

H = average  outage inc lud ing  c o r r e c t i o n  f o r  roof volume ( f t )  

T 

F = p a i n t  f a c t o r  

C = adjustment  f a c t o r  f o r  small diameter  tanks .  

= average  d a i l y  ambient temperature  change (OF) 

P 

The above equa t ion  was u t i l i z e d  t o  c a l c u l a t e  emissions f o r  com- 

pa r i son  wi th  measured hydrocarbon emissions from crude  o i l  s t o r a g e  

tanks.  For comparison w i t h  measured emiss ions  from t anks  con ta in ing  

d i s t i l l a t e s ,  t h e  f a c t o r  K was set  a t  1.0, t h e  same a s  t h e  AFT cor re-  

l a t i o n  f o r  b r e a t h i n g  emissions from g a s o l i n e  t anks ,  s i n c e  API 2518 is 

not  s p e c i f i c  as t o  how t o  u t i l i z e  t h e  equat ion  f o r  hydrocarbon mixtures  

except  g a s o l i n e  and crude.  Petrochemical  l o s s e s  a r e  d iscussed  i n  API 2523 

C 

The t r u e  vapor p r e s s u r e  f a c t o r  P was der ived  from t h e  measured 

Reid vapor p r e s s u r e  (RW) through u s e  of a nomograph i n  API 2518. 

Some crude  o i l s  in t h e  s tudy  ranged a s  low as 0.2 RVP, whereas t h e  

nomograph covered Reid vapor p r e s s u r e s  only down t o  2.0. 

a l i n e - f i t t i n g  technique  was developed t o  extend t h e  range  of t h e  

nomograph. (F igure  VI-1). It  was r e a l i z e d  t h a t  c a u t i o n  must be used 

Therefore ,  

V I - 2  
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when e x t r a p o l a t i n g  beyond t h e  o r i g i n a l  r ange  of t h e  nomograph. However, 

t h e r e ' w a s  no a l t e r n a t i v e  f o r  t h i s  s tudy .  
.. 

For t h e  d i s t i l l a t e  p roduc t s ,  t h e  t r u e  vapor p r e s s u r e  was determined 

from a p l o t  of vapor p r e s s u r e  versus  temperature  which had been prepared 

from t h e  l i q u i d  vapor r e f l u x  a n a l y s i s .  

The API e q u a t i o n  c a l c u l a t e s  evapora t ion  l o s s e s  i n  b a r r e l s  per  year. 

Therefore ,  i t  w a s  necessary t o  r e l a t e  t h e s e  l i q u i d  loss  volumes t o  t h e  

mass emission ra tes  measured i n  pounds pe r  day. T h i s  was done using 

informat ion  p resen ted  i n  API 2513, page 40,011 t h e  l i q u i d  d e n s i t i e s  of 

c e r t a i n  hydrocarbon vapor s .  F i g u r e  VI-2 shows a graph of t h a t  i n f o r -  

mation r e l a t i n g  vapor molecular  we igh t ,  M ,  t o  i t s  condensed vapor d e n s i t y .  

S ince  F igu re  VI-2 is based on p u r e  components and s t o r a g e  tank vapors  

are a mixture  of compounds, t h e  a c t u a l  cu rve  observed i n  p r a c t i c e  may 

d i f f e r  s l i g h t l y  from t h a t  shown. However, equa t ions  from API 2523, 

t h a t  are based on exper imenta l  d a t a  f o r  g a s o l i n e  vapor s ,  c l o s e l y  a g r e e  

w i t h  F igu re  VI-2 f o r  molecular  weights  between 45 and 75 lb/lb-mole. 

That e m p i r i c a l  e q u a t i o n  i s  shown as t h e  d o t t e d  l i n e .  

In t h i s  s t u d y ,  21 tank tes t s  w e r e  a v a i l a b l e  f o r  c o r r e l a t i o n  w i t h  

t h e  API equa t ion  and s i g n i f i c a n t  parameters .  Table  VI-1 l ists  t h e s e  

measured emissions and t h o s e  c a l c u l a t e d  w i t h  t h e  API brea th ing  l o s s  

equa t ion .  Measured v e r s u s  c a l c u l a t e d  emissions f o r  s t and ing  s t o r a g e  

t a n k s  are  shown i n  F igu re  VI-3. Of t h e  21 t anks  t e s t e d ,  only two had 

measured emissions l a r g e r  than c a l c u l a t e d  by t h e  API brea th ing  equal ion.  

In g e n e r a l ,  t h e  API e q u a t i o n  overes t imated  emissions.  For t h e  b rea th ing  

t a n k s  i n  t h i s  i n v e s t i g a t i o n ,  t h e  sum of t h e  measured emissions w a s  

58 p e r c e n t  of the  sum of t h e  p r e d i c t e d  b r e a t h i n g  l o s s e s .  

As can be s e e n  from F igure  VI-3, many of t h e  measured and calcu-  

l a t e d  v a l u e s  were v e r y  l o w  and tended t o  be more s c a t t e r e d  than t h e  

h i g h e r  va lues .  T h i s  may b e  expla ined  by p o s s i b l e  "system noise"  due 

t o  p o t e n t i a l l y  larger e r r o r s  a s s o c i a t e d  w i t h  con ta in ing  and meter ing 

extremely low f lows.  

Table  VI-2 lists t h e  c a l c u l a t e d  t r u e  vapor p r e s s u r e s  and p a i n t  

f a c t o r s  used i n  t h e  M I  e q u a t i o n  f o r  s t a n d i n g  s t o r a g e  t anks .  

VI- 4 
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FIGURE Vi-3 
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TABLE VI -2  

CALCULATED TRUE VAPOR PRESSURE AND PAINT FACTOR 
FOR STANDING STORAGE TANKS 

True Vapor Pressure,P 
Pa in t  Factor ,  F 

P Test No. (psis) 

1 

2 
3 I j l , zac- , t - i f  .- 
4 
5 C / i e d r s *  +Y2*' 
6 L *.€..za,t 4 7 0  

7 

8 

9 

10 
11 

12 

13 

1 4  

15 

17 
18 

19 

20 

21 

2.00 

3.30 
0.05- Film. 0/4- C9'F 

0.30 

0.35 cw ,@'F F O  

0.10 3.6JiL e.-j7@*i 

1.50 

0.60 

3.80 

0.05 

3.00 

1 .20  

0.80 

0.01 

1.60 

3.40 

0.50 

1.50 

2.80 

0.02 

1.29 

1.33 

1.58 

1.39 

1.58 

1.00 

1.58 

1.58 

1.46 

1.58 

1.58 

1.00 

1.00 

1.58 

1.00 

1.38 

1.00 

1.18 

1.46 

1.58 
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Breathing Losses  Versus Measured Parameters  

-. 

Figure  VI-4 shows t h e  ES measured ve r sus  A P I  c a l c u l a t e d  emission 

r a t e s  p l u s  t h e  o r i g i n a l  API d a t a  s e t  given i n  API B u l l e t i n  2518. 

Emission r a t e s  in t h i s  i n v e s t i g a t i o n  were gene ra l ly  below the  emission 

r a t e s  in t he  o r i g i n a l  d a t a  s e t  used t o  d e r i v e  the  crude oil brea th ing  

loss equat ion .  Therefore ,  a s  f o r  a l l  e m p i r i c a l  r e l a t i o n s h i p s ,  exten- 

sion of t h e  r e l a t i o n s h i p  beyond t h e  o r i g i n a l  range  of d a t a  should b e  

done c a u t i o u s l y .  

The AF'I b r e a t h i n g  loss equa t ion  can be d iv ided  i n t o  two main 

terms,  one r e l a t i n g  t o  t h e  vapor f low rate and t h e  o t h e r  r e l a t i n g  t o  - 

1 14.7-P 
t h e  hydrocarbon concent ra t ion .  One would expect  t h e  term 

t o  be c l o s e l y  r e l a t e d  t o  t h e  t o t a l  hydrocarbon concen t r a t ion  of t h e  

d ischarged  vapor.  F igu re  VI-5 shows a p l o t  of 

t h e  t o t a l  hydrocarbon concen t r a t ion .  No gene ra l  t r end  is evident .  One 

reason  f o r  t h e  s c a t t e r  could b e  t h a t  t h e  vapor space  was not  s a t u r a t e d .  

However, concen t r a t ions  dur ing  t h e  f i e l d  t e s t s  were f a i r l y  uniform, 

i n d i c a t i n g  e s s e n t i a l  equ i l ib r ium.  Another reason f o r  t h e  s c a t t e r  of 

d a t a  in Figure  VI-5 could be t h e  p o t e n t i a l  e r r o r  in c a l c u l a t i n g  t r u e  

vapor p r e s s u r e  from t h e  nomograph in API 2518. 

express ion  may no t  b e  a proper  parameter f o r  e s t i m a t i n g  hydrocarbon 

concen t r a t ions .  

P 3 *68 ve r sus  
[ 14.7-P 

L a s t l y ,  t h e  above 

In an e f f o r t  t o  determine a parameter  more c l o s e l y  r e l a t e d  t o  t h e  

expel led  v a p o r ' s  hydrocarbon concen t r a t ion ,  t h e  Reid vapor p re s su re  

was p l o t t e d  v e r s u s  t o t a l  hydrocarbon concen t r a t ion  (F igure  VI-6). 

vapor flow out  of t h e  tank  was observed on three tanks  so t h e  d a t a  were 

not  p l o t t e d  in Figure  V I - 6 .  A s  mentioned in Chapter V ,  four  Reid vapor 

p r e s s u r e s  on crude  oils were es t imated  from t h e  l i q u i d  gas  chromatograph 

ana lyses .  These d a t a ,  l i kewise ,  were not  p l o t t e d  in Figure  VI-6. 

F i n a l l y ,  no d a t a  were p l o t t e d  f o r  t h e  d i s t i l l a t e  oil s t o r a g e  tanks .  

Even though t h e  number of remaining d a t a  p o i n t s  was l imi t ed  t o  e i g h t  

t anks ,  i t  appeared t h a t  t h e  RVP may r e l a t e  more c l o s e l y  t o  expel led  

No 

vapor hydrocarbon concen t r a t ion  than  does P ] *68. [ 14.7-P 

VI-9 
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One o the r  parameter ,  t r u e  vapor p re s su re ,  was p l o t t e d  t o  determine 
-: 

t h e  p o s s i b l e  r e l a t i o n s h i p  with hydrocarbon concen t r a t ions .  

l a t i o n  c o e f f i c i e n t  f o r  e i g h t  t a n k s  was l e s s  than f o r  t h e  same p l o t  using 

Reid vapor p re s su re .  

The cor re-  

One would expect  t h e  o t h e r  major grouping of parameters i n  t h e  API 

brea th ing  loss equat ion .  (D 1*73H*51T'5F C) t o  be c l o s e l y  r e l a t e d  t o  the  

volume of vapor s  d ischarged .  

vapor d ischarged  v e r s u s  t h e  grouped parameter (F igure  VI-8). No s t rong  

r e l a t i o n s h i p  was apparent .  In  f a c t  f o r  any given v a l u e  of t h e  grouped 

parameter a wide v a r i a t i o n  w a s  noted i n  t h e  volume of measured vapor 

d ischarged .  

P 
A p l o t  w a s  developed of t h e  measured 

One would expect  t h e  volume of expel led  vapors  t o  i n c r e a s e  a s  t h e  

t ank  vapor space  inc reased .  

temperature  and d i f f e r e n c e s  i n  tank  c o l o r  t o  a f f e c t  t h e  volume of vapor 

expel led .  A p l o t  of vapor space  volume (outage)  v e r s u s  expe l l ed  

vapor volume showed t h a t  f o r  a g iven  outage  wide v a r i a t i o n s  could be 

observed in t h e  volume of d i scharged  vapors  (F igure  VI-9). 

i ng  each d a t a  p o i n t ,  no c l e a r  t r end  could be observed between change 

i n  tempera ture ,  outage h e i g h t ,  p a i n t  f a c t o r  or  sma l l  tank diameter 

c o r r e c t i o n  f a c t o r .  

One might a l s o  expect  changes i n  ambient 

In  review- 

In summary, t h e  above mentioned ana lyses  of d a t a  tend t o  show t h a t  

t h e  s c a t t e r  observed i n  t h e  measured emission r a t e s  v e r s u s  API p red ic t ed  

emission rates (F igu re  VI-3) may be due t o  a l l  the  parameters  i n  t h e  

equat ion .  No one measured parameter  or grouping of parameters  was 

ev iden t  t h a t  would reduce  t h e  t o t a l  s c a t t e r .  While a r e l a t i o n s h i p  

may b e  developed f o r  RVP and t h e  t o t a l  hydrocarbon concen t r a t ion  of 

t h e  expe l l ed  vapor s ,  no r e l a t i o n s h i p  w a s  ev ident  from t h e  d a t a  t h a t  

would relate t o  t h e  volume of expe l l ed  vapors .  

VI-13 



.= E M I S S I O N  CONCENTRATION VERSUS CRUDE O I L  
TRUE VAPOR PRESSURE, STANDING STORAGE TANKS 

40 

35 

- 

0 
I 
I- 

C 

0 
Y) 

c3 
0 
0 

\ 

n 

- 
Y) 

- 

25 

z 
0 

+ 
U 

I- z 
w 
0 z 
0 
0 

a 

2 
4 c 
0 
I- 

/ .' 
d 

0 I 

FIGURE VI -7  

2 3 4 5 6 

TRUE VAPOR PRESSURE, p s i a ,  p 

0 ( # )  NUMBER REFERS T O  TEST NUMBER 

VI-14 



FIGURE VI- 

)I 
m 
V 

\ 

c 
0 
Y) 

0 
W 
2 
2 
W 

x 
W 

W = 
2 
0 
w 

0 
n 
4 
> 
0 
W 

n 

a 

a 

a a 
v, 
U 
W 
3E 

M E A S U R E 0  V O L U M E  F 

100.000 

8 0 . 0 0 0  

6 0 . 0 0 0  

40 .000 

20.000 

10.000 

8 . 0 0 0  

6 , 0 0 0  

4 , 0 0 0  

2 . 0 0 0  

1 .000 
800 

600 

400 

200 

1 00 

OW V E R S U S  

.. 
1 , 0 0 0  2 . 0 0 0  4 .000 8 , 0 0 0  10,000 2 0 , 0 0 0  40 .000 60 .000 100,000 400. 000  I ,000, 000 

0'" NUMBER REFERS TO TEST NUMBER 

VI-15 



c 
0 
v) 

v) 
p: 
0 

4 
> 
0 
W 
A 
2 
Y 

x 
W 

Y 
0 

Y = 
2 
0 > 
* 
2 

4 
0 

0 
Y 
mz 
wl 
U 
w 
a2 

n 

n 

a 

- 

a 

100.000 
8 0 . 0 0 0  

60,000 

40,000 

2 0 . 0 0 0  

10.000 
8 . 0 0 0  

6.000 

4 . 0 0 0  

2,000 

t . 0 0 0  
800 

600 

4 0 0  

200 

100  

D A I L Y  VAPOR VOLUME EXPELLED VERSUS 
VAPOR SPACE VOLUME FOR STANDING STORAGE TANKS 

- 
100 200 400 800 1 , 0 0 0  2 , 0 0 0  4,000 IO.000 2 0 . 0 0 0  4 0 , 0 0 0  

V A P O R  S P A C E  V O L U M E .  b b l s  

100.000 

a‘’) NUMBER REFERS T O  TEST NUMBER 

VI-16 



ENGINEERING-SCIENCE LES] - 
WORKING LOSSES 

.. 

The API working l o s s  equa t ion  f.or crude o i l  is: 

2.25 PV 
= 10,000 K, 

where: 

F = working l o s s  ( b b l s )  

P = t r u e  vapor p r e s s u r e  a t  bu lk  l i q u i d  temperature  

( p s i 4  

V = volume of l i q u i d  pumped i n t o  t ank  (bbls )  

% = tu rnover  f a c t o r  (from equat ion  ( 5 )  or Figure  11 

i n  API 2518) 

This same equa t ion  w a s  used t o  c a l c u l a t e  t h e  working l o s s e s  f o r  tanks  

con ta in ing  d i s t i l l a t e s  and f u e l  o i l .  

Working l o s s  c o r r e l a t i o n s  f o r  g a s o l i n e  i n  fixed-roof s t o r a g e  tanks  

were developed by API mainly by comparing t e s t  d a t a  on 123 working 

t anks  t o  t h e  t h e o r e t i c a l  working l o s s  equat ion  developed i n  API 2513. 

The only  adjustment  made t o  t h e  t h e o r e t i c a l  amount of s a t u r a t e d  

g a s o l i n e  vapor s  d i sp l aced  by t h e  f i l l i n g  of t h e  t ank  was t o  mul t ip ly  

t h e  t h e o r e t i c a l  equa t ion  by a f a c t o r  t h a t  depends upon t h e  rate a t  

which t h e  t a n k  was operated du r ing  t h e  test per iod ,  expressed as turn-  

overs  pe r  year .  The a v a i l a b l e  API test  d a t a  on c rude  o i l  working l o s s  

were s c a t t e r e d  and were not  s u f f i c i e n t l y  d e f i n i t e  t o  permi t  a formal  

c o r r e l a t i o n .  A review of t h e  s c a t t e r e d  d a t a  as w e l l  as a t h e o r e t i c a l  

e v a l u a t i o n  of t h e  d i f f e r e n c e s  between crude  o i l  s t o r a g e  and g a s o l i n e  

s t o r a g e  l e d  API t o  u s e  t h e  g a s o l i n e  working l o s s  equat ion  f o r  c rude  

o i l  a f t e r  mu l t ip ly ing  by a f a c t o r  of 0.75. 

The convers ion  t o  relate vo lumet r i c  l o s s e s  t o  mass emission rates 

w a s  p resented  earlier i n  t h e  c h a p t e r  (F igure  VI-2) and w a s  used f o r  

t h e s e  c a l c u l a t i o n s .  Subsequent d i s c u s s i o n  p r e s e n t s  comparisons of t h e  

measured v e r s u s  c a l c u l a t e d  hydrocarbon l o s s e s  f o r  t h e  working tanks :  

ba t ch ,  cont inuous ,  and s p e c i a l  b o i l i n g  ope ra t ions .  
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Working l o s s  w a s  def ined  e a r l i e r  a s  t h a t  l o s s  r e s u l t i n g  from t h e  

f i l l i n g  and emptying of t h e  fixed-roof tank. Emissions measured f o r  

each tank  included both  t h e  working and brea th ing  loss f o r  each test 

day. 

were used t o  estimate t o t a l  c a l c u l a t e d  emissions.  

Batch Tanks 

Therefore ,  both t h e  API working l o s s  and brea th ing  l o s s  equat ions  

The volumetr ic  f low r a t e s  from t h e  batch tanks f o r  t h r e e  tanks  

exceeded t h e  capac i ty  of t h e  meter ing  system. 

were s m a l l  c apac i ty ,  bo l t ed  tanka wi th  ve ry  low f i l l i n g  r a t e s .  

l e a k s  could be de t ec t ed  i n  t h e  meter ing system. 

tanks  were suspected of having very small l e a k s  around t h e  gauge ha tches  

and o the r  bo l t ed  a t tachments  t o  t h e  tank  roof which would relieve t h e  

smal l  p r e s s u r e  generated by t h e  low f i l l i n g  r a t e s .  No conclus ions ,  

t h e r e f o r e ,  could be drawn from t h e  measured r e s u l t s .  Normally such 

f a i l u r e s  would have voided t h e  tests. 

preserv ing  t h a t  p o r t i o n  of t h e  d a t a  which w a s  v a l i d ,  c a l c u l a t i o n s  of 

t h e  d ischarged  vapor volume were based upon t h e  amount of l i q u i d  added 

t o  t h e  tank.  

The o the r  ba tch  tanks  

No 

However, bo th  of t hese  

* 

However, i n  t h e  i n t e r e s t  of 

During each of t h e  ba tch  t ank  tests, only f i l l i n g  occurred.  The 

t o t a l  working l o s s e s  from a ba tch  tank  Over a complete c y c l e  would 

inc lude  l o s s e s  a s s o c i a t e d  w i t h  f i l l i n g ,  b rea th ing  and emptying. 

Therefore ,  t h e  c o l l e c t e d  d a t a  r e p r e s e n t  only t h e  f i l l i n g  p o r t i o n  of t h e  

complete ba tch  cycle .  Hydrocarbon emissions f o r  t h e  f i l l i n g  p o r t i o n  of 

t h e  c y c l e  were c a l c u l a t e d  from t h e  vapor volumes d i sp laced  by t h e  

added l i q u i d  as presented  below: 

Chevron 490 . 99 l b s / f  i l l i n g  day 

Conoco 5389 5 l b s / f  i l l i n g  day 

Get ty  55709 2597 l b s / f i l l i n g  day 

Ge t ty  80712 2757 l b s / f i l l i n g  day 

Union 6761 2 1  l b s / f i l l i n g  day 

Note t h a t  t h e s e  volumes do no t  i nc lude  any amounts f o r  t h e  a n t i c i p a t e d  

emissions a s soc ia t ed  wi th  b rea th ing  l o s s  dur ing  t h e  f i l l i n g  process .  
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Because of t h e  short- term measurements on t h e s e  ba tch  t anks ,  

t h e  d i f f i c u l t y  experienced with t h e  f low measurements, and t h e  f a c t  

t h a t  t h e r e  were only f i v e  tanks  a v a i l a b l e ,  no f u r t h e r  c o r r e l a t i o n s  

were at tempted.  

Continuous Tanks 

Tes t ing  included 1 3  f ixed-roof  tanks  sub jec t  t o  f i l l i n g ,  emptying 

and brea th ing  l o s s e s .  These were cont inuous tanks  and included t y p i c a l  

su rge  o p e r a t i o n s ,  Lease Automatic Custody Trans fe r  (LACT) t anks  and 

wash tanks .  

The MI working l o s s  equat ion  a p p l i c a b i l i t y  t o  cont inuously oper- 

a t i n g  t anks  is ques t ionable .  

d i r e c t l y  wi th  t h e  volume pumped i n t o  t h e  tank and, t h e r e f o r e ,  t h e  shor t -  

term emissions,  and perhaps t h e  long-term emissions,  can be h igh ly  

v a r i a b l e  wi th  r e s p e c t  t o  t h e  oil volume added. 

c u l a t e s  working l o s s e s  wi th  t h e  t o t a l  volume of product  pumped i n t o  

t h e  t ank  as a p a r t  of t h e  equat ion .  

The l i q u i d  l e v e l  does no t  always func t ion  

The AFT equat ion  cal- 

Table  VI-3 lists t h e  b rea th ing  and working l o s s e s  ca l cu la t ed  by 

t h e  API equa t ion  compared w i t h  measured emissions f o r  each of t h e  con- 

t inuous  tanks .  The ca l cu la t ed  l o s s e s  from working tanks  aga in  r ep resen t  

t h e  sum of l o s s e s  due t o  b rea th ing  and working. 

t anks  t e s t e d ,  only t h r e e  have measured emissions t h a t  were g r e a t e r  

than  t h e  API c a l c u l a t e d  emissions. It could be  expected t h a t  emissions 

from wash tanks  should be  much c l o s e r  t o  those  ca l cu la t ed  by b rea th ing  

a lone  than by t h e  working equat ion .  

t h a t  l i q u i d  l e v e l  in t h e  wash t a n k  does no t  vary a l though l a r g e  amounts 

of o i l  can be pumped through t h e  tank. The emissions d a t a  presented  i n  

Table  V I - 3  suppor t s  t h i s  hypothes is .  

Note t h a t  of t h e  l3 

This  should be  due t o  t h e  f a c t  

The o t h e r  cont inuous t anks  have l i q u i d  l e v e l  movement but  aga in ,  

t h e  measured emissions tend t o  be  s i g n i f i c a n t l y  less than es t imated  by 

t h e  API equa t ion  when us ing  t h e  volume pumped i n t o  t h e  tank.  The LACT 

t a n k ' s  level movement f l u c t u a t e s  between two set p o i n t s .  

t h e  t e s t e d  tanks ,  t h e  LACT t a n k ' s  c y c l e  was s h o r t  compared t o  t h e  

l eng th  of t h e  test; t h e r e f o r e ,  measured emissions would l o g i c a l l y  seem 

t o  be more c l o s e l y  r e l a t e d  t o  t h e  l i q u i d  pumped i n t o  t h e  tank.  

I n  each of 
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Figure  V I - 1 0  shows t h e  measured loss v e r s u s  t h e  sum of the  b rea th ing  , 

and working loss ca lcu la t ed  by t h e  API equat ion .  It is evident  t h a t  

u s ing  t h e  API equat ions  with t o t a l  volume of l i q u i d  f low can lead t o  

c a l c u l a t e d  l o s s e s  much g r e a t e r  t han  observed. Overa l l ,  measured 

hydrocarbon l o s s e s  on t h e  cont inuous working tanks were about 55 

pe rcen t  of t h e  sum of t h e  l o s s e s  c a l c u l a t e d  by t h e  AFT equat ions .  

However, r e s u l t s  a r e  somewhat b iased  by one t e s t  on Getty 5729 which 

showed extremely h igh  emissions.  If t h i s  test is excluded, then t h e  

measured l o s s e s  on 1 2  tanks a r e  only about  30 pe rcen t  of those  ca l cu la t ed  

by API 2518. 
p a i n t  f a c t o r s  and turnover  f a c t o r s  used in t h e  API equat ion  f o r  working 

tanks .  

Working Loss Versus Measured Parameters  

-. 

Table V I - 4  l ists  t h e  c a l c u l a t e d  t r u e  vapor p r e s s u r e s ,  

While t h e  API equa t ion  (F = l~,ooo 2 * 2 5  PVl$) f o r  working l o s s e s  is 

cons iderably  s impler  than i t s  b r e a t h i n g  loss c o u n t e r p a r t ,  t h e  equat ion  

can s t i l l  be broken i n t o  two p a r t s .  One p a r t  relates t o  t h e  hydro- 

carbon concen t r a t ion  i n  t h e  vapor and t h e  o the r  p a r t  relates t o  t h e  

volume of vapors  expe l l ed .  

I$.* Since  t h e  t r u e  vapor p r e s s u r e ,  P ,  and t h e  turnover  f a c t o r ,  

are t h e  terms in t h e  equa t ion  t h a t  r e l a t e  t o  t h e  hydrocarbon concen- 

t r a t i o n ,  t h e  fo l lowing  a n a l y s i s  w a s  done t o  check t h a t  r e l a t i o n s h i p .  

L inear  r e g r e s s i o n  models were r u n  r e l a t i n g  t o t a l  hydrocarbon concen- 

t r a t i o n  t o  bo th  Reid and t r u e  vapor p r e s s u r e  f o r  t h e  ba tch  and cont in-  

uous t anks  (F igures  V I - 1 1  and VI-12). R e s u l t s  tended t o  i n d i c a t e  t h a t  

t h e  t o t a l  hydrocarbon c o n c e n t r a t i o n  can be expressed a s  a f u n c t i o n  of 

e i t h e r  Reid o r  t r u e  vapor p r e s s u r e .  However, t h e  r e l a t i o n s h i p s  were 

not  as pronounced as t h e  Reid vapor  pressure-hydrocarbon r e l a t i o n s h i p  

found f o r  b rea th ing  loss t anks .  

of t o t a l  hydrocarbon c o n c e n t r a t i o n  t o  t h e  product of Reid vapor pressure  

and t h e  turnover  f a c t o r  f o r  cont inuous  t anks .  S i m i l a r l y ,  F igure  V I - 1 4  

is a p l o t  of concen t r a t ion  v e r s u s  t h e  product  of t r u e  vapor p re s su re  

and t h e  turnover  f a c t o r .  The t e s t e d  ba tch  t anks  were not  included 

on t h e  f i g u r e s  as t h e  I$. f a c t o r  is an annual ized f i g u r e  and t h e  tests 

only  recorded t h e  f i l l i n g  c y c l e s .  Comparison of F igu res  VT-11 through 

F i g u r e  VI-13 shows t h e  r e l a t i o n s h i p  
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TABLE VI-4 
.= 

CALCULATED TRUE VAPOR PRESSURE, PAINT FACTOR 
AND TURNOVER FACTOR FOR WORKING TANKS 

T r u e  V a p o r  P r e s s u r e , P  

9% 
P a i n t  F a c t o r , F  T u r n o v e r  F a c t o r  

P T e s t  No. ( p s i 4  

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 
,33 

34 

35 

36 

37 

38 

39 

0.10 

3.60 

3.90 

4.20 

7.50 

5.60 

0.50 

5.00 

2.60 

0.60 
2.50 

7.50 

7.50 

3.20 

2.40 

2.60 

0.80 

1.10 

1.00 

1.33 

1.00 

1.33 

1.20 

1.30 

1.00 

1.46 

1.46 

1.00 

1.33 

1.33 

1.33 

1.39 

1.00 

1.39 

1.39 

1.30 

0.57 

1.00 

0.45 

0.60 

1.00 

0.27 

1.00 

0.23 

1.00 

0.50 
0.40 

0.24 

0.23 

0.27 

0.50 

0.22 

1.00 

1.00 
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F I G U R E  V I - 1  
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FIGURE V I - 1 2  
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TOTAL HYDROCARBON CONCENTRATION VERSUS 
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Figure  VI-19 shows t h a t  t h e  i n c l u s i o n  of t h e  5 f a c t o r  tends t o  cause 

m o r e - s c a t t e r .  It seems t h a t  t h e  use of K t o  account f o r  unsa tu ra t ed  

vapors makes the  P 5  term an u n r e l i a b l e  p r e d i c t o r  of t o t a l  hydrocarbon 

concen t r a t ion  f o r  cont inuous t anks .  

T 

Observat ions made dur ing  tests on t h e  LACT tanks i d e n t i f i e d  

v a r i o u s  cyc le s  of t h e  LACT t ank  ope ra t ion .  It was observed dur ing  

t h e s e  tests t h a t  a s  long a s  vapor s  were being expel led  from t h e  tank ,  

t h e  concen t r a t ion  p r o f i l e  was f l a t  and t h a t  equi l ibr ium or  s a t u r a t i o n  

w a s  r e s t o r e d  very  quick ly .  It i s  t h e r e f o r e  concluded t h a t  t h e  turnover  

f a c t o r ,  5,  may not  provide  an adequate  d e s c r i p t i o n  of t h e  way i n  which 

turnover  a f f e c t s  vapor concen t r a t ion  f o r  cont inuous tanks .  

The parameter ,  V.  in t h e  API working l o s s  equat ion  is de f ined  as 

t h e  volume of l i q u i d  pumped i n t o  t h e  t a n k  i n  b a r r e l s  and i t  i s  r e l a t e d  

t o  t h e  volume of vapor expe l l ed  from t h e  tank. F igure  VI-15 shows t h e  

r e l a t i o n s h i p  of t h e  vapor volume expe l l ed  from cont inuous tanks  and t h e  

l i q u i d  f low i n t o  t h e  tank.  It should be noted t h a t  t h e s e  d a t a  are no t  

t y p i c a l l y  a v a i l a b l e  f o r  LACT t anks  a s  t h e  LACT u n i t s  record  shipments 

from t h e  tank  bu t  no record  is made f o r  flow i n t o  t h e  tank .  For LACT 

t anks ,  t h e  f low i n t o  t h e  t ank  w a s  assumed equal  t o  t h e  f low out  of t h e  

tank.  These e s t i m a t e s  of f low i n  and out  of t h e  tank ,  however, could 

va ry  by as much as t h e  volume between t h e  LACC set po in t s .  

Even though e f f e c t s  f o r  b r e a t h i n g  cannot be separa ted  out  of t h i s  

p l o t ,  F igu re  VI-15 does  show a b a s i c  t r end  f o r  t h e  r e l a t i o n s h i p  between 

t h e  volume expe l l ed  and t h e  l i q u i d  f low i n t o  t h e  tank. 

t h e  p l o t  e x h i b i t s  cons ide rab le  scatter. 

d e p i c t s  a r a t h e r  l i m i t e d  number of tests due t o  t h e  f a c t  t h a t  a l l  

seven ba tch  t ank  t'ests were unusable  f o r  a v a r i e t y  of reasons .  

f o r e ,  t h e  d a t a  base  f o r  working t a n k s  was considered too l i m i t e d  and 

A s  expec ted ,  

In  a d d i t i o n ,  F igu re  VI-15 

There- 

t o o  s c a t t e r e d  t o  e x t r a p o l a t e  t o  a g e n e r a l  r e l a t i o n s h i p  between volume 

expe l l ed  and volume pumped i n t o  t h e  tank.  A s  a r e s u l t  of t h e  l i m i t e d  

and s c a t t e r e d  data and t h e  i n t e r f e r e n c e  by b rea th ing  loss f a c t o r s ,  

no sugges t ions  can be made f o r  deve loping  a new c o r r e l a t i o n  f o r  vapor 

l o s s e s  from working tanks .  
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F I G U R E  VI-I! 
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SPECIAL TANKS SUBJECT TO PRESSURE DROP FLASHING 

.. 
There were seven tanks  i n  t h e  s t u d y  t h a t  were s u b j e c t  t o  f l a s h i n g  

or  "boi l ing"  of t h e  l i g h t  componenp due t o  t h e  upstream process  u n i t s  

b e i n g  under p re s su re .  Table VI-5 lists t h e  seven tanks ,  most of which 

normally o p e r a t e  w i t h  a vapor recovery system. Of course ,  f o r  t hese  

t e s t s ,  t h e  vapor recovery  system was d isconnec ted .  Five out  of t he  

seven t anks  t e s t e d  had much l a r g e r  emission r a c e s  than were c a l c u l a t e d  

by t h e  API equat ion  f o r  b rea th ing  and working. 

is a t t r i b u t a b l e  t o  t h e  upstream p r e s s u r e  and t h e  amount of l i g h t  ends 

i n  t h e  o i l .  It i s  d i f f i c u l t  t o  c o r r e l a t e  t he  flow r a t e ,  ope ra t ing  

parameters  and l i q u i d  a n a l y s i s  f o r  on ly  seven tanks ,  but i t  can be 

e a s i l y  seen t h a t  a s i g n i f i c a n t  adjustment  would have t o  be made i n  

t h e  API equa t ions  t o  account f o r  f l a s h i n g  off  l i g h t  ends a f t e r  a 

p r e s s u r e  drop.  Table  V I - 6  lists t h e  t r u e  vapor p r e s s u r e s ,  p a i n t  f a c t o r  

and turnover  f a c t o r s  used i n  t h e  API equat ion  f o r  s p e c i a l  t anks .  

The excess  of emissions 

An examination of t h e  measured Reid vapor p r e s s u r e  and mole-percent 

of methane in t h e  Appendix f o r  each t ank  revealed a p o s s i b l e  d i s c r e -  

pancy. Some crude  o i l s  contained a s  much a s  1.50 mole-percent of 

methane bu t  had lower Reid vapor  p r e s s u r e s  than c rude  o i l s  t h a t  contained 

less than  0.03 mole-percent. T h i s  was thought t o  be a t t r i b u t a b l e  t o  the  

f a c t  t h a t  t h e  methane may f l a s h  o f f  when t h e  Reid bomb is f i l l e d  i n  

t h e  l abora to ry .  

w a s  used t o  s i m u l a t e  t h e  Reid vapor p r e s s u r e  a n a l y s i s  f o r  f o u r  d i f f e r e n t  

c rude  oils. The program,' which i s  a v a i l a b l e  from t h e  Gas Processors  

Assoc ia t ion ,  u s e s  an i t e r a t i v e  f l a s h  p o i n t  c a l c u l a t i o n  t o  determine 

vapor l i q u i d  equ i l ib r ium f o r  g iven  tempera ture  and p res su re .  The 

t h e o r e t i c a l  Reid vapor p r e s s u r e  was taken  a s  t h e  equ i l ib r ium p res su re  

p red ic t ed  by t h e  program for a vapor  t o  l i q u i d  volume r a t i o  of 4 : l .  

I n  o r d e r  t o  check t h a t  hypothes is ,  a computer program 

Gas Processors  Assoc ia t ion  K&H Mod I1 Computer Program 
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ENGINEERING-SCIENCE - 
TABLE V I - 6  

CALCULATED TRUE VAPOR PRESSURE, PAINT FACTOR 
AND TURNOVER FACTOR FOR SPECIAL TANKS 

T r u e  V a p o r  P r e s s u r e , P  

T T e s t  N o .  (psis) P a i n t  F a c t o r , F  T u r n o v e r  F a c t 0 r . K  
P 

40 

4 1  

42 

43 

44 

45 

46 

7.30 

5 .40  

4.40 

5.80 

5.00 

2 . 6 0  

4.80 

V I - 3 2  

1 . 3 3  1.00 

1.33 0 . 2 1  

1.30 0.50 

1.39 0.76 

1.39 0.33 

1.39 0.35 
1.33 0.30 



ENGINEERING-SCIENCE (ES] - 
Two crude o i l s  had low methane c o n c e n t r a t i o n s  (0.03 and 0.19 mole 

percei i t )  and h igh  Reid vapor p r e s s u r e s  (3 .0  and 5.9 r e s p e c t i v e l y ) .  

The o t h e r  two c rudes  had high methane con ten t  ( 1 . 2 2  and 1.50 mole 

pe rcen t )  bu t  low Reid vapor p r e s s u r e s  (1.5 and 1 .3  r e s p e c t i v e l y ) .  The 

program c a l c u l a t e d  Reid vapor p r e s s u r e s  ve ry  similar t o  t h o s e  observed 

f o r  t h e  crudes con ta in ing  lower amounts of methane. However, f o r  t h e  

crudes with a high methane c o n t e n t ,  t h e  program c a l c u l a t e d  Reid vapor 

pressure v a l u e s  fou r  t o  f i v e  times l a r g e r  than t h e  measured Reid vapor 

p r e s s u r e .  Table  VI-4 l ists  t h e  measured and c a l c u l a t e d  Reid vapor 

p r e s s u r e s .  Th i s  c a l c u l a t i o n  seems t o  confirm t h e  conclus ion  t h a t  t h e  

l i g h t e r ,  more v o l a t i l e  hydrocarbons i n  t h e  crude w i l l  f l a s h  o f f  wh i l e  

f i l l i n g  t h e  Reid bomb. 

an  undependable b a s i s  f o r  e s t i m a t i n g  t h e  t r u e  vapor p r e s s u r e  f o r  those 

crudes con ta in ing  h ighe r  amounts of l i g h t  ends (methane concen t r a t ion  

greater than about 0.25 mole p e r c e n t ) .  

The re fo re ,  t h e  Reid vapor p r e s s u r e  would be 

I t  should be r e i t e r a t e d  t h a t  the API equa t ion  w a s  no t  intended 

f o r  u s e  w i t h  b o i l i n g  l i q u i d s  as t h e s e  two q u o t a t i o n s  from API 2518 

i n d i c a t e  : 

I'D. Scope 

This  b u l l e t i n  i s  t h e  r e s u l t  of a s tudy  of t h e  a v a i l a b l e  
test d a t a  on evapora t ion  loss from cone-roof tanks .  Inasmuch 
a s  t h e  test d a t a  d i d  n o t  i n c l u d e  c rude  o i l  con ta in ing  s i g n i -  
f i c a n t  amounts of e t h a n e  and methane, t h e  equa t ions  i n  t h i s  
b u l l e t i n  may or  may n o t  app ly  t o  product ion lease tanks .  
test d a t a ,  and hence t h e  r e s u l t s ,  are l imi t ed  t o  t anks  wi th  
v e r t i c a l  c y l i n d r i c a l  s h e l l s  and f i x e d  r o o f s .  The t anks  are 
s u b s t a n t i a l l y  l i q u i d  and vapor  t i g h t .  They a re  equipped wi th  
t i g h t  f i t t i n g s  and o p e r a t e  a t  approximately atmospheric pres-  
sure ."  (pg. 6) 

"Breathing Loss of Gasol ine  

The 

Breathing l o s s  may b e  de f ined  as vapor expe l l ed  from a 
t ank  because of t h e  thermal  expansion of e x i s t i n g  vapors ,  
and/or  expansion caused by barometr ic  p r e s s u r e  changes,  and/ 
or an  i n c r e a s e  i n  t h e  amount of vapor from added v a p o r i z a t i o n  
i n  t h e  absence of l i q u i d - l e v e l  change, except t h a t  which 
r e s u l t s  from b o i l i n g .  The term 'vapor '  denotes  any mixture  
of hydrocarbon vapor  and a i r .  The term 'hydrocarbon vapor '  
r e f e r s  t o  hydrocarbons i n  t h e  gaseous s ta te  independent of 
t he  presence or absence of a i r . "  (pg. 6) 
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ENGINEERING-SCIENCE - 
TABLE VI-7 

CALCULATED VERSUS MEASURED 
REID VAPOR PRESSURE 

Methane 
Concentration 

- Tank (Mole Percent) 

GATX 178018 .03 

Getty 5193 .19 

Exxon 410 1 .22  

Texaco 25024 1 .50  

Measured 
Reid Vapor Pressure 

(psi) 

3.0  

5 .9  

1 .5  

1.3 

Calculated 
Reid Vapor Pressure 

(psi) 

2.7 

6.5 

6.8 

6 . 8  

V I -  3 
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APPENDIX 

WCGA FIXED-ROOF TANK EMISSION TEST SUMMARY 



PLEE 1 OF 

WOGA F I XED-ROOF TANK EM I SS I ON T E S T  SUMMARY 

-. 
GENERAL 

OMER AMINOIL CO. OPERATOR AMINOIL 

LOCATloN HUNTINGTON BEACH TANK I O E N T l F l C A T l O N  O R  N U M B E R 2 5 6 9 7  

TANK OPERATION LACT MODE OURIN6  TEST WORKING 

- 

TANK PHYSICAL PARAMETERS 
YEAR OF CONSTRUCTION 1950 M A N U F A C T U R E R S T l P E R I O R  

COLOR OF WALL~-.LTL.'.COLOR OF ROOF W'HITE PAINT CONOlTlON GOOD 
INSULATION NO THICKNESSU?;. WALL COATING EPOXYROOF C O A T I N G  L 
STRAI 6HT WALL HE I GHT& f t .L in. 01 AMETER 2 9 - f  t .A i n. 
CAPACITY' . 2000 bbls. ROOF SLOPE 1 i n . / f t .  INTERNAL HEATER TYPE N/A 
VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITION 

PRESSURE ROOF VENT NORMAL S E T T l N G 3 . 5 i n .  H20 

CONSTRUCTION TYPE 

HYDROCARBONS 

VACUUM ROOF VENT NORMAL S E T T l N G a * i * n .  H20 

PROCESS SCHEMA1 I C  OUR ING T E S T  
,- GAS TO WLT CAS GATHERING SISTLM 

STOCK PARAMETERS 

TVPE CRUDE COMMON NAME LOWER MAIN ZONE OIL FIELD- 

RVP 2.3.  p r i a  A P I  GRAVITY 2 1 . 1 .  ' 
0.14 N2 0.19 STOCK COMPOSlTlON (Mole P e r c e n t ) :  C 0 2  

CH, 0.16 C H 0.12 C3Hg 0.56 i C 4  0.38 nc, 1.02 i C 5  0.80 n C 5 0 . 7 9  2 8  
Cg 1 - 4 3  C I  PLUS 94.41 OENSITY OF C 7  PLUS 0.9278 g/c c . 

Ib/lb-mole . API GRAVITY OF C7 PLUS 20.9 0 MOLECULAR WEIGHT OF C7 PLUS 312 

GENERAL COMMENTS RELATED TO EMISSIONS OURlN6 TEST 

The tank  level v a r i e d  from 4 feet t o  10 f e e t  as t h e  LACT pump came on and went 
o f f .  
t o  t h e  test. 
emissions f o r  each day were c a l c u l a t e d  from the ,  fo l lowing  bag samples: 
(1529 bag); 5/8 (1305 bag);  5/9 (avg. of 1340, 1500 bags) ;  5/10 (0815 bags).  

This t a n k  w a s  normally on vapor recovery  b u t  w a s  t aken  o f f  24 hours  p r i o r  
Vapor f lows are co r rec t ed  t o  s t a n d a r d  temperature.  Hydrocarbon 

5/7 

*FWKO: Free Water Knock-out 
**Not Avai lable  
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PAQE 1 OF 

WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 
GENERAL 

OWHER ATLANTIC RICHFIELD co. OPERATOR ATLANTIC RICHFIELD CO. 

LOCATION OJAI TANK I D E N T I F I C A T I O N  OR N U M B E R c 1 0 0 3  

TANK OPERATION WASH MOOE OURINC TEST STANDING STORAGE 

TANK PHYSICAL PARAMETERS 
YEAR OF C O N S T R U C T I O N . N A I A N U F A C T U R E R  NA 

COLOR OF WALL-OLOR OF RO0FBLUMINUMISPEC)PAIWT CONDITION GnOO 
l W S U L A T l O N N O N E T H I C ~ N E S S R r n .  WALL C O A T I N C L R O O F  COATIN6 “E 
STRAIGHT WALL H E I G H T L  f t . 2  in. 

CAPACITY 1000 b h l s .  ROOF SLOPE .07 i n . / f t .  INTERNAL HEATER TYPE=- 
VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITIONA?QNE 

- 

01 AMETER Lf 1 . 7  In. CONSTRUCTION T I  PE 

PRESSURE ROOF VEHT N O R M A L  S E l T l N 6 2 1 n .  H20 VACUUM ROOF VENT NORMAL S E T T I N G A U n .  H20 

PROCESS SCHEMATIC OUR I NG TEST 

STOCK PARAMETERS 

TYPE CRUDE COYMON NAME WPER OJAI O I L  F I E L D  UPPER O J A I  

RVP 1.8 p r i a  LPI GRAVITY 22.2 0 

.12 STOCK COMPOSITION (Mole P e r c e n t ) :  c o 2  - 1 4  n2 
CH4 .03 C2H8 A C 3 H g . 4 3  i C 4 . 2 9  n C 4 1 . 2 9  iC5- n C 5 2  

MOLECULAR WEIGHT OF C, PLUS 304 Ib/lb-mole API GRAVITY OF C7 PLUS 21.00 ’ 
2.28 c7 p ius  93.17 DENSITY OF C, PLUS .9271 g /cc .  e, 

GENERAL COMHENTS RELATED TO EYISSIONS DURING TEST 
No flow was monitored e i t h e r  into o r  ou t  of t h e  tank  w h i l e  t h e  tank was in the  
s t and ing  mode. Leaks i n  t h e  vapor s y s t e m  were suspected but  none could be 
de t ec t ed ;  and i f  l eaks  d i d  occur ,  they were of very  small  magnitude. The tank 
was not  s u f f i c i e n t l y  warm to warrant usage of t h e  vapor condensate system. 





PAEE 1 Of 

WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 
-. 

GENERAL 
OWNER- co- OPERATOR co- 
LOCATION CARSON TANK IDENTIFICATION OR NUMBER R-26 
TANK OPERATION (3"JoUs MODE DURING TEST WORKING 

TANK PHYSICAL PARAMETERS 
YEAR OF C O N S T R U C T I ~ N ~ - M A N U F I C T U R E R ~ T N K "  
COLOR OF WALL WHITE 
INSULATION A T H I  ClNESS-i n. !ALL COATIN6 ROOF COITING NONE 

STRiIGHT WALL l l E l G H T 4 8 f t . L 1 n .  O I A M E T E R 1 ~ f  t . L i n .  CONSTRUCTION TYPE WELDED 
CAPACITY 96,690 bblr. ROOF SLOPE NJ.4 I n . / f t .  INTERNAL HEATER TYPE No 
VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITION 
PRESSURE ROOF VENT NORMAL SETTlN6&ln. H20 

- 

COLOR OF R O O F F M I T E P A l N T  CONOlTlON GOOD 

NO 

VACUUM ROOF VENT NORMAL S E T T I N G N / A r n .  HzO 
- 

PROCESS SCHEMA1 IC OUR1 NG TEST 

SAMPLIPS 
rntN 7- 

STOCK PARAMETERS 

n p E  DISTILLATE 125 OF COYYON NAME J E T F L A S H  POINT 

REFLUX METHOD GENERAL COMNENTS RELATED TO EMISSIONS OURING TEST 
PRESSURE. mmHg TEMP. O C  

1(10 105 There was a net  decrease i n  the l iquid  l e v e l  
of Tank R-26 during each of t h e  t e s t ing  days. 
No pos i t ive  vapor f low was measured during 
the t e s t i n g  and both the continuous OVA 
analyzer and the samples analyzed on the gas 

2nn 1?1 
3no 

400- chromatograph indicated ambient hydrocarbon 
600 181 concentrations.  

757 191 
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P A G E  1 OF 

WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 
GENERAL -. - 
OWNER ATLANTIC RICHFIELD CO. OPERATOR ATLANTIC RICHFIELD CO. 

LOCATION CMC3ON TANK l O E N T l F l C A T l O N  OR NUMBER R - 4 9  

TANK OPERATION M O O €  DURING T E S T s r a N D r N G E  

TANK PHYSICAL PARAMETERS 
YEAR OF CONSTRUCTION NA MANUFACTURER NA 

COLOR OF W A L L A L U U U U B C O L O R  OF R O O F R T . P I C K P A l N T  CONOlTlON GDOD 
INSULATION YES T H l C K N E S S 2 i n .  WALL COATING " E R O O F  COATING TAR PAPER 

STRAIGHT WALL H E I G H T x f t . L i n .  O l A M E T E R 1 3 5 f t . ~ i n .  CONSTRUCTION T Y P E  N / A  

CAPACITY 101,000 b b l s .  ROOF SLOPE 0 i n . / f t .  INTERNAL HEATER T Y P E S T E A M  
VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITION NONE 

PRESSURE ROOF VENT NORMAL S E T T I N 6 J L i n .  H20 VACUUM ROOF VENT NORMAL S E T T l N G L I n .  H z O  

PROCESS SCHEMATIC OUR I NG TEST 

s- ' 

TYPE DISTILLATE COYYON NAME- FLASH P O I N T A O F  

REFLUX METHOD GENERAL COMMENTS RELATED TO EMISSIONS OURING TEST 

PRESSURE. mmHg TEMP. O C  

100 
200 

178 The low su l fur  f u e l  o i l  was continuously 

205 circulated through a fue'l system and heat ex- 
changer which maintained the stock temperature 

300 223 a t  1 5 0 ' F .  The vapor condensate system was 
not u t i l i z e d  during t h i s  test. 
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PAGE 1 OF 

WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 
GENERAL 

OWNER ATLANTIC RICHFIELD CO. OPERATOR ATLANTIC RICHFIELD CO. 

LOCATION SOLADINO FEE TANK I O E N T I F I C A T I O N  O R  NUM8ER NONE 

TANK OPERATION BATCH MODE W R I N G  TEST STANDING STORAGE 

TANK PHYSICAL PARAMETERS 
YEAR OF C O N S T R U C T l O N ~ ~ M A N U F A C T U R E R  NA 
COLOR OF WALL LT.  GRAY COLOR OF ROOF LT.  GRAY PAINT CONOlTlON GOOD 
INSULATION YES T H I C K N E S S U i n .  WALL COATING " E R O O F  COATING "E 
STRAIGHT WALL H E I G H T 1 6 f t . ~ i n .  O I A M E T E R ~ f t . ~ i n .  CONSTRUCTION TYPE BOLTED 

CAPACITY 2,000 b b l s .  ROOF SLOPE -75 i n . / f t .  INTERNAL HEATER TYPE STEAM 

VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITION 

- 

HYDROCARBONS 

PRESSURE ROOF VENT NORMAL S E T T l N G L i n .  H 2 0  VACUUM ROOF VENT NORMAL S E T T I N G N A i n .  H 2 0  

PROCESS SCHEMATIC OUR ING T E S T  

STOCK PARAMETERS 

TYPE CRUDE COMMON NAME HEAVY OIL F I E L D  CASMALIA 

RVP 0.8 p s i a  API GRAVITY 12.5 0 

.14 N2 .29 STOCK COMPOSITION ( M o l e  P e r c e n t ) :  CO2 
CH4 .06 C ~ H ~  .04 C3H8 e o 3  i C 4  -01  nC, .01 i c g  N I L  nc5- 

C 8  N I L  c, PLUS 99.42 DENSITY OF C, PLUS .9816 g h c .  

MOLECULAR WEIGHT OF C7 PLUS ' 427 Ib/ lb-tnole A P I  GRAVITY OF C7 PLUS 1 2 . 5 0  

GENERAL COMMENTS RELATED TO EMISSIONS DURING TEST 

All posi t ive  flaw data were corrected t o  standard temperature. A l l  of the  
grab samples were averaged t o  estimate t h e  concentration during the period of 
pos i t ive  flow. Vapor recovery system disconnected prior t o  t e s t .  
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PLGE 1 OF 

WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 
GENERAL - *  

OHER BEREN COW. OPERATOR BEREN C O W .  

LOCATION COMPTON TANK l O E N T l F l C A T l O N  OR N U M B E R  1336 

TANK OPERATION BATCH MOOE OURING TEST STANDING STORAGE 

- 

TANK PHYSICAL PARAMETERS 
YEAR OF CONSTRUCTI O N . ~ M A N U F A C T U R E R  CONSOLIDATED CO. 

COLOR OF WALL ALUMINUM(DIF1COLDR OF ROOF-MINT C O I O I T I O N  POOR 
INSULATION NONE T H l C K N E S S L i n .  WALL C O A T I N G N n N E R O O F  COATING “F 

STRAl BHT WALL HEIGHTJ-L  f t .A in. O I A M E T E R 2 L - f  t . 2  in. CONSTRUCTION TYPE- 

CAPACITY 1,000 bbls. ROOF SLOPE 0 i n . / f t .  INTERNAL HEATER TYPE NONE 
VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITION 

PRESSURE ROOF VENT NORMAL S E T T l N G u l n .  H,O 

NONE 

VACUUM ROOF VENT NORMAL SETTlNGL?d.ifl. H20 
~~ 

PROCESS SCHEMATIC OUR ING TEST 

STOCK PARAMETERS 

TYPE CRUDE COYMON NAME- O I L  F l E L O R o S E C R A N S  

R V P  1 . 3  p r i a  A P I  GRAVITY 35.4’ 
N? - .01 STOCK COMPOSITION ( M o l e  P e r c e n t ) :  CO2 

CH4 NIL C2HB NIL C3H8 .08 i C, .11 n C 4 . 5 9 ,  i C g . 7 6  n C 5 X  

C8 .63 c7 PLUS 96.61 . DENSITY OF C 7  PLUS -8527 g h c .  
199 Ib / lb-mole A P I  GRAVITY OF C7 PLUS ’34.3 0 MOLECULAR WEIGHT OF C 7  PLUS 

GENERAL COMMENTS RELATED TO EMISSIONS OURING TEST 
Due t o  e l e c t r i c a l  power and weather problems, only two f u l l  days of val id  data 
are avai lable ,  March 25 and 26. out of a t o t a l  o f  ten tes t ing  days. On those 
t w o  days, no flow was observed e i ther  i n t o  or out of the tank. 





P M E  1 OF 

WOGA F I XED-ROOF TANK EM I SS I ON TEST SUMMARY 

GENERAL -. - 
OMER CHAMPLIN 0 I L  OPERATOR CHAMPT.IN nTT. 
LOCATION WILMI" TANK l O E N T l F l C A T l O N  O R  NUMBER 2030D 

TANK OPERATION WASH (Dehydration) MOOE DURING T E S T W O R K I N G  

TANK PHYSICAL PARAMETERS 

ALUMINUM 
YEAR OF C O N S T R U C T l O N N / A  

COLOR OF WALL DARK GRAY COLOR OF ROOF-PAINT CONOlTlON POOR 
INSULATION N O  THICKNESS-In. WALL C O A T l N G 7 n R O O F  COATING "P 

STRAIGHT WALL H E I G H T J L f  t . 2  i n .  O I A M E T E R 3 0 f  t .> in .  CONSTRUCTION TYPE BrJLTED 

CAPACITY 2000 b b l s .  ROOF SLOPE N/A t n . / f t .  INTERNAL HEATER TYPE N/A 
VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITION 

MANUFACTURER N/A 

EPOXY - 

HYDROCARBONS 

PRESSURE ROOF VENT NORMAL S E T T I N G L U i n .  H20 VACUUM ROOF VENT NORMAL S E T T l N 6 Q L i n .  H20 
I 

STOCK PIRAMETERS 

TVPE CRUDE COMMON NAME NJA 011 F I E L D  WILMINGTON FIELD 

RVP NIA p s i a  A P I  GRAVITY 20 0 

STOCK COMPOSITION ( M o l e  P e r c e n t ) :  c 0 2  0.38 N2 1.89 

CH, 0.22 CZHg 0.15 CJHg 0.86 iC, 0.42 nC4 1.40 i C 5  0.91 .,c5= 

cs 7.28 c7 PLUS 91.45 OENSITV OF E7 PLUS 0*9369 g h c .  

MOLECULAR WEIGHT OF C7 PLUS 317 I b / l b - m o l e  A P I  GRAVITY OF C7 PLUS 79.4 ' 
GENERAL COMMENTS RELATED TO EMISSIONS DURING TEST On 3/16' .70 inches of rain f e l l .  
The approximate flow rate  through the tank was 2200 bbl/day. 
measurable vapor flow during the t w o  complete 24-hour t e s t ing  days and tank 
pressures were cons is tent ly  i n  the range of 0-0.3 in. H20. 
suspected but none were detected. 

There was no 

Minor leaks were 



W = - 
c 

W 
c 
n 

e - -  + & +  
0 0 -  

- -3  Y 
m w  o 



PAEE 1 OF 

WOGA FIXED-ROOF TANK E M I S S I O N  TEST SUMMARY 

GENERAL -. - 
OWNER CHEVRON OPERATOR CHEVRON 

LOCATION EL SEUNDO TANK l O E N T l F l C A T l O N  O R  NUMBER 281 

TANK OPERATION CONTINUOUS MOOE DURING TEST STANDING STOMGE 

TANK PHYSICAL PARAMETERS 
VEAR OF CONSTRUCTION- 1 9 1 1  HANUFACTURER STANDARD OIL  

COLOR OF WALL A L ~ I N W D I F ~ L O R  OF ROOF BLACK PAINT CONOlTlON ''OR 

INSULATION YES T H I C K N E S S U i n .  WALL COATING ROOF COATING 

STRAIGHT WALL HE1 G H T a f  t . _ B  in. DI A M E T E R L f  t . -h i  n. CONSTRUCTION TYPE N / A  

CAPACITY 33.944 b b l s .  ROOF SLOPE 0 i n . / f t .  INTERNAL HEATER TYPE STEAM 

VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITION 

PRESSURE ROOF VENT NORMAL S E T T I N G L i n .  H 2 0  VACUUM ROOF VENT NORMAL S E T T l N G L i n .  H20 

PROCESS SCHEMATIC OURING TEST 

STOCK PARAMETERS 

TYPE FUEL O I L  COMMON NAMERUNKEB r. FITFJ. n T T .  FLASH POINT UNKNoWN OF 

REFLUX METHOD 

PRESSURE. mmHg TEMP. 'C 

100 13 7 

200 166 

300 185 

400 196 

500 205 

600 215 

GENERAL COMMENTS RELATE0 TO EMISSIONS OURING TEST 

Data on March 16 was l o s t  due t o  a l e a k  
d iscovered  in t h e  tank. The tank began 
t o  w i t h d r a w  s t o c k  on t h e . l 8 t h ,  l eav ing  
only one f u l l  day ' s  d a t a  (March 1 7 )  
a v a i l a b l e  f o r  t h i s  tank .  The tank  con- 
t a ined  Bunker C f u e l  oil ( f l a s h  p o i n t  = 
1 7 7 0 F )  which r e s u l t e d  in very low con- 
c e n t r a t i o n s  of  hydrocarbons. P o s i t i v e  
f lows  from t h e  tank  were co r rec t ed  t o  
s tandard  temperature .  Reflux v a l u e s  
ranged from 100 mm HG I? 137OC t o  600 Hg 
@ 215OC. 
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PLSE I OF 

WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 

- GENERAL -. 

OWNER CHEVRON OPERATOR CHEVRON 

LOCATION EL SEGUNDO TANK I O E N T I F I C A T I O N  OR NUMBER- 

TANK OPERATION MODE DURING TEST-TNC ANn S- G 

TANK PHYSICAL PARAMETERS 
YEAR OF CONSTRUCTION 1949 MANUFACTURER m N m  
COLOR OF WALL PEACH COLOR OF ROOF PEACH P A I N T  CONDITION GOOD 

l N S U L A T l D N " E T H l C l l N E S S - - i n .  WALL C O A T I N 6 " E R O O F  COATING "E 
STRAl GHT WALL HE1 G H T J L f  t . L  in. DIAMETER 12n-1  t . R i  n. CONSTRUCTION TYPE WELDED 
CAPACITY 75,238 , b b l s .  ROOF SLOPE 0.75 i n . / f t .  INTERNAL HEATER TYPE NONE 
VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITION 

PRESSURE ROOF VENT NORMAL S E T T l N G L L i n .  H,O 
NONE 

VACUUM ROOF VENT NORMAL S E T T I N G L L ; n .  H z 0  

P R O C E S S  S C H E M A T  I C  OUR I NG TEST . - .- - . . . . . . . 
I 
I 

 AM^. .. .- .. . ..* 
L I . 9 . Z  . . ,#. 

_ I  

- 
I I '  

WANIFOLD 1 PUMP . I _ _  _ _ _  - - 1  

I NYDROFIMR I 

f UMF 

STOCK PARAMETERS 

npE DISTILLATE COMMON NAME DIESEL FLASH POINTJOF 

REFLUX METHOD 

PRESSURE, mmHg TEMP. 'C 

100 29 

200 16 3 

300 179 

400 19 5 

BENERAL COMMENTS RELATED TO EMISSIONS DURING TEST 
The t ank  was f i l l i n g  a t  an  average rate of 6400 
cfh  (or 27,430 bb l /day )  based on gaugings from 
1600 hours  on 3/12/77 t o  1300 hours  on 3/13/77. 
The f l u i d  l e v e l  i n  t h e  tank w a s  then  maintained 
a t  a c o n s t a n t  level f o r  t h e  d u r a t i o n  of t h e  
test .  On 3/12/77, i t  w a s  observed t h a t  t h e  2- 
f o o t  d i ame te r  VAREC r e l i e f  va lve  was opening a t  
p r e s s u r e s  s l i g h t l y  g r e a t e r  than  1 inch  H20. This  
was due t o  l a c k  of s u f f i c i e n t  we igh t -be ing  placed 
on t h e  l a r g e  p a l l e t  area of t h e  va lve .  The most 
r e p r e s e n t a t i v e  v a l u e s  f o r  working l o s s  volumes, 
t hen ,  a r e  t h e  measured f i l l i n g  rates f o r  3/12/77. 
T o t a l  hydrocarbon emission rates f o r  t h i s  day 
were computed from t h e  f i l l i n g  rate volumes and 
maximum d a i l y  concen t r a t ions .  
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VOIDED TEST PABE 1 OF 

WOGA FIXED-ROOF TANK E M I S S I O N  T E S T  SUMMARY 

- GENERAL - .- 
OWNERCHEVB(IN OPERATOR r" 
LOCATION LA MIMA TANK I O E N T I F I C A T I O N  O R  NUMBER &99 
TANK OPERATION ~~T~ MOOE OURING TEST WORKING 

INSULATION NONE THlCKNESS;in. WALL C O A T l N G N / A R O O F  COATING N/A 
STRAIGHT WALL H E I G H T 3 2  f t . 5  in. 01 AMETER _ P e r  1 . A  i n .  CONSTRUCT1 ON TYPE RIVETED 
CAPACITY 35.844 bblr. ROOF SLOPE i n . / f t .  INTERNAL HEATER TYPE "E 

VAPOR RECOVERY SYSTEY MAKE UP GAS COY POSITION^ 
PRESSURE ROOF VENT NORYAL S E T T I N G U i n .  H20 VACUUM ROOF VENT NORMAL SETTlNGJ&in. H20 

PROCESS SCHEMAT I C  OUR I NG TEST 

n 

STOCK PARAYETERS 

COMYON NAME BEACH 011 FIELO HUNTINGTON BEACH TYPE CRUDE 

STOCK COUPOSlTlON (Uole P e r c e n t ) :  COZ H Z  

0 RVP p s i a  A P I  GRAVITY 

CH4 C2H8 C3Hn i C, n C 4  i C5 nC5- 

C8 c 7  PLUS OENSlTY OF CJ PLUS g h c .  
Ib / lb-mole A P I  GRAVITY OF C7 PLUS 0 YOLECULAR WEIGHT OF C7 PLUS 

GENERAL COMMENTS RELATE0 TO EMISSIONS OURING TEST 
A l l  flow data corrected t o  standard temperature. Grab samples with highest 
amount of t o t a l  hydrocarbons f o r  each day used i n  emission ca lculat ions .  
Liquid sample may not be representative of sampling period; therefore,  data 
are not presented. 
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PAQE 1 OF 

WOGA FIXED-ROOF TANK EMISSION T E S T  SUMMARY 

- =  GENERAL 

OHER CHEVRON USA INC. OPERATOR-. 

LOCATION ~ E w o o D  TANK I O E N T I F I C A T I O N  OR NUMBER- 

TANK OPERATION W X H  MODE DURING TEST STANDING STORAGE 

TANK PHYSICAL PARAMETERS 
YEAR OF CONSTRUCTION 1923 MANUFACTURER- 

COLOR OF W A L L M E D . C O L 0 R  OF R O 0 F M E D . P P ) I N T  CONOITION r,nOD/PnOR 
INSULATION " E T H I C K N E S S R i n .  WALL COATING " E R O O F  COATING 

STRAIGHT WALL HE1 G H T A  f 1 . A  i n .  CONSTRUCTION TY PE- 

CAPACITY 79.200 bbls.  ROOF SLOPE .75 i n . / f t .  INTERNAL HEATER TYPE =-- 
VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITION 

PRESSURE ROOF VENT NORMAL SETTlNG&in. H20  

- 

9 h E i 7 -  
01 M E T E R  Wf t . 1  in. 

NONE 

VACUUM ROOF VENT NORMAL S E T T I N G L i n .  H20 

PROCESS SGHEMAT I G OUR I NG T E S T  

STOCK PARAMETERS 

TVPE-CRURE- COMMON NAME- OIL F l E L O B E L M o N r  
RVP 3.4 p s i s  A P I  GRAVITY 2 4 . 4 0  

STOCK COMPOSITION ( M o l e  P e r c e n t ) :  CO2 .03 .03 

.61 nC, 1.96 i c 5  1.24 n C  1 . 4 4  
N2 

5- CH4 .08 C2HB -14 C3H8 1 .12  i C 4  

CB 2.95 c7  PLUS 90.40 DENSITY OF C7 PLUS .9123 g h c .  

MOLECULAR WEIGHT OF Ct PLUS 297 I b / l b * o l e  API GRAVITV OF CI P L U S 2 3 . 5  

GENERAL COMMENTS RELATED TO EMISSIONS DURING TEST 
Flow data corrected to standard temperature. 
concentrations on each day were used to calculate hydrocarbon emissions. 
Liquid sample may not be representative of test period. 

Grab samples with the highest 

This tank retested 
May 12-16, 1977. 
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PABE 1 OF 

WOGA F I XED-ROOF TANK EM I SS I ON TEST SUMMARY 

.. 
GENERAL - 

T A M  PHYSICAL PARAMETERS 
YEAR OF CONSTRUCTION 1923 M A N U F A C T U R E R ~ S  
COLOR OF WALL E D *  GRAY COLOR OF R O O F E D .  GRAY PAINT CONOlTlON 

INSULATION NONE T H l C K N E S S O i n .  WALL C O l T l N G N o N E R O O F  COATING "E 

CAPACITY 79.200 bbls. ROOF S L O P f . 7 5  i n . / l t .  ' INTERNlL HEATER T Y P E L  

VAPOR RECOVERY SYSTEN MAKE UP GAS C O M P O S I T I O N ~ F .  

PRESSURE ROOF VENT NORMAL SETTING&in. H20 

IVETED/ STRAIGHT WALL H E I G H T 4 L L f  t . R  in. 01 M E T E R  -1  t ._LLin.  CONSTRUCTION TY PF! WET.T)ET) 

VACUUM ROOF VENT NORMAL S E T T I N G N A i n .  H20 

PROCESS SCHEMATIC OUR I NG TEST 

STOCK PARAYETERS 

TYPE,- COYYON NAME- OIL F I E L O B E L M O N T  
RVP 1 . 2  p s i n  A P I  GRAVITY 23.7 0 

.09 STOCK COMPOSITION (Mole Percent): COz *06 N2 
CH, . I8  C2H8 e 2 6  C3H8 1.84 ic, .91 ne, 2.77 i C s  1.58 n C c g n  

C8 2.41 C7 P L U S 8 8 , 1 5 .  OENSITY OF E7 P L U S A  UCC.  
MOLECULAR WEIGHT OF C7 PLUS 312 Ib/lb-mole API GRAVITY OF C7 PLUS X - 5  

GENERAL COMMENTS RELATED TO EMISSIONS OURING TEST 

Flow data for t h i s  test were corrected for temperature. Grab sample 
taken 5 / 1 3 ,  1300 was used to ca lculate  hydrocarbon emissions. 
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WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 
GENERAL -. 

O ~ E R  CHEVRON USA, I N C .  OPERATOR CHEWON 

LOCATION LAKEWOOD* CA. TANK I D E N T I F I C A T I O N  OR NUMBER 821 T E S T  111 
TANK OPERATION CoNTINUoUS MODE DURING TEST WORKING 

- 

TINK PHVSICAL PARAMETERS 
VEAR OF C O N S T R U C T I O N ~ ~ ~ ~ M A N U F A C T U R E R I $ L Y  t.f~I: Ca !I A ! 
COLOR OF WALL E D .  GRAY COLOR OF ROOF mD. GRAY PAINT CONDITION GOOn 
INSULATION NONE THICKNESS-in. WALL COATING “ E R O O F  COLTING “F: 
STRAIGHT WALL H E I G H T 3 6  f t . 2  in.  OI AIETER X f  1 . R i n .  CONSTRUCT1 ON TYPE- 

CAPACITY 63,200 b h l s .  ROOF S L O P E 1 ’ - 3 ”  i n . / f t .  INTERNAL HEATER TYPE NONE 

VAPOR RECOVERY SYSTEM M A K E  UP GAS COMPOSITION 
PRESSURE ROOF VENT NORYAL SETTlNG--in. H20 

NONE 

VACUUM ROOF VENT NORMAL S E T T l N G L i n .  H20 

PROCESS SCHEMATIC DURING TEST 

STOCK PARAYETERS 

TYPE-- COYMON N A Y E s e n r . -  OIL F I E L O B E L M O N T  
RVP 4.5 p r i a  API G A A V I T I  25.8 
STOCK COMPOSITION ( Y o l e  Percent): CO2 0.2 n2 .05 

.13 C3Hg 1.19 IC, .67 nC, 2.20 i C 5  1.31 nC5= 
V B  .07 CH4 

CB 1.93 c7 pius 90.90 OENSITV OF CI PLUS -8996 g h c .  

YOLECULAR WEIGHT OF C7 PLUS 270 Ib/lh-mole API  GRAVITV OF CI PLUS 25*6  

GENERAL COYYENTS RELATED TO EYlSSlONS OURING TEST 

The emissions were calculated by averaging the grab samples col lected during 
each exhaust cyc le .  
sample may not be representative of stock during test. 
during May 12 through 16. 

Vapor flows are corrected t o  standard temperature. L i q u i d  
This  tank retested 

. .  . 
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P A M  1 O f  

WOGA F I XED-ROOF TANK EM I SS I ON TEST SUMMARY 
GENERAL -: 

OWNER CHEVRON, USA. I N C .  OPERATOR 
- 
LOCATION LAKEWQQD- CA. TANK l O E N T l F l C A T l O N  OR NUMBER 821 TEST #2 

TANK OPERATI ON c ~ E i W " l J  MOOE DURING TEST STANDING STORAGE 

TANK PHYSICAL PARAMETERS 
YEAR OF C O N S T R U C T I O N ~ M A N U F A C T U R E R ~  
COLOR OF W A L L ~ C O L O R  OF R O O F M E D . P A l N 1  CONOlTlON GOOD 
INSULATION NONE ThlCKNESS:in. WALL COATING N O N E R O O F  COATIN6 "E 
STRAIGHT !ALL H E I G H T 3 6 f  t . 2  in. 01 AMETEA 1 1 7 1  t . L i n .  CONSTRUCTION TY PE RIVETED 

CAPACITY 63,200 h b l s .  ROOF SLOPE1'-3 in. / f t .  INTERNAL HEATER TYPE NONE 

VAPOR RECOVERY SYSTEly MAKE UP GAS COMPOSITION 

PRESSURE ROOF VENT NORMAL SETTlNG--in. HZO 
NONE 

VACUUM ROOF VENT NORMAL SETTlNG--in. H20 

PROCESS SCHEMATIC O U R  I NG TEST 

STOCK PARAYETERS 

TYPE CRUDE COYMON NAYE SEAL BEACH OIL FIELD BEU-K"T 

RVP 5.3 p s i a  A P I  BRAVITV 2 3 . 4  0 

.09 
N2 .06 

STOCK COMPOSITION ( M o l e  Percent): CO2 
.18 C2HB .26 C3Hg 1.84 i C 4  .91 ne, 2.77 i C 5  1.58 nC5- 

CH4 
2*41 c7 PLUS 88.15 DENSITY OF C7 PLUS *8944 p h c .  

I 
'8 
YOLECULAR WEIGHT OF CT PLUS 312 Ib/ lb+olB API GRAVITV OF CI PLUS 26.5 

GEWERiL COMYENTS RELATE0 TO EMISSIONS DURING TEST 
During May 12  through May 16,  t h e  tank  w a s  withdrawing s t o c k  and no f lows  were 
observed f o r  t h e  lat ter p o r t i o n  of t h e  l as t  day of withdrawal.  Only t h a t  por- 
t i o n  of t h e  test t h a t  t h e  t a n k  w a s  a t  s ta t ic  s t o r a g e  May 17.  18, 1 9 ,  vas  used 
t o  estimate s~ tand ing  s t o r a g e  emiss ions .  A l l  f low d a t a  were co r rec t ed  f o r  tem- 
p e r a t u r e .  Grab samples wi'th t h e  h i g h e s t  concen t r a t ions  were 'used t o  c a l c u l a t e  
emissions.  
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PADE 1 O f  

WOGA F I XED-ROOF TANK EM I SS I ON T E S T  SUMMARY 
-. GENERAL 

O W N E R C H E V R D N  OPERATOR- 

LOCATION EL SEGUNDo TANR I O E N T I F I C A T I O N  OR NUMBER 9407 

TANK OPERATION C O ” U O U S  

- 

MOOE DURING T E S T S T A N D I N G S T O R A G E  

TANK PHYSICAL PARAMETERS 
l E A R  OF C O N S T R U C T I O N ~ ~ . M A N U F A C T U R E R S T A N D A R D  OTT. 

COLOR OF W A L L P e A C H C O L O R  OF R O O F P E A C H P A I N T  CONOlTlON 
INSULATION NONE T H l C t i N E S S O i n .  WALL COATING NONE ROOF COATING “E 

STRAIGHT WALL HEIGHT xf 1 . 2  in. 

CAPACITY 54,120 b b l s .  ROOF SLOPE 1.0 i n . / f t .  INTERNAL HEATER TYPE NONE 

VAPOR RECOVERY SYSTEM MANE UP GAS COMPOSITION 

PRESSURE ROOF VENT NORMAL S E T T I N G L i n .  H20 

GoOD 

DIAMETER wf t . 6 i  n. CONSTRUCTION TYPE RIVETED 

NONE 

VACUUM ROOF VENT NORMAL S E T T I N G l i n .  HzO 

PROCESS SCHEMA1 IC OUR1 NG TEST 

STOCK PIRAMETERS 

n p E  DISTILLATE COMMON NAME JET cow ONENT FLASH POINTJ~F 

REFLUX METHOD GENERAL COMMENTS RELATE0 TO EMISSIONS DURING TEST 

PRESSURE, mmHg TEMP. ‘C 
Power generators provided f a i l e d  to  

100 113 produce adequate power throughout the test. 
138 However, grab samples were taken periodical ly  

when the power was avai lable  although concen- 
200 

300 153 trations were very l o w .  
400 168 

,600 184 

756 195 
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WOGA FIXED-ROOF TANK E M I S S I O N  TEST SUMMARY 
GENERAL - .- 

OWNER CHEVRON USA INC. OPERATOR 
L ~ C A T ~ O N  TOMPKINS LEASE TANK I O E N T I F I C A T I O N  OR NUMBER 25302 

TANK OPERATIOH BATCH MOOE OURING TEST %4"T1NG STORAGE 

- 

TANK PHYSICAL PARAYETERS 
!EAR OF CONSTRUCT1 O N ~ M A N U F A C T U R E R ~  

COLOR OF WALLqLUM I N U M ( D m  COLOR OF R O O F R E D P A I N T  CONOlTlON POnR 
IHSULATIOH XES T H I C K N E S S d l L B i n .  WALL C O A T l N 6 " E R O O F  COATING "E 
STRIIGHT WALL HE I G H T 1 6 f  t . A  in. 01 M E T E R  2 9 f  1 . U  in. CONSTRUCTION TYPE- 

CAPACl TI 1985 bbls .  ROOF SLOPE .50 i n . / f t .  INTERNAL HEATER TYPE- 

VAPOR RECOVERY SYSTEN MAKE UP C A S  C O M P O S l T l O N N O N E  

PRESSURE ROOF VENT NORMAL SETTING_l in .  H,O VACUUM ROOF VENT NORMAL S E T T l N G L i n .  H20 

PROCESS SCHEMA1 I C  OUR I NG TEST 

M 

STOCK PARAMETERS 

TYPE-E COYYOH NAYE- OIL FIELO .C*SMALIA 
RVP 0 . 1  @ 70°F psis A P I  GRAVITY 11.0 0 

STOCK COMPOSITION (Yols P e r c e n t ) :  c02 .30 n 2 . 0 7  
CH, .15 C2HB .02 C J H a A i C 4 . 0 1  n C 4 . 0 1 i C g -  n C g N I L  

CB N I L  c7 p i u s  99.43 OENSITY OF CI PLUS -9920 g h c .  
0 YOLECULAR WEIGHT OF C7 PLUS 508 Ib/lb-aole API GRhVITY OF C, PLUS- 

GENERAL COYMENTS RELATE0 TO E Y l S S l O N S  OURIN6 TEST 
All flow data were corrected for  temperature. 
concentration for each day was used t o  estimate that day's emissions. 
internal steam heater was operating during the t e s t .  
system was not used during t h i s  t e s t .  

The highest measured grab sample 
The 

The vapor condensate 
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PA01 1 01 VOIDED T E S T  

WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 
GENERAL -. 

OWNER m E m O N  OPERATOR 

L O C A T ~ ~ N  MOKCENSEN LEASE TANK I O E N T l F l C A T l O N  OR NUMBER 25699 

TANK O P E R A T I O N ~ € S ~ M O O E  OURING TEST G 

- 

- 
TANK 

,z5659. 

TANK PHYSICAL PARAMETERS 
YEAR OF CONSTRUCTION 1965 M A W U F A C T U R E R T R I C O R  

ALUMINUM 
COLOR OF W A L L ~ Y ~ ~ , C O L O R  of R O O F ~ - , P A I N T  CONOITION 

rn SHIPPINO 
L 

INSULATION " E T H I C K N E S S - i n .  

STRAIGHT WALL H E l G H T 1 6 f  t . 1 i n .  O l L M E T E R 2 9 f t . 8 ~ n .  CONSTRUCTION TYPE BOLTED 

CAPACITY 2,000 bbls .  ROOF SLOPE 112 in. / f t .  INTERNAL HEATER TYPE STEAM 

VAPOR RECOVERY S Y S T o l  MAKE UP GAS COMPOSITION 

PRESSURE ROOF VENT NORMAL SETTING-in. H20  

WALL COATING " E R O O F  COATING "E 

NONE 

VACUUM ROOF VENT NORMAL S E T T l N G l i n .  $0 

PROCESS SCHEMATIC OUR I N6 TEST 

STOCK PARAMETERS 

COYYON NAME SANTA MARIA VALLEY O I L  F I E L D  BRAD LEY CANY ON T I  PE C R U X  
0 RYP prlr  API GRAVITY 

STOCK COYPOSITION ( M o l s  P e r c e n t ) :  c o 2  n 2  
CH4 C2H6 C3H8 i C 4  n C 4  i C5 nC5- 

c7 PLUS . OENSITY OF C1 PLUS g/cc. 
I 

ca 
MOLECULAR WEIGHT OF C7 PLUS I h / l b ~ o l a  A P I  G R A V I T Y  OF C7 PLUS 

GENERAL COMMENTS RELATE0 TO EMISSIONS DURING TEST 

This test voided due t o  very high vapor temperatures at the sampling manifold 
(24OOP) which overloaded the condensation trap and buckled the v iny l  hoses.  
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WOGA F I XED-ROOF TANK EM I SS I ON .TEST SUMMARY 

- >  
GENERAL 

OWNER C O N O C S U U  CO. OPERATOR CONOCO 

LOCATIONKEMPI.EASB-TANK I O E N T l f l C A T l O N  OR NUMBER- 
TANK OPERATION WASH MOOE OURING TESTFiORKING 

TANK PHYSICAL PARAMETERS 
VEAR OF CONSTRUCTION 1948 M A N U F A C T U R E R U N K N O W N  

COLOR OF WALL BEIGE COLOR OF R O O F R E T G F . P A l N 1  CONOlTlON GOOD 
INSULATION YES T H l C K N E S S L i n .  WALL COATING-ROOF COATING Nln 
STRAIGHT WALL H E I G H T 2 4 f  t . 2  in. 01 A M E T E R - Z L f  1 . 6  in. CONSTRUCTION TYPE- 

CAPACITY is00 bbls. ROOF SLOPE NA i n . / f t .  INTERNAL HEATER TYPEXLFAV- 

VAPOR RECOVERY SYSTEM MAKE UP GAS C O M P D S I T I O N ~  

PRESSURE ROOF VENT NORMAL S E T T I N G k i n .  H20 

- 

VACUUM ROOF VENT NORMAL S E T T I N G J L ~ ~ .  H 2 0  

PROCESS S C H E M A T I C  OUR I NG T E S T  m F d  ,..+? 7 m K  7-a TRgK LOAD/&hYCK 

. -  ~M,--/NG p o / ~ ~  -$+.-g,-. h e y  fc  r - Sfc  .: .: ,?  r*. I , ?.?- 

. .  
STOCK PARAMETERS 

TVPE CRUDE COMMON N A M E 4 U L U i B  OIL FIELO- 
RVP 1.6 p s i  a A P I  GRAVITY 15.8 0 

STOCK COMPOSITION (Mole P e r c e n t ) :  eo* 0 . 3 4  

60% SANTA MARIA VALLEY 

0 . 0 2  NZ 
CH4 2 .24  C Z H ~  0.07 C 3 H g . 0 . 1 4  i C 4 . 0 . 0 4  n C 4 0 . 1 7  i C g U C l J  n C 5 U  

0 . 0 6  c, PLUS 96.70 DENSITY OF C7 PLUS 0.9550 UCC. CE 
MOLECULAR WEIGHT OF C7 PLUS 356 I b / l b i n o l a  API GRAVITY OF C, PLUS 16.5  0 

GENERAL COMMENTS RELATED TO EMISSIONS OURING TEST 
A l l  flow data corrected t o  standard temperature. 
recovery system prior t o  t e s t i n g .  
hydrocarbons for each day used i n  emission ca lculat ions .  

Tank disconnected from vapor 
Grab samples with highest amount of t o t a l  
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PADC 1 Of 

WOGA F I XED-ROOF TANK EM I ss I ON TEST SUMMARY 

- GENERAL .= 

O ~ E R  EDGINGTON O I L  CO. OPERATOR EDGINGTON O I L  TEST #1 

LOCATION 

TANK OPERATION MOOE OURINS TEST-CF 

S I G N A L  W- TANK I O E N T I F I C A T I O N  OR NUMBER- 

TANK PHYSICAL PARAMETERS 
YEAR OF C O N S T R U C T l O N ~ . M A N U F A C T U R E R  SOUTHWEST WELDING MFG. CO. 

COLOR OF W A L L W H I T E C O L O R  OF R O O F W H I T E P A I N T  CONOlTlON 
IMSULATION NONE THICKNESS-in. WALL COATING NONE ROOF COATING "E 
STRAIGHT WALL HE1 GHT& f t . 2  in. 

CAPACITY 100,000 b b l s .  ROOF SLOPE 0.75 i n . / f t .  INTERNAL HEATER TYPE NONE 

VAPOR RECOVERY SYSTEM HAKE UP GAS COMPOSITION 

PRESSURE ROOF VENT NORMAL S E T T l N G 3 . 4 7 i n .  H20 

GOOD 

OIAMETER m f  1 . 2  in. CONSTRUCTION TY PE WELDED 

NONE 

VACUUM ROOF VENT NORMAL S E T T l N G d L i n .  H20 
~ 

PROCESS SCHEMATIC OUR I NG TEST 

STOCK PARAYETERS 

TYPE CRUDE COYYON NAYE WILMNGTON OIL FIELO- 
R V P L p r i  a A P I  GRAVITY 1 8 . 5 0  DEVELOPMENT 

STOCK COMPOSITION ( M o l e  P e r c e n t ) :  c o 2  - N z  - 8 0  

CH4 .16 C2H8 2, C J H o . 4 4 .  i C 4 . 3 3  n C 4 A  i C 5 . 6 4  n C 5 A  

Cg 1.05 C 1  P L U S 9 4 . 8 2 .  DENSITY OF C, P L U S 9 4 . 7 4  g/W. 

MOLECULAR WEIGHT OF C, PLUS 317 Ib/lb-iUOlE A P I  GRAVITY OF C l  PLUS 1 7 - 7  0 

GENERAL COMNENTS RELATED TO E Y l S S l O N S  OURING TESl 

Sing le  test  day of d a t a  a v a i l a b l e  (2/23/77).  
d a t a  co r rec t ed  t o  s tandard  temperature.  
day were a v e r a g e d t o o b t a i n  a t o t a l  hydrocarbon concent ra t ion  
emission c a l c u l a t i o n s .  
t he  tank dur ing  t h e  test. 

Raining dur ing  test .  A l l  f low 
The grab samples taken dur ing  t h e  test 

for use  i n  
Liquid sample may n o t  be  r e p r e s e n t a t i v e  of l i q u i d  i n  

This tank r e t e s t e d  May 9-12, 1977. 
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I 
WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 

-: 
GENERAL 

OWNER EDGINGTON OIL CO. OPERATOR EDGINGTON O I L  

LOCATION SIGNAL HILL. CA. TANK I O E N T I F I C A T I O N  OR NUMBER- 

TANK OPERATION BATCH M O O E  OUR I NG TEST S T A N D I N W E  

- 

TANK PHYSICAL PARAYETERS 
YEAR OF C O N S T R U C T I O N ~ M A N U F A C T U R E R  SOULWJEST FlELDING & WG- CO. 

COLOR OF WALL WHITE COLOR OF ROOFWHITE-PAINT CONOlTlON Gnon 

INSULATION NONE THICllNESS--in. WALL COATING N O N E R O O F  COATING "E 
STRAIGHT WALL H E I G H T 4 8  f t . O i n .  D I I M E T E R m f t . O i n .  CONSTRUCTION TYPEULRER-- 

C A P A C I T Y u L p . 0 0 0  b b l s .  ROOF SLOPE 0.75 in. / f t .  INTERNAL HEATER TYPE--. 
VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITION 

PRESSURE ROOF VENT NORMAL S E T T l N G 3 . 4 Z i n .  H70 

NONE 

VACUUM ROOF VENT NORMAL S E T T l N G A i n .  HzO 
~ 

PROCESS SCHEMAT I C  O U R  I NG T E S T  

STOCK PARAYETERS 

TYPE CRUDE COMMON NAYE WILMINGTON 
RVP 0.5 p s i a  A P I  GRAVITY 18.6  0 

STOCK COMPOSITION ( Y o l s  Percsnt): 

0 1 1  FIELOLONG BEACH O I L  
DEVELOPMENT 

C02 0.08 M i a 0 8  
C H ~  0.13 c2H8 0.06 CJHB 0.31 iC, 0.21  n C 4 0 . 6 0 i C g 0 . 4 7 n C 5 - P J e  

'8 
MOLECULAR WEIGHT OF C7 PLUS 3 16 I b / l b - m o l e  A P I  GRAVITY OF CT PLUS 19.7 ' 

0.95 c7 plus 96.61 . DENSITY OF C, PLUS 0.9347 g h c .  

GENERAL COMNENTS RELATE0 TO EMISSIONS DURING TEST 

Rained on f i r s t  day of test (5 /10/77) .  
i n o p e r a t i v e  du r ing  bo th  days of test ,  5/10, 5/11/77.  A l l  vapor flow d a t a  were 
c o r r e c t e d  f o r  temperature .  The grab  samples f o r  each day of test were averaged 
t o  o b t a i n  t o t a l  hydrocarbon concen t r a t ions  f o r  emissions c a l c u l a t i o n s .  

Ai r - in  p o s i t i v e  displacement meter 
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P A U  I 01 

WOGA F I XED-ROOF TANK EM I SS I ON T E S T  SUMMARY 
GENERAL 

O ~ E R  EDGINGTON O I L  CO. OPERATOR EDGINGTON 

LOCATION N *  LONG BEACH TANK I D E N T I F I C A T I O N  OR NUMBER 12005 

TANK OPERATI ON C O N T I N U O U S  

TANK PHYSICAL PARMETERS 
YEAR OF C O N S T R U C T I O N ~ N A N U F A C T U R E R ~  
COLOR OF WALL WHITE COLOR OF ROOF P A I N T  CONOlTlON GoOD 

I N S U U T I O N  NONE T H I C K N E S S z . x n .  WALL COATING N/* ROOF COATING N / A  

STRAISHT WALL H E I S H T 4 5 f t . ~ i n .  D l A M E T E R 4 2 f t . 6 i n .  CONSTRUCTION TYPE WELDED 

- 
M O D E  OURIHS T E S T W O R K I N G  

CAPACITY 12,000 b b l s .  ROOF SLOPE 0.75 In . / f t .  INTERNAL HEATER TYPE NO 

VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITION 

PRESSURE ROOF VENT NORMAL S E T T I H S 3 . 4 7 n .  H20 

NO 

VACUUM ROOF VENT NORMAL S E T T l N G O d 1 n .  H20 

PROCESS SCHEMA1 I C OUR I NG TEST 

@Pa' 

FROM 'UMLING h!!O /N 
p / 5 7 / L  LATION 
COLUMN 

STOCK PARAMETERS 

T'TPE- COMMON NAME J U W L U S  nT'. FLASH POINT-OF 

REFLUX METHOD GENERAL COMMENTS RELATE0 TO EMISSIONS DURING TEST 

Vapor f low data were corrected t o  standard 
100 151 temperature. A l l  grab samples showed only 

a trace of hydrocarbons'or less due probably 
t o  the r e l a t i v e l y  low mole percent of l i g h t  
ends present i n  diesel  gas o i l .  

PRESSURE, r n H ~  TEMP. 'C 



LL 
0 
0 

I 
0 
w 
% 

U 

U 
c1 
0 
B 

a 

- 

Y z 
4 c 

v) 

v) 
r 
2 
4 z 
4 

- 

2 
I 

- 
c + c M 

0 0  
v u  !!I N N  



mat i of VOIDED T E S T  

WOGA FIXED-ROOF TANK E M I S S I O N  T E S T  SUMMARY 

GENERAL -. - 
OWNER EDGINGTON O I L  CO. OPERATOR EDGINGTON O I L  

LOCATION N. LONG BEACH TANK I O E N T I F I C A T I O N  O R  NUMBER- 

TANK OpERAflON CONTINUOUS P I P E L I N E  MOOE DURING TEST WORKING 

TANK PHYSICAL PARAMETERS 
YEAR OF C O N S T R U C T I O N 1 9 5 9 M A N U F A C T U R E R  N / A  

COLOR OF W A L L L C O L O R  OF ROOF WHITE PAINT CONOlTlON GOOD 
INSULATION NONE THICKNESS-In. WALL C O A T I N G N O N E R O O F  COATINS N/A 
STRAIGHT WALL H E I S H T 4 5 f t . l l i n .  0 I A M E T E R L f t . L i n .  CONSTRUCTION TYPE- 

CAPACITY 30.000 bbls.  ROOF SLOPE 3/4”/11n./ft .  INTERNAL HEATER TYPE STEAM 
VAPOR RECOVERY S Y S T f U  MAKE UP GAS COMPOSITlONJQ,NE 

PRESSURE ROOF VENT NORMAL S E T T I N G l A Z l n .  H20 VACUUM ROOF VENT NORMAL S E T T I N G - ~ J I ~ .  H20 

PROCESS SCHEMATIC OUR I NG TEST 

STOCK PARAMETERS 

TYPE C w D E  

RYP 1.5 p t i a  A P I  GRAVITY 18.3 

COMMON N A M E b U l i . U G T O N  OIL FIELOLONG BEACH O I L  
DEVELOPMENT 0 

. 1 2  

20 -56 i c 5  a35 ne5- 36 CH4 C2Hg .09 CgHg e33 iC4.- n C 4  

MOLECULAR WEIGHT OF C7 PLUS 339 I b / l b - n o l e  API GRAVITV OF C7 PLUS 18*3 

N2 .09 STOCK COHPOSlTlON (Hole P e r c e n t ) :  C 0 2  

Cg  . 51  C7 PLUS 97 .28 OENSITY OF C 7  PLUS .9435 g/c c . 

GENERAL COMMENTS RELATE0 TO EYISSIONS OURING T E S l  
Due t o  undiscovered r u s t e d  h o l e s  i n  t h e  roof which undoubtedly prevented a 
leak- t igh t  s e a l  e s p e c i a l l y  du r ing  pe r iods  of  maximum f i l l i n g  r a t e s ,  the ne t  
vo lumetr ic  i n p u t  t o  t h e  t a n k  w a s  cons idered  t o  b e  a b e t t e r  estimate of t h e  
vapor flow than  t h e  metered volumes. Bag samples r e p r e s e n t i n g  t h e  h ighes t  
concen t r a t ions  were used t o  compute HC concen t r a t ions .  
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WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 
GENERAL -: 

OWNER EXXON OPERATOR EXXON 

L O C A T l O N A L U U G U &  CA- 
TANN OPERATION LACT MODE OURING TEST WORKING 

- 
TANK I D E N T I F I C A T I O N  OR NUMBER- 

0 
T A M  PHYSICAL PARAMETERS 
YEAR OF C O N S T R U C T I ~ ~ . ~ M A N U F A C T U R E R ” ~ ~ . ~  

PAINT CONDlTlON GOOD 
EPOXY COLOR OF WALL-COLOR OF ROOF LT. BLUE 

INSULATION YES T H l C K N E S S ~ i n .  WALL COATING -ROOF COATING “E 
STRAIGHT WALL HE1 GHT 24 f 1 . 1  in. O I M E T E R  A f  t.&i n. CONSTRUCTION TYPE WELDED 
CAPACITY 3.000 b b l s .  ROOF S L O P E 1 . 2 5 i n . / f t .  INTERNAL HEATER TYPE- 
VAPOR RECOVERY SYSTEM MAKE UP GAS C O M P O S I T I O N ~ O N S  

PRESSURE ROOF VENT NORMAL S E T T I N G l b i i n .  H20 VACUUY ROOF VENT NORMAL S E T T I N G u I n .  H20 

PROCESS SCHEMATIC OUR I NG TEST 

STOCR PARAMETERS 

TYPE-- COMMON NAME- OIL FIELD- 
R v P L P s i  a A P I  PRAVITY lh.7’ 
STOCK COYPOSITION ( M o l s  P e r c a n t ) :  C02 0.28 N2- 

CH, 1.22 C2HB 0.17 C3Hg 0.37 i C 4 0 . 2 1  nC,0.43iC50.28nC+?2i 

a 
0.13 C, PLUS 96.57 DENSITY OF CJ PLUS 0.9578 g h c .  CB 

MOLECULAR #EIGHT OF Cl PLUS 393 Ib/lb+Ole API GRAVITY OF CI P L U S A I  

GENERAL COMMtNTS RELATE0 TO EMISSIONS DURING TEST 

This  tank normally f i l l e d  cont inuous ly  with t h e  l e v e l  vary ing  between 5 f e e t  and 
6 f e e t .  Thfs t ank  was disconnected from the vapor recovery system dur ing  t h i s  
test. Vapor f lows  were co r rec t ed  t o  s tandard  temperature.  Hydrocarbon emissions 
were c a l c u l a t e d  f o r  e a c h  day from t h e  fo l lowing  bag samples: 3/30 (1745 bag) ;  
and 3/31 (0815 bag.)  The e n t i r e  test w a s  conducted 
wi th  t h e  vapor  condensate system and r e f r i g e r a t i o n  u n i t  i n  ope ra t ion  w i t h  a 
t o t a l  of 60 l b s  of condensate c o l l e c t e d  throughout t h e  test .  
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PAS€ 1 OF 

WOGA FIXED-ROOF TANK E M I S S I O N  TEST SUMMARY 

- GENERAL .= 

OWNER GATX OPERATOR -CATX 

LOCATION CARSON TANK I O E N T I F I C A T I O N  OR NUMBER 8ooo2 
TANK OPERATION NODE DURING TEST STANDING STORAGE 

TANK PHYSICAL PARAMETERS 
YEAR OF CONSTRUCT I ON 1923 MANUFACTURER- 

COLOR OF WALL WHITE COLOR OF R O O F B L A C K P A I N T  CONDITION GoOD 
INSULATION THlCKNESS-!?-in. WALL COATING NONE ROOF COATING OIL AND sAUl 
STRAIGHT WALL H E I G H T 4 1  f 1 . 1 0  in. 
C A P l C l T Y  76.800 bbls. ROOF SLOPE 0 in . / f t .  INTERNAL HEATER TYPE NONE 

VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITION NONE 

PRESSURE ROOF VENT NORMAL S E T T I N G 1 i n .  H,O 

DIAMETER 1 1 7 1  t . 2  i n. CONSTRUCTION 11 PE RIVETED 

VACUUM ROOF VENT NORMAL S E T T I N G 1 i n .  H20 

I PROCESS SCHEMATIC DURING TEST NJA 

STOCK PMAMETERS 

N P E  DISTILLATE COYYON NAME F U E L F L A S H  POINT 167 O F  

REFLUX METHOD GENERAL COMMENTS RELATED TO EMISSIONS OURING TEST 

PRESSURE, mmHg 

100 

200 

TEMP. ‘C 
158 

186 

Only one f u l l  24-hour period, March 9 ,  was 
avai lable  f o r  use i n  the emission calculations 
since t h e  vapor pos i t ive  displacement meter 
had to be taken out of service and general 
maintenance performed on March 8 .  
f l o w s  were corrected t o  standard temperature. 

A l l  vapor 
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PlEE 1 OF 2 

WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 
-. GENERAL 

OWNER GATX O P E R A T O R G A T X  
LOCATION 
TANK OPERATION B ~ T C H  MODE DURING TEST- 

- 
80006 TANK IDENTIFICATION OR NUMBER CARSON 

TANK PHYSICAL PARAMETERS 
VEAR OF CONSTRUCT1 O N ~ ~ M A ~ U F A C T U R E R ~ ' ,  
COLOR OF WALL 
INSULATION NONE THICKNESS-in. WALL COATING-ROOF COATING "E 
STRAIGHT WALL HE1 G H T s f  t . 2  in. OI AMETER t . 2 i n .  CONSTRUCTION 11 P E R I V E r E n  
CAPACITY '76.800 bhls. ROOF SLOPE 0.0 in./ft. INTERNAL HEATER TYPE- 
VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITIONJWNE 
PRESSURE ROOF VENT NORMAL SETTINGJ.-in. H20 

PROCESS SCHEMATIC DURING TEST N / A  

COLOR OF ROOFBLACK-PAINT CONDITION GoOD 

VACUUM ROOF VENT NORMAL S E T T l N G A i n .  H20 

VOIDED TEST 

I STOCK PARAMETERS 

TYPE ~~~E COMMON NAME ELK HILLS CRUDE 011 FIELD- 
RVP p s i a  API GRAVITY 0 

STOCK COMPOSITION (Mole Percent) :  CO2 N2 
CZHB C3H8 iC4 "4 i C5 nC5- C"4 

C8 c7 PLUS DENSITY OF CJ PLUS g/cc. 
0 MOLECULAR WEIGHT OF CI PLUS Ib / lb+ole API GRAVITY OF CI PLUS 

GENERAL COMMENTS RELATED TO EMISSIONS OURING TEST 
Test voided due t o  e l e c t r i c a l  power f a i l u r e  a t  tank. 
data taken. 

No l iquid or vapor 
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?ARE 1 OF 

WOGA FIXED-ROOF T A N K  E M I S S I O N  T E S T  SUMMARY 
GENERAL -. - 
OWNER GATX TST OPERATOR GATX 

LOCATION CARSON TANK l O E N T l F l C A T l O N  OR NUMBER- 
TANK OPERATION BATCH MOOE OURING TEST STANDING STORAGE 

TANK .PHYSICAL PARAMETERS 
YEAR OF C O N S T R U C T l O N ~ M A N U F A C T U R E R w E s r e n N p * p e T F F ~ -  
COLOR OF WALL WHITE COLOR OF R O O F W H I T E P I I N T  CONOlTlON GoOD 

INSULATION NONE T H l C K N E S S L l n .  WALL C O A T l N G N n N E R O O F  COATING "E 
STRAl6HT WALL HE I GHT 2 f t .E in. CONSTRUCT1 ON TYPE RIVETED 
CAPACI TY76.800 b b l a .  ROOF SLOPE-&in./ft. INTERNAL HEATER TYPE- 

VAPOR RECOVERY SYSTEM M A K E  UP GAS C O M P O S I T I O N l U b ! E  

PRESSURE ROOF VENT NORMAL S E T T l N G ~ i n .  H20 

D I  A M E T E R u f  t . 2 1  n. 

VACUUM ROOF VENT NORMAL S E T T I N G L i n .  H20 

PROCESS SCHEMA1 IC OUR I NG TEST 

STOCX PARAMETERS 

TYPE CRUDE 
RYP-P s i a 
STOCK COMPOSITION ( M o l e  P e r c e n t ) :  CO2 

COMMON NAME BEKATAI OIL F I E L D  FOREIGN 

API GRAYITV ,Ao 

CH4 .O3 c p e  .IO C3Hg .78 i C , . A .  n c 4 1 . 6 3 i C 5 1 . 4 8  n C g L L 2 -  

cg 2.09 c, PLUS 91.96 OENSITY OF CI PLUS ,8306 g h c .  
Ib/lb-mole API Gt lAVITY OF C, PLUS 7 0 MOLECULAR WEIGHT OF C7 PLUS 171 

GENERAL COlMENTS RELATED TO EMISSIONS DURING TEST 

A l e a k  w a s  de t ec t ed  i n  t h e  manifold adap te r  dur ing  t h e  morning of February 15 
wi th  t h e  r e s u l t i n g  flow d a t a  cons idered  s u s p e c t  and t h e r e f o r e  not  included 
i n  t h e  emission summary. 
samples, which were averaged,  were used t o  estimate t h e  emissions on February 
16. A l l  f l o w  d a t a  were co r rec t ed  t o  s t anda rd  temperature .  

The OVA s t r i p  c h a r t  malfunct ioned and only  t h e  bag ' 
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PLBE 1 OF 

WOGA F I  XED-ROOF TANK EM I SS I ON TEST SUMMARY 
-: GENERAL 

OWNER GATX OPERATOR CATX 
LOCATION CARSON TANK I D E N T I F I C A T I O N  OR NUMBER 178013 TEST NO* 1 
TANK OPERATION i%UCfi MOOE OURING TEST STANDING STORAGE 

- 

T A M  PHYSICAL PARAMETERS 
!EAR OF C O N S T R U C T I O N , ~ M A N U F A C T U R E R ~ ~  
COLOR OF WALL WHITE COLOR OF ROOF GRAY PAINT CONDITION GOOD 

INSULATIOM NONE T H l C K N E S S A i n .  WALL C O A T I N G N O N E R O O F  COATING "E 

STRAIGHT WALL N E l G H T 4 1 f t . 6  in. D l W E T E R 1 Z T f t . 3 i n .  CONSTRUCTION TYPE- 

CAPACITY 170,880 b b l s .  ROOF SLOPE 0 i n . / f t .  INTERNAL HEATER TYPE NONE 

VAPOR RECOVERY SYSTEM MAKE UP GAS COYPOSITION 

PRESSURE ROOF VENT NORMAL S E T T l N G L i n .  H20 

NONE 

VLCUUM ROOF VENT NORMAL S E T T I N G L i n .  H20 

PROCESS SCHEMA1 IC OUR I NG TEST 

STOCK PARMETERS 

TYPE CRUDE COMYON NAME ESCRAVoS OIL F I E L 0 F O R E T r . N  
0 RVP 5 . 2  p s i a  API GRAVITY 43.1 

N2 - N I L  STOCK COlPOSlTlON (Yols Percent) :  C 0 2  
CH4 N I L  C ~ H ~  ,nA C 3 H 8 L  i C 4 J +  nC4% i C 5 3 . 0 5  n C 5 2 d L  

4.06 cl p ius  85.31 DENSITY OF cT PLUS 3 2 6 5  g h c .  C8 
I YOLECULlR WEIGHT OF C, PLUS 167 Ib/lb-nlole API GRAVITY OF C 1  P L U S 3 9 . 5  

GENERAL COMMENTS RELATED TO EMISSIONS OURING TEST 
A l l  vapor flow data corrected t o  standard temperature. 
the highest t o t a l  hydrocarbon concentrations were used to  ca lculate  hydro- 
carbon emissions. 
t i m e  of tes t ing;  therefore,  t h i s  tank tes ted  again May 18-20, 1977.  

Grab samples exhibit ing 

Liquid sample may not be representative of stock in tank a t  
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PAEL 1 OF 

WOGA F I XED-ROOF TANK EM I SS I ON TEST SUMMARY 

GENERAL -: - 
- OPERATOR GATX 

TANK OPERATION BATCH MODE OURING TEST STANDING STORAGE 

OWER GATX 

LOCATION CARSON TANK I O E N T I F I C A T I O N  OR NUMBER 1781113 TEST NO. 2 

TANK PHYSICAL PARAMETERS 
VEAR OF CONSTRUCTION 1923  MANUFACTURER^ 

COLOR OF WALLAUUE-COLOR Of R O O F c R a v P A l N T  CONOlTlON - 
l N S U L A T l O N " E T H I C K N E S S - ( L i n .  WALL COATING " E R O O F  COATING "E 
STRAIGHT WALL HEIGHT& f t . 6  in. Ol AMETER Uf t . 9 i n .  CONSTRUCTI ON TY PE- 
CAPACITY 170.880 bbls .  ROOF SLOPE 0 i n . / f t .  INTERNAL HEATER TYPE NONE 

VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITION 

PRESSURE ROOF VENT NORMAL S E T T l N G L i n .  H7O 

NONE 

VACUUM ROOF VENT NORMAL S E T T I N 6 1 i n .  H20 

PROCESS SCHEMA1 IC OUR ING TEST 

STOCK PARAMETERS 

TYPE- COMMON NAME ESCRAvoS O I L  F I E L O F O R E I G N  

RVP 5.5 

STOCK COMPOSITION ( M a l e  P e r c e n t ) :  C02 

psia A P I  G R A V I T I  34.9 0 

.02 n2 .14 

CH4 . . 0 3 C 2 H a  .15 C j N a 1 . 5 8  i C 4 1 . 2 1 1  nC4- iC5- n C 5 1 S a  

Ca 
4.16 c7 p i u s  86.10 . DENSITY OF C7 PLUS -8528 g h c .  

I MOLECULAR WEIGHT OF C7 PLUS 179 I b / l b ~ o l e  API  6RAVITY OF C7 PLUS '3' '3 

GENERAL COMMENTS RELATED TO EMISSIONS DURING TEST 
A l l  vapor flow d a t a  c o r r e c t e d  t o  s t anda rd  temperature .  Grab samples e x h i b i t i n g  
t h e  h i g h e s t  t o t a l  hydrocarbon concen t r a t ions  were used t o  c a l c u l a t e  hydrocarbon 
emissions.  Vapor flow d a t a  c o l l e c t e d  on May 17 had t o  be voided due t o  t h e  
t ank ' s  roof v e n t s  opening du r ing  t h e  test .  
deemed v a l i d .  

Data f o r  May 18 and 19. 1977 were 
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WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 
GENERAL -. 

OIIWER GATX OPERATOR GATX 

LOCATION CARSON TANK I O E N T l F l C A T l O N  OR NUMEERl78015 

TANK OPERATION 

- 

MOOE O U R I N 6  TEST STANDING STORAGE 

TANK .PHYSICAL PARAMETERS 
YEAR OF CONSTRUCTION- 1923 MMUFACTURER- 

COLOR OF WALL WHITE COLOR OF R O O F r J H I r E P A l N T  CONOlTlON GoOD 

I N S U L A T l O N ~ ~ T H l C K N E S S o i n .  WALL C O A T I N 6  " E R O O F  COATING "E 
STRAIGHT VAL1 HE1 GHT f t.& in. OlAMETERJ&f t . 9 i  n. CONSTRUCTION TYPE BTVETF.TI 
C A P A C I T y 1 7 0 , 8 8 0  bbls.  ROOF SLOPE 0 in . / f t .  INTERNAL HEATER TYPE NONE 

VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITlON 

PRESSURE ROOF VENT NORMAL S E T T I N 6 1 _ i n .  H2U 

NONE 

VACUUM ROOF YEWT NORMAL SETTINGi,in. H20 

PROCESS SCHEMA1 IC OUR I NG TEST 

STOCK PARAYETEkS 

TVPE C"l COYYON NAME ATTAKA O I L  F I E L O F O R E I G N  

RVP 0 . 4  p r i a  A P I  4 R A Y I l I  24.1' 
12 - .09 STOCK COYPOSITION (Yola Percent): to2  

cn4 L C ~ H ~  NIL C3Hg .a1 i C 4  T r a c e  " 4 ' 0 1  i C 5 ' 0 1  n C 5 A  

MOLECULAR WEIGHT OF C7 PLUS 342 Ib/lb-mola API GRAVITY OF C7 PLUS 24 .2  

.09 C I  PLUS 99.44  OENSITY OF C7 PLUS p h c .  
0 

cg 

GENERAL COMMENTS RELATED TO EMISSIONS DURING TfST 
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PLBL 1 OF 

WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 
GENERAL -: 

OWNER GATX OPERATOR GATX 

LOCATION CARSON TANK I D E N T I F I C A T I O N  OR N U M B E R 1 7 8 0 1 8  

TANK OPERATION BATCH MODE OURING TEST- 

- 

TANK PHYSICAL PARAMETERS 
YEAR OF C O N S T R U C T I O N ~ M A N U F A C T U R E R  %%XERN P w  
COLOR OF WALL WHITE COLOR OF R O O F B L A C K P A I N T  CONDITION 

INSULATION NONE T H l C K N E S S d - i n .  WALL COATING " E R O O F  COATIN6  DEMoNTI0 

STRAIGHT WALL H E I G H T 4 L f t . A i n .  DIlNETERJZift.-Pin. CONSTRUCTION TYPE- 

CAPAClTYJ70 .880  b b l s .  ROOF S L O P E ~ L i n . / f t .  INTERNAL HEATER TYPE- 
VAPOR RECOVERY SYSTEM MAKE UP GLS COMPOSITION NONE 

PRESSURE ROOF VENT NORMAL S E T T I N G _ h i n .  H20 VACUUM ROOF VENT NORMAL S E T T l N G L i n .  H20 

PROCESS SCHEMATIC OUR ING TEST 

STOCK PARAMETERS 

TYPE CRUDE COMMON NAME LWKM'AI O I L  FIELO FOREIGN 

RYP 2 . 0  p s i a  A P I  GRAVITY 40.5 

0.07 N2 0.06 STOCK CONPOSITION (Mole P e r c e n t ) :  CD2 
CH4 -03  C ~ H B  -08 c3n8 .60 i C 4 . L  n C 4 1 . 0 h  it5& n C 5 L - U  

3 w  

3.35 c, p i u s  92.07 . OEHSITY Of CI PLUS *8291 g h c .  ce 
YOLECULlR WEIGHT OF CT PLUS 170 lb/ lb-molu API 6RAVlTV OF C 1  PLUS 

GENERAL COMMENTS RELATED TO EMISSIONS OURING TEST 
Bag samples taken a t  1200 and 1500 on February 15 were used t o  estimate the 
emission rate. 
t h i s  day. Flow-out on Februazy 16 occurred from 0900 t o  1100 wi th  t h e  grab 
sample taken a t  1200 used t o  estimate t h e  emission s i n c e  i t  was most represen- 
t a t i v e  of t h e  period of p o s i t i v e  flow. 

Flow out of t h e  tank occurred during the period 1000 t o  1400 on 
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PA8E 1 01 

WOGA F I XED-ROOF TANK EM I SS I ON TEST SUMMARY 

GENERAL _?. - 
GETTY O I L  CO. OPERATOR GETTY O I L  CO. OWNER 

LOCATION SEAL W TANK I O E N T l F l C A T l O N  OR NUMBER 1SR7 

TANK OPERATION CONTINUOUS MOOE OURING TEST- 

TANK PHVSICLL PARAMETERS 
l E A R  OF CONSTRUCTION- MANUFACTURER NONE AVAILABLE 

COLOR OF R O O F A P A I N T  CONDITION GOOn 
PALL COATING E P n x v R O O F  COATING NONE 

COAL TAR 
COLOR OF WALLTAN 

INSULATION " E T H I C K N E S S A i n .  

STRAIGHT WALL HEIGHT& I t . A  in. O I A M E T E R 2 2 - f  1 . A  in. CONSTRUCTION TYPE- 

CAPACITV 1000 b b l s .  ROOF S L O P E J " I 1 '  i n . / f t .  INTERNAL HEATER TYPE NONE 

VAPOR RECOVERV SYSTEM MAKE UP 6AS C O M P O S l T l O N ~  

PRESSURE ROOF VENT NORMAL SETTING__Lin. H20 

WELDED/ 

VACUUM ROOF VENT NORMAL S E T T I N G L i n .  H20 

U 
GAS TRAPS LACT PUMF I 

STOCK PARAMETERS 

TVPE CRUDE COMMON NAME NfA OIL FIELO- 

nvP 3.0 p r i a  API SRAVITV 2 6 . 1 0  

STOCK COMPOSITION ( M o l e  P e r c e n t ) :  e o 2  nz - .04 

CH4 .34  C2HB C 3 H 8 & i C 4 . 2  n C 4 ' 7 8  i C 5 2  n C 5 A  

.86 c7 PLUS 95.84 DENSITV OF C7 PLUS -9010 g h c .  
1 

CB 
MOLECULAR WEIGHT OF CJ PLUS 2 76 I b / l b ~ O l e  API GRAVITY OF CJ PLUS 25-4 

GENERAL COMMENTS RELATED 10 EYlSSlONS OURING TEST 
This tank normally v a r i e s  i n  s tock  depth between 5 and 
connected t o  a vapor recovery system but i t  was disconnected a t  l e a s t  24 hours 
p r i o r  t o  t h e  t e s t .  Vapor flows were cor rec ted  t o  standard temperature. Calcu- 
l a t e d  hydrocarbon emissions f o r  May 8 were determined from the  bag sample taken 
a t  0947 PST. No v a l i d  emission information was obtained p r i o r  t o  May 8 due  t o  
a crack i n  the  manifold PVC piping r e s u l t i n g  i n  a loss of pressure and a power 
outage a t  t h e  l ea se .  

7 f e e t .  T h i s  tank is 
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PAQE 1 OF 

WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 

i 

GENERAL 

OWNER- OIL OPERATOR CETTY 
LOCATION LLOYD LEASE TANK I O E N T I F I C A T I O N  O R  NUMBER 5779 

TANK OPERATION LACT MODE DURING TEST- 

- 

TANK PHYSICAL PARAMETERS 
YEAR OF CONSTRUCTION BEFORE 1965 MANUFACTURER- 

COLOR OF WALL B E I G E  COLOR OF R O O F R E T C r P A l N T  CONDITION r.Mn 
INSULATION No THICKNESS-in. WALL C O A T I N G B U B B E R O O F  COATING "E 
STRAIGHT WALL HE I G H T L  f 1 . 0  in. 01 AHETER 4 L f  t . A i n .  CONSTRUCTION TYPE- 

CAPACITY . 5000 bbls. ROOF SLOPE 1 i n . / f t .  INTERNAL HEATER TYPE.- 

VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSlTlON 

PRESSURE ROOF VENT NORMAL S E T T I R G L i n .  H20 

HYDROCARBONS 

VACUUM ROOF VENT NORMAL S E T T l N 6 L i n .  H20 

PROCESS SCHEMAT I C  OUR I NG TEST 
GAS To CONPRLSS 

-SAMPLING W l N T  OIL  

I- 

" 
- TANA 
-* OIL 

2yLTM CWDL - 
U - FWK8 

STOCK PARAMETERS 

TYPE CRUDE COMMON N A Y E V E N T U R n  OIL FIELD VF"Ql Am- 
RVP 5.5 pria A P I  GRAVITY 30.1 0 

0.01 N2 0.02 
STOCK COMPOSITION ( Y a l e  P e r c e n t ) :  C02 

CH, 0.09 C2Ha 0.16 C3Hg 1.57  i C 4  0 .91  n C 4 3 . 1 8 i C 5 2 . 2 5 n C g a  
, 

Ca 4-42 C7 PLUS 84.78 DENSITY OF C7 PLUS 0.8768 g/cc. 

YOLECULAR WEIGHT OF C7 PLUS 250 Ib/lb-male A P I  GRAVITY OF C7 PLUS -- a 

GENERAL COYMENTS RELATE0 TO EMISSIONS DURING TEST 

This t ank  normally f i l l e d  cont inuously w i t h  t h e  level vary ing  between 3 f e e t  
and 6 f e e t .  This t ank  w a s  u s u a l l y  on vapor recovery b u t  was disconnected 7 2  
hours p r i o r  t o  t h e  test. Vapor flows were c o r r e c t e d  t o  s tandard  temperature 
and a l s o  f o r  condensate.  
vapor condensate system and a r e f r i g e r a t i o n  u n i t  w i t h  a t o t a l  of 136 l b s  of 
condensate measured dur ing  t h e  test .  
emissions were determined from t h e  fo l lowing  bag samples: 
4/6 (1200 bag) ; and 4/7 (1130 bag) .  

Themount of condensate w a s  determined us ing  t h e  

Calculated t o t a l  hydrocarbon and methane 
4 /5  (0730 bag) ;  
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PlUf 1 OF 

WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 
- GENERAL -. 

OWNER GETTY OIL CO. OPERATOR c.ETTy 

LOCATION LLOyeLE$sE TANN I D E N T I F I C A T I O N  OR N U M B E R r 7 9 7  

TANK OPERATI ON >ASH MODE DURING T E S T l d R R U N C  

TANK PHYSICAL PARMETERS 
YEAR OF C O N S T R U C T I O N B E F O R E Y A N U F A C T U R E R ~  
COLOR OF WALL LT. GRAY COLOR OF ROOF.-$APT CONDITION GoOD 

INSULATION YES T H I C K N E S S L ! n .  WALL COATING E e o x l R O O F  COATING 
STRAIGHT WALL H E I G H T 3  f t . 2  in. 01 AMETER 3 8 f  t . 7 1  n. 

CAPAClTYjl ,oOO bbls.  ROOF SLOPE~-in./ft. INTERNAL HEATER TYPE- 
VAPOR RECOVERY SYSTEM MhNE UP GAS COMPOSITION 

PRESSURE ROOF VENT NORMAL S E T T I I G L i n .  H20 

CONSTRUCTION 11 PE BOLTED 

~DROCARBONS 

VACUUM ROOF VENT NORYAL S E T T l N G L i n .  H20 

PROCESS SCHEMATIC OUR I NG TEST 
S TO COMPRE55OR 

PIPELINE m WlLLLTT r4NY FhP. 

I STOCK PARAYETERS 

T V P E S  COMMON NAME VENTURA AVE CRUDE OIL F I E L D  V E N T W  AVE 

RVP 5.9 p r i a  A P I  GRAVITY 30.0 0 

0.06 N2 0.02 
2 46 C H ~  0.19 c,ps 0.17 C ~ H ~  1 .61 0.91 nc4 3.14 I c5 2-12 nc5; 

'8 
MOLECULAR WEIGHT OF C7 PLUS 252 Ib/lb-mole 

STOCK COMPOSITION ( M o l e  P e r c e n t ) :  co2 

3 . 6 0  CT PLUS 85.72 DENSITY OF C7 PLUS 0.8859 g/cc.  
0 28.1 API  GRAVITY OF C, PLUS 

GENERAL COYMENTS RELATE0 TO EMISSIONS DURING TEST 
The tank w a s  equipped w i t h  a vapor recovery system which w a s  disconnected 72 
hours p r i o r  to t e s t i n g .  
removed the fol lowing day on Apr i l  9 .  
1300 hours at which time i t  w a s  terminated.  

Due t o  low flow condi t ions ,  t h e  condensate t r a p s  were 

A l l  vapor flows were corrected t o  
The test  proceeded u n t i l  Apr i l  11 a t  
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P M E  1 OF 

WOGA FIXED-ROOF TANK E M I S S I O N  TEST SUMMARY 
. ~ .  -. 

GENERAL 
OWHER GETTY O I L  CO. OPERATOR GET'JT 

LOCATION WILLIAMS HOLDING TANK IOENTIFICATION OR NUMBER 9682 
TANK OPERATION WASH MOOE DURING TEST WORKING 

- 

TANK PHYSICAL PARAMETERS 
YEAR OF C O N S T R U C T I O N ~ M A N U F A C T U R E R ~  

COLOR OF WlLLXEIU!N-COLOR OF R O O F U P A I M 1  CONOlTlON 
INSULATION U Q Q T H I C K N E S S - i n .  WALL COATING -ROOF COATING "E 
STRAIGHT WALL HE1 GHT 24 f t . 1  in. O I A M E T E R 3 0 f  t . O i  n. CONSTRUCT1 OH TYPE BOLTED 
CAPACITY 3000 bbls. ROOF SLOPE 1 in./ft. INTERNhL HEATER TYPE ~~~ 

VAPOR RECOVERY SYSTEU MAKE UP GAS COMPOSITION 
PRESSURE ROOF VENT NORMAL SETTlNGNONEin. H20 

COAL TAR 

NOT APPLICABLE 

VACUUM ROOF VENT NORMAL S E T T l N G W i n .  H20 

STOCK PARAMETERS 

TVPE 
RvP-psia 1PI GAIYITY 
STOCK COUPOSITION ( M o l e  Percent) :  

COMMON NAME OIL FIELD CAT -ON 

co2 0.19 N 2 0 , 0 4  

CH, 0.73 CZHB 0.02 C3Hg 0.06 iC4 0.07 nC, 0.26 iCs 0.25 n C s m  

Ca 0.14 CT PLUS 98-04 DENSITY OF CI PLUS 0.9892 g/cc. 

MOLECULAR WEIGHT OF C7 PLUS 487 Ib/lb-molo API GRAVITY OF CI PLUS 11.4 

GENERAL COMMENTS RELATED TO EMISSIONS OURING TEST 
Due t o  space r e s t r i c t i o n s ,  only t h e  vapor meter ing  system was connected dur ing  
t h e  test. Therefore ,  no a i r - i n  d a t a  were obta ined  dur ing  t h i s  test. A l l  t h e  
hours of d a t a  (66) ga thered  du r ing  t e s t i n g  was u t i l i z e d  i n  t h e  c a l c u l a t i o n  of 
emissions.  A t o t a l  of 59 l b s  of condensate was c o l l e c t e d  i n  t h e  vapor t r a p s .  
This mass of condensate was converted t o  SCF and proport ioned between t h e  four 
test d a t e s .  All vapor flows were co r rec t ed  t o  s tandard  temperature .  
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PAEE I OF 

WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 
GENERAL - 
O ~ E R  GETTY OIL-CO. OPERATOR GETTY OIL CO. 

LOCATIONVENTURGTANK IOENTIFICATION OR NUMBER 5571-19 

TANK O P E R A T l O N J i A ”  MOOE OURING TEST WIIRKTNC 

TANK PHYSICAL PARAMETERS 
YEAR OF CONSTRUCTION BEFORE 19h5 MANUFACTURER UNKNOWN 
COLOR OF WALL WHITE COLOR OF ROOF WHITE PAINT C O N O l l l O N  GOOD 
INSULATION NO THICKNESS-in. WALL COATING &ROOF COATIN6  TAR 
STRAIGHT WALL HE1 G H T X f  t . 2  in. CONSTRUCT1 ON TY PE RTVETED 

CAPACITY 55,000 b b l s .  ROOF SLOPE 0 i n . / f t .  INTERNAL HEATER TYPE- 
VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITION NO 
PRESSURE ROOF VENT NORMAL S E T T l N @ m n .  H20 VACUUM ROOF VENT NORMAL S E T T l N 6 U i n .  H20 , 

OlAMETER&f t . O i n .  

PROCESS SCHEMA1 I C  OUR I NG TEST 

STOCK PARAYETERS 

T Y P E S  COMMON NAYE VEN TUFA OIL FIELO- 

RVP 5.0 p t i a  API GRAVITY 30’ 
.07 NZ - STOCK COMPOSITION (Mole P e r c e n t ) :  COZ 

.24 CZHa . I 2  CjHB 1.35 i C 4  .75 nC, 3.25 i C 5  1.70 2 29 
CH4 
cg 3.37 c 7  PLUS 86.81 O E N S I T I  OF C I  PLUS o-8886 g/c c . 
MOLECULAR WEIGHT OF CI PLUS 272 Ib / lb iT iO le  A P I  GRAVITV OF C7 PLUS 27 .h  0 

GENERAL COMYENTS RELATED TO EMISSIONS DURING TEST 

On 4/12/77 and 4/13/77, vapor  volumes of 59,600 and 54,955 scf  were metered. 
Problems were experienced in main ta in ing  tank pressure below t h e  2 .20  i n c h  
H20 gauge s e t t i n g  of t h e  relief va lve .  
c a l l y  d i sp l aced  were computed from t h e  l i q u i d  f low r a t e s  i n t o  t h e  t ank ,  
volumes w e r e  101.000 and 63,000 s c f ,  r e s p e c t i v e l y .  

The volume of vapors  which were physi-  
These 

Re l i e f  v a l v e s  were opening. 
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PIEL 1 Of 

MWUNG 

- POI N 1% 

WOGA FIXED-ROOF TANK E M I S S I O N  TEST SUMMARY 
GENERAL 

OWNER GETTY O I L  COMPANY OPERATOR GETTY OIL 
LOCATION W1LLET-T TANK FARM TANK I OENTI F I CAT I ON OR NUMBER 80712 
TANK OPERATION Wl'CH MODE DURING TEST WORKING ( F I L L I N G )  

TANK PHYSICAL PARAMETERS 
YEAR OF CONSTRUCTION PRIOR T O  1965 MANUFACTURER NA 

COLOR OF W A L L B E I G E E C O L O R  OF R O O F R E T r . E P A l N T  CONDITION 
INSULATION NONE THICKNESS-in. WALL COATING NONE ROOF COATING "E 
STRAIGHT WALL H E I G H T S  f t.- in. OIAMETER Uf t . O i  n. CONSTRUCTION T I  PE- 

- 

GoOD 

CAPACITY 80.000 bhls. ROOF SLOPE e I n . / f t .  INTERNAL HEATER TYPE-, 

VAPOR RECOVERY SYSTEY MAKE UP GAS COMPOSITION HYDROCARBONS 

PRESSURE ROOF VENT NORMAL S E T T l N G I i n .  H20 VACUUM ROOF VENT NORMAL S E T f l N G L I n .  $0 

I 

PIPfLINL 

80712 TO MARINE T€RMlNAL 
TANH 

STOCK PARAYETERS 

TYPE CRUDE COYYON NAY€- OIL FIELD- 

R V P 5 . 7 p  s i a 

STOCK COMPOSITION (Mo le  P e r c e n t ) :  

API GRAVITY ~3no 
c o 2 . 1 1  N 2 . 0 1  

CH4 .14 C2H8 .11 CJH8 1.48 i C ,  . 7 1  n C 4 3 . 3 0 i C 5  1.23 n C 5 1 . 7 8  

Cg  1.82 C7 PLUS 89 31 . DENSITY OF C7 P L U S . 8 9 2 4  ~ c C .  

YOLECULAR WEIGHT OF C7 PLUS 26.9 Ib/ lb+iOIE A P I  G R A V l T l  OF CI P L U S - 2 6 - 9  0 

GENERAL COMMENTS RELATED TO EMISSIONS DURING TEST 
The vapor recovery system on t h e  tank was bl inded off during t h e  test. 
pressure  r e l i e f  valve,  which was between t h e  tank and t h e  b l i n d ,  w a s  not  
weighted and w a s  observed t o  have opened on 4/15/77. It was then sea l ed  o f f  t o  
prevent  the l o s s  of hydrocarbon vapors. 
test with t h e  turb ine  meter and t h e  metered volumes of vapor were s i g n i f i c a n t l y  
below the 13,500 bbl/day l i q u i d  f i l l i n g  rate. 
were computed from t h e  ca l cu la t ed  flow rates (based on l i q u i d  flow) r a t h e r  
than on the metered volumes. 

A 

Problems were experienced during t h e  

THC and CH4 emission rates, then, 

Rel ief  va lves  w e r e  opening. 
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PAEL 1 OF 

WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 

- 7  
GENERAL 

OWNER GETTY OIL OPERATOR -GEXIJ 011. 
LOCATION RECW-TIT FEE TANK I O E N T I F I C A T I O N  O R  NUMBER -42 - 25 

- 
TANK OPERATION BATCH MOOE OURING T E S T S T A N D I N G F  

TANK PHYSICAL PARAMETERS 
YEAR OF C O N S T R U C T I O N ~ ~ ~ A N U F A C T U R E R  N A  

COLOR OF W A L L G R E E N C O L O R  OF R O O F r . R E P N P A l N T  CONDITION 

INSULATION NONE T H l C K N E S S O i n .  WALL COATING " E R O O F  COATING "E 
STRAIGHT WALL HEIGHT&f  t . L  in. CONSTRUCT1 ON T I  PE WELDED 
C A P A C l T Y 1 7 n  bbls. ROOF SLOPE 2 in. / f t .  INTERNAL HEATER T Y P E J D N L  

VAPOR RECOVERV SYSTEM MAKE UP GAS COYPOSITION 

PRESSURE ROOF VENT NORMAL SETTING-Q-in. H20 

01 A M E T E R 1 L f  t . 1 i  n. 

NONE 

VACUUM ROOF VENT NORMAL S E T T I N G R i n .  H20 

PROCESS SCHEMATIC DURING TEST 

STOCK PARAMETERS 

TYPE CRUDE COMNON NAME VEIWURA CRUDE OIL F I E L D  VENl'URA 

RVP 4 . 1  p s i a  A P I  GRAVITV 29.9' 
0.08 N2 0.01 STOCK COMPOSITION (Mole P e r c e n t ) :  c o 2  

CH4 0.03 CZHs 0.05 C3Hg 0.85 i C 4  0.63 n C 4 2 . 3 8 i C 5 - n C 5 Z L L  

4.04 c, p i u s  87.73 OENSITY OF Ci PLUS 0.8812 g /cc .  C8 
0 MOLECULAR WEIGHT OF C7 PLUS .249 Ib/lb-mole A P I  GRAVITY OF CI PLUS 78 .9  

GENERAL COMMENTS RELATED TO EMISSIONS DURING TEST 
It  was the smallest tank C170 bbsl)  i n  the study and was the best  constructed. 
The tank had been previously used a s  a pressure v e s s e l  and. therefore,  any 
possible  leaks would have occurred i n  the test equipment. 
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PABE 1 OF 2 

- - 
LAC7 
TANK 

WOGA F I XED-ROOF TANK EM I SS I ON TEST SUMMARY 
GENERAL _ -  

OWNER MOBIL OIL C O W .  OPERATOR A ! U L  
LOCATION S A N T A F E S  TANK I O E N T I F I C A T I O N  OR NUMBER- 

TANK OPERATION MOO€ DURING TEST WORKING 

TANK PHYSICAL PARAMETERS 
NA MANUFACTURER YEAR OF CONSTRUCTION NA 

BLACK PAINT CONDITION GOOD ALUMINUM 
COLOR OF WALL--COLOR OF ROOF 

INSULATION NO THICKNESS-in. WALL C O A T l N G N / A R O O F  COATING N/A 
STRAIGHT WALL H E I 6 H T 1 6 f  t . 1  i n .  01 AHETER &I t . 8 i n .  CONSTRUCTION TYPE- 

CAPACITY 2000 bb ls .  ROOF SLOPl-in./ f t .  INTERNAL HEATER TYPE- 
VAPOR RECOVERY SYSTEY NAKE UP GAS CONPOSITION 

PRESSURE ROOF VENT NORMAL SETTING_(LIJn. H20 

- 

HYDROCARBONS 

VACUUM ROOF VENT NORMAL S E T T I N 6 3 h i n .  H20 

PROCESS SCHEMA1 IC OUR I NG TEST 

- 
STOCK PARAMETERS 

O I L  FlfLD- TVPE CNJDE COMMON NAME FE SPRINGS 

R v P L p s i a  A P I  GRAVITY 30.0' 
STOCK COMPOSITION (Main Percent): e o 2  0.05 N2 0.03 

Cg 2-85 C1 PLUS 92-19 DENSITY OF Cy PLUS 0.8716 p h c .  

CH4 0.20 C2Hg 0.23 C3Hu 0.69 i C 4  0.47 nC4 1.09 i C 5 & , n c c g x  

E MOLECULAR WEIGHT OF C7 PLUS 228 Ib / lb-mola API 6RAVlTY OF C7 P L U S B - '  

GENERAL COMMENTS RELATED TO EMISSIONS OURING TEST 

This tank normally was on 
vapor recovery but was taken off 72 hours prior to t e s t ing .  
are corrected t o  standard temperature. 
calculated from the following bag samples: 
and 3/20 (1020 bag on 3/19). 

Vapor flows 
Hydrocarbon emissions for each day were 

3/18 (1000 bag); 3/19 (1020 bag); 
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PAEE 1 O f  

PROCESS SCHEMA1 I C  OUR I NG TEST 

- 
WASH 

PflE5SIJRE = 2; F 2 I G  
CRUD€ P W K P  WIT 

CRU0.E Q Z ’ F  

SAMPLING POINT 
WA TE I r w t . - -  :.: :; + FR€E YYATi93 UNKK-OUT LACT PUMP 

WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY . 
GENERAL 

OWNER MOBIL OIL--CORP. OPERATOR MnRTT. 
LOCATION SANTA FE S P R I N G S  TANK I O E N T I F I C A T I O N  O R  N U M E E R 3 0 1 ( 5 5  

TANK OPERATION WASH MODE DURING TEST W-G 

- 

TANK PHYSICAL PARAMETERS 
YEAR OF CONSTRUCTION- MANUFACTURER UNKNOWN 

STOCK PARAYETERS 

TVPE CRUDE COMMON MAYE SANTA FE S P R I N G S  O I L  FIELD- 
RVP 4 . 3  psra API GRAVITY 31.6 0 

.06 4 .10 STOCK COMPOSITION ( Y o l s  P e r c e n t ) :  C 0 2  
CH, .66 C2H8 .36 C 3 H 8 L  iC4& “4- i C 5 l . o s  nC5,L11L 

YOLECULAR WEIGHT OF C7 PLUS 226 Ib/ lb-mole A P I  GRAVITY OF C7 PLUS 3 0 . 2  

C8 2 - 6 9  C7 PLUS 91 .42  DENSITY OF C7 PLUS .8740 g h c .  

GENERAL COMMENTS RELATED TO EMISSIONS OURING TEST 
This  tank ,  normally on vapor  recovery,  w a s  t aken  o f f  7 2  hours  p r i o r  t o  t e s t i n g .  
The vapor condensate  system and r e f r i g e r a t i o n  u n i t  were a c t i v a t e d  s i n c e  t h e  stock 
w a s  kept  a t  110’F. N o  condensate  was measured i n  t h e  vapor t r a p s  a t  t h e  end of 
t e s t i n g ,  however. 
t railer w a s  i n a d v e r t e n t l y  disconnected.  

Vapor flows were co r rec t ed  t o  s t anda rd  tempera tures .  

Data on May 6 were i n v a l i d a t e d  because t h e  power t o  t h e  
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VOIDED TEST PABE 1 OF 

WOGA FIXED-ROOF T A N K  EMISSION TEST SUMMARY 
GENERAL - 
OwER MOBIL OIi-COW. OPERATOR MOBIL O I L  COW. 

LOCATION TORRANCE. CA. TANK I O E N T I F I C A T I O N  O R  NUMBER 800x127 

TANK OPERATION CONTINUOUS MOOE DURING TEST WORKING 

TAN[ PHYSICAL PARAMETERS 
YEAR OF CONSTRUCTION UNKNOWN MANUFACTURER UNKNOWN 

COLOR OF WALL BEIGE COLOR OF R O O F B E I G E P A I N T  CONDITION N/A 
INSULATION N O N E T H I C K N E S S - i n .  WALL COATING -E ROOF COATIN6  "E 
STRAIGHT WALL H E l G H T ~ f t . 9 . 5 i n .  0 I A M E T E R ~ f t . L l n .  CONSTRUCTION TYPE N I A  
CAPACITY 80,000 b b l s .  ROOF SLOPE N/A i n . / f t .  INTERNAL HEATER TYPE N f A  

VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITION N/A 

PRESSURE ROOF VENT NORMAL S E T T l N G N / A i n .  H20 VACUUM ROOF VENT NORMAL S E T T l N G U I n .  H20 

PROCESS SCHEMA1 1 C OUR I NG TEST 

400-~fe,  1 0  P S ~ A  

STOCK PARAMETERS 

TYPE DISTILLATE COMMON NAME VACUUMFLASH P O I N T N / A ~ F  

REFLUX METHOD GENERAL COMMENTS RELATED TO EMISSIONS DURING TEST 

PRESSURE, m m H g  TEMP. OC 
The p o s i t i v e  displacement  meter on t h e  vapor 
s i d e  s e i z e d  du r ing  t h e  tes t  and no vapor flow was 
metered. 
gaugings.  The bag samples  c o l l e c t e d  dur ing  t h e  
test e x h i b i t e d  a uniform, low THC concen t r a t ion .  
As only  one of t h e s e  samples w a s  taken dur ing  
a per iod  when t h e  t ank  w a s  under p o s i t i v e  
p r e s s u r e ,  and t h e  OVA u n i t  w a s  o f f - l i n e  f o r  s e r -  
v i c i n g ,  m a s s  hydrocarbon emissions f o r  t h e  tank 
could not  b e  c a l c u l a t e d  wi th  any l e v e l  of confi- 
dence. 

Vapor output  w a s  es t imated  based on 

L 
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VOIDED TEST PAEE I OF 

WOGA FIXED-ROOF TANK E M I S S I O N  TEST SUMMARY 
GENERAL 

OWNER MOBIL OTL COW. OPERATOR MOBIL 

LOCATION TANK l O E N T l F l C A T l O N  O R  NUMBER 900x2 

TANK OPERATION ~ N T I N U O U S  MODE OURING TEST WORKING 

- 

TANK PHYSICAL PARAMETERS 
YEAR OF CONSTRUCTION UNKNClWN MANUFACTURER UNKNOWN 

COLOR OF WALL WHITE COLOR OF ROOF WHITE P A I N T  CONOlTlON N/A 
INSULATION NONE 1HlCINESS;in. WALL COATING NONE ROOF COATINS W N E  

STRAIGHT WALL H E I G H T 4 3  f t . 1 0  in. 

CAPACITY 90.000 b b l s .  ROOF SLOPE 3 / 4  i n . / f t .  INTERNAL HEATER TYPE N / A  

VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITION 

PRESSURE ROOF VENT NORMAL S E T T l N S ~ i n .  H20  

01 A M E T E R L Z e f  t . O i  n. CONSTRUCTI ON TY P E L  

N/A 

VACUUM ROOF VENT NORMAL S E T T I N G N L i n .  H 2 0  

I PROCESS SCHEMATIC DURING TEST 

STOCK PARAMETERS 

DISTILLATE COMMON NAME GAS OIL FLASH POINT N / A  OF 

REFLUX METHOD GENERAL COMYENTS RELATED TO EMISSIONS DURING TEST 

PRESSURE, mmHg TEMP. OC The vapor recovery system on t h e  tank had 
no t  been d isconnec ted  f o r  a s u f f i c i e n t  amount 
of t i m e  p r i o r  t o  t h e  tes.t. 
carbon concen t r a t ions  measured dur ing  t h e  test- 
i n g  program were not  r e p r e s e n t a t i v e  of tank  
vapor l o s s e s .  Valid flow d a t a  w a s  received f o r  
each of t h e  days t h e  meter ing system was on- 
l i n e .  However, emission r a t e s  could, not  be 
c a l c u l a t e d  due t o  t h e  inadequate  p repa ra t ion  
of t h e  tank .  The t e s t  d a t a  were voided f o r  
t h i s  tank. 

Consequently, hydro- 
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PAQE 1 OF 

WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 

- 2  

GENERAL 
OWNER SHELL OIL CO. OPERATOR- nTT. Cn. TEST 

L O C A T l O N R R E n .  CA 

TANK OPERATION CONTINUOUS MOOE OURING TEST-G 

- 
TANK IDENTIFICATION O R  N U M B E R 5 5 0 5 4  

TANK PHYSICAL PARAMETERS 
YEAR OF CONSTRUCTION 1g5& MANUFACTURER HORTON TANK 

COLOR OF WALL WHITE COLOR OF R O O F W H I T E P A I N T  CONOlTlON GOOD 
INSULATION NONE T H I C K N E S S z i n .  WALL COATING NONE R O O F  COATING NONE 

STRAIGHT WALL HE1 GHT- f t . A  in.  01 AMETER &?!?.f t . L i  n. CONSTRUCTION TI PE WELDED 
CAPACITY 55,000 bbis. ROOF SLOPE 1 in./ft. INTERNAL HEATER TYPE NONE 

VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITION 
PRESSURE ROOF VENT NORMAL SETTlNG.86in. H,O 

NOT I N  USE 

VACUUM ROOF VENT NORMAL S E T T I N G a i n .  H20 

PROCESS SCHEMATIC OUR I NG TEST 

STOCK PARAYETERS 

TYPE-- COYYON NAN€- OIL FIELO- 
R V P L P S l a  API GRAVITY Lo 

0.17 N2 STOCK COMPOSITION ( M o l e  Psrcsnt): CO2 0.09 

CNq 0.19 C2H8 0.05 C3Hg 0.24 iC, 0.12 nC, 0.46 i C 5 0 . 3 5 n C 5 m  

c, 0.56 CT PLUS 97.38 OENSITY OF C7 PLUS 0.9559 g/CC. 
YOLECULAR WEIGHT OF C7 PLUS 389. Ib/lb-mols API BRAVITY OF C, PLUS 16.5 

GENERAL COMMENTS RELATED TO EMISSIONS DURING TEST 
All f l o w  corrected t o  standard temperature. 
representative of t e s t ing  period. 

Liquid sample may n o t  be 
This tank retested  May 20-23. 1977. 
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PA8L 1 OF 

WOGA F I XED-ROOF TANK EM I SS I ON TEST SUMMARY 

- GENERAL -: 

M E R  COS O P E R A T O R 2 H E U .  nTT. c.0. TEST #7 

LOCATION BREA. CA- TANK IOENTIFICATION OR NUMBER 55OS4 
TANK OPERATION CONTINUOUS MOOE O U R I N G  TEST- 

TANK PHYSICAL PARAMETERS 
YEAR OF CONSTRUCTION 1954 MANUFACTURER HORTON TANK 
COLOR OF WILL WHITE COLOR OF ROOF WHITE PAINT CONOlTlON GOOD 
INSULATION NONE THlClNESS;in. WALL COATING " E R O O F  COATING J U N E  

STRAIGHT WALL H E l G H T 4 0 f t . P _ i n .  O I A M E T E R & X L f t . L I n .  CONSTRUCTION TYPE2d%REL- 
CAPACITY 55.000 hbls. ROOF SLOPE l"/l' i n . / f t .  INTERNAL HEATER TYPE- 
VAPOR RECOVERY SYSTEM MAKE U P  GLS COMPOSITION NOT IN USE 

PRESSURE ROOF VENT HORMAL SETTING&ln. H20 VACUUM ROOF VENT NORMAL SETTING&1n. HzO 

PROCESS SCHEMATIC OUR I NG TEST 

c__ 

PLLINL TANK 

STOCK PARAMETERS 

TVPE CRUDE 
RVP-Psia API GRAVITY Lo 
STOCK COMPOSITION (Mole Percent): 

- COMMON NAME- 011 FIELD- 

C O 2 . 0 7  N2- 
CH4 .12 C2H8 .06 CJH8 .52 iC, .31 nC,1.27iC5-nC5,h91 

1.46  C7 PLUS 376 DENSITV OF CI PLUS .9546 g/c c . 
t 

CE 
MOLECULAR WEIGHT OF C7 PLUS 376 Ib/lb-mals API GRAVITV OF C7 PLUS 16.6 

GENERAL COMMENTS RELATED TO EMISSIONS DURING TEST 
On 5/21/77, the relief valves on the tank opened due to an excessive pressure 
drop across the meters thereby voiding test data for this day. Vapor flow rates 
on 5 / 2 2 / 77 were corrected tc standard temperature. 
highest THC concentration were used to compute daily hydrocarbon concentrations. 

The bag samples with the 
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WOGA F I XED-ROOF TANK EM I SS I ON TEST SUMMARY 

- =  GENERAL 

OWNER 
L O C A T I O N ~ P A I T L A . T A N K  IOENTIFI CAT1 ON OR NUMBER- 

TANK OPERATI ON 4 8 c T  

T A M  PHYSICAL PARAMETERS 
YEAR OF CONSTRfiU- FO M A N U F A C T U R E R s u p E R r a a  

COLOR OF WALL (DIFFUSE) COLOR OF ROOF BL(DIFFUSE) PAINT CONOlTlON GOOD 
INSULATION N O T H I C K N E S S - I n .  WALL COATING &,ROOF COATING N/n 
STRAIGHT WALL HEIGHT-K,f t .J ln.  O l A M E T E R 2 l f t . A i n .  CONSTRUCTION TYPE- 
CAPACITY 1000 bb ls .  ROOF SLOPE 1 I n . / f t .  INTERNAL HEATER TYPE N I A  
V l W R  RECOVERY SYSTEY MARE UP GAS COMPOSITION 

PRESSURE ROOF VENT NORMAL S E T T l N G 8 6 i n .  H20 

- 
TEXACO OPERATOR TEXACO 

MOOE OURING TESTWnRKTNs 

HYDROCARBONS 

VACUUM ROOF VENT NORMAL S E T T I N G . 8 6 i n .  H20 

PROCESS SCHEMA1 IC OUR I NG TEST 

STOCK P A n m T E n s  

OIL F I E L O  SOUTH M OUNTAIN TYPE CRUDE COYYON NAYE SOUTH MOUNTAIN 

RVP 3.2 p r i a  A P I  BRAVITY 22.3 
.04 STOCK COMPOSITION ( Y o l e  P e r c e n t ) :  C02 Trace N2 

CH, .20 C2HB .27 C 3 H 8 1 . 0 2 i C 4 A  n C 4 1 . 3 4  i C 5 . 9 4  ne5- 

YOLECULAR WEIGHT OF C7 PLUS 294 I b / l b - m l e  API GRAVITY OF C, PLUS 24*2 

GENERAL COMMENTS RELATfO TO E Y l S S l O N S  DURING TEST 
This  tank  normally f i l l e d  cont inuously w i t h  t h e  l e v e l  vary ing  from 4 feet t o  7 
f e e t  a s  t h e  LACP u n i t  pump cycled on and o f f .  
o f f  72 hours  p r i o r  t o  t h e  test .  
t u r e .  Hydrocarbon emlssions f o r  each day were ca l cu la t ed  from the  fo l lowing  
bag samples: 4/19 (1310 bag);  and 4/20 (0900 bag). The en t i r e  test w a s  con- 
ducted w i t h  t h e  vapor condensate system and r e f r i g e r a t i o n  u n i t  i n  opera t ion  wi th  
a t o t a l  of 67 l b s  of condensate c o l l e c t e d  throughout t h e  test .  

C8 2.17 C, PLUS,-. DENSITY OF C7 P L U S . 9 0 7 7  ~ c C .  

I 

The vapor recovery system was shu 
Vapor f lows are co r rec t ed  t o  s tandard  tempera- 
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P i e €  i OF 

WOGA FIXED-ROOF TANK E M I S S I O N  TEST SUMMARY 
GENERAL - .- 
OWWER TEXACO. INC. OPERATOR T E X A C O . N C  * 
- 
10CATlON CARSON 

TANK OPERATION BATCH MODE DURING TEST- 

TANK I DENTI F I CAT I ON OR N U M B E R 8 0 0 3 6  

TANK PHYSICAL PARAMETERS 
YEAR OF C O N S T R U C l l O N . ~ M A N U F A C T U R E R ~  

COLOR OF W A L L B L A C K C O L O R  OF R O O F R L A C K P I I M T  CONDITION Goon 
INSULATION " E T H l C K N E S S R i n .  WALL C O A T l N 6  N n N r R O O F  COATING 

STRAIGHT WALL H E I G H 1 4 P f t . L i n .  OILMETERJJLft.-l-in. CONSTRUCTION TYPE RIVETED 

CAPACITY 79,840 bb l s .  ROOF SLOPE 1 . 5  i n . / f t .  INTERNAL HEATER TYPE NONE 

VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITION 

PRESSURL ROOF VENT NORMAL S E T T I N 6 . 8 7 i n .  H Z O  

NONE 

VACUUM ROOF VENT NORMAL S E T T l N G . 8 7 i n .  HtO 

PROCESS SCHEMAT I C  OUR1 NG TEST 

STOCl  PARAMETERS 

TYPEJISUWE- COMMON MME -FLASH POINT-OF 

REFLUX METHOD GENERAL COMMENTS RELATED TO EMISSIONS OURING TEST 

PRESSURE. mmHg 

200 

300 

400 

500 

600 

758 

TEMP. O C  

156 

1 7 2  

184 

194 

202 

214 

Texaco would a l low only 0.5" (W.C.) pres su re  and 
0.5" (W.C.) vacuum t o  be placed on the tank .  
For  t h i s  r eason ,  t he  test had t o  be conducted 
manually wi thou t  the  u s e  of one-way v a l v e s .  
The p r e s s u r e  r e l i e f  va lve  opened du r ing  t h e  
t e s t  on March 4 and as a r e s u l t ,  t h a t  d a y ' s  da t a  
were voided.  Successfu l  tests were obta ined  on 
March 5 and 6. P o s i t i v e  f lows were co r rec t ed  t o  
s t anda rd  temperature .  
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WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 
GENERAL -i 

OWNER TEXACo 

L O C A T I O N ~ T A N K  l O E N T l F l C A T l O N  OR NUMBER TX 
TANK OPERATIOII LACT MOO€ OURING TEST- 

- 
OPERATOR TEXACO 

2-5024 

GENERAL COMYENTS, R E L A T E D  TO E Y l S S l O N S  DURING TEST 

This  tank  normally f i l l e d  cont inuous ly  w i t h  t h e  l e v e l  varying between a high 
of 4'5" (LACT pump o n ) ,  and a low of 3'11". 
a vapor recovery system. Vapor f lows a r e  co r rec t ed  t o  s tandard  temperature .  
T o t a l  hydrocarbon and methane mass emfssion rates were c a l c u l a t e d  us ing  cor rec ted  
flow rates and t h e  h i g h e s t  d a i l y  c o n c e n t r a t i o n  from t h e  bags.  
was conducted w i t h  the vapor  condensate  system and r e f r i g e r a t i o n  u n i t  i n  opera- 
t i o n  w i t h  a t o t a l  of 264 l b s  of condensa te  c o l l e c t e d  throughout the t e s t .  

This  tank w a s  no t  connected i n t o  

The ent i re  test 

TANK PHYSICAL PARAHETERS 
YEAR OF CONSTRUCT I ON 1972 MANUFACTURER- 

. . 
/BOD F @ 60 P S I 0  

TANK 
Z50Z4 TO SHIFPINS 

STOCK PLRlYETERS 

> 

TYPE- COYMON HAHE SANTA MARIA CRUDE OIL FIELO SANTA MARIA 

RVP ps ia '  API GRAVITY 11.9 

STOCK COMPOSITION ( M o l e  P e r c e n t ) :  C02 .03 N2-12_______- 
CH4 1.5  C2H8 ,.19, C 3 H g . 5 6  i C 4  .26 n C 4 . 7 7  i C 5 A  n C e g . 5 9  

c6 
.60 C I  PLUS 94.65 OENSITY OF CI PLUS ,9856 g/cc. 

0 A P I  G R A V I T I  OF C1 P L U S L  YOLECULAR WEIGHT OF C7 PLUS 460 Ib/ lb+ole  
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PLBE 1 OF 

WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 

T A M  PHVSICAL PARAMETERS 
VEAR OF CONSTRUCTION 1974 MANUFACTURER TRxCo 

COLOR OF WALLALUMINUM (DIFFWLOR OF ROOF RED PAINT CONDITION 
INSULATION URETHANE T H I C K N E S S ~ i n .  WALL COATING EPOXY ROOF COATING "E 

STRAIGHT WALL HE1 G H T L  f t.A i n .  OI AMETER 2 1 1  t .k%. CONSTRUCTION TY PE 
CAPACITV 1000 bbls. ROOF SLOPE 0*51 in./ft. INTERNAL HEATER TYPE STEAM 

VAPOR RECOVERV SYSTEM MAKE UP GAS COMPOSITION 
PRESSURE ROOF VENT NORMAL SETTl100.861,. H20 

A L ~ K E T  BOLTED 

No 
VACUUM ROOF YEN1 NORMAL SETTING0.861n. Hi0 

PROCESS SCHEMATIC OURING TEST 

+--,QJq- T R L  ATLR TX2-526 =~ __c 

P/ /MP 7 
LACT LMPLfNL. POINT 

STOCK PARAYETERS 

TVPE CRUDE 

RYP 0.7 p s i a  API GRAVITV 9 * 9 0  

. 3 9  

COYYON NAME SANTA MARIA CRUDE O I L  FIELO SAh'TA MARIA 

0 

.14 

.14 CH4 .49 CZHO .03 c3ng .07 ic, .25 "C4 - 2 2  iC5 *67  nC5- 

C8 

NZ STOCK COYPOSITION ( M o l e  P e r c e n t ) :  COZ 

-19 c7 pius 97.41 OENSITV OF CI PLUS .9924 g/cc.  

MOLECULAR WEIGHT OF C7 PLUS 494 Ib/lb-mols API SRAYITV OF C7 PLUS 10.9' 

GENERAL COMMENTS RELATED TO EMISSIONS OURING TEST 
This tank_normally f i l l e d  cont inuous ly  w i t h  t h e  l e v e l  vary ing  between a h igh  of 
6.45 feet and a low of 6.25 feet. 
recovery system. 
for condensate. 
densa te  system and r e f r i g e r a t i o n  u n i t  s i n c e  t h e  tank  was heated.  
t o t a l  hydrocarbon and methane emissions were determined from t h e  fol lowing bag 
samples: 
deemed void due to l o s s  of p r e s s u r e  in t h e  system by a f a u l t y  P/V valve.  

This  tank  is n o t  connected i n t o  a vapor 
Vapor flows were c o r r e c t e d  t o  s t anda rd  tempera ture  and also 

The amount of condensate  w a s  determined us ing  t h e  vapor  con- 
Calcu la ted  

4/26 (1000 bag);  and 4/26 (1720 bag). Data ob ta ined  on 4/27 were 

I 
. .  
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PlDE 1 OF 

VENTURA LIGHT CRUDE OIL FIELD OJAI FIELD-WELDON 
CANYON TYPE CRUDE COMMON NAME 

RVP 4 . 6  psia API GRAVITV 2 9 . 2  0 

0.05 
2 . 4 5  CH4 0 . 0 5  C2Ha 0.08 C3Ng 1 . 2 4  ic, 0.61 nC4 3.27 i C 5  2 . 3 8  nC5- 

N 2  0.05 STOCK COMPOSITION ( M o l e  P e r c e n t ) :  c o 2  

5 - 1 1  c 7  PLUS 8 4 . 7 1  O E N S I T I  OF C, PLUS 0 . 8 9 7 5  g/cc. 

2 6 . 0  0 248  I b / l b q o l e  API 6RAVlTY OF C, PLUS 
C8 
MOLECULAR WEIGHT OF C7 PLUS 

GENERAL COMMENTS RELATED T O  EMISSIONS DURING TEST 

WOGA F I XED-ROOF TANK EM I SS I ON TEST SUMMARY 

- GENERAL -: 

UNION O I L  CO. OPERATOR UNION OWNER 

LOCATION WELDON 

TANK OPERATION 

TANK I O E N T l F l C A T l O N  OR NUMBER 6 7 6 1  

BATCH MOOE DURING TEST WORKING 

INSULATION NONE THICJINESS-In. WALL COATING ROOF COATIN6  

STRAIGHT WALL H E l G H T & f t . A i n .  OIAMETER22ft.-!?-in. CONSTRUCTlON TYPE 

CAPACI TI 'Oo0 bbls. ROOF SLOPE 1 - 5 8  i n . / f t .  INTERNAL HEATER TYPE N / A  
VAPOR RECOVERV SYSTEM WAKE UP GAS COMPOSITION 

PRESSURE ROOF VENT NORMAL S E T T I N G A i n .  H20 

N / A  

VACUUM ROOF VENT NORMAL S E T T I W G 0 . 5 i n .  H20 
1 

STOCK PARAMETERS 

During the test, tank gaugings indicated a steady 80 bbl/day flow into the tank. 
Hydrocarbon l o s s e s  from the tank were therefore computed based on the l iquid 
flow into  the tank. N o  leaks could be found; however, there were obviously 
leaks i n  the system s ince  very low flows were metered. 
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WOGA FIXED-ROOF TANK E M I S S I O N  TEST SUMMARY 
-i GENERAL 

OWNER UNION O I L  CO. OPERATOR UNION 

LOCATION SNYDER LEASE TANK IOENTIFICATION OR NUMBER 8826 

TANK OPERATION LACT MOOE OURING TEST 

- 

WORKING 

PROCESS SCHEMATIC OURING TEST 
t .- -. _- - T O  VAPOR COMPALZSOfi __ ~. 

.--BLINDED DURING TEST . -H/GU LLVEL (START PUMP)  
,-LOW-L (STOP PLIM? 

*-ALF.? --- 
OIL PIPkLltiC 

WATER OUT LA-CT . PUMP - 

TAN1 PHVSICAL PARAMETERS 
YEAR OF CONSTRUCTION 1965 M A N U F A C T U R E R s r r P E w o R  
COLOR OF WALL 
IHSULATIOH ~ N o , T H l C l N E S S - i n .  WALL COATING " E R O O F  COATING 
STRAIGHT WALL H E I C H T 8 f t . ~ i n .  O l A H E T E R x f t . 5 i n .  CONSTRUCTION TYPE BOLTED 
CAPACITY .250 bhls. ROOF SLOPE 1 . 6  i n . / f t .  INTERNAL HEATER TVPE N / A  

VAPOR RECOVERY SYSTEM MAKE U P  GAS COMPOSITION 
PRESSURE ROOF VENT NORMAL S E T T l N G A n .  H,O 

AL (DIFFVSFD OLOR OF R O O F n L P A l N T  CONOlTlON CaTR 
NONE 

HYDROCARBONS 

VACUUM ROOF VENT NORMAL S E T T I H G L U i n .  H20 

STOCK PARIMETERS 

TVPE CRUDE COMMON NAME "ENT"RA 

RVP 4 - 4  p s i a  API GRAVITY 2 8 . 2  

STOCK COMPOSITION (Male Pnresnt): COz 

011 ~ 1 ~ 1 0  SOUTH MOUNTAIN 

0 

N.D. 

2.05 
NZ 0.01 

1.05  i c ,  0 .59  nc4 2.01 it5 1.59 "C5- 
C3H8 

0 . 2 3  
CzHe 

0.25 
CH4 
cg 4.16  c,  PLUS 88.06 . OENSITY OF E, PLUS 0 0 ~ ~ 3 7  g/cc. 

I MOLECULAR WEIGHT OF C7 PLUS 281 Ib/lb-mole API GRAVITY OF C 1  PLUS 2 8 * 5  

GENERAL COMMENTS RELATED TO EMISSIONS O U R I N G  TEST 
T h i s  t ank  normally f i l l e d  cont inuous ly  du r ing  t h e  day and then  the  o i l  was shippe 
dur ing  one hour a t  n i g h t .  
f e e t .  
duc t ing  t h e  test. 
carbon emiss ions  f o r  t h e  per iod  4 / 6  through 4 / 1 1  were c a l c u l a t e d  from bags taken 
throughout t h i s  pe r iod .  
as t h e  amount of o i l  tu rned  over  i n  a day. 

The tank  l e v e l  va r i ed  from approximately 2 f e e t  t o  5 
The vapor recovery u n i t  was d isconnec ted  a t  l e a s t  24 hours  p r i o r  t o  con- 

Vapor flows a r e  c o r r e c t e d  t o  s t anda rd  temperature .  Hydro- 

It was assumed t h a t  t h e  same volume of vapor was escapin 
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i 

PROCESS SCHEMATIC OUR ING TEST 
2- ~ S A M " L l N 5  PClrNT 

TA NIT pump n; PIFUYL n n  2;: 
/TJ----c 

OIL 
TRUNn LI N€ 1000 I w \ 

&.3 J 

P U M P  

WOGA F I XED-ROOF TANK EM I SS I ON TEST SUMMARY 
-: GENERAL 

OWWER UNION OIL CpPlEpNY OPERATOR l I D U n N  nTT. U l W ' A ~  

LOCAT I ON PLACENTIA TANK IOENTIFICATION OR NUMBER- 
TAN[ OPERATI ON CONTINUOUS MOOE O U R  ING T E S T W ( I R K T N I :  

- 

TANK PHYSICAL PARAMETERS 
!EAR OF CONSTRUCTION 
COLOR OF WALL -COLOR OF ROOF 

978 M A N U F A C T U R E R J U U Q W  
- PAINT CONOlTlON NIA ALUMINUM ALLlMIN& 

STOCX PIRAMETERS 

TYPE CRUDE COMMON N A M E J " Q U ?  OIL FIELO RICHFIELD 
p a i a  API GRAVITY 21 0 RVP O * *  

STOCK COMPOSITION (Mole Percent): Cot .01 
CH4 - CZHs .02 C3H8 .28 i C l l , . 2 e  n C C 1 ' 2 1 i C 5 ~ n C 5 &  

1.00 CJ PLUS .9630 . DENSITY OF CI PLUS .9264 p h c .  C8 
MOLECULAR WE16HT OF C7 PLUS 320 Ib/lh-mole API GRAVITY OF C, PLUS 21.1 ' 

GENERAL COMMENTS RELATE0 TO EMISSIONS DURING TEST 
The mass ratea of t o t a l  hydrocarbons and methane emissions were computed from 
metered volumes corrected for temperature and hydrocarbon concentrations. 

. .  
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PROCESS SCHEMAT I C  OUR I NG TEST 

Lowor m L n  -j--qFt- TO O R C U T T  5'TA-:C*. '  

ORCUT7 FIELD 
I 

WOGA FIXED-ROOF TANK EMISSION TEST SUMMARY 
GENERAL -: 

OWNER UNION OIL co. OPERATOR OIL 

LOCATION ORCUTT PIJt-U' STATION TANK I O E N T l F l C A T l O N  OR NUMBER 
TAN! OPERATION CONTINUOUS MODE OURING TEST WORKING 

- 
37402 

TANK PHYSICAL PARAMETERS 
YEAR OF CONSTRUCT I ON 1910 MANUFACTURE R m  
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PABE 1 OF 

WOGA FIXED-ROOF TANK EMISSION T E S T  SUMMARY 
GENERAL 
OWNER UNION O I L  CO. OPERATOR UNION 
LOCATION WELDON CANYON TANK I D E N T I F I C A T I O N  OR NUMBER-E 

TANK OPERATION WASH MOOE OURING TEST “ORKING 

TANK PHYSICAL PARAMETERS 
YEAR OF CONSTRUCTION UNKNOWN M A N U F A C T U R E R J L ”  

COLOR OF WALL BEIGE COLOR OF R O O F B E I G E P A I N T  CONOlTlON N/A 
INSULATION m N F ,  THICKNESS-in. WALL C O A T l N G N l n R O O F  COATING N/A 
STRAIGHT WALL HE1 G H T x f  1 . 0  in. CONSTRUCTION TYPE N/A 
CAPACITY 1000 b b l s .  ROOF SLOPE N/A i n . / f t .  INTERNAL HEATER TYPE N/A 

VAPOR RECOVERY SYSTEM MAKE UP GAS COMPOSITION 

PRESSURE ROOF VENT NORMAL S E T T I N G N / A i n .  H20 

- 

DIAMETER 1 0 f  t . O i n .  

N /A 

VACUUM ROOF VENT NORMAL S E T T l N G L ! A i n .  H20 

STOCK PARAMETERS 

TYPE CRUDE COMMON NAME- O I L ~ F I E L O ~  

R V P A p  s i a 
STOCK COMPOSITION ( M o l e  P e r c e n t ) :  CO2 0.28 W2 0.03 

0.84 C2HB 0.27 C3Hg 1.94 i C 4  0.69 ne, 3.30 i C 5  2.13 nC5= 

A P I  GRAVITY 22.3’ 

CH4 

Cs 3.40 C i  PLUS 84.91 DENSITY OF C7 P L U S o . 8 9 7 7  g/CC. 

MOLECULAR WEIGHT OF C7 PLUS 250 Ib/lb-mole A P I  GRAVITY OF C, PLUS 26.7 

GENERAL COMMENTS RELATE0 TO EMISSIONS DURING TEST 
Due t o  leaks i n  the tank, no vapor outflow was measured. It was not possible  
to s e a l  the leaks i n  the tank. This test was voided due to i n a b i l i t y  t o  measure 
any flow out of the tank. 



c 
v) 
W ~ 

c 
z 
0 

U J  
UJ 

- 
=E 
W 

L z 
4 
c 
LL 
0 
0 
4 
d 
W 
x 
L L  
- 

a c - 
c 
L 

U 

c z 
Y 
c 

< - 
- 

- 
3 z 
m 
I- 

W 

W 
> 
- 
- 
m 
f 
Y 

0 
3 m 
W 

a 
m 

- 

P 
L: 
P c 
P 

> 
L z 
Q 
I- 

m 

- 

- 

0 

I 
c 

h 

.- ?I 
a 
3 
3 
U < > 

0 - 
I 

c .- ?I 
Y 
ce 
3 
VI 
VI 
Y 
pc 
n 

.. 
ea z 
c 
I- 
Y 

- 

W > 
A - > - z 
Y = 
0 

* 
4 

5 
=I 
v) 

I- 
v) 
W 
I- 

a 

- 

L u p :  
Y 

C Y  O 3  0 

- 
I- + 




