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42 r ev i s ions  prepared by Radian Corp. under Contract No. 68-02-2147B. 

I have asked Bob Wetherold of  Radian t o  send t h e  reproducible  master of 
t h e  f i n a l  copy d i r e c t l y  t o  you. I f  you don ' t  rece ive  i t  i n  a few days, 
p lease  g ive  m e  a call. 
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d,cc: A. MacQueen (MD-14) (w/encl) 
K. C. Hustvedt (MD-13) (w/encl) 
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D r .  Bruce A. Tichenor 
I n d u s t r i a l  Environmental Research Laboratory 
O f f i c e  of Research and Development (MD-62) 
Environmental P ro tec t ion  Agency 
Research Tr i ang le  Park,  NC 27711 

D e a r  Bruce: 

Enclosed are six copies  of t h e  rev ised  sec t ion  on r e f i n e r y  f u g i t i v e  emissions 
f o r  AP-42. I have included t h e  changes suggested by you, K. C .  Hustvedt, and  
Chuck Masser. 

After  some thought, I have moved t h e  pump and compressor seals from t h e  
"Controlled Emission" column t o  t h e  "Uncontrolled." A s  you know, w e  included 
seals wi th  a l l  l e v e l s  of emission con t ro l  i n  our pump/compressor seal emission 
f a c t o r s .  I f e e l  t h a t  un ive r sa l  a p p l i c a t i o n  of double mechanical seals, con- 
t r o l l e d  degassing v e n t s ,  and monitoring/maintenance programs should r e s u l t  in 
a s i g n i f i c a n t l y  lower emissions level than indica ted  by our r ecen t ly  developed 
emission f a c t o r s .  There a r e  no h a r d  da t a  t o  back up my opinions,  however. 

I l e f t  t h e  cool ing tower emission f a c t o r s  as they were presented i n  t h e  d r a f t  
r e p o r t .  The r e f i n e r i e s  i n  which w e  t e s t e d  cool ing towers genera l ly  analyzed 
t h e i r  cool ing  water f o r  hydrocarbon conten t  and seemed t o  p r a c t i c e  good 
maintenance i n  keeping VOC content  low. 
reasonable  con t ro l  technique gene ra l ly  a v a i l a b l e  f o r  keeping atmospheric 
VOC emissions from cool ing towers to a minimum. 

I f  you have any ques t ions  or comments, p l ease  c a l l  me. 

S ince re ly  yours,  

This appears  t o  b e  about t h e  b e s t  

R. G. Wetherold 
Senior  S t a f f  Engineer 
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The r e f ine ry  a i r  p o l l u t a n t  emission f a c t o r s  present ly  
contained i n  Section 9 . 1  of AP-42, A Compilation of A i r  Po l lu t an t  
Emission Factors  were l a s t  rev ised  i n  1977.  New emission f a c t o r s  
for-some f u g i t i v e  emission sources have been developed from t h e  
r e s u l t s  o f  recent  t e s t i n g  i n  13 r e f i n e r i e s .  This t e s t i n g  was 
done by Radian under EPA Contracts 68-02-2665 and 68-02-2147, 
Exhibit  B .  These f a c t o r s  a r e  included i n  the  r ev i sed  d r a f t  of 
Section 9 . 1  presented i n  t h i s  r e p o r t .  



9.1 PETROLEUM REFINING’ 

9.1.1 GENSRAL DESCSIPTION 

The petroleum refining industry is primarily involved 
in the conversion of crude oil into more than 2500 refined pro- 

*Q ducts including liquefied petroleum gas, gasoline, kerosene, 
aviation fuel, diesel fuel, fuel oils, lubricating oils, and 

J feedstocks for the petrochemical industry. Petroleum refinery 
actixities start with crude storage at the refinery, include 
all petroleum handling and refining operations, and terminate 
with storage of the refined products at the refinery. 

-1,. 

The petroleum refining industry employs a wide variety 
of processes for the conversion of crude oil to finished petro- 
leum products. A refinery‘s processing flow scheme selection is 
largely determined by the composition of the crude oil feedstock 
and the chosen slate of petroleum products. The example refinery 
flow scheme presented in Figure 9.1-1 shows the general processing 
arrangement used by U.S. refineries for major refinery processes. 
The arrangement of these processes will vary among refineries and 
few, if any, refineries employ all of these processes. Petroleum 
refining processes having direct emission sources are presented 
in bold line boxes. 

In general, refinery processes and operations can be 
divided into five categories: 

1) Separation processes 
a. atmospheric distillation 
b. vacuum distillation 
c. light ends recovery (gas processing) 

A- 2 
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2) Petroleum conversion processes 
a. cracking (thermal and catalytic) 
b. reforming 
c. alkylation 
d. polymerization 
e. isomerization 
f. coking 
g. visbreaking 

3) Petroleum treating processes 
a. hydrodesulfurization 
b. hydrotreating 
c. chemical sweetening 
d. acid gas removal 
e. deasphalting 

- .  

4 )  Feedstock and product handling 
a. storage 
b. blending 
c. loading 
d. unloading 

5 )  Auxiliary facilities 
a. boilers 
b. wastewater tream'ent 
c. hydrogen production 
d. sulfur recovery plant 
e. cooling towers 
f. blowdown system 
g. compressor engines. 

These refinery processes are defined in the following section 
along with their emission characteristics and applicable emission 
contro 1 technology. 

A-4  



Petroleum Separation Processes 

The first phase in petroleum refining operations is 
the separation of crude oil into its major constituents using 
three petroleum separation processes: 
vacuum distillation, and light ends recovery. Crude oil consists 
of a mixture of hydrocarbon compounds including paraffinic, 
naphthenic, and aromatic hydrocarbons plus small amounts of 

Refinery separation processes use such techniques as distillation, 
strifiping, and absorption to separate these crude oil constituents 
into common boiling point fractions. 

atmospheric distillation, 

- - .  
I 

'L impurities including sulfur, nitrogan, oxygen, and metals. 

Petroleum Conversion Processes 

Product demand and economic considerations require that 
less valuable components of crude oil be converted to more valuable 
products by using the petroleum conversion processes. To meet 
the demands for high octane gasoline, jet fuel, and diesel fuel, 
lower value residual oils, fuel oils, and light ends are often 
converted to gasolines and other light fractions. The cracking, 
coking, and visbreaking processes are used to break large petro- 
leum molecules into smaller petroleum molecules. On the other hand, 
polymerization and alkylation processes are used to combine 
small petroleum molecules into larger ones. 
reforming processes primarily rearrange the structure of petroleum 
molecules to produce higher value molecules of a similar molecu- 
lar size. 

Isomerization and 

, .' 

Petroleum Treating Processes 

Petroleum treating processes stabilize and upgrade 
petroleum products by separating them from less desirable 
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petroleum products and by removing objec t ionable  elements from 
petroleum products and feedstocks.  Trea t ing  processes used t o  
s t a b i l i z e  products and remove undesirable  elements such as s u l f u r ,  
ni t rogen and oxygen include hydrodesulfur izat ion,  hydro t rea t ing ,  
chemical sweetening and a c i d  gas removal. Trea t ing  processes  
employed pr imar i ly  f o r  t h e  separa t ion  of petroleum products  
include such processes as deasphal t ing.  Desal t ing i s  used t o  
remove sa l t ,  minerals, g r i t ,  and water  from crude o i l  feed  
s tocks p r i o r  t o  r e f in ing .  And a spha l t  blowing i s  used t o  poly- 
merizg and s t a b i l i z e  a s p h a l t ,  improving i t s  weathering charac te r -  
i s t i c s .  

.. 

' e  

Feedstock and Product Handling 

The r e f i n e r y  feedstock and product handling operat ions 
cons i s t  of s to rage ,  blending, loading,  and unloading a c t i v i t i e s .  
A l l  feedstocks en ter ing  the  r e f i n e r y  and all products leaving the 
r e f ine ry  a r e  subjec t  t o  the  r e f i n e r y  handling opera t ions .  

Auxil iary F a c i l i t i e s  

Auxil iary f a c i l i t i e s  include a w i d e  assortment of 
processes and equipment which a r e  n o t  d i r e c t l y  involved i n  the  
r e f in ing  of crude o i l ,  bu t  which perform funct ions v i t a l  t o  t h e  
operation of t he  r e f ine ry .  These include b o i l e r s ,  wastewater 
treatment, hydrogen p l a n t s ,  cooling towers, s u l f u r  recovery u n i t s ,  
e t c .  Products. from a u x i l i a r y  f a c i l i t i e s  (c lean water, steam, 
process h e a t ,  e t c . )  a r e  required by the  majori ty  of r e f i n e r y  
process units and a r e  no t  l imi t ed  t o  any one p a r t  of the  r e f i n e r y .  

A-6 



PROCESS EMISSION SOURCES AND CONTROL TECHNOLOGY - 9.1.2 

This section presents descriptions of those refining 
processes which are significant air pollutant contributors. 
Process flow schemes, emission characteristics, and emission 
control technology are discussed for each process. 
lists the emission factors for direct process emissions in the 
petroleum refinery. 
are discussed in this section on petroleum refining emissions: 

Table 9.1-1 - .  
The following process emission sources - 

' C  

- .  
vacuum distillation, 

- catalytic cracking, 

- thermal cracking processes, 

- utility boilers, 

heaters, 

- compressor engines, 

* blowdown systems, and 

- sulfur recovery. 

, i 

Vacuum Distillation 

Topped crude withdrawn from the bottom of the atmos- 
pheric distillation column is composed of high boiling point 
hydrocarbons which decompose and polymerize to foul equipment 
when distilled at atmospheric pressures. In order to further 
separate topped crude into components, it must be distilled in 
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a vacuum distillation column at a very low pressure and in a 

steam atmosphere. 

In the vacuum distillation unit topped crude is heated 
with a process heater to temperatures ranging from 700°F to 800°F. 
The heated topped crude is flashed into a multi-tray vacuum dis- 
tillation column operating at vacuums ranging from 0.5 psia to 
2 psia. In the vacuum column the topped crude is separated into 

I common boiling point fractions by vaporization and condensation. 
Stripping steam is normally injected into the bottom of the 
vacu& -distillation column to assist in the separation by lower- 
ing the effective partial pressures of the components. Standard 
petroleum fractions withdrawn from the vacuum distillation 
column include lube distillates, vacuum oil, asphalt stocks, 
and residual oils. The vacuum in the vacuum distillation column 
is normally maintained by the use of steam ejectors but may be 
maintained by the use o f  vacuum pumps. 

. .  

The major sources of atmospheric emissions from the 
vacuum distillation column are associated with the steam ejectors 
or vacuum pumps. 
the column by the ejectors or pumps are recovered in condensers. 
Historically, the noncondensable portion of the vapors has been 
vented to the atmosphere from the condensers. There are approxi- 
mately 50 pounds of noncondensable hydrocarbons per thousand 
barrels of  topped crude processed in the vacuum distillation 
column.2112113 

vacuum distillation columns is combustion products from the 
process heater. Process heater requirements for the vacuum 
distillation column are approximately 37,000 Btu per barrel of 
topped crude processed *n the vacuum column. 
emissions and their control are discussed later in this section. 
Fugitive hydrocarbon emissions from leaking seals and fittings 

A major portion of the vapors withdrawn from 

A second source of atmospheric emissions from 

Process heater 
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are also associated with the vacuum distillation unit, but these 
are minimized by the low operating pressures and low vapor pres- 
sures in the unit. Fugitive emission sources are also discussed 
later in this section. 

Control technology applicable to the non-condensable 
emissions vented from the vacuum ejectors or pumps include venting 
into blowdown systems or fuel gas systems, and incineration in 
furnaces or waste heat boilers. ' ' ' These control technolo- 
gies are generally greater than 99 percent efficient in the control 
of hydrocarbon emissions, but they also contribute to the 
emission of combustion products. 

- .  

Catalytic Cracking 

Catalytic cracking, using heat, pressure, and cata- 
lysts, converts heavy oils into lighter products with product 
distributions favoring the more valuable gasoline and distil- 
late blending components. 
atmospheric distillation, vacuum distillation, coking, and de- 
asphalting processes. These feedstocks typically have a boiling 
range of 650-1000°F. 
in use today can be classified as either fluidized-bed or  moving 
bed units. 

Feedstocks are usually gas oils from 

A l l  of the catalytic cracking processes 

* Fluidized-bed Catalytic Cracking (FCC) - The FCC 

Fresh feed is pre- 
process uses a catalyst in the form of very fine particles which 
act as a fluid when aerated with a vapor. 
heated in a process heater and introducted into the bottom of a 
vertical transfer line or riser with hot regenerated catalyst. 
The hot catalyst vaporizes the feed bringing both to the desired 
reaction temperature (880-980°F). The high activity of modem 
catalysts causes most of the cracking reactions to take place in 
the riser as the catalyst and oil mixture flows upward into the 
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reactor. The hydrocarbon vapors are separated from the catalyst 
particles by cyclones in the reactor. The reaction products 
are sent to a fractionator for separation. 

The spent catalyst falls to the bottom of the reactor 
and is steam stripped as it exits the reactor bottom to remove 

. i  adsorbed hydrocarbons. The spent catalyst is then conveyed to 
a regenerator. In the regenerator, coke deposited on the catalyst 
as a result of the cracking reactions is burned off in a control- 
led combustion process with preheated air. 
ture is usually 1100 - 1250°F. The catalyst is then recycled 
to be mixed with fresh hydrocarbon feed. 

- 

Regenerator tempera- - 

* Moving-bed Catalytic Cracking (TCC) - In the TCC 
process catalyst beads (%0.5 cm) flow by gravity into the top 
of the reactor where they contact a mixed phase hydrocarbon feed. 
Cracking reactions take place as the catalyst and hydrocarbons 
move concurrently downward through the reactor to a zone where 
the catalyst is separated from the vapors. The gaseous reaction 
products flow out of the reactor to the fractionation section 
of the unit. The catalyst is steam stripped to remove any 
adsorbed hydrocarbons. It then falls into the regenerator where 
coke is burned from the catalyst with air. The regenerated 
catalyst is separated from the flue gases and recycled to be 
mixed with fresh hydrocarbon feed. 
of the reactor and regenerator in the TCC process are comparable 
to those in the FCC process. 

The operating temperatures 

Air emissions from catalytic cracking processes are 
1) combustion products from process heaters, and 2) flue gas from 
catalyst regeneration. Emissions from process heaters are dis- 
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cussed la ter  i n  t h i s  s ec t ion .  Emissions from t h e  c a t a l y s t  
regenerator  include hydrocarbons, oxides of s u l f u r ,  ammonia, 
aldehydes, oxides of  n i t rogen ,  cyanides,  carbon monoxide, and 
p a r t i c u l a t e s  (Table 9.1-1) . The p a r t i c u l a t e  emissions from FCC 
units are much g r e a t e r  than those from TCC units because of t he  
higher  c a t a l y s t  c i r c u l a t i o n  rates used . ’ ’7’5  - 

FCC p a r t i c u l a t e  emissions a r e  con t ro l l ed  by cyclones 
andfor e l e c t r o s t a t i c  p r e c i p i t a t o r s .  P a r t i c u l a t e  con t ro l  e f f i -  
c ienc ies  are as high a s  80 t o  85 percent . ’”  
wasteheat b o i l e r s  reduce the  carbon monoxide and hydrocarbon 
emissions from FCC u n i t s  t o  n e g l i g i b l e  l e v e l s . ’  
regenerat ion produces similar p o l l u t a n t s  t o  FCC u n i t s  but  i n  
much smaller  q u a n t i t i e s  (Table 9 .1-1) .  The p a r t i c u l a t e  emissions 
from a TCC u n i t  a r e  normally con t ro l l ed  by high e f f i c i e n c y  
cyclones. Carbon monoxide and hydrocarbon emissions from a TCC 
u n i t  a r e  inc ine ra t ed  t o  n e g l i g i b l e  ‘ l e v e l s  by passing t h e  f l u e  
gases through a process hea te r  f i re -box  o r  smoke plume burner .  
I n  some i n s t a l l a t i o n s  su l fu r  oxides a r e  removed by passing the  
regenerator  f l u e  gases through a water o r  c a u s t i c  s c rubbe r . ’ ” ’5  

Carbon monoxide - -  

TCC c a t a l y s t  

Thermal Cracking 

Thermal cracking processes include visbreaking and 
coking which break heavy o i l  molecules by exposing them t o  high 
temperatures. 

Visbreaking - Topped crude o r  vacuum r e s i d u a l s  a r e  
heated and thermally cracked (850-90OoF, 50-250 psig)  i n  t h e  
visbreaker  furnace t o  reduce the  v i s c o s i t y  o r  pour poin t  of t he  
charge. The cracked products a r e  quenched with gas o i l  and 
f lashed  i n t o  a f r a c t i o n a t o r .  The vapor overhead from t h e  
f r a c t i o n a t o r  i s  separated i n t o  l i g h t  d i s t i l l a t e  products .  
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A heavy distillate recovered from the fractionator liquid can 
be used as a fuel oil blending component or used as catalytic 
cracking feed . 

- Coking - Coking is a thermal cracking process which 
is used to convert low value residual fuel oil to higher value 
gas oil and petroleum coke. Vacuum residuals and thermal tars 
are cracked in the coking process at high temperature and low 
pressure. Products are petroleum coke, gas oils and lighter 
petrqleum stocks. Delayed coking is the most widely used process 
today, but fluid coking is expected to become an important pro- 
cess in the future. 

J 

In the delayed coking process heated charge stock is 
fed into the bottom section of a fractionator where light ends 
are stripped from the feed. The stripped feed is then combined 
with recycle products from the coke drum and is rapidly heated 
in the coking heater to a temperature of 900-1100°F. 
injection is used to control the residence time in the heater. 
The vapor-liquid feed leaves the heater, passing to a coke drum 
where, with controlled residence time, pressure (25-30 psig), 
and temperature (750"F), it is cracked to form coke and vapors. 
Vapors from the drum return to the fractionator where the thermal 
cracking products are recovered. 

Steam 

In the fluid coking process, typified by Flexicoking, 
residual oil feeds are injected into the reactor where they are 
thermally cracked, yielding coke and a wide range of vapor pro- 
ducts. Vapors leave the reactor and are quenched in a scrubber 
where entrained coke fines are removed. The vapors are then 
fractionated. Coke from the reactor enters a heater and is 
devolatilized. The volatiles from the heater are treated for 
fines removal and sulfur removal to yield a particulate free, 
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low sulfur fuel gas. The devolatilized coke is circulated from 
the heater to a gasifier where 95% of the reactor coke is 
gasif5ed at high temperature with steam and air or oxygen. The 
gaseous products and coke from the gasifier are returned to the 
heater to supply heat for the devolatilization. These gases 
exit the heater with the heater volatiles through the same fines 

.. removal and sulfur removal processes. 

From available literature it is unclear what emissions 
are released and where they are released. Air emissions from 
theruial cracking processes include coke dust from decoking 
operations, combustion gases from the visbreaking and coking 
process heaters, and fugitive emissions. Emissions from the 
process heaters are discussed later in this section. Fugitive 
emissions from miscellaneous leaks are significant because of  
the high temperatures involved, and are dependent upon equipment 
type and configuration, operating conditions, and general main- 
tenance practices. Fugitive emissions are also discussed later 
in this section. Particulate emissions from delayed coking 
operations are potentially very significant. 
are associated with removing the coke from the coke drum and 
subsequent handling and storage operations. 
sions are also associated with cooling and venting the coke drum, 
prior to coke removal. However, comprehensive data for delayed 
coking emissions have not been included in available literature.”’ 

These emissions 

Hydrocarbon emis- 

Particulate emission control is accomplished in the 

is no control of hydrocarbon emissions from delayed coking. 
However, some facilities are now collecting coke drum emissions 
in an enclosed system and routing them to a refinery flare.”’ 

decoking operation by wetting down the coke. 5 Generally, there 
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Utilities Plant 

The utilities plant supplies the steam necessary for 
Although the steam can be used to produce elec- 

r for heating and separating hydrocarbon streams. When used for 

the refinery. 
tricity by throttling through a turbine, it is primarily used 

heating, the steam usually heats the petroleum indirectly in 
heat exchangers and returns to the boiler. 
contact operations the steam can serve as a stripping medium, 
or a process fluid. 
to produce a vacuum. 

' ,  

When used in direct 

Steam may also be used in vacuum ejectors 

The emissions from boilers, and applicable emission 
control technology are discussed in much greater detail in 
Chapter 1.0. 

Sulfur Recovery Plant 

Sulfur recovery plants are used in petroleum refin- 
eries to convert hydrogen sulfide (H2S) separated from refinery 
gas streams into the more disposable by-product, elemental sulfur. 

The emissions from sulfur recovery plants and their 
control are discussed in Section 5.18. 

Blowdown System 

The blowdown system provides for the safe disposal of 
hydrocarbons (vapor and liquid) discharged from pressure relief 
devices. 

A-17 



Most refining processing units and equipment subject to 

By using a series 
planned or unplanned hydrocarbon discharges are manifolded into 
a collection unit, called the blowdown system. 
of flash drums and condensers arranged in decreasing pressure, 
the blowdown is separated into vapor and liquid cuts. The 
separated liquid is recycled into the refinery. 
cuts can either be smokelessly flared or recycled. 

" 
' .. The gaseous 

Uncontrolled blowdown emissions primarily consist of 
hydr&carbons, but can also include any of the other criteria 
pollutants processed by the refinery. 
blowdown system is a function of the amount of equipment 
manifolded into the system, the frequency of equipment discharges, 
and the blowdown systems's controls. 

The emission rate in a 

Emissions from the blowdown system can be effec- 
tively controlled by combustion of the non-condensables in a 
flare. 
(as required by most states) steam is injected in the combustion 
zone of the flare to provide turbulence and to inspirate air. 
Steam injection also reduces NOx emissions by lowering the flame 
temperature. Controlled emissions are listed in Table 9.1-1.2*11 

To obtain complete combustion or smokeless burning, 

Process Heaters 

Process heaters (furnaces) are used extensively in 
refineries to supply the heat necessary to raise the temperature 
of feed materials to reaction or distillation temperature. They 
are used in many processes throughout the refinery. 

Process heaters are designed to raise petroleum fluid 
temperatures to a maximum of about 950°F. The fuel burned may 
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be r e f i n e r y  gas ,  n a t u r a l  gas, r e s i d u a l  f u e l  o i l s ,  o r  combina- 
t i o n s ,  depending on the economics, opera t ing  condi t ions ,  and 
pol lu t ion  requirements. The process hea te r s  may a l s o  use carbon 
monoxide-rich regenerator  f l u e  gas as f u e l .  

A l l  t he  c r i t e r i a  p o l l u t a n t s  a r e  emitted from process 
- -: heaters .  The quant i ty  of  t hese  emissions i s  a funct ion of  t h e  

type of f u e l  burned, t he  n a t u r e  of  t h e  contaminants i n  t h e  f u e l ,  
and t h e  heat  duty of t he  furnace.  Su l fu r  oxide emissions can be 
cont ro l led  by f u e l  desu l fu r i za t ion  o r  f l u e  gas treatment.  Carbon 
monoxide and hydrocarbons can be l i m i t e d  by b e t t e r  combustion 
e f f ic iency .  Current technology i s  inves t iga t ing  four  general  
techniques o r  modifications f o r  t h e  c o n t r o l  of  NOx emissions.  
These include combustion modi f ica t ion ,  f u e l  modi f ica t ion ,  a l t e r -  
nate  furnace design,  and f l u e  gas t rea tment .  Several  of these 
NOx con t ro l  techniques are p resen t ly  being appl ied to l a r g e  
u t i l i t y  b o i l e r s ,  but t h e i r  a p p l i c a b i l i t y  t o  process hea te r s  i s  
undefined . , 

Compressor Engines 

Many o lde r  r e f i n e r i e s  use rec iproca t ing  and gas t u r -  
bine engines f i r e d  with n a t u r a l  gas t o  run high pressure  com- 
pressors .  Natural gas has t r a d i t i o n a l l y  been a cheap abundant 
source of energy. Examples of  r e f i n i n g  u n i t s  opera t ing  a t  high 
pressure include hydrodesul fur iza t ion ,  isomerizat ion,  reforming, 
and hydrocracking u n i t s .  Internal combustion engines a r e  l e s s  
r e l i a b l e  and harder  t o  maintain than steam engines o r  e l e c t r i c  
motors. For t h i s  reason and because of increasing n a t u r a l  gas 
cos ts  very few such units have been i n s t a l l e d  i n  t h e  l as t  few 
years .  
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The major source of emissions from compressor engines 
a r e  combustion products i n  the  exhaust gas .  These emissions 
include carbon monoxide, hydrocarbons, n i t rogen  oxides ,  aldehydes, 
and ammonia. Su l fu r  oxides may a l s o  be present  depending on the  
s u l f u r  content  of t he  n a t u r a l  gas .  A l l  of these  emissions a r e  
s i g n i f i c a n t l y  higher  i n  exhaust from rec iproca t ing  engines than 
from tu rb ine  engines.  

The major emission con t ro l  technique appl ied  t o  com- 
pressor  engines i s  carburet ion adjustment similar t o  t h a t  appl ied 
on automobiles. Cata lys t  systems s i m i l a r  t o  those appl ied  t o  
automobiles may a l s o  be e f f e c t i v e  i n  reducing emissions but a r e  
cu r ren t ly  undefined f o r  t h i s  app l i ca t ion .  

- 
2- 0-1 i- I:, 5 ,  L , VLU L-rJ." d.4- 

3 1  
7 9 . 1 . 3  FUGITIVE' EMISSION SOURCES AND CONTROL EQUIPMENT - 

/----- 
1 

'--This s ec t ion  presents  desc r ip t ions  of r e f i n e r y  pro- 
cesses  and operat ions which a r e  s i g n i f i c a n t  sources of f u g i t i v e  
emissions. Process flow schemes, emission c h a r a c t e r i s t i c s  and 
emission con t ro l  technology a r e  discussed f o r  each process .  
Emission f a c t o r s  f o r  both uncontrol led and cont ro l led  f u g i t i v e  

-emFssism sources a re  l i s t e d  i n  Table 9 .1 -2 .  The f&?mwk+ 

f u g i t i v e  emission sources are discussed i n  t h i s  s e c t i o n  on 
petroleum r e f i n i n g  e m i s s i o n s c l ,  , 

o i l -wa te r  separators,  
cool ing towers,. 
p ipe l ine  valves, 
p i p e l i n e  flanges, 
r e l i e f  valves, 
pump and compressor seals, 
a spha l t  blowing, 
b l ind  changing,. 
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- sweetening\ - process drains,, 
storage,, an$ - t r a n s f e r  operat ions\  

Average emission f a c t o r s  are presented andfihere  
* -  ava i l ab le ,  95 percent  confidence intervals f o r  t h e  emission 

' .  f a c t o r s  a r e  a l s o  given. The 95 percent  confidence i n t e r v a l  

2 

i s  the  i n t e r v a l  o r  range of values  expected t o  include the  t r u e  
emission f a c t o r  wi th  95 percent confidence.  For example, t he  
t r u e  emission f a c t o r  f o r  ves se l  r e l i e f  valves  ( i f  a l l  r e l i e f  
valve emission r a t e s  could be measured and averaged) should be 
between 0.07 and 0.49 lb/hr(vn"i$3 

- - .  

+ J L  ! 

2 <Miscellaneous f u g i t i v e  emission sources are genera l ly  
sources  wki&-.as e no t  a s soc ia t ed  

with a p a r t i c u l a r  process,but s c a t t e r e d  
throughout t he  r e f i n e r y .  Fugi t ive  emission sources include 
va lves ,  f l anges ,  pump and compressor s e a l s ,  process d r a i n s ,  
r e l i e f  va lves ,  b l ind  changing, and .sample l i n e  purging. ,Jy%=. 
-missions from f u g i t i v e  emission sources a r e  a t t r i b u t a b l e  
t o  t h e  evaporation of leaked o r  s p i l l e d  petroleum l i q u i d s  and 
gases.  .Normally.EQ cont ro l  of f u g i t i v e  emissions involves +&R 

m i n i r n i z d k d  leaks and s p i l l s  through equipment changes, pro- 
cedural changes, and improved monitoring, housekeeping and main- 
tenance p r a c t i c e s .  

- -  

2 I I%-- 

The f u g i t i v e  emission rates from va lves ,  pump s e a l s ,  
and compressor s e a l s  were found t o  be a func t ion  of t he  v o l a t i l -  
i t y  and/or composition of t he  r e f i n e r y  stream being processed." 



The emission f a c t o r s  fo r  these sources are presented f o r  f i v e  
general  ca t egor i e s  of process stream groups. The stream ca te -  
gor ies  are described below: 

Stream Category A :  A l l  streams 

Stream Category B :  Streams which contain more than 
56% h/=rbo$ by volume, and 
which are i n  t h e  gas phase a t  
process condi t ions .  

'e 

Peer 
Stream Category C :  Liquid stream o r  gas/liquid stream 

which conta ins  20% o r  more of a 
. k- hydrocarbzg . -- o r  c l a s s  of Qydrosarbons 

\ 

. 7 

whose b o i l i n g  poin t  is below t h a t  
of kerosene (vapor pressure  2 0 . 1  
p s i a  @ 1 0 0 ° F ) .  Contains less  than 
5 % hydrogen. c\  =, :'3 

Q? 
Stream Category D :  Heavy l i q u i d  streams which conta in  

less t h a n 3  of a hydrqcqb,on ~ o r  
c l a s s  of hfirocarbons whose bo i l ing  
po in t  i s  below t h a t  of kerosene 
(vapor pressure  2 0 . 1  p s i a  @ 1 0 0 ° F ) .  

y' ' '  

Y Q  
c, 

Stream Category E :  Gas streams which contain more than 
5% by volume of hydrogen. 

4-q 
The s i z e  of sources such a s  v a l v e s ,  f l anges ,  pump e@ 

s e a l s ,  compressor s e a l s ,  r e l i e f  v a l v e s ,  and process  d r a i n s  

dent of process u n i t  o r  r e f i n e r y  throughput. 
a f f e c t  t h e  leak  r a t e s . "  Thus, t h e  emission f a c t o r s  a r e  

The number and 



stream d i s t r i b u t i o n  of the  var ious  source types must be known 
o r  estimated before  t o t a l  source emissions can be determined. 

Cooling Towers 

Cooling towers a r e  used ex tens ive ly  i n  r e f i n e r y  cooling 
3. water systems t o  transfer waste hea t  from the  cooling water t o  
.. the  atmosphere. The only r e f i n e r i e s  not employing cooling towers 

a r e  those with once through cooling. The increas ing  s c a r c i t y  of 
la rge  water suppl ies  required by once through cooling i s  c o n t r i -  
buting . t o  the  disappearance of that form of r e f i n e r y  cool ing.  
In  the  cooling tower warm cooling water re turn ing  from r e f i n e r y  
processes i s  contacted with a i r  by cascading through packing. 
Heat in the cool ing water i s  t r a n s f e r r e d  t o  the  a i r .  Cooling 
water c i r c u l a t i o n  r a t e s  f o r  r e f i n e r i e s  commonly range from 0 . 3  
t o  3 .0  gpm/bbl per  day of r e f i n e r y  

Atmospheric emissions from the cooling tower cons i s t  
of f u g i t i v e  hydrocarbons and gases s t r i p p e d  from the cooling 
water a s  the  a i r  and water come i n t o  contac t .  These contaminants 
en ter  t he  cooling water system from leaking hea t  exchangers and 
condensers. 
water i s  hydrocarbons, dissolved gases such as H2S and NH3 may 
a l so  be found i n  cooling water (Table 9 .1-2) .2 ' '  

Although t h e  predominant contaminant i n  cool ing 

Control of cooling tower emissions i s  accomplished 
by reducing contamination of cooling water through the proper 
maintenance of h e a t  exchangers and condensers. The e f f ec t iveness  
of cooling tower cont ro ls  i s  highly v a r i a b l e ,  depending on 
r e f ine ry  configurat ion and e x i s t i n g  maintenance practices. '  
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Wastewater Treatment Facilities 

All refineries employ some form of wastewater treat- 
ment to upgrade the quality of water effluents such that they 
can be safely returned to the environment or reused within the 
refinery . 

4 

. .  The design of wastewater treatment plants is compli- 
cated by the diversity of refinery pollutants including oil, 
phenols, sulfides, dissolved solids, suspended solids, and toxic 
chemicals. Although the wastewater treatment processes employed 
by refineries vary greatly, they generally include neutralizers, 
oil-water separators, settling chambers, clarifiers, dissolved 
air flotation systems, coagulators, aerated lagoons, and activated 
sludge ponds. Refinery water effluents are collected from various 
processing units and conveyed through sewers and ditches to the 
wastewater treatment plant. Most of the wastewater treatment 
processing occurs in open ponds and tanks. 

i 

- 

The main components of atmospheric emissions from 
wastewater treatment plants are fugitive hydrocarbons and dis- 
solved gases which evaporate from the surfaces of wastewaters 
residing in oil-water separators and wastewater ponds (Table 
9.1-2). Treatment processes which involve the extensive con- 
tacting of wastewater with air such as aeration ponds and dis- 
solved air flotation create an even greater potential for 
atmospheric emissions. 

The control of wastewater treatment plant emissions 
involves covering wastewater systems where emission generation 
is greatest (such as covering API separators and settling basins) 
and removing dissolved gases from wastewater streams with sour 
water strippers and phenol recovery units prior to their contact 
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w i t h  t h e  atmosphere. These c o n t r o l  techniques can p o t e n t i a l l y  
achieve g rea t e r  than 90 percent  reduct ion of wastewater system 
emissions. 1 3  

Asphalt Blowing 

The a spha l t  blowing process  polymerizes a s p h a l t i c  6 -  

r e s idua l  o i l s  by oxida t ion ,  increas ing  t h e i r  mel t ing temperature 
and hardness t o  achieve an increased r e s i s t a n c e  t o  weathering. 

- - .  

The o i l s  containing a l a r g e  quan t i ty  of polycycl ic  
aromatic compounds ( a spha l t i c  o i l s )  a r e  oxidized by blowing 
heated a i r  through a preheated batch mixture o r ,  i n  t he  cont in-  
uous process ,  by passing ho t  a i r  countercurrent  t o  t h e  o i l  f low. 
The r eac t ion  i s  exothermic, and quench steam i s  sometimes needed 
f o r  temperature con t ro l .  I n  some cases  f e r r i c  ch lo r ide  o r  phos- 
phorus pentoxide i s  used as a c a t a l y s t  t o  increase  t h e  r e a c t i o n  
r a t e  and impart spec ia l  c h a r a c t e r i s t i c s  t o  the  a s p h a l t .  Blowing 
i s  stopped when the  a spha l t  reaches the  des i red  product s p e c i f i -  
ca t ions .  

A i r  emissions from asphal t  blowing a r e  pr imar i ly  
f u g i t i v e  hydrocarbon vapors vented with t h e  blowing a i r .  The 
q u a n t i t i e s  of emissions a r e  small  because of t h e  p r i o r  removal 
of v o l a t i l e  hydrocarbons i n  the  d i s t i l l a t i o n  u n i t s ,  bu t  t he  
emissions may contain hazardous polynuclear o r g a n i c s . 2 ” ” 3 ” 5  

Emissions from asphal t  blowing can be con t ro l l ed  t o  
neg l ig ib l e  l e v e l s  by vapor scrubbing, by inc ine ra t ion ,  o r  by a 
combination of t he  two.  4 , 1 3  
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A l l  r e f i n e r i e s  have a feedstock and product s torage  
a rea ,  termed a "tank farm", which provides  surge s t o r a g e  capa- 
c i t y  t o  insure  smooth, un in te r rupted  r e f i n e r y  ope ra t ions .  Ind i -  
v idua l  s torage  tank c a p a c i t i e s  range from less than 1000 b a r r e l s  
t o  more than 500,000 b a r r e l s ,  and t o t a l  tank farm s to rage  capa- 
c i t i e s  commonly range from severa l  days t o  several weeks. S tor -  
age tank designs,  emissions, and emission cont ro l  technologies  
a r e  discussed i n  d e t a i l  i n  Sect ion 4 . 3 .  

' .> 
d .  

- -. 

Sweetening 

Sweetening of d i s t i l l a t e s  i s  accomplished by t h e  con- 
version of mercaptans t o  a lky l -d i su l f ides  i n  the presence of a 
c a t a l y s t .  The conversion process may be followed by an ex t rac-  
t i on  s t e p  f o r  t h e  removal of t he  a l k y l - d i s u l f i d e s .  

I n  the  conversion process s u l f u r  i s  added t o  t h e  sour 
d i s t i l l a t e  with a small amount of c a u s t i c  and a i r .  This  mix- 
tu re  i s  then passed upward through a fixed-bed c a t a l y s t  counter- 
current  t,o a flow of c a u s t i c  en te r ing  a t  t h e  top of the  v e s s e l .  

I n  t h e  conversion and e x t r a c t i o n  process t h e  sour  
d i s t i l l a t e  i s  prewashed with c a u s t i c  and then i s  contacted with 
a so lu t ion  of c a t a l y s t  and c a u s t i c  i n  the  e x t r a c t o r .  The 
ex t r ac t ed  d i s t i l l a t e  i s  then contacted w i t h  a i r  t o  convert  
mercaptans t o  d i s u l f i d e s .  Af te r  oxidat ion the  d i s t i l l a t e  i s  
s e t t l e d ,  i n h i b i t o r s  a r e  added, and t h e  d i s t i l l a t e  i s  sen t  t o  
s torage .  Regeneration i s  accomplished by mixing c a u s t i c  from 
the  bottom of the  ex t r ac to r  with a i r  and separa t ing  the  d i s u l -  
f i d e s  and excess a i r .  
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The major source of a i r  emissions a r e  f u g i t i v e  
hydrocarbon emissions generated when the  d i s t i l l a t e  product 
i s  contacted with a i r  i n  t h e  " a i r  blowing" s t e p .  
s ions are dependent upon equipment type and configurat ion a s  
well  as on operat ing condi t ions and maintenance p r a c t i c e s . 4  

These emis- 

., 

J '  Transfer  Operations 

Although most r e f i n e r y  feedstocks and products a r e  
t ranspor ted  by p ipe l ine ,  many feedstocks and products a r e  t r a n s -  
portgd-by t rucks ,  r a i l  c a r s ,  and marine v e s s e l s .  The r e f i n e r y  
feedstocks and products are t r a n s f e r r e d  t o  and from these  t r ans -  
por t  vehic les  i n  the  r e f i n e r y  tank  farm a rea  using spec ia l ized  
pumps and piping systems. The emissions from t r a n s f e r  operat ions 
and appl icable  emission cont ro l  technology a r e  discussed i n  much 
g rea t e r  d e t a i l  i n  Section 4 . 4 .  
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The refinery a i r  p o l l u t a n t  emission f a c t o r s  p r e s e n t l y  
~ 

conta ined  i n  Zect ion 9.1 of AP-42, A Compilation of A i r  P o l l u t a n t  

for s m e  fug-!:l,ve emission sources  have been developed fr~,,m the' 
r e s u l t s  of  re.:snt t e s t i n g  i n  13 re f iner ' es .  . This t e s t i n g  was 
done by Radiar. u.nder EPA Cont rac ts  68-02-2665 and 68-02-2147, 
Exhibit B .  

'Emission Factcirs were  l as t  r e v i s e d  i n  1977. . .  Neb? emissi::,: f a c t o r s  

Th::..se f c x t o r s  a r e  inc luded  i n  t h e  r e v i s e d  -%&&, 
.-&@5@i&?l-presen~ed i n  t h i s  r e p o r t .  
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compressor engines 

and ammonia. Sulfur on the 
,,.sulfur content of 
significantly higher in exhaust from reciprocating engines than 
from turbine engines. 

. .  

currently undefined for this applccation. 
Q.+ 4 [&iLtt.. -f ' .aLCord,  rw?%i.eL,G- 
-7 

9.1.3 /FUGITIVE EMISSION SOURCES AND CONTROL EQUIPMENT- -; 

I 
c.. This section presents descriptions of refinery pro- 

cesses and operations which are significant sources of fugitive 
emissions. Process flow schemes, emission characteristics and 
emission control technology are discussed for each process. 
Emiss'ion fact.zrs for both uncontrolled and controlled fugitive. 

fugitive emission sources .CF discussed in this section on .. - 
petroleum,refining emissionsk ciuze:' 

..' 

sou-.c'es are listed in Table 9.1-2. The 

oil-water separatorsgL 
cooling towers/! 
pipeline valves 6~ 
pipeline flanges,< 
relief valves& 
pump and compressor seal!+ 
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* sweetening ,*J 
process  drains& 
s t o r a g e  ,Y~KK!- 

t r a n s f e r  ope ra t iuns fy  

Average emission f a c t o r s  a r e  p re sen ted  andhwhere  
a v a i l a b l e ,  95 pe rcen t  confidence intervals f o r  t h e  emission 
f a c t o r s  a r e  a l s o  given.  The 95 p e r c e n t  confidence interval 
i's t h e  i n t e r v a l  o r  range  of va lues  expected t o  inc lude  t h e  true 
emission factor w i t h  95 pe rcen t  confidence.  For example, t h e  
true emission f a c t o r  f o r  v e s s e l  r e l i e f  va lves  ( i f  a l l  rel ief 
valve emission r a t e s  could be  measured and averaged) should be 
between 0.076 and 0 .49  l b l h r  (u&6 d&kA td ) . 

1 

0 C) 

emission sources are g e n e r a l l y  
de f ined  as 
wi th  a p a r t i c u l a r  a f$%iqg  processi ;  b u t  w w S z e .  s c a t t e r e d  
throughout t h e  r e f i n e r y .  F u g i t i v e  emission sources  inc lude  
valves, f l a n g e s ,  pump and coq>rer:.;or s e a l s ,  process  d r a i n s ,  

emission sources  WE&&=+ n o t  a s s o c i a t e d  

e emissions from f u g i t i v e  emission sources a r e  a t t r i b u t a b l e  - 
t o  the evapora t ion  of leaked o r  s p i l l e d .  petroleum l i q u i d s  and-  
gases .  ~ 0 r m a l l 3  &k' c o n t r o l  of f u g i t i v e  emissions involves  AW 

leaks and s p i l l s  through equipment changes,  pro- -. m i n i m i z w  
c e d u r a l  changes, and improved monitoring. housekeeping and main- 
tenance p r a c t i c e s .  

. 
The f u g i t i v e  emission r a t e s  from va lves ,  pump s e a l s ,  

and compressor seals were found t o  be a func t ion  of the v o l a t i l -  
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The emission f a c t o r s  f o r  t h e s e  s o u r c e s ' a r e  presented f o r . , f i v e  . 
genera l  c a t e g o r i e s  of process  s t ream groups. 
g o r i e s  a r e  descr ibed  below: 

The stream cate- 

;I" 

IL 
Stream Category 4: A l l  st reams 

Stream Category 83: S t r e  m s  which con ta in  more than  . . /z by I volume, and 5 4 3  
.which are i n  t h e  gas phase a t  
process  cond i t ions .  

L iquid  stream o r  
-6 

Stream Category b: 

of kerosene (vapor p re s su re  2 ' 0 . 1  

-$ 
Stream Category G I :  H e  

whose b o i l i n g  
p o i n t  i s  below t h a t  of kerosene .. - 

< *. 

/ 

Stream Category 6 : 

The s i z e  of sources  such as valves, f l  
s e a l s ,  compressor s e a l s ,  r e l i e f  v a l v e s ,  and process  d r a i n s  
a f f e c t  t h e  l e a k  ra tes . "  Thus, the emission, f a c t o r s  a r e  indepen-.. 
dent  of  process  u n i t  o r  r e f i n e r y  throughput.  The number and 
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ABSTRACT 

The r e f i n e r y  a i r  p o l l u t a n t  emission f a c t o r s  
p re sen t ly  conta ined  i n  S e c t i o n  9 . 1  o f  AP-42,  "A Compilation 
of A i r  P o l l u t a n t  Emission F a c t o r s , "  were l a s t  r e v i s e d  i n  1 9 7 7 .  
New emission f a c t o r s  f o r  some f u g i t i v e  emission sources  have 
been developed from the r e s u l t s  of  r e c e n t  t e s t i n g  i n  13 
r e f i n e r i e s .  Th i s  t e s t i n g  w a s  done by Radian Corpora t ion  under 
EPA Cont rac ts  68-02-2665 and 68-02-2147, E x h i b i t  B .  These 
f a c t o r s  a r e  inc luded  i n  t h e  r e v i s e d  subsec t ion  9 . 1 . 3  ( F u g i t i v e  
Emission Sources and Cont ro l  Equipment) p re sen ted  i n  t h i s  r e p o r t .  



. 
9 . 1 . 3  
sec t ion  p r e s e n t s  d e s c r i p t i o n s  of r e f i n e r y  processes  and opera-  
t i o n s  which a r e  s i g n i f i c a n t  sources  of f u g i t i v e  emiss ions .  P ro -  
cess  flow schemes, emission c h a r a c t e r i s t i c s  and emission c o n t r o l  
technology a r e  d i scussed  f o r  each p rocess .  Emission f a c t o r s  f o r  
both uncont ro l led  and c o n t r o l l e d  f u g i t i v e  sources  a r e  l i s t e d  
i n  Table 9 . 1 - 2 .  The f u g i t i v e  emission sources  d i scussed  i n  t h i s  
s e c t i o n  on petroleum r e f i n i n g  emissions a r e :  

F u g i t i v e  Emission Sources and Cont ro l  Equipment - This  

o i l  - w a t  e r  s e p a r a t o r s  
c o o l i n g  towers 
p i p e l i n e  va lves  
p i p e l i n e  f l a n g e s  
r e l i e f  v a l v e s  
pump and compressor s e a l s  
a s p h a l t  blowing 
b l i n d  changing 
sweetening 
p rocess  d r a i n s  
s t o r a g e  
t r a n s f e r  'opera t ions  

Average emission f a c t o r s  a r e  p r e s e n t e d ,  and where 
a v a i l a b l e ,  95  p e r c e n t  confidence i n t e r v a l s  f o r  t h e  emission 
f a c t o r s  a r e  a l s o  g iven .  The 95 pe rcen t  conf idence  i n t e r v a l  i s  
t h e  i n t e r v a l  o r  range  of va lues  expected t o  i n c l u d e  t h e  t r u e  
emission f a c t o r  w i t h  9 5  percent  conf idence .  For example, t h e  
t r u e  emission f a c t o r  f o r  v e s s e l  r e l i e f  v a l v e s  ( i f  a l l  r e l i e f  
va lve  emission r a t e s  could be measured and averaged) should be 
between 0 .07  and 0 .49  l b / h r  (0 .76  and 5 . 3  kg /day) .  

Miscel laneous f u g i t i v e  emission sources  a r e  
gene ra l ly  de f ined  a s  v o l a t i l e  o rgan ic  compound (VOC) emission 
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sources no t  a s s o c i a t e d  wi th  a p a r t i c u l a r  p rocess ,  b u t  s c a t t e r e d  
throughout t h e  r e f i n e r y .  F u g i t i v e  emission sources  inc lude  
va lves ,  f l a n g e s ,  pump and compressor s e a l s ,  p rocess  d r a i n s ,  r e -  
l i e f  v a l v e s ,  b l i n d  changing, and sample l i n e  purg ing .  VOC 
emissions from f u g i t i v e  emission sources  a r e  a t t r i b u t a b l e  t o  
the  evapora t ion  of leaked o r  s p i l l e d  petroleum l i q u i d s  and 
gases .  Normally, c o n t r o l  of f u g i t i v e  emissions invo lves  mini- 
mizing l e a k s  and s p i l l s  through equipment changes,  p rocedura l  
changes, and improved monitor ing,  housekeeping and maintenance 
p r a c t i c e s .  

The f u g i t i v e  emission r a t e s  from v a l v e s ,  pump s e a l s ,  
and compressor s e a l s  were found t o  be  a f u n c t i o n  of t h e  vo la -  
t i l i t y  and/or  composition of t h e  r e f i n e r y  s t ream be ing  
processed. l 7  The emission f a c t o r s  f o r  t h e s e  sou rces  a r e  pre-  
sented f o r  f i v e  gene ra l  c a t e g o r i e s  of  process  s t r eam groups.  
The stream c a t e g o r i e s  a r e  descr ibed  below: 

Stream Category I: A l l  Streams 

Stream Category 11: Streams which c o n t a i n  more than 
50 p e r c e n t  VOC by volume, and 
which a r e  i n  t h e  gas  phase a t  
p rocess  c o n d i t i o n s .  

Stream Category 111: Liquid  s t ream o r  g a s l l i q u i d  
s t ream which c o n t a i n s  20 pe rcen t  
o r  more by volume of  a VOC o r  
c l a s s  of V O C ' s  whose b o i l i n g  
p o i n t  i s  below t h a t  of kerosene 
(vapor p r e s s u r e  >0.1 p s i a  

@ lOOoF o r  689 Pa @ 38OC). 
t a i n s  l e s s  than  50 p e r c e n t  by . -  

volume of hydrogen. 

Con- 



Stream Category I V :  Heavy l i q u i d  s t reams which con- 
t a i n  l e s s  than  20 percent  of a 
VOC o r  c l a s s  of V O C ' s  whose 
b o i l i n g  p o i n t  i s  equal  t o  o r  
above t h a t  of kerosene (vapor 
p r e s s u r e  - < 0.1 p s i a  @ IOOOF o r  
689 Pa  @ 38OC). 

Stream Category E :  Gas s t reams which con ta in  more 
than 50 p e r c e n t  volume of 
hydrogen. 

The s i z e  of  sources  such as v a l v e s ,  f l a n g e s ,  pump 
s e a l s ,  compressor s e a l s ,  r e l i e f  v a l v e s ,  and process  d r a i n s  does 
not  a f f e c t  t h e  l e a k  r a t e s .  The emission f a c t o r s  a r e  inde-  
pendent of process  u n i t  o r  r e f i n e r y  throughput .  The number and 
stream d i s t r i b u t i o n  of t h e  va r ious  s o u r c e  types  must be known 
o r  es t imated b e f o r e - t o t a l  source  emissions can be  determined. 

. . .  . .  . 
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