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FROM: &Qﬁﬁener ~62)

Chemical Process Branch

TO: Charles Masser (MD-14)
0AQPS/MDAD

As we recently discussed, I am enclosing a draft copy of the subject AP-
42 revisions prepared by Radian Corp. under Contract No., 68-02-2147B.

I have asked Bob Wetherold of Radian to send the reproducible master of

the final copy directly to you. If you don't receive it in a few days,
please give me a call. ‘

Enclosure (1) ‘ '

v ect A, MacQueen (MD-14) (w/encl)
K. €., Hustvedt (MD-13) (w/encl)
Bob Weber (IERL/Cinc) (w/encl)
Bob Wetherold (Radian-Austin, TX) (w/o encl)
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16 May 1980 . DCN B80-219-144-11-10

Dr. Bruce A. Tichenor

Industrial Environmental Research Laboratory
Office of Research and Development (MD-62)
Environmental Protection Agency

Research Triangle Park, NC 27711

Dear Bruce:

Enclosed are six copies of the revised section on refinery fugitive emissions
for AP-42. I have included the changes suggested by you, K. C. Hustvedt, and
Chuck Masser.

After some thought, I have moved the pump and compressor seals from the
"Controlled Emission" column to the "Uncontrolled.' As you know, we included
seals with all levels of emission control in our pump/compressor seal emission
factors. I feel that universal application of double mechanical seals, con-
trolled degassing vents, and monitoring/maintenance programs should result in
a significantly lower emissions level than indicated by our recently developed
emission factors., There are no hard data to back up my opinions, however.

1 left the cooling tower emission factors as they were presented in the draft
report. The refineries in which we tested cooling towers generally analyzed
their cooling water for hydrocarbon content and seemed to practice good
maintenance in keeping VOC content low. This appears to be about the best
reasonable control technique generally available for keeping atmospheric

VOC emissions from cooling towers to a minimum.

If you have any questions or comments, please call me.

Sincerely yours,

Boh

R. G. Wetherold
Senior Staff Engineer
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ABSTRACT

The refinery air pollutant emission factors presently
contained in Section 9.1 of AP-42, A Compilation of Air Pollutant
Emission Factors were last revised in 1977. New emission factors
for-some fugitive emission sources have been developed from the
results of recent testing in 13 refineries. This testing was
done by Radian under EPA Contracts 68-02-2665 and 68-02-2147,
Exhibit B. These factors are included in the revised draft of
Section 9.1 presented in this report.




9.1 PETROLEUM REFINING!

9.1.1 GENERAL DESCRIPTION

The petroleum refining industry is primarily involved
in the conversion of crude oil into more than 2500 refined pro-
ducts including liquefied petroleum gas, gasoline, kerosene,
aviation fuel, diesel fuel, fuel oils, lubricating oils, and
feedstocks for the petrochemical industry. Petroleum refinery
activities 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.

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. wvacuum distillation
c¢. light ends recovery (gas processing)




xaol

AH3NIZ3H WNINOYL3d QILVHDILNI ITJWYXT NV JO0 DILYWIHOS L-1 3HNDIL

ONION3B ¥ 3OVHOLS DNIQNATE ¥ 3DYHOLS DNIONITE ¥ JOVHOLS
WOINIHIOHL I ¥ ITIOSYD OL 3LYTRLSIO TGO OL NOBHYSOUMAOAH AAYIH OL
A \ - A \! d ~ N
Is
2 z i & A |3 1Y E: 4 £ 3 z s e ] w H
g B : I B 3 i p = gh |5 [% )
7 < 3 3 8 $ z m g " 4 e § 82 18 |2 I3
e £ ] & H -1 3 (B m 2 (Y] > o L I8
£ |2 ° £ t 13-
@ 3 g i = &
[ G 1an4d z m
R
o L L [~}
3 _| 3INITOS YD .:&
M _m b _r \ e o -
; 82 g
= h-J
z° “U o
DN TINS _m [reshme) 5 E.wuﬁw.._ E oNimMOT9 DHISE 30U
_égﬁ —zo_:,;qu L% T m o 1vo aze oms | | s e | | -oroas 1vo _mm 1TvHaSY wo 3am
- 1 o |
" -1 3 o
> = o F 3 w < = “w =
i L ] Sl s BlBie B BE B le bt 5
&
5 mmnmsmmu.mmxmm 3
W £ S z [ z e |& -4
ANVLNBOSH “— — a n LI = I [ ] m
H 2 m F o E X L N H 8
(=3
5k [ | g |z 3
I o -
- »
m m MO S 1A ]
a @ aivIeos HOULYTRNGE DUATYLYD 3 3 £
ETe) o
2 M * 2 o [ W0 5¥D o
> miA \ £ L L ]
INVANa-N RN 2 i )
38 WOLTY -
i W £ m oMI¥02 owwvadgsia | |onutviasvaal | e3oouas ’
SIS0 maa 0 _ m ) s - -
VHLHa¥H | 032N 4530 ...ﬂwﬁn: x m m ﬁ 2
Fiatons g 8 3 iz 28 z
L L b= » ]
1 .. 3 m 4 .
£a1vs ¥ BveoIs Ol hetbten L 2 Mm W m z M : EE ud w
g AuFaaE ¥ g 8 g8 |2 & [RIx% %
EIVE Of o m T % ] m @
u LY L .ua
o] m —H — ™ 3
- L — >
m m m II.ID_‘.MH Ay ANIROEIN 31y 11E1d 3901 m
. —— =
m o MGEYD BlA BRI T EY '
X
E] m
AMIADDT WADH " NI YISO
“—F3iwe ] wums mﬂ_\ S¥O Qv _ g WG ANDIYA nnnova || CRILETED
o1 waTs n - m A
NIDOHOAM
: § : | wanouosy
2 ITTar]
g : : :
2 a @
ﬂ o NOILONGOUY
g - F NIDOUOAH
o o .
-
ax09 N m z
LR ' ]
6IINNOB MOISSI 2 _zc_hq._._:m_ﬂ m
uwnmwuho..._:uua DNIAYH m oA TENERE - T DIYIHIEONLY S0nE5 033901 g
o - d
BHILYIH I 2
SEIO0YS DHIAOTING "
TAMNN DNIBEIDI0Rd m
s310830 B9 3L0W a
o
i +
< > + ms

wl l‘
.

A-3




2) Petroleum conversion processes
cracking (thermal and catalytic)
reforming

alkylation

polymerization

isomerization

coking

09 M © o 0 T R

visbreaking

3) Petroleum treating processes
a. hydrodesulfurization

hydrotreating

chemical sweetening

acid gas removal

L0 VR o B =

deasphalting

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

5) Auxiliary facilities
boilers

wastewater treatment
hydrogen production
sulfur recovery plant
cooling towers
blowdown system

g9 M © A0 T D

compressor engines.

These refinery processes are defined in the following section
along with their emission characteristics and applicable emission
control technology.
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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: atmospheric distillation,
vacuum distillation, and light ends recovery. Crude oil consists
of a mixture of hydrocarbon compounds including paraffinic,
naphthenic, and aromatlc hydrocarbons plus small amounts of
impurities including sulfur nitrogan oxygen, and metals.
Refinery separation processes use such techniques as distillation,

stripping, and absorption to separate these crude oil constituents
into common boiling point fractioms.

Petroleum Conversion Processes

Product demand and economic considerations require that
less valuable components of crude 0il 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 petroleﬁm molecules. On the other hand,
polymerization and alkylation processes are used to combine
small petroleum molecules into larger ones. Isomerization and
reforming processes primarily rearrange the structure of petroleum

molecules to produce higher value molecules of a similar molecu-
lar size.

Petroleum Treating Processes

Petroleum treating processes stabilize and upgrade
petroleum products by separating them from less desirable




petroleum products and by removing objectionable elements from
petroleum products and feedstocks. Treating processes used to
stabilize products and remove undesirable elements such as sulfur,
nitrogen and oxygen include hydrodesulfurization, hydrotreating,
chemical sweetening and acid gas removal. Treating processes
employed primarily for the separation of petroleum products
include such processes as deasphalting. Desalting is used to
remove salt, minerals, grit, and water from crude oil feed

stocks prior to refining. And asphalt blowing is used to poly-

merizg and stabilize asphalt, improving its weathering character-
istics.

Feedstock and Product Handling

The refinery feedstock and product handling operations
consist of storage, blending, loading, and unloading activities.
All feedstocks entering the refinery and all products leaving the
refinery are subject to the refinery handling operations.

Auxiliary Facilities

Auxiliary facilities include a wide assortment of
processes and equipment which are not directly involved in the
refining of c¢rude oil, but which perform functions wvital to the
operation of the refinery. These include boilers, wastewater
treatment, hydrogen plants, cooling towers, sulfur recovery units,
etc. Products from auxiliary facilities (clean water, steam,
process heat, etc.) are required by the majority of refinery
process units and are not limited to any one part of the refinery.




9.1.2 PROCESS EMISSION SOURCES AND CONTROL TECHNOLOGY

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. Table 9.1-1
lists the emission factors for direct process emissions in the
petroleum refinery. The following process emission sources
are discussed in this section on petroleum refining emissions:

i + vacuum distillation,
. catalytic cracking,
. thermal cracking processes,
. utility boilers,
. heaters,
. compressor engines,
. blowdown systems, and

. sulfur recovery.

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. 1In the Vvacuum column the topped crude is separated into
common boiling point fractions by vaporization and condensation.
Stripping steam is normally injected into the bottom of the
vacuum 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 iube 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 of vacuum pumps.

The major sources of atmospheric emissions from the
vacuum distillation column are associated with the steam ejectors
or vacuum pumps. A major portion of the vapors withdrawn from
the column by the ejectors or pumps are recovered in condensers.
Historically, the noncondensable pdrtion of the wvapors 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. 2’12:13 A gsecond source of atmospheric emissions from
vacuum distillation colummns is combustion products from the
process heater. Process heater requirements for the wvacuum
distillation column are approximately 37,000 Btu per barrel of
topped crude processed in the vacuum columm. Process heater
emissions and their control are discussed later in this section.
Fugitive hydrocarbon emissions from leaking seals and fittings
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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. Feedstocks are usually gas oils from
atmospheric distillation, vacuum distillation, coking, and de-
asphalting processes. These feedstocks typically have a boiling
range of 650-1000°F. All of the catalytic cracking processes

in use today can be classified as either fluidized-bed or moving
bed units.

+ Fluidized-bed Catalytic¢ Cracking (FCC) - The FCC
process uses a catalyst in the form of very fine particles which
act as a fluid when aerated with a vapor. Fresh feed is pre-
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
reacticn temperature (880-980°F); The high activity of modern
catalysts causes most of the cracking reactions to take place in
the riser as the catalyst and oil mixture flows upward into the

A-12




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
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. Regenerator tempera-
ture-ié'usually 1100 - 1250°F. The catalyst is then recycled
to be mixed with fresh hydrocarbon feed.

+ Moving-bed Catalytic Cracking (TCC) - In the TCC
process catalyst beads (v0.5 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. The operating temperatures
of the reactor and regenerator in the TCC process are comparable
to those in the FCC process.

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 later in this section. Emissions from the catalyst
regenerator include hydrocarbons, oxides of sulfur, ammonia,
aldehydes, oxides of nitrogen, cyanides, carbon monoxide, and
particulates (Table 9.1-1). The particulate emissions from FCC
units are much greater than those from TCC units because of the
higher catalyst circulation rates used.?’3?3

FCC particulate emissions are controlled by cyclones
and/or electrostatic precipitators. Particulate control effi-
ciencies are as high as 80 to 85 percent.’*® Carbon monoxide
wasteﬂeat;boilers reduce the carbon monoxide and hydrocarbon
emissions from FCC units to negligible levels.® TCC catalyst
regeneration produces similar pollutants to FCC units but in
much smaller quantities (Table 9.1-1). The particulate emissions
from a TCC unit are normally controlled by high efficiency
cyclones. Carbon monoxide and hydrocarbon emissions from a TCC
unit are incinerated to negligiblellevels by passing the flue
gases through a process heater fire-box or smoke plume burner.
In some installations sulfur oxides are removed by passing the
regenerator flue gases through a water or caustic scrubber.?'?’?

Thermal Cracking

Thermal cracking processes include visbreaking and
coking which break heavy oil molecules by exposing them to high
temperatures.

+ Visbreaking - Topped crude or vacuum residuals are
heated and thermally cracked (850-900°F, 50-250 psig) in the
visbreaker furnace to reduce the viscosity or pour point of the
charge. The cracked products are quenched with gas oil and
flashed into a fractionator. The vapor overhead from the
fractionator is separated into light distillate products.
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A heavy distillate recovered from the fractionator liquid can
be used as a fuel o0il 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 oll 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
petroleum stocks. Delayed coking is the most widely used process

today, but fluid coking is expected to become an important pro-
cess in the future.

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. Steam
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.

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 957% of the reactor coke is
gasified 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
thermal 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; These emissions
are associated with removing the coke from the coke drum and
subsequent handling and storage operations. Hydrocarbon emis-
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."’?®

Particulate emission control is accomplished in the
decoking operation by wetting down the coke.® Generally, there
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."’S’
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Utilities Plant

The utilities plant supplies the steam necessary for
the refinery. Although the steam can be used to produce elec-
tricity by throttling through a turbine, it is primarily used
for heating and separating hydrocarbon streams. When used for
heating, the steam usually heats the petroleum indirectly in
heat exchangers and returns to the boiler. When used in direct
contact operations the steam can serve as a stripping medium,
or a_process fluid.

Steam may also be used in vacuum ejectors
to produce a vacuum.

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 (H,S) 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.
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Most refining processing units and equipment subject to
planned or unplanned hydrocarbon discharges are manifolded into
a collection unit, called the blowdown system. By using a series
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. The gaseous
cuts can either be smokelessly flared or recycled.

Uncontrolled blowdown emissions primarily consist. of
hydrocarbons, but can also include any of the other criteria
pollutants processed by the refinery. The emission rate in a
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.

Emissions from the blowdown system can be effec-
tively controlled by combustion of the non-condensables in a
flare. To obtain complete combustion or smokeless burning,
(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 9.1-1.21!

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 refinery gas, natural gas, residual fuel oils, or combina-
tions, depending on the economics, operating conditions, and
pollution requirements. The process heaters may also use carbon
monoxide-rich regenerator flue gas as fuel.

All the criteria pollutants are emitted from process
heaters. The quantity of these emissions is a function of the
type of fuel burned, the nature of the contaminants in the fuel,
and the heat duty of the furnace. Sulfur oxide emissions can be
controlled by fuel desulfurization or flue gas treatment. Carbon
monoxide and hydrocarbons can be limited by better combustion
efficiency. Current technology is investigating four general
techniques or modifications for the control of NO  emissions.
These include combustion modification, fuel modification, alter-
nate furnace design, and flue gas treatment. Several of these
NO_ control techniques are presently being applied to large

utility boilers, but their applicability to process heaters is
undefined, 2"

Compressor Engines

Many older refineries use reciprocating and gas tur-
bine engines fired with natural gas‘to run high pressure com-
pressors. Natural gas has traditionally been a cheap abundant
source of energy. Examples of refining units operating at high
pressure include hydrodesulfurization, isomerization, reforming,
and hydrocracking units. Internal combustion engines are less '
reliable and harder to maintain than steam engines or electrie
motors. For this reason and because of increasing natural gas

costs very few such units have been installed in the last few
years.
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The major source of emissions from compressor engines
are combustion products in the exhaust gas. These emissions
include carbon monoxide, hydrocarbons, nitrogen oxides, aldehydes,
and ammonia. Sulfur oxides may also be present depending on the
sulfur content of the natural gas. All of these emissions are

significantly higher in exhaust from reciprocating engines than
from turbine engines.

The major emission control technique applied to com-
pressor engines is carburetion adjustment similar to that applied
on automobiles. Catalyst systems similar to those applied to
automobiles may also be effective in reducing emissions but are
currently undefined for this application.

Lﬁ—ﬂ0+vf?) FJE,S.C'rE VVuuvi;&;;a_“
9.1.3 FUGITIVE EMISSION SOURCES AND CONTROL EQUIPMENT ~— -~

o

“~—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.
Emission factors for both uncontrolled and controlled fugitive
-emissdan sources are listed in Table 9.1-2. The fotlowing .
fugitive emission sources ame discussed in this section on
petroleum refining emissions &

« oill-water separators.,

+ cooling towers,

+ pipeline valves,_

- pipeline flanges,_

« relief valves,

- pump and compressor seals,_
+ asphalt blowing,. .

+  blind changing,.

A-20




{panugiua)) \\

=
. bk g ar s ki
myoiaes * o PesK) Damises DA oLl
~01piy tuj 1aiem Zoypona jo Bujicy L] T T
—[WoH "@II6AS 131em Fulloo? OIUL 0 es 3ur(ood SI3IFY .o:mx
a SXRI[ UOMIEIOIPAY JO BOIIBZIWIULH 0o ] . az1eA AuyTo0d (ed 4035_ -
. UAISAS
unopreTq O3 FANITAA IQfPuUR SMATRA apinos—sepy iy
s J3f1aL jo weairsdn sysxp asnudny arqifriay (690 00 QV6T°0 arinus-3y/qr ¥
aoanos-Aep /ey
¥ $A3a00 pur sdgQIl ¥N Z0°0)0£0°0 azanos-ay/qy v

a21nos-1y /3y

060" Iy VN BJaN0S-ayfq 3
Supioijuom [onsia "syens adanoR-Lep fAy
v pafand ‘syeas [enp 's[eas [ga[ueday (6'¢" ahm.uq. YN ajrnes-1y /g 1

aztnon-Lep iy

A ISR [ g1} L LMY ¥H a
furieyfuom [ensya ‘simoy Ayatrn-Kep sy
'l pa3ind 'syeas fenp ‘sigas [eIpuUDIIag £°0'91'0)ST°0 UANOG- 11| fQT 3
oanns-Lrp /Ay
¥ miridoid adutusjuyen pue FJuplodjun) YN (SZ00"0' 70000195000 0 a3 Imes-nyqr A
quplfasira jo pua ananiee-Lep gy
ue Inpd 10 dud jo uworig{ieIsul ¥N (9100 91O D) S00° 0 auanos-an/qq v
4
aodanos-Sep )iy
¥ i (Sy0"0' L0 0)¥8{D 0 . AdInes-/qg 3
//nm..:_cnuhﬂ.\sx
v ¥N (ST00° 02000 "0} S00G°0 adanne-aufqp a
- u.ﬂ:/»qf&x
Y \.\ ¥H (9t 0 L10°0}%0"0 avanos-Tfal 2
¥ P Aaanmu-Lup Ry
\.G...:wsh; asucnayujen puv Juglaijuay R p(NTO'0EN D) 65070 EETULLES NN
u-:".-un\ Afoounang To11ue) apqeay {ddy SUO [ HE [y suo Ry FIIU A0y UNjEs[uy Jad& L
10710u4 [] pa1e11un) P [ler1unsugy FLETRT
.\b\.nntum T T T eietey Gopusjwy - sS04

!\\ e o e e e e e e 4 et e a
q S dTHANTAdY WNATOULAd ¥04 mmo.wo.«.m ZOHmmHZm zomm<oomawm m>H.HHOD.m

siamo] Faryon)

ganlry JAL[oY TavsEN4

supraq

speay Jowsaidao]

syeay dung

salur 4

mnu:—a> papuy-undg

saAfrp S Lad]y

#IIN0G UOTSS ]

"Z-1°6 T19V1L

1




TUEnIed werie[{1ISIP Iflandsomie 3yl 01 IICA PAI) (1O 4pnad A1 Se PIULIIP ST IILI Klaupgay,

T3A[TA PAATI MY O IEIH AA[TA M) _.—..aso.:: AXP SUOpESLEYY .nhb..._n:_:_ﬁ a0l iado ®L RAA[DA ISM] U BPTS @TIIISGAOP ..:_.—.u
TOQYULI VAR CJonl AR H101IR] HOINS LI GsHL - <2-.-

T1G1I8] UCISSTWD MY J0] [EPAIIIUY IDUGBPIJUOD LR YT JO SpuUnod damo[ pue daddn 33 i sasagiuored ar n::_.n_.zv

{awnon £q) uwaFoipay

105 uryl =iow BUTULEIVOD SWRAI1S Se) suex115 ualaipdy k|
‘(4,007 ) visd [ g = arnswsrd rodwra) eqyplon
aavqe I e (Madaod gz 3¢ uasard ssuo LB RIS
DLTIBIOA 50T Al VO PIsEq) a..wx:w prabyy prabi Laway a
(4,001 & ersd g

= 2ingsasd todea) auasoa Aojaq Suyrroqy SWEDLLS
(unniad pgzz 2 1uasaxd seR1D A[lle[0a 3soum pinbrysseg pue
M1 vo pasedq) @EatisProbry-sed 10 pinbig pInbe Iyl 2
(amnjuoa
Aq ‘unBoapiyios uenyy ssap Jupurelued)
SUOTIFPULY 55 1d 1w zodeagsed uoqredgapd swen11§ scy q1
s@meni}s [V SREAII1S LY v
uoyidrrosag dnoag wealily uey I
weId1§ nopIedy rIuapg

Cea1lg

smafaq wuaatd 1w aorvu dnoad meaiys pue 'wopidrassop dnoad mearis 'ia719[ uoTiedfjriuepr

ULIIIR AL  "SAIINGS UQISSIWI IALITEN} awas jo ajeldopssyma agr o I3 3 [UFIUERISRS B AAPY SERAA}S $83230Jd Ayl JO UM IUed vafolpdy Pur S1pIfIH[OA LR

0 J1R SUCLSHTNA UKKIEICIPAY [€3I01 Ayl jo 1Ydgam £q Jundsad 7 ue: ssaf ‘:a..u?cn

I3 3 4 S 4 S B AL LEUESEY 5

—~ e ez = = s o Sy U TR Y o FrT SR R A e A Sy S e s e
fT% UOYIDaY aag Ry prarg
£y u0floas aag alerolg

b3 L]

Burfand *(Fuiuaioamsg)

i N0 parg Aioaadggea miagy mcn...ux
a AL 01 pas) KLanpiaa 1aq oL/t - '
- a1q53y1day too o paay .Ca..cfyq_/u: (01/3y
a a1qrdryday £°0 . paaj Alaurjai Taq 0U/41 - FuyRumyy puyig
™
. atqrdrisaN of Iredse jo wod pa1dmydy
a a1qs8Fay 09 iteydse jo uoi/qy - Anpmorg rpeudsy
£0°0 90 Py A3auyyaa saangy 01/
i ot 00t poa) Lraupgaz fyq OT/41
%I0°0 90 IdlEmAISEA 181{] no:_ux
0 [ Iaienayses (el oAt - // s10VPIRdng I191CM-T [0
ABogowmaal Tosjun) aqgeayddy | SUC[sSpuy s R6my ST I01IC4 UOfSK [y gd L Mu._._:}. uo g sy
. pa[IvIIUOY P Led Junineg FEINIG ~
T T T TR O IR Uay el SRAN01}
NN | et m e o g A Mt ey rmgre mep e aeeay . e e =

(PonUTIUOY)) g pSATIYANIATA
ANTTOYLAd ¥Od SUOLOVA NOISSIWA NOEYVOOQUAAH AALLIONA “Z-1'6 FI4VL

.
»
+




(PAnUT L0} .

£0°'0 poR} ASAUTjAL RARII] uoﬁ_......._x
BROGAE} 200°0 an Axn a1
—o1pfy 10j iatem Jupgood Jo TJuides 1 D01 gP?P) A3urgal 194 or/qt
~{ucy "w21s5Ls 131em Buy{ood oiljr £80°0 L0 Aanem Jay1eod $I13TL] -c:mx ~
a §YP3] unqIEd0IpPAY JO UOTIBRTWIUTK QL0 'y 137em Buppoos el ,orrat - Auuu...a,_. Juirow)
L.BFE T8
umapmelq 03 Jurruaa do/pue saafles . doanas-Aop Iy -
i 121131 jo @rarisdn sysyp Aanirdny atqrdridan (69°0"0£0°0)6T°0 I31n08-14/q1 v 132.; INELA TARFAA
I21nos-Arp sy -
A B12AuUD pUT sdeEal N (0Z7'0°€20°0)0L0°0 VANAE-AY L 1235
(¢ z's'0)z-1 EERUCLESITLL
(€270'50° 01T ¢ vH . dInoR-14/qT 3
Juiplojjuom [ensia .uumvm (TE* T L)ST X adanogs—Aep /3y -
v padind ‘syeas [enp ‘syEds [EDfURYIIN (6'Z°99°Q0)%'T ¥H ad1nng-at/q1 g 123.% 1ossazdon)
(Z'1'te-0)os o avanos-Lep iy
¥ (11°0'610°0)9%0°0 VR sa1n0g-a/q1 a
BurLolgvom [¥nsSTA .uﬂ&um [0 M S T4 3danos-Kep i -
¥ padand *syeas [enp ‘sTeas [EdJuRYIAH (LC-0'91°®MSI 0 ¥ asanos-n/qy 2 ‘Um_”mam den,]
{£z0°0'Z00°0)0900°0 ananos-Lep iy -
¥ oraford povevaiupen pus BurIoljucH v {$Z00°0"Z00N " D) 9C0ND' O Adanes-14/q] ¥ ﬂvﬂ.m:q:
aur(/angea jo pud :..af.._o {(LE°0°I10°0)50°0 Ivanos-Lap fiy -
uo Inyd 30 ded Jo uoemiB[[UInUL ¥N (910'0*91{00°0}500'Q IoInos-ay L ¥ .w ‘.m.a:.:. paprg-uinde
(6%°n"gn°0)61°0 avsnos-Aep [Ty
¥ i {(¢%0°0°L00"0)BID O AILINOS - fOT 3
(910°0°200° 935000 s2anos-fep 3y
v VN (5T0070" 2000 '0) 50000 aanos-ayqy a
(6£°0"8L°0)92°0 aoanos-Lep /iy
¥ YN {9t0 0" LT0"0X970°0 224N08-14/qY 2
v (6T°T°ZE'0)LE9°D arinos-Lep/3y -
wrifiosd asueunsjuime pue Ruproljuoy ln_.z dﬂcﬂﬁ.o.ono.cumno.o A0inog-ag/qy 1 lﬁau;:.b Ay gadd g
Juyiey AFogourpal toilun) agqeajrddiy= : suogRsIay SUO[RR [y 8Ipw Iataryg :a:a«.ﬁm. and&L A31n0g E;.ac__..an
107004 parrosuoy~ pPa1104 puoaa[ weadg
unymeyud™ ' R BT S E T O T e T - ELEETEN o

9 (SIATYANIATY WNITOYLId ¥0d SYOLIOVL NOISSIWA NOEIVIOHAAH FAILIONA "Z-1°6 FIAVL

-




TSUOQIEI0IPAY AUM|IMOUL AIE SUOTSS{TI .@..du..a:v::‘ h
Tum oD BOP1R{{IaSTp D{Asydionit Ayl 01 A1k pEa] [10 spnid By S® paufgap ST 21El LInuy)n

TSATEBA PASSTY ayl JOo 1BAR Safea o) HTuo1yY 21 Suopys ey alaydsoune a4t 01 uado S $malEA 3%IUL JO BP[S CRALISUmOD AL

LN

N 5 AL

T eI IOTOrT -t iy

TIo32v] worSsTwS Byl JA0] [EAld7Ul BOUIPEJUCY IGH QI JO SpUNDq APAO[ pul zaddn Yyl =2ie nﬂumnuu:uﬁv-ﬂ& ut muhﬂ-_.ﬁ—.—._z

8,

{aamyen Aq) ualoapdy ~
* ueyy aiom Jurupejuey samnils se; smea1lg5 uaforpiy 1
Uu - 09 | TUg 0 P
) (4,00 @ Br5d [") = 31ns5a1d 1odea) eyiqdeu Wu
asoqe Jurrieq (Juadraad gzz 1e uwsald sse(d e 1S
a[y3e{0on IS0 Ayl uo pIsey) WEI1IE pEuby prnbry Aarvogy q
TFYF DT 00t 8 ersd 170
= pinssadd Jodea) auasoray mo[aq Jupproq sEEAl
DAv (1owaaad g7z 17 1u3Saad FSE[I F|[JIC[OA ISvu pInbi/sen p
Y] UC pasmq) DUIIIS v«:f&vm 40 pyabyq pEnbpt WIPT 2
{aunon
Aq ‘uaJoipaAy ¥pg vmyl ssa[ Bupuiciuoo) -
suorifpund ssa20ad je rodeagsed :Aa..nuo..vm_,nu SHULIIIG Se) g
. A
suead1s 1V SOEHIlg [V '}
uoridjassag dnory mearzd— — ECTTTY - EERREN]
mep1ad LLIRLETFSUGTT]
BN R} ang

‘mac[aq u2af? ase aueu dnoifd mensiis pue ‘yoridriassap dnoard measrs ‘1313107 COTIEDF)FIUIPE
meDIIS ML CSAVINOS UOFSSTWR IATIFING IWOS JO AIRI UOISSTWD Yl UG IBAFIP [PFIUEISQNS @ IATY SMEDL1S, S5ad0ad Ay Jo juaiucd :umauﬁ:ﬁ_ pue SIT[FICTOA aul,

‘aueylanl FIR SUC{STIUT éﬂnuoq a3 jo 1ydran £q Tosashd T umip) S8a[ “TIeRIIAD

q
T 'n 'z SeousIA Y
Cr:.alﬁi\l)i..xl v.z Lt
y B - - - . - e mm amre s st s B -
7% U0I3IBE alg Am.:_u_.:._
£y uor1day Wag awmm‘_auw
. -
‘Burdand “(Fuyusiannk)
uu:ucuﬂ.&nﬁ N E0°0 pasy Kapup3sl Ban1{ QF/E% Furrorq eydsegul v
q pue Burdasyrsnoy poog YN 201 paaj Ailaujjaiz |qq (01/91 - A.mcuﬂaﬁnﬁ iSnoaun [[AS IR
saatea 3193 ylpA uopiIRINSuy _vcmﬁa at1q 3 8oy 000 paay L1augjas sanyyg [0t/ -
a ‘spurtg ,3ufr, ‘Bupysny) sury B1q1dpdan £'o pany Aiaugryas 14q (OT/aT - um:mu:_u__u purig
2rq713713aN Ak’ 14 ITeydse jo uoal pa1owfHy .
a siodea JO UCEINIAUTIUY 21q1F 1Ty 209 Iteudse jo uoifq( - Am:_)a_m 1T eydsy
[ X1y} 9°0 paa} Aaaugges saaarr OT/9y
20T ¢ 00z pa3} L13uxjas 1aq (0T/91 -
sma1sks h..u:uuw.u 92070 90 1918A31S0A IN1ET nc.:_ux
a 1oden iof/pur zioiezedas paiano) z°0 a's 1aresaasen (€3 gr/at - 4m.—o..?.unum EERLY ._m.lr
Zuyaey A3o(ouysay [osjucy arqespddy | suoyssyaEy suoygspey RVFUN 101984 uo|SSjuwE SadAL anine; =c«mn_=m.
LLEELT Iy . pa[011u0) pa|[o41u03u)] wEALI§
unpss Uy TS T T Yiotoeg unjestwle

B S ce mmmemem e b e i b e ce e g e ame e e
ﬁcmMHMMZH.ﬁmm WOATOYLEd 904 SY0LIVA NOISSIWH NOHYVOOYAAH JAILIONA .)Nl,__.m J1dVIL
(22




. sweeteningt\

- process drains,

+ storage, and

-« transfer operations\\

Average emission factors are presentffjandd}Where
available, 95 percent confidence intervals for the emission
factors are also given. The 95 percent confidence interval
is the interval or range of values expected to include the true
emission factor with 95 percent confidence. For example, the
true emission factor for vessel relief wvalves (if all relief
valve emission rates could be measured and averaged) should be

between 0.07q and 0.49 lb/hr(}ngfuggégz) l:ﬁffk‘

ﬁ?ésgllaneoug,Fungive‘SéEEEés\\
3

Miscellaneous fugitive emission sources are generally
_\-‘—‘—N_‘__—»
deflned as(hydrocarbon’gmlss1on sources whkteh-ane not associated
_______;—"'__-'

with a particular refilrsing process, but whifh-dye-scattered
throughout the refinery. Fugitive emission sources include

valves, flanges, pump and compressor seals, process drains, .
relief valves, blind changing, and sample line purging. Hydro-
EEEBEE:?miSSiOHS from fugitive emission sources are attributable
to the evaporation of leaked or spilled petroleum liquids and
gases, Normal%z,@ﬁg control of fugitive emissions involves &ke
minimize8&et=etf leaks and spills through equipment changes, pro-
cedural changes, and improved monitoring, housekeeping and main-
tenance practices.

The fugitive emission rates from valves, pump seals,

and compressor seals were found to be a function of the volatil-
ity and/or composition of the refinery stream being processed.!’
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The emission factors for these sources are presented for five
general categories of process stream groups. The stream cate-
gories are described below:

Stream Category A: All streams

Stream Category B: Streams which contain more than
7P el SOQ)ﬁfa;gzg;EBEEDby volume, and
which are in the gas phase at
process conditions.
e S

Stream Category C: Liquid stream or gas liquid stream
which contains 20D or more of a
hydrocarbon or class of hydrocarbons
whosérboiling point is below that

-

of kerosene (vapor pressure 2 0.1
psia @ lOO“F%; Contains less than
SOi%Sydrogen.' TR

Stream Category D: Heavy liquid streams which contain
eet - less than ZQ@)of a hydrocarbon or
class of hydrocarbons whose boiling
point is below that of kerosene
(vapor pressure 2 0.1 psia @ 100°F).
Stream Category E: Gas streams which contain more than
50%) by volume of hydrogen.
Pre e
The size of sources such as valves, flanges, pump and
seals, compressor seals, relief valves, and process drains'dgﬁgot
affect the leak rates.'’ Thus, the emission factors are indében$¥3;§
dent of process unit or refinery throughput. The number and
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stream distribution of the various source types must be known
or estimated before total source emissions can be determined.

Cooling Towers

Cooling towers are used extensively in refinery cooling
water systems to transfer waste heat from the cooling water to
the atmosphere. The only refineries not employing cooling towers
are those with once through cooling. The increasing scarcity of
large water supplies required by once through cooling is contri-
butiﬁg'to the disappearance of that form of refinery cooling.

In the cooling tower warm cooling water returning from refinery
processes is contacted with air by cascading through packing.
Heat in the cooling water is transferred to the air. Coocling
water circulation rates for refineries commonly range from 0.3
to 3.0 gpm/bbl per day of refinery capacity.2?’'®

Atmospheric emissions from the cooling tower consist
of fugitive hydrocarbons and gases stripped from the cooling
water as the air and water come into contact. These contaminants
enter the cooling water system from leaking heat exchangers and
condensers. Although the predominant contaminant in cooling
water is hydrocarbons, dissolved géses such as H:S and NH; may
also be found in cooling water (Table 9.1-2).2’"

Control of cooling tower emissions is accomplished
by reducing contamination of cooling water through the proper
maintenance of heat exchangers and condensers. The effectiveness
of cooling tower controls is highly wvariable, depending on
refinery configuration and existing 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.

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.

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
1s 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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with the atmosphere. These control techniques can potentially

achieve greater than 90 percent reduction of wastewater system
emissions,?!?

Asphalt Blowing

The asphalt blowing process polymerizes asphaltic
residual o0ils by oxidation, increasing their melting temperature
and hardness to achieve an increased resistance to weathering.

The oils containing a large quantity of polycyclic
aromatic compounds (asphaltic oils) are oxidized by blowing
heated air through a preheated batch mixture or, in the contin-
uous process, by passing hot air countercurrent to the oil flow.
The reaction is exothermic, and quench steam is sometimes needed
for temperature control. In some cases ferric chloride or phos-
phorus pentoxide is used as a catalyst to increase the reaction
rate and impart special characteristics to the asphalt. Blowing

is stopped when the asphalt reaches the desired product specifi-
cations.

Air emissions from asphalt blowing are primarily
fugitive hydrocarbon vapors vented with the blowing air. The

quantities of emissions are small because of the prior removal

of volatile hydrocarbons in the distillation units, but the
emissions may contain hazardous polynuclear organics.2'*:'3:1!°%

Emissions from asphalt blowing can be controlled to

negligible levels by wvapor scrubbing, by incineration, or by a
combination of the two.*’'!'?
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Storage

All refineries have a feedstock and product storage
area, termed a "tank farm'", which provides surge storage capa-
city to insure smooth, uninterrupted refinery operations, Indi-
vidual storage tank capacities range from less than 1000 barrels
to more than 500,000 barrels, and total tank farm storage capa-
cities commonly range from several days to several weeks. Stor-
age tank designs, emissions, and emission control technologies
are discussed in detail in Section 4.3.

Sweetening

Sweetening of distillates is accomplished by the con-
version of mercaptans to alkyl-disulfides in the presence of a
catalyst. The conversion process may be followed by an extrac-
tion step for the removal of the alkyl-disulfides.

In the conversion process sulfur is added to the sour
distillate with a small amount of caustic and air. This mix-
ture is then passed upward through a fixed-bed catalyst counter-
current £o a flow of caustic entering at the top of the vessel.

In the conversion and extraction process the sour
distillate is prewashed with caustic and then is contacted with
a solution of catalyst and caustic in the extractor. The
extracted distillate is then contacted with air to convert
mercaptans to disulfides. After oxidation the distillate is
settled, inhibitors are added, and the distillate is sent to
storage. Regeneration is accomplished by mixing caustic from

the bottom of the extractor with air and separating the disul-
fides and excess air.
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The major source of air emissions are fugitive
hydrocarbon emissions generated when the distillate product
is contacted with air in the "air blowing'" step. These emis-
sions are dependent upon equipment type and configuration as
well as on operating conditions and maintenance practices."®

»' Transfer Operations

Although most refinery feedstocks and products are
transported by pipeline, many feedstocks and products are trans-
portéd by trucks, rail cars, and marine vessels. The refinery
feedstocks and products are transferred to and from these trans-
port vehicles in the refinery tank farm area using specialized
pumps and piping systems. The emissions from transfer operations
and applicable emission control technology are discussed in much
greater detail in Section 4.4.
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ABSTRACT

- The refinery air pollutant emissibn factors presently
contained in “ection 9.1 of AP-42, A Compllation of Air Pollutant
‘Emission Factocs were last revised in 1977. New emissi: : factors
for some fugitive emission sources have been developed from thea
résults of re:ant testing in 13 refineries. . This testing was
done by Radian uvnder EPA Contracts 68-02-2665 and 68-02-2147,

Exhibit B. Thase factors are included in the revised dza?bg&ﬁ,audmmfid
~&E€t16929’I—pr8881ueu 1n this report.
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The maJor source of emissions from compressor engines
are combustion. products in the exhaust gas|. These emissiongs

include carbon monoxlde hydrocarbons nltrogen oxldes aldehydes,

——

"%‘w&?"‘;NW?F"Qwr!m'\nmmmm-ﬂn&wu—uu-@u;-«a'n-"w..-.:-a.nu.-.su-m:armu.-.-u;w..m.....-.. T

and ammonia. Sulfur oxldes may also be preoﬁgt dependlng on the

/sulfur content of the natural gas. All o ese emissions are

/ significantly higher in exhaust from rec1procat1ng engines than

from turbine engines.
(N ‘_/'

R St

; :
/ The/quor emission control technlque applled to com-
Pressor engines %s carbufEEISn adju

oc automobi.les. iCatal§;t 5y tems simil
tomébiles may

ls//be effective in red clng em15510ns but are
currently undefined for this application.

@ r'la {MLZ:C?» /fm/tw‘d- d—&/',«.:tm«.d (c/..g.a_ A g
9.1.3 FUGITIVE EMISSION SOURCES AND CONTROL EQUIPMENT—- SN

PR R

PRy, L
R o i e P

<ii;;;;*;;;tion presents descriptions of refinery pré-

cesses and operations which are significant sources of fugitive
enissions. Process flow schemes, emission characteristics and

234

.
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emission control technology are discussed for each process.
Emission factars for both uncontrolled and controlled fugitive :
emiESsion sousces are listed in Table 9.1-2. The f&llzWing ' E
fugitive emission sources &Ze discussed in this section on . _ E
petroleum refining emissions# cwes : i

» oil-water separatorsy
*+ cooling towers/.

_.,..-.-,
-

TR P ETI ASTY
cra dp b .. v e

* pipeline valvesyg.

» pipeline flanges 1.

+ relief valvesy

* pump and compressor seals,
+ asphalt blowing,

* blind changing?
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+ sweetening,

* process drainsy,

+ storage,.and-

» transfer operationsg-

Average emission factors are presented/andé where
available, 95 percent confidence intervals for the emission
factors are also given. The 95 percent confidence interval
is the interval or range of values expected to include the true
emission factor with 95 percent confidence. For example, the
true emission factor for vessel relief valves (if all relief
valve emission rates could be measured and averaged) should be
between 0.07¢ and 0.49 1b/hr (tuclol st vad )

ML3ceYEnestoFakitive Soufcks
1,Lo{il of Mgttw-\’— e zrmﬁc‘mﬁ( (V{J C)
Mlscell eous fugitive emission sources are generally
defined as hxd¥eeasban emission sources wﬁi&hz;ge not associated
with a particular xefifilgrg process, but wiielare scattered
throughout the refinery. Fugitive emission sources include

valves, flanges, pump and conprersor seals, process drains,
relief valves, blind changing, and sample line purging. Hydmew VOC
€gyHdn emissions from fugitive emission sources are attributable
to the evaporation of leaked or spilled petroleum liquids and
gases. Normallx}ﬁ@b control of fugitive emissions involves whe—
mninimizetiones® leaks and spills through equipment changes, pro-
cedural changes, and improved monitoring, housekeeping and main-
tenance practices.

The fugitive emission rates from wvalves, pump seals,
and compressor seals were found to be a functipn of the volatil-
ity and/or composition of the refinery stream being processed.!’
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The emission factors for these sources are presented for five

general categories of process stream groups.

gories are described below:

jf
Stream Category 4:

i

Stream Category B:

1
&

Stream Category

..ﬁ"

" Stream Category ®:

AL

Stream Category £:

The stream cate-~

All streams

Str?dé;/;hlch contain more than

Soﬁ)hyéreee@bena by volume, and
which are in the gas phase at
process conditions. o

spH
Liquid stream or E?s liquid stream
whxch contalns 20°.or moxe of a

\ cl'a

n or class of
whose boiling point is below that
of kerosene (vapor pressure 2 0.1
.psia @ 100°F).
5% hydrogen
’Apd9‘
Heavy 11;;IA,streams which contain .
' s
less than ZQiaqf a hyicac&%ben or
F-J

class of hyd:éﬁifhnnﬁ whose boiling
point is below that of kerosene_

Contains less than
ztt’a-c Z«éb Naﬁuc feie ﬂ

(vapor pressure 2 0.1 psia @ 100°F).

Gas streams which contain more than.
SO@Qby volume of hydrogen.

14

The size of sources such as valves, flanges, pumpééﬁa’/

seals, compressor seals,

affect the leak rates.!’?

relief wvalves,
Thus,

and process drains do not

The number and

e

the emission factors are indepen--
dent of process unit or refinery throughput,
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. / - /,
malnteéance of heat exthangers and condeénsers.

strean distribution of the various source types must be known
or estimated before total source emissions can be determined,

{onliangowgfg : i -
J C éiiﬁg/éz;ers\ére/§2ed extensively in refinery cooling
water systeins to transfer waste heat from the cooling water to

the atmosphere. The only“refineries not.eﬁployingjéooli towers
‘are’ those with once t fbugh coolin The incréasing scardity of

réugh cocling is co
byting to ppearance of that formlbf‘refinery cooling.
In the c%;li tower warm cooling water returning from refinery
prbcesses is contacted with air by cascadin through packing.

Heat in/the ¢ 6iing water is transferréd to the

r. GCooling
r refirferies commonly range.from 0.3
to 3.0 gpm/bbl per day of refinery capacity.?’!® . -

/

off fugitiv hydrocarbons,and gasles stripped’ from the cooling

water circulation rates

Atmospheric emissidns\ from the cooling\tower consist

water as/the\air and waﬁér come into contact. Theje contaminants
enter the cooling water system frgm leaking heat ex hapgers an

I lthough the predomiﬁhgp/éontaminant in cooling
water’ is hydrotarbons, dissolved gases such as H,S and NH; may

ccndensers.

also bz,found in cooling water (Table 9.1-2).2:*% .-

Control of cooling tower emissions is accofiplished

by reducing contamination of coolirg water through the propjﬁ/”l
The effiectiveness

of cooling E9ﬁér.contr depending on

s isépighly vari

refinery configuration and ekisting maintenance practices.‘
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ABSTRACT

The refinery air pollutant emission factors
presently contained in Section 9.1 of AP-42, "A Compilation

of Air Pollutant Emission Factors,' were last revised in 1977.
New emission factors for some fugitive emission sources have
been developed from the results of recent testing in 13
refineries. This testing was done by Radian Corporation under
EPA Contracts 68-02-2665 and 68-02-2147, Exhibit B. These
factors are included in the revised subsection 9.1.3 (Fugitive

Emission Sources and Control Equipment) presented in this report.




9.1.3

section presents descriptions of refinery processes and opera-

Fugitive Emission Sources and Control Equipment - This
tions which are significant sources of fugitive emissions. Pro-
cess flow schemes, emission characteristics and emission control
technology are discussed for each process. Emission factors for
both uncontrolled and controlled fugitive sources are listed

in Table 9.1-2.

section on petroleum refining emissions are:

The fugitive emission sources discussed in this

. oil-water separators
. cooling towers

. pipeline valves

. pipeline flanges

. relief valves

» pump and compressor seals
. asphalt blowing

. blind changing

. sweetening

. process drains

. storage

. transfer operations

Average emission factors are presented, and where

available, 95 percent confidence intervals for the emission

The 95

the interval or range of values

factors are also given.

emission factor with 95 percent

true emission factor for vessel

percent confidence interval is
expected to include the true
the
relief valves (if all relief

confidence. For example,

valve emission rates could be measured and averaged) should be
between 0.07 and 0.49 1b/hr (0.76 and 5.3 kg/day).

Miscellaneous fugitive emission sources are

generally defined as volatile organic compound (VOC) emission
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sources not associated with a particular process, but scattered
throughout the refinery. Fugitive emission sources include
valves, flanges, pump and compressor seals, process drains, re-
lief valves, blind changing, and sample line purging. VOC
emissions from fugitive emission sources are attributable to
the evaporation of leaked or spilled petroleum liquids and
gases. Normally, control of fugitive emissions involves mini-
mizing leaks and spills through equipment changes, procedural
changes, and improved monitoring, housekeeping and maintenance

practices.

The fugitive emission rates from valves, pump seals,
and compressor seals were found to be a function of the vola-
tility and/or composition of the refinery stream being
processed.'? The emission factors for these sources are pre-
sented for five general categories of process stream groups.

The stream categories are described below:
Stream Category I: All Streams

Stream Category II: Streams which contain more than
50 percent VOC by volume, and
which are in the gas phase at

process conditions.

Stream Category II1: Liquid stream or gas/liquid
stream which contains 20 percent
or more by volume of a VOC or
class of VOC's whose boiling
point is below that of kerosene
(vapor pressure >0.1 psia
@ 100°F or 689 Pa @ 38°C). Con-
tains less than 50 percent by

volume of hydrogen.




Stream Category IV: Heavy liquid streams which con-
tain less than 20 percent of a
VOC or class of VOC's whose
boiling point is equal to or
above that of kerosene (vapor
pressure < 0.1 psia @ 100°F or
689 Pa @ 38°C).

Stream Category E: Gas streams which contain more
than 50 percent volume of

hydrogen.

The size of sources such as valves, flanges, pump
seals, compressor seals, relief valves, and process drains does

17  The emission factors are inde-

not affect the leak rates.
pendent of process unit or refinery throughput. The number and
stream distribution of the various source types must be known

or estimated before total source emissions can be determined.
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