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Foreword

In September 1955 a study, known as the “Joint Project,” was
started to determine the quantity and nature of emissions from oil
refineries located in Los Angeles County. At that time there were
18 refineries in Los Angeles County with a combined capacity of over
700,000 barrels of crude oil per day. These refineries are located in
or near the city of Los Angeles, often adjacent to commercial or
residential areas,

The following agencies participated in the Joint Project: Los
Angeles County Air Pollution Control District; U.S. Department of
Health, Education, and Welfare, Public Health Service, Air Pol-
lution Engineering Research; State of California, Department of
Public Health, Bureau of Air Sanitation; and representing the oil
industry, the Western Oil and Gas Association, Air Pollution Con-
trol Committee. Formally titled the “Joint District, Federal and
State Project for the Evaluation of Refinery Emissions,” the Joint
Project took about 3 years to complete and was designed to be the
first comprehensive field study of atmospheric emissions from oil
refinerjes. The program to obtain this objective included:

1. A study of all refinery operations with respect to equipment,
products, operating conditions, and points of possible
emissions to the atmosphere.

2. Development or adaptation of sampling and analytical
methods. ‘

3. Field testing.

4. Evaluation, classification, and extrapolation of test results to
the total petroleum refining industry in Los Angeles County.

The work of the Joint Project has been presented in nine reports
published by the Los Angeles County Air Pollution Control District
in behalf of the collaborating agencies. These reports are collectively
titled : Joint District, Federal and State Project for the Evaluation of
Refinery Emissions. (Los Angeles County Air Pollution Control
District, 434 South San Pedro Street, Los Angeles 13, Calif.) The
individual titles are:

a. Kanter, C. V., et al., “Interim Progress Report” (July 1956).
b. Palmer, R. K., “Hydrocarbon Losses from Valves and Flanges,”
Report No.2 (March 1957).

vii
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c. Steigerwald, B. J., “Hydrocarbon Leakage from Pressure Re-
lief Valves,” Report No. 3 (May 1957).
d. Sussman, V. H., “Atmospheric Emissions from Catalytic
Cracking Unit Regenerator Stacks,” Report No. 4 (June
1957).
e. Bonamassa, F., “Emissions of Hydrocarbons to the Atmos-
phere from Cooling Towers,” Report No. 5 (August 1957).
f. Steigerwald, B. J., “Emissions of Hydrocarbons from Seals on
Pumps and Compressors,” Report No. 6 (December 1957).
g. DeVorkin, H., Steigerwald, B. J., “Emissions to the Atmos-
phere from Boilers and Process Heaters,” Report No. 7 (May
1958).
h. Kanter, C. V., et al., “Emissions to the Atmosphere from Eight
Miscellaneous Sources in Oil Refineries,” Report No. 8
(June 1958).
i. Kanter, C. V., et al., “Emissions of Air Contaminants from Oil
Refineries,” Final Report (June 1958).
For each source studied these reports detail sampling and analytical
techniques, results of field testing programs, data evaluation tech-
niques, and total emissions from the refineries in Los Angeles County.

This manual supplements the Joint Project reports and stresses the
use which can be made of the methodology and results of the Joint
Project in estimating emissions from refineries. It also includes a
discussion of equipment and processes, and details on the sources, mag-
nitude of emissions, and methods of control in effect in Los Angeles
County refineries.

It is designed to be of use to three groups of people:

(1) Persons not technically trained in either air pollution control
or petrolenm refining technology who need some understanding of
refinery emissions to the atmosphere and their control ;

(2) Persons trained in air pollution control who need a better un-
derstanding of petroleum refining technology ;

(3) Persons trained in petroleum refining technology who need a
better understanding of air pollution control.

Artuur C. StERN, Chief
Air Pollution Engineering Research
Robert A. Taft Sanitary Engineering Center.
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Introduction

The Engineers Joint Council has defined air pollution as “the pres-
ence in the outdoor atmosphere of one or more contaminants, such as
dust, fumes, gas mist, odor, smoke or vapors in quantities, of charac-
teristics, and of duration, such as to be injurious to human, plant, or
animal life or to property, or which unreasonably interfere with the
comfortable enjoyment of life or property.”

The assessment of potential sources of contaminants from a modern
oil refinery which may contribute to air pollution is a difficult job
because of the complexity of the refining process, the unique nature of
any one refinery, the large number and wide distribution of possible
sources, the variety of emissions, the inaccessibility of some sources,
and difficulties in the identification of some emissions. The processes
and equipment in a refinery depend on the age of the refinery, the types
of the crude oil used, and the products manufactured. Nearly all
refineries have many possible emission sources, ranging from stacks
on combustion units to pipeline flanges. Some of these emissions will
not be visible ; many will be odorless.

With the general acceptance of the theory that certain hydrocarbons,
innocuous in themselves, can react photochemically in the atmosphere
to produce characteristic smog or air pollution manifestations (1),
there has been special interest in those activities and operations which
emit hydrocarbons. Because of the nature of the processes involved
and the type of materials handled, the refining of petroleum may be
an important source of hydrocarbon emission.

The evaluation of these hydrocarbon emissions presents a particu-
larly difficult problem. Due to the chemical characteristics of hydro-
carbons, the usual equipment and techniques used for air analyses are
not effective for sampling and determining hydrocarbon emissions.

. Petroleum hydrocarbons vary from light, highly volatile materials

to heavy, nonvolatile residues. Only a few of these hydrocarbons par-
ticipate to any great extent in the chemical reactions leading to air
pollution manifestations. In this manual no attempt has been made
to differentiate between hydrocarbons which are known to be active
in smog formation and those which are nonreactive. Hydrocarbon
emissions cited herein are based on total hydrocarbons without respect
to type. Unsaturated hydrocarbons are presently believed to be the
ones most active in smog formation. Unsaturated hydrocarbons con-
stitute only a fraction of the total hydrocarbon emissions from petro-

leum refining.
1



Petroleum Refining

The petroleum industry can logically be divided into three major
divisions: production, refining, and marketing. Production includes
the operations involved in locating and drilling oil fields, removing
oil from the ground, pretreatment at the well site, and transporting
the crude to the refinery. The extent of pretreatment depends on the
type of crude oil, and usually includes removal of gas and brine. Re-
fining is limited to the operations necessary to convert the crude into
salable products. Marketing involves the distribution and sale of
the finished petroleum products. All of these activities may be sources
of emissions to the air. Emissions from the marketing of petroleum
products will generally be limited to hydrocarbons which escape dur-
ing filling operations and product storage, while production and
refining may be the sources of many types of emissions from the com-
plex equipment and operations involved. This manual is limited to
the discussion of atmospheric emissions from petroleum refining.

Some knowledge and understanding of the equipment and processes
of petroleum refining are necessary to make a reliable survey of emis-
sions to the atmosphere from petroleum refineries. Detailed informa-
tion concerning capacities, type of equipment, and control measures is
necessary and usually can be obtained through conferences with re-
finery personnel, inspection of plant flowsheets, and trips through the
refinery. Detailed descriptions and flowsheets for all commercial proc-
esses, and information on the capacities of the various processes for
each refinery in the country are also available from the literature
(3) (4).

Oil refining began about. 100 years ago with the separation of kero-
sine from crude oil in simple batch stills. Demand for gasoline, fuel
oils, lubricating oils, solvents, asphalt, petrochemicals, and other
petroleum products soon developed. To supply these needs, plants
were built to separate more effectively the crude oil, crack or split
heavy hydrocarbon molecules, polymerize or join light gaseous hydro-
carbons, rearrange the internal structure of hydrocarbon molecules,
and effectively remove impurities. The modern oil refinery is a com-
plex array of equipment. and processes, and mirrors present demands
for a wide variety of high quality products.

Future changes in refinery technology will occur to meet develop-
ing needs. A few of the factors which might influence future changes

2



821018 pajsu/) s sassuYas fo Rdaung ‘T TIEV],

" wmewg s0g syang ,, dag NP ing epamg ,

WHE! ‘B Geiu ‘pame| evn 5 D Basy sememed P puemiey

o il ii“i Sy BT 4G SR i

1 emwBe cnIo3 Sweue oFowa Eeule SEEoc wales
E o5z Sk bl aaad ocgsa el b0 el
Bl i Gacy asdvt Saed wouss Govld oot il
il i aiaf 6 G ok O sl
T T TR T
Hie ol ¥ il G B wl
Bie el Bib nEEHE bk
R R
sliteasbid B Pl R EREE 1
N ofe (EENE GG Y § M Y
Blowssaby codivg ssw el snm
Bei § EEP : g i
§| iz 5 8 ouesse ¢ M B0
§l B v ouinunheb b ek Sivi GROST $Vkas mli

Supnyfoy wmaponog

0961 ‘| A1onupf jo sp sayDdD) PuD UOHDIOT



4 Atmospheric Emissions from Petroleum Refineries

include rapid growth in the use of petrochemicals, a shift in emphasis
from the fuel requirements of internal combustion engines to those of
jet aircraft and possibly automobile turbine engines, the development
of power from nuclear and solar sources, and the use of coal, oil shale,
and less desirable crudes as refinery raw material.

At the present time there are over 300 refineries distributed through-
out the United States with a combined crude oil capacity of about
10 million barrels per day (table 1). Predictions indicate a continued
rapid growth pattern, with a domestic demand for petroleum products
in 1965 of almost 13 million barrels per day. It is anticipated that
refinery expansion costing $11.4 billion will be necessary to meet this
demand (5).

Although a modern refinery is a complex integration of many
processes and appears to be a maze of pipelines, valves, pumps,
towers, and vessels, the entire operation can be conveniently discussed
in terms of four major steps—separation, conversion, treating, and
blending. The crude oil is first separated into selected fractions;
the relative volume of each fraction (e.g., gasoline, kerosine, fuel
oil, etc.) is determined by the type of crude oil used. Since the rela-
tive volumes of each fraction produced by merely separating the
crude may not conform to the relative demand for each fraction,
some of the less valuable separation products are converted to prod-
ucts with a greater sale value (e.g., heavy naphtha to gasoline) by
splitting, uniting, or rearranging the original molecules. The prod-
ucts from both the separation and conversion steps are treated, usually
by the removal or inhibition of gum-forming materials. As a final
step, the refined base stocks are usually blended with each other and
various additives to meet product specifications and to arrive at the
most valuable and salable combination of products.

Although petroleum refining may be discussed generally in terms
of the unit processes of separation, conversion, treating, and blending,
each refinery is unique in design and no two will have exactly the
same processing scheme. Some refineries employ minimum process-
ing, limited to crude topping or skimming and simple treating (fig.
1); other intermediate refineries practice crude skimming, limited
cracking, treating, and some manufacture of heavy products such as
lube oil, grense, and coke (fig. 2); many large refineries practice
complete refining, including crude topping, catalytic cracking, light
hydrocarbon processing such as polymerization or alkylation, manu-
facture of lube oils, greases, asphalts, and waxes, and usually catalytic
reforming or isomerization to improve gasoline quality (fig. 3).

The following sections include general information on the proc-
esses and equipment used in oil refineries to manufacture petroleum
products.
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Crude Oil Distillation

Crude oil is a mixture of many different hydrocarbons, some of
them combined with small amounts of impurities. Crudes vary in
appearance from dense black semisolids resembling tar to light, almost
colorless fluids. Crudes vary considerably in composition and physi-
cal properties, and usually consist of three families of hydrocarbons:
paraflins—saturated hydrocarbons having the empirical formula
CoHiner; naphthenes—ring-structure saturated hydrocarbons having
the empirical formula C,H..; and aromatics—characterized by hav-
ing a benzene ring, CsH,, in the molecular structure. Significant
elements other than carbon and hydrogen in the crude petroleum
include sulfur, oxygen, and nitrogen.

Since crude oil is composed of hydrocarbons of different physical
properties, it can be separated by physical means into its various
constituents. In practice, primary separation is usually accomplished
by distillation, with collected fractions consisting of hydrocarbons
of specified boiling ranges. The fractions usually include refinery
&as, gasoline, kerosine, light fuel oil, diesel oils, gas oil, lube distillate,
and heavy bottoms, the amount of each being determined by the type
and composition of the crude oil. These are called straight run prod-
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Petroleum Refining 7

ucts. Some are treated to remove impurities and used as base stocks
or sold as finished products; the remainder are used as feedstock for
other refinery units.

Primary separation is accomplished by simple distillation in crude
topping or skimming units. Crude is heated in pipe stills and passed
to fractionating towers or columns for vaporization and separation.
Heavy fractions of the crude which do not vaporize in the topping
operation are separated by steam or vacuum distillation. These
processes accomplish vaporization of the high-boiling fractions at
relatively low temperatures by maintaining a vacuum above the hot
oil in the tower or by introducing into the tower an inert gas, usually
steam or recycled vapor, to lower the partial pressure in the vapor.
Destructive distillation and coking are severe forms of reduction
employed to convert heavy residuum to coke and more valuable volatile
products.

Combinations of all of these methods and occasionally solvent. ex-
traction and adsorption techniques are used to separate crude oil in
most refineries, the combination being determined by the boiling range
of the stock, the stability of the stock with respect to heat, and product
specifications. Figure 4 shows a typical crude oil distillation unit.

Conversion

The relative amounts of various products obtained by a simple sepa-
ration of crude oil usually do not conform to the existing demand for
these products. For example, the yield of gasoline from the separa-
tion of most crude oils is about 25 percent of the volume of crude
processed. However, the crude must be made to yield almost 50 per-
cent gasoline to supply the demand for gasoline without producing
excess quantities of other crude oil constituents such as kerosine, fuel
oil, and heavy residuum. Also, much of the gasoline must be of better
quality than occurs naturally in the crude oil.

To obtain a more desirable product distribution and quality, heavy
hydrocarbon molecules are cracked or split to form low-boiling hydro-
carbons in the gasoline range, and light gaseous hydrocarbons are
united in polymerization or alkylation units to form gasoline blending
stock. The processes of reforming and isomerization rearrange the
molecular structure of gasoline to produce a higher octane fuel with
better performance characteristics.

Cracking

In the cracking operation, large molecules are decomposed by heat
and pressure (sometimes using catalysts) into smaller, lower-boiling
molecules. At the same time, some of the molecules combine (poly-
merize) to form larger molecules. The products of cracking are
gnseous hydrocarbons, gasoline, gas oil, fuel oil, and coke.
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