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CHAPTER 10
PETROLEUM EQUIPMENT

GENERAL INTRODUCTION

Operations of the petroleum industry can logically
be divided into production, refining, and market-
ing. Production includes locating and drilling oil
wells, pumping and pretreating the crude oil, re-
covering gas condensate, and shipping these raw
products to the refinery or, in the case of gas, to
commercial sales outlets. Refining, which ex-
tends to the conversion of crude to a finished sal-
able product, sncludes oil refining and the manu-
facture of various chemicals derived from petro-
leum. This chemical manufacture is often re-
ferred to as the petrochemical industry. Market-
ing involves the distribution and the actual sale

of the finished products. These activities and
their sources of air pollution are briefly discussed
in this introduction. In the remainder of the chap-
ter, they are discussed much more thoroughly,
and adequate air pollution controls are recom-
mended.

CRUDE OIL PRODUCTION

The air contaminants emitted from crude oil pro~-
duction consist chiefly of the lighter saturated
hydrocarbons. The main sources are process
equipment and storage vessels. Hydrogen sul-
fide gas may be an additional contaminant in
some production areas. Internal combustion
equipment, mostly natural gas-fired compres-
sors, contributes relatively negligible quantities
of sulfur dioxide, nitrogen oxides, and particulate
matter. Potential individual sources of air con-
tarhinants are shown in Table 153.

Contribution of air contaminants from crude-oil
production varies widely with location-and con-
centration of producing facilities. In isolated or
scattered locations, many of the sources cannot
be controlled feasibly. Control and pretreat-
ment facilities such as natural gasoline plants
are more likely to be located in more developed
or highly productive areas. These factors are
significant in determining where air contami-
nant emissions from production equipment must
be minimized by proper use of air pollution con-

- trol equipment. Control equipment for the vari-

ous air pollution sources associated with crude-
oil production are listed in Table 153. Their ap-
plication can usually result in economic savings.
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REFINING

Oil companies have installed or modified equip-
ment not only to prevent economic losses but
also to try to improve community relations, pre-
vent fire hazards, and comply with air pollution
laws. The air contaminants emitted from equip-
ment agsociated with oil refining include hydro-
carbons, carbon monoxide, sulfur and nitrogen
compounds, malodorous materials, particulate
matter, aldehydes, organic acids, and ammonia.
The potential sources of these pollutants are
ghown in Table 154.

Flares and Blowdown Systems

To prevent unsafe operating pressures in process
units during shutdowns and startups and to handle
miscellaneous hydrocarbon leaks, the refinery
must provide a means of venting hydrocarben vapors
safely., Either a properly sized elevated flare

using steam injection or a series of vehturi burn-
ers actuated by pressure increases is satisfactory.
Good instrumentation and properly balanced steam-
to-hydrocarbon ratios are prime factors in the de-
sign of a safe, smokeless flare.

Pressure Relisf Valves

In refinery operations, process vessels are pro-
tected fram overpressure by relief valves. These
pressure-relieving devices are normally spring-~
loaded valves. Corrosion or improper reseat-
ing of the valve seat results in leakage. Prop-

er maintenance through routine inspections, or
use of rupture discs, or manifolding the discharge
side to vapor recovery Or to a flare minimizes
air contamination from this source.

Storage Vessels

Tanks used to store crude oil and volatile petro-
leum distillates are a large potential source of
hydrocarbon emissions. Hydrocarbons can be
discharged to the atmosphere from a storage tank
as a result of diurnal temperature changes, fill-
ing operations, and volatilization. Control effi-
ciencies of 85 to 100 percent can be realized by
using properly designed vapor recovery or dis=
posal systems, floating-roof tanks, or pressure
tanks.
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Table 153. SOURCES AND CONTROL OF AIR CONTAMINANTS FROM
CRUDE-OIL PRODUCTION FACILITIES

qu of operation

—_—
Source

e e————————
—

Contaminant

Acceptable control

Gas venting for production

Well drilling, pumping
: rate test

0il well pumping

Effluent sumps

Methane

Light hydrocarbon vapors
Hydrocarbon vapors, H,S

)| Smokeless flares, wet-gas-

gathering system
Proper maintenance

Replacement with closed vessels
connected to vapor recovery

Storage, shipment Gas-oil separators
Storage tanks
Dehydrating tanks
Tank truck loading

Effluent sumps

Heaters, boilers

Light hydrocarbon vapors
Light hydrocarbon vapors,
H,S

Hydrocarbon vapors, HZS
Hydrocarbon vapors

Hydrocarbon vapors

H,8, HC, §0,, NO_,
particulate matter

Relief to wét-gaa -gathering
system

Vapor recovery, floating roofs,
pressure tanks, white paint

Closed vessels, connected to
vapor recovery

Vapor return, vapor recovery,
vapor incineration, bottom loading

Replacement with closed vessels
connected to vapor recovery

Proper operation, use of gas fuel

Compression, absorption,
dehydrating, water treating

Compressors, pumps
Scrubbers, KO pots
Absorbers, fractionators,
strippers

Tank truck loading

Gas odorizing

Waste-effluent treating
Storage vessels

Heaters, boilers

Hydrocarbon vapors, H,S

Hydrocarbon vapors, HyS
Hydrocarbon vapors

Hydrocarbon vapors, HZS.

HS mercaptans

Hydrocarbon vapors
Hydrocarbon vapors, H2S

Hydrocarbon, SO;, NOy,
particulate matter

Mechanical seals, packing glands
vented to vapor recovery

Relief to flare or vapor recovery

Relief to flare or vapor recovery

Vapor return, vapor recovery,
vapor incineration, bottom loading

Positive pumping, adsorption

Enclosed separators, vapor re-
covery or incineration

Vapor recovery, vapor balance,
floating roofs

Proper operation, substitute gas
as fuel

Bulk-Loading Facilities

The filling of vessels used for transport of petro-
leum products is potentially a large source of hy-
drocarbon emissions. As the product is loaded,
it displaces gases containing hydrocarbons to the
atmosphere. An adequate method of preventing
these emissions consists of collecting the vapors
by enclosing the filling hatch and piping the cap-
tured vapors to recovery or disposal equipment.
Submerged filling and bottom loading also reduce
the amount of displaced hydrocarbon vapors.

Catalyst Regenerators

Modern refining processes include many opera-
tions using solid-type catalysts. These catalysts
become contaminated with coke buildup during
operation and must be regenerated or discarded.
For certain processes to be economically feasible,
for example, catalytic cracking, regeneration of

the catalyst is a necessity and is achieved by burn-
ing off the coke under controlled combustion con-
ditions, The resulting flue gases may contain
catalyst dust, hydrocarbons, and other impurities’
originating in the charging stock, as well as the
products of combustion,

The dust problem encountered in regeneration of
moving-bed-type catalysts requires control by
water scrubbers and cyclones, cyclones and pre-
cipitators, or high-efficiency cyclones, depend-
ing upon the type of catalyst, the process, and the
regenerator conditions. Hydrocarbons, carbon
monoxide, ammonia, and organic acids can be
controlled effectively by incineration in carbon
monoxide waste-heat boilers, The waste-heat
boiler offers a secondary control feature for
plumes emitted from fluid catalytic cracking
units. This type of visible plume, shown in Fig-
ure 430, whose degree of opacity is dependent
upon atmospheric humidity, can be eliminated by
using the carbon monoxide waste-heat boiler.
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Table 154. POTENTIAL SOURCES OF EMISSIONS FROM OIL REFINING

Type of emission

Potential source

Hydrocarbons

Sulfur oxides

Carbon monoxide
Nitrogen oxides
Particulate matter

Odors

Aldehydes

Ammonia

Air blowing, barometric condensers, blind changing, blowdown systems, boilers,
catalyst regenerators, compressors, cooling towers, decoking operations, flares,
heaters, incinerators, loading facilities, processing vessels, pumps, sampling
operations, tanks, turnaround operations, vacuum jets, waste-effluent-handling
equipment

Boilers, catalyst regenerators, decoking operations, flares, heaters, incinerators,
treaters, acid sludge disposal

Catalyst regenerators, compressor engines, coking operations, incinerators
Boilers, catalyst regenerators, compressor engines, flares
Boilers, catalyst regenerators, coking operations, heaters, incinerators

Air blowing, barometric condensers, drains, process vessels, steam blowing,
tanks, treaters, waste-effluent-handling equipment

Catalyst regenerators, compressor engines

Catalyst regenerators

* Figure 430. A fluid catalytic cracking unit as a source of a visible plume. Use of a carbon menoxide
waste-heat boiler eliminates this plume formation.

v — L
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Other processes in refining operations employ
liquid or solid catalysts. Regenerating some of
these catalysts at the unit is feasible. Other
catalysts are consumed or require special treat-
ment by their manufacturer. Where regenera-
tion is possible, a closed system can be effected
to minimize the release of any air contaminants
by venting the regenerator effluent to the firebox
of a heater.

Effluent-Waste Disposal

Waste water, spent acids, spent caustic and
other waste liquid materials are generated by
refining operations and present disposal prob-
lems. The waste water is processed through
clarification units or gravity separators. Un-
less adequate control measures are taken, hy-

-drocarbons contained in the waste water are

emitted to the atmosphere. Acceptable control
is achieved by venting the clarifier to vapor re-
covery and enclosing the separator with a float-
ing roof or a vapor-tight cover. In the latter
case, the vapor section should be gas blanketed
to prevent explosive mixtures and fires. Spent
waste materials can be recovered as acids or
‘phenolic compounds, or hauled to an acceptable
disposal site (ocean or desert).

Pumps ond Compressors

Pumps and compressors required to move liq-
uids and gases in the refinery can leak product
at the point of contact between the moving shaft
and stationary casing. Properly maintained pack-

ing glands or mechanical seals minimize the emis-

sions from pumps. Compressor glands can be
vented to a vapor recovery system or smokeless
flare,

The internal combustion engines normally used to
drive the compressors are fueled by natural or
refinery process gas. Even with relatively high
combustion efficiency and steady load conditions,
some fuel can pass through the engine unburned.
Nitrogen oxides, aldehydes, and sulfur oxides
can also be found in the exhaust gases. Control
methods for reducing these contaminants are
being studied.

Air-Blowing Operations

Venting the air used for "brightening'’ and agita-
tion of petroleum products or oxidation of asphalt
results in a discharge of entrained hydrocarbon
vapors and mists, and malodorous compounds.
Mechanical agitators that replace air agitation
can re luce the volumes of these emissions. For
the effluent fumes from asphalt oxidation,incin-
eration gives effective control of the hydrocar-
bons and malodors.

Pipeline Valves and Flonges, Blind Changing,
Process Drains

Liquid and vapor leaks can develop at valve stems
as a result of heat, pressure, friction, corro-
sion, and vibration. Regular equipment inspec-
tions. followed by adequate maintenance can keep
losses at a minimum. Leaks at flange connec-
tions are negligible if the connections are proper-
ly installed and maintained. Installation or re-
moval of pipeline blinds can result in spillage of
some product. A certain amount of this spilled
product evaporates regardless of drainage and
flushing facilities. Special pipeline blinds have,
however, been developed to reduce the amount of
spillage.

In refinery operation, condensate water and
flushing water must be drained from process
equipment. These drains also remove liquid
leakage or spills and water used to cool pump
glands. Modern refining designs provide waste-
water-effluent systems with running-liquid-sealed
traps and liquid-sealed and covered junction
boxes. These seals keep the amount of liquid
hydrocarbons exposed to the air at a minimum
and thereby reduce hydrocarbon losses.

Cooling Towers

The large amounts of water used for cooling are
congerved by recooling the water in wooden towers.
Cooling is accomplished by evaporating part of
this water. Any hydrocarbons that might be en-
trained or dissolved in the water as a result of
leaking heat exchange equipment are readily dis-
charged to the atmosphere. Proper design and
maintenance of heat exchange equipment mini-
mizes this loss. Advancement of the fin-fan cool-
ing equipment has also replaced the need of the
conventional cooling tower in many instances.
Process water that has come into contact with a
hydrocarbon stream or has otherwise been con-
taminated with odorous material should not be
piped to a cooling tower.

VYacvum Jets and Borovmohic Condensers

Some process equipment is operated at less than
atmospheric pressure. Steam-driven vacuum
jets and barometric condensers are used to ob-
tain the desired vacuum. The lighter hydrocar-
bons that are not condensed are discharged to
the atmosphere unless controlled. These hydro-
carbons can be completely controlled by incin-
erating the discharge. The barometric hot well
can also be enclosed and vented to a vapor dis-
posal system. The water of the hot well should
not be turned to a cooling tower.

S



Waste-Gas Disposal Systems 585

EFFECTIVE AIR POLLUTION CONTROL MEASURES

Control of air contaminants can be accomplished
by process change, installation of control equip-
ment, improved housekeeping, and better equip-
ment maintenance, Some combination of these
often proves the most effective solution. Table
155 indicates various methods of controlling

most air pollution sources encountered in the

oil refinery. These techniques are also applicable
to petrochemical operations, Most of these con-
trols result in some form of economic saving.

MARKETING

An extensive network of pipelines, terminals,
truck fleets, marine tankers, and storage and
loading equipment must be used to deliver the

finished petroleum product to the user, Hydro-
carbon emissions from the distribution of prod-
ucts derive principally from storage vessels and
filling operations, Additional hydrocarbon emis-
sions may occur from pump seals, spillage, and
effluent-water separators, Table 156 lists prac-
tical methods of minimizing these emissions
from this section of the industry.

WASTE-GAS DISPOSAL SYSTEMS

INTRODUCTION

Large volumes of hydrocarbon gases are pro-
duced in modern refinery and petrochemical
plants. Generally, these gases are used as fuel
or 4s raw material for further processing. In
the past, however, large quantities of these gases

Table 155. SUGGESTED CONTROL MEASURES FOR REDUCTION OF
AIR CONTAMINANTS FROM PETROLEUM REFINING

Source

Control method

Storage vessels
painting tanks white

Catalyst regenerators
Accumulator vents

Blowdown systems

Cyclones - precipitator - CO boiler;

Vapor recovery systems; floating -roof tanks; pressure tanks; vapor balance;

Vapor recovery; vapor incineration

Smokeless flares - gas recovery

Pumps and compressors Mechanical seals; vapor recovery; sealing glands by oil pressure; maintenance

Vacuum jets Vapor incineration

Equipment valves Inspection and maintenance

Pressure relief valves

Vapor recovery; vapor incineration; rupture discs; inspection and maintenance

Effluent-waste disposal | Enclosing separators; covering sewer boxes and using liquid seal; liquid seals

on drains
Bulk-loading facilities

Acid treating

Vapor collection with recovery or incineration; submerged or bottom loading

Continuous -type agitators with mechanical mixing; replace with catalytic
hydrogenation units; incinerate all vented cases; stop sludge burning

Acid sludge storage and | Caustic scrubbing; incineration; vapor return system;A disposal at sea

shipping
Spent-caustic handling |Incineration; scrubbing

Doctor treating
Sour-water treating
sulfate

Mercaptan disposal

Asphalt blowing

Steam strip spent doctor solution to hydrocarbon recovery before air regen-
eration; replace treating unit with other, less objectionable units (Merox)

Use sour-water oxidizers and gas incineration; conversion to ammonium

Conversion to disulfides; adding to catalytic cracking charge stock; incin-
eration; using material in organic synthesis

Incineration; water scrubbing (nonrecirculating type)

Shutdowns, turnarounds |Depressure and purge to vapor recovery

cyclones - water scrubber; multiple cyclones

e e o T
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Table 156. SOURCES AND CONTROL OF HYDROCARBON
LOSSES FROM PETROLEUM MARKETING

Source

Control method:

Storage vessels

Bulk-loading facilities
bottom loading

Floating-roof tanks; vapor recovery; vapor disposal; vapor balance;
pressure tanks; painting tanks white

Vapor collection with recovery or incineration; submerged loading,

Service station delivery | Vapor return; vapor incineration

Automotive fueling Vapor return
Pumps

Separators

Spills, leaks

Mechanical seals; maintenance
Covers; use of fixed-roof tanks

Maintenance; proper housekeeping

were considered waste gases, and along with waste
liquids, were dumped to open pits and burned,
producing large volumes of black smoke., With
modernization of processing units, this method of
waste-gas disposal, even for emergency gas re-
leases, has become less acceptable to the indus-
try. Moreover, many local governments have
adopted or are contemplating orlinances limit-

ing the opacity of smoke from combustion process-
es,

Nevertheless, petroleum refineries are still faced
with the problem of safe disposal of volatile liq-
uids and gases resulting from scheduled shut-
downs and sudden or unexpected upsets in process
units. Emergencies that can cause the sudden
venting of excessive amounts of gases and vapors
include fires, compressor failures, overpres-
sures in process vessels, line breaks, leaks, and
power failures. Uncontrolled releases of large
volumes of gases also constitute a serious safety
hazard to personnel and equipment.

A system for disposal of emergency and waste
refinery gases consists of a manifolded pres-
sure-relieving or blowdown system, and a blow-
down recovery system or a system of flares for
the combustion of the excess gases, or both. Many
refineries, however, do not operate blowdown
recovery systems. In addition to disposing of
emergency and excess gas flows, these systems
are used in the evacuation of units during shut-
downs and turnarounds. Normally a unit is shut
down by depressuring into a fuel gas or vapor
recovery system with further depressuring to
essentially atmospheric pressure by venting to
a low-pressure flare system. Thus, overall
emissions of refinery hydrocarbons are sub-
stantially reduced.

Refinery pressure-relieving systems, common-
ly called blowdown systems, are used primarily
to ensure the safety of personnel and protect
equipment in the event of emergencies such as
process upset, equipment failure, and fire. In
addition, a properly designed pressure relief
system permits substantial reduction of hydro-
carbon emissions to the atmosphere.

The equipment in a refinery can operate at pres-
sures ranging from less than atmospheric to

1, 000 psig and higher. This equipment must be
designed to permit safe disposal of excess gases
and liquids in case operational difficulties or
fires occur. These materials are usually re-
moved from the process area by automatic safety
and relief valves, as well as by manually con-
trolled valves, manifolded to a header that con-
ducts the material away from the unit involved,
The preferred method of disposing of the waste
gases that cannot be recovered in a blowdown
recovery system is by burning in a smokeless
flare. Liquid blowdowns are usually conducted

to appropriately designed holding vessels and
reclaimed,

A blowdown or pressure-relieving system con-
sists of relief valves, safety valves, manual
bypass valves, blowdown headers, knockout ves-
sels, and holding tanks. A blowdown recovery
system also includes compressors and vapor surge
vessels such as gas holders or vapor spheres.
Flares are usually considered as part of the blow-
down system in a modern refinery.

The pressure-relieving system can be used for
liquids or vapors or both. For reasons of
economy and safety, vessels and equipment dis-
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charging to blowdown systems are usually segre-
gated according to their operating pressure. In
other words, there is a high-pressure blowdown
system for equipment working, for example,
above 100 psig, and low-pressure systems for
those vessels with working pressures below 100
psig. Butane and propane are usually discharged
to a separate blowdown drum, which is operated
above atmospheric pressure to increase recov-
ery of liquids. Usually 2 direct-contact type of
condenser is used to permit recovery of as much
hydrocarbon liquid as possible from the blow-
down vapors. The noncondensables are burned
in a flare.

A pressure-relieving system used in one modern
petroleum refinery is shown in Figure 431. This
system is used not only as a safety measure but
also as a means of reducing the emission of hy-
drocarbons to the atmosphere. This installation
actually includes four separate collecting systems
as follows: (1) The low-pressure blowdown sys-
tem for vapors from equipment with working
pressure below 100 psig, (2) the high-pressure
blowdown system for vapors from equipment
with working pressures above 100 psig, (3) the
liquid blowdown system for liquids at all pres-
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sures, and (4)the light-ends blowdown for butanes
and lighter hydrocarbon blowdown products.

The liquid portion of light hydrocarbon products
released through the light-ends blowdown sys-
tem is recovered in a drum near the flare. A
backpressure of 50 psig is maintained on the
drum, which minimizes the amount of vapor that
vents through a backpressure regulator to the
high-pressure blowdown line. The high-pres-
sure, low-pressure, and liquid-blowdown sys-
tems all discharge into the main blowdown ves-
sel. Any entrained liquid is dropped out and
pumped to a storage tank for recovery. Oifgas
from this blowdown drum flows to a vertical
vessel with baffle trays in which the gases are
contacted directly with water, which condenses
some of the hydrocarbons and permits their re-
covery. The overhead vapors from this so-
called sump tank flow to the flare system mani=-
fold for disposal by burning in a smokeless flare
system.

The unique blowdown system shown in Figure 432
was installed primarily as an air pollution con-
trol measure. The system serves a delayed cok-
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Figure 431. Typical modern refinery blowdown system.
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Figure 432. Coke drum blowdown system.

ing unit, In this process, each drum is taken off
the line as it is filled with coke. The drum is
then purged with steam and cooled with water.
The steam-water-hydrocarbon mixture flows to
a gas oil scrubber whose primary purpose is to
remove entrained coke fines. At the same time
some heavier hydrocarbons are condensed, and
the mixture is pumped to a settling tank. The
scrubbed gases flow to an air-cooled condenser
and then through an air-cooled subcooler to an
accumulator drum.

The air condenser sections are controlled by
temperature and used as needed. The design
outlet temperature range of the condensers is
212° to 270°F, and about 200°F for the sub-
cooler,

The oil layer in the accumulator is skimmed

off and pressured to the oil-settling tank while

the water phase is sewered. Offgas flows through
a water seal to a smokeless elevated flare. The
oil-settling tank is a 3, 000-barrel fixed-roof tank
equippe | with an oil skimmer. The oil phase is
pumped to storage, and the water is sewered

for further treatment at a central waste-water
facility.

This installation has eliminated a previous nui-
sance from heavy oil mist and the daily emission
of approximately 5-1/2 tons of hydrocarbons.

Design of Pressure Relief System

The design of a pressure relief system is one of
the most important problems in the planning of a
refinery or petrochemical plant. The safety of
personnel and equipment depends upon the prop-

er design and functioning of this type of system.
The consequences of poor design can be disastrous,

A pressure relief system can consist of one re-
lief valve, safety valve, or rupture disc, or of
several relief devices manifolded to a common
header, Usually the systems are segregated
according to the type of material handled, that
is, liquid or vapor, as well as to the operating
pressures involved.

The several factors that must be considered in
designing a pressure relief system are (1) the
governing code, such as that of ASME (American
Society of Mechanical Engineers, 1962); (2) char-
acteristics of the pressure relief devices; (3) the
design pressure of the equipment protected by
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the pressure relief devices, (4) line sizes and
lengths; and (5) physical properties of the mate-
rial to be relieved to the system.

In discussing pressure relief systems, the
terms commonly used should be defined. The
following definitions are taken from the APIL
Manual (1960).

1. A relief valve is an automatic pressure-
relieving device actuated by the static pres-
sure upstream of the valve. It opens further
with increase of pressure over the set pres-
gure. It is used primarily for liquid service.

2. A safety valve is an automatic relieving de-
vice actuated by the static pressure upstream
of the valve and characterized by full opening
or pop action upon opening. It is used for
gas or vapor service.

3. A rupture disc consists of a thin metal di-
aphragm held between flanges.

4. The maximum allowable working pressure
(that is, design pressure), as defined in the
construction codes for unfired pressure ves-
sels, depends upon the type of material, its
thickness, and the service condition set as
the basis for design. The vessel may not be
operated above this pressure or its equivalent
at any metal temperature higher than that
used in its design; consequently, for that
metal temperature, it is the higheat pressure
at which the primary safety or relief valve
may be set to open,

5. The operating pressure of a vessel is the
pressure, in psig, to which the vessel is
usually subjected in service. A processing
vessel is usually designed to a maximum
allowable working pressure, in psig, that
will provide a suitable margin above the
operating pressure in order to prevent any
undesirable operation of the relief valves.
(It is suggested that this margin be approxi-
mately 10 percent higher, or 25 psi, which-
ever is greater.)

6. The set pressure, in psig, is the inlet pres-
sure at which the safety or relief valve is
adjusted to open.

7. Accumulation is the pressure increase over
the maximum allowable working pressure of
the vessel during discharge to the safety or
relief valve expressed as a percent of that
pressure or pounds per square inch.

8. Over pressure is the pressure increase over
the set pressure of the primary relieving de-
vice. It is the same as accumulation when

the relieving device is set at the maximum
allowable working pressure of the vessel.
(From this definition note that when the set
pressure of the first safety or relief valve
to open is less than the maximum allowable
working pressure of the vessel the over-
pressure may be greater than 10 percent of
the set pressure of the first safety or relief
valve.)

9. Blowdown is the difference between the set
pressure and the reseating pressure of a
safety or relief valve, expressed as a per-
cent of a set pressure or pounds per square
inch. '

10. Lift is the rise of the disc in a safety or re-
lief valve.

11. Backpressure is the pressure developed on
the discharge side of the safety valves.

12. Superimposed backpressure is the pressure
in the discharge header before the safety valve
opens (discharged from other valves).

13. Built-up backpressure is the pressure in the
discharge header after the safety valve opens.

Safaty Valves

Nozzle-type safety valves are available in the con-
ventional or balanced-bellows configurations.
These two types of valves are shown schematic-
ally in Figures 433 and 434. Backpressure in the
piping downstream of the standard-type valve
affects its set pressure, but theoretically, this
backpressure does not affect the set pressure of
the balanced-type valve. Owing, however, to
imperfections in manufacture and limitations of
practical design, the balanced valves available
vary in relieving pressure when the backpres-
sure reaches approximately 40 percent of the set
pressure. The actual accumulation depends up-
on the manufacturer.

Until the advent of balanced valves, the general
practice in the industry was to select safety valves
that start relieving at the design pressure of the
vessel and reach full capacity at 3 to 10 percent
above the design pressure. This overpressure
was defined as accumulation. With the balanced
safety valves, the allowable accumulation can be
retained with smaller pipe size,

Each safety valve installation is an individual
problem. The required capacity of the valve
depends upon the condition producing the over-~
pressure. Some of the conditions that can cause
overpressure in refinery process vessels, and
the required relief capacity for each condition
are given in Table 157.
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Figure 433, Schematic diagram of standard safety valves (Samans, 1955).
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Figure 434. Schematic diagram of balanced safety valves (Samans, 1955).

Rupture Discs ‘

A rupture disc is an emergency relief device
consisting of a thin metal diaphragm carefully
designed to rupture a+ a predetermined pressure.

smmep— 10 YENT
LINE

LLows | I

The obvious difference between a relief or safety
valve and a rupture disc is that the valve reseats

and the disc does not.

Rupture discs may be in-

stalled in parallel or series with a relief valve.
To prevent an incorrect pressure differential
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from existing, the space between the disc and
the valve must be maintained at atmospheric

pressure.

The arrangement of a rupture disc

to supplement a relief or safety valve is shown
in Figure 435. Inan installation such as this,

Table 157.

the relief or safety valve is sized by convention-
al methods, presented later, and the rupture
disc is usually designed to relieve at 1.5 times
the maximum allowable working pressure of the
vessel (Bingham, 1958).

OPERATIONAL DIFFICULTIES OF A REFINERY AND REQUIRED RELIEF CAPACITIES
(American Petroleum Institute,

1960)

Required relief capacity

Condition

Relief valve
for liquid relief

Safety relief valve for vapor relief

Closed outlets on vessels

Cooling-water failure to condenser

Top-tower reflux failure

- Maximum liquid
pump-in rate

Sidestream reflux failure
Lean-oil failure to absorber

Accumulation of noncondensables

Entrance of highly volatile
material:

Water into hot oil
Light hydrocarbons into hot oil

Overfilling storage or surge vessel

Failure of automatic controls:
Tower pressure controller,
to closed position

All valves, to closed position,
except water and reflux valves

Abnormal heat or vapor input:
Fired heaters or steam reboilers

Split reboiler tube
Internal explosions
Chemical reaction

Hydraulic expansion:
Cold fluid shut in

Lines outside process area
shut in

Exterior fire

Maximum liquid
pump-in rate

No operational
requirement

Nominal size

Nominal size

Total incoming steam and vapor, plus that generated
therein under normal operation

Total incoming steam and vapor, plus that generated
therein under normal operation, less vapor condensed
by sidestream reflux. Consideration may be given to
the suppression of vapor production as the resuit of the
valve's relieving pressure being above operating pres-
sure, with the assumption of constant heat input

Total vapor to condenser
Difference between vapor entering and leaving section
None

Same effect in towers as for cooling-water failure or
overfilling in other vessels

For towers--usually not predictable

For heat exchangers--assume an ‘area twice the
internal cross-sectional ared of one tube so as to
provide for the vapor generated by the entrance of
the volatile fluid

Total normally unconiensed vapor
No operational requirement

Estimated maximum vapor generation including non-
condensable from overheating

Steam entering from twice the cross-sectional area
of one tube

Not controlled by conventional relief devices, but by
avoidance of circumstances

Estimated vapor generation from both normal and un-
controlled conditions

Estimate by the method given in Sect 6 of API Manual,
RP 520

o e e e g
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In determining the size of a disc, three important
effects that must be evaluated are low rupture
pressure, elevated temperatures, and corrosion.
Minimum rupture pressures with maximum
recommended temperatures are given in Table
158. Manufacturers can supply discs that are
guaranteed to burst at plus or minus 5 percent

of their rated pressures.

The corrosive effects of a system determine

the type of material used in a disc. Evena
slight amount of corrosion can drastically short-
en disc life. Discs are available with plastic
linings, or they can be made from pure carbon
materials,

Sizing rupture discs

The causes of overpressure, and the required
capacity for a disc can be determined by meth-
ods previously discussed.

The first estimate of the required rupture disc
area can be made by using the formula (Bingham,

1958):

Qa
A ————
11.4 P (119)
where
Figure 435. Rupture disc and relief valve installation:
(top) How rupture disc gives secondary protection, A = area of disc, in.
(bottom) assembly protects relief valve from disc
fragments (Bingham, 1958).
Table 158. MINIMUM RUPTURE PRESSURES, psig (Puleo, 1960;
Copyrighted by Gulf Publishing Co., Houston, Texas)
Disc size, . Aluminum . Copper . . A 321 or 347
in. Aluminum lead lined Copper lead lined Silver [Platinum | Nickel Monel }Inconel stainless
1/4 310 405 500 650 485 500 950 1,085 11,550 1, 600
1/2 100 160 250 330 250 250 450 530 775 820
1 55 84 120 175 125 140 230 265 410 435
1-1/2 40 60 85 120 85 120 150 180 260 280
2 33 44 50 65 50 65 95 105 150 160
3 23 31 35 50 35 45 63 74 105 115
4 15 21 28 40 28 35 51 58 82 90
6 12 17 25 25 24 26 37 43 61 70
8 9 19 35 35 27 -- 30 34 48 55
10 7 16 42 42 -- -- 47 28 -- 45
12 6 10 55 55 - -- - 360 -- 45
16 5 8 55 55 -- -- -- 270 - 33
20 3 8 70 70 - -- - 215 -- 27
24 3 8 60 60 -- -- -- 178 -- 65
Maximum 250°F 250°F 250°F 250°F  250°F  600°F  750°F B800°F 900°F 600°F
recommended 120°F 120°C 120°C 120°C 120°C 320°C  400°C  430°C  480°C 320<C
temperature

(base .emperaturc, 72°F [20°C])
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’ Qa = required capacity, cfm air C = constant for relief valve and percent
accumulation LR
. : : AT
P = relieving pressure, psia. :
Q, = required liquid flow at flowing tem-
When the overpressure is caused by an explosion, 1 perature, gpm
a method of sizing discs has been presented by
Lowenstein (1958), In an cxplosion, a relief or P, = relicving pressure at inlet, psia
salety valve does not respond fast enough and a !
rupture disc is required. P2 = discharge pressure at outlet, psia
The maximum allowable backpressure in an in- S = specific gravity of fluid at flowing

dividual discharge line from a disc is 10 per-

conditions,

cent of the disc's bursting pressure. The max-~

imum allowable backpressure for a manifolded

For one manufacturer, the valve constant is

blowdown header serving rupture discs and re- 27.2, The overpressure factor for 10 percent
accumulation, or overpressure, is determined
from Figure 436 to be 0.6. Equation 120 be-
comes, therefore, for this particular type of
set pressure of the included valves, whichever valve with a 10 percent accumulation:

lief or safety valves should not exceed the in-
dividual allowable backpressure for the lowest
rupture pressure, or 25 percent of the lowest

is less.

Sizing liquid safety valves

To calculate the required area for a relief

valve handling liquid and with constant back-
pressure, the following formula may be used:

0.5

A .Q_l[_s__]
C Pl-l:’2

(120)

0.5

16,32 13'1 - P2

(121)

The use of a balanced relief valve such as the
bellows type permits a variable 'l)ercer!t back-
pressure but introduces another variable into

the valve-sizing equation. Equation 121 now

becomes:
0.5
where A = Q1 S (122)
16, 32 Lf Pl - P2
A = effective opening of valve, in,
11 T
10
 au
e

6.9 — st

0.8 ]

0.1 //

L~

o - -

0.8

(X} e 4 EXAMPLE .

' FING CAPACITY OF 1-1 2 wn. 1910Fc VALYE

= AT 10 QVERPRESSURE
0.3 P =
d = WATERIAL - WATER
SET PRESSURE - 100 psig
9.2 RATED CAPACITY AT 25 0P = 835 gom
/ FACTOR = 0.6 (FROM CURVE
CAPACITY AT 10° 0P = 0.5 (§3.5) = 50.) gom
[N <
L
| Vd

1% 0
ALLOWABLE OVERPRESSURE, %

Figure 436. Qverpressure sizing factor for liquid relief valves (Consolidated Safety Relief
Valves, Manning, Maxwell, and Moore, Inc., Catalog 1900, Tulsa, Okia.).

25
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where nomenclature is as before and L_ is the
variable backpressure flow factor. This factor
is supplied by the particular manufacturer, typ-
ified by Figure 437.

Sizing vapor and gas relief
and safety valves

The theoretical area required to vent a given
amount of gas or vapor can be calculated by
assuming adiabatic reversible flow of an ideal
gas through a nozzle. Based upon these as-
sumptions, the following equation can be de-
rived:

0.5
= [T]
A = —/—m—— |—= (123)
C CDPI M
where
A = area, in.

W = flow capacity, lb/hr

C = nozzle gas constant, which varies as
the ratio of specific heats, as shown
in Figure 438

C._. = coefficient of discharge for nozzle or
orifice

inlet pressure, psia

1
T = inlet temperature, °R
M = average molecular weight of gas.
specific heat at
kK = ¢ /e - constant pressure

v specific heat at
constant volume

For hydrocarbon vapors where the actual value
of k is not known, the conservative value of

k = 1,001 has been commonly used (C = 315),
The nozzle discharge coefficient for a well-

designed
carbon g

relief valve is about 0.97. Hydro-
ases can be corrected for nonideality

by use of a compressibility factor. With these
assumptions, equation 123 reduces to:

A

where

0.5

v [——ZT] (124)
306 P [ M

area, in,

compressibility factor. For hydro-
carbons, Z may be determined from

Figure 439 or is usually taken as 1.0
if unknown,

IR — U U Y )
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b o s e e v s fae v = - - e . 2ml e ] Yy
0.y
: I N
l \
0.1 ]
s I
g | \\
E o T
2 (
2 o 1
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- ] \
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EXANPLE | \
K] = ) ]
SET PRESSURE - 100 psig
FLOWING PRESSURE AT 10 OVERPRESSURE - 100 + 10 = 110 psig OR 124.7 psia ‘
0.2 [ CONSTANT BACK PAESSURE - 5 psig OR 8.7 psio
& BACK PRESSURE PERCENTAGE = 85.7/124.7 = 71.5¢ t
!
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Figure 437. Overpressure sizing factor for standard va
Relief Valves, Manning, Maxwell.and Meore, Inc.,
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por safety valves (Consolidated Safety
Tulsa, Okla.).
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Figure 438. Nozzle gas constant (American Society of
Mechanical Engineers, 1962).

Where the critical pressure ratio is such that
subsonic fluid velocities are obtained, a correc-
tion factor Ky, as shown in Figure 440 may be

An approximation of the absolute temperature at
the valve outlet can be calculated under critical
flow conditions from the following equation:

T, = T [ki 1] (126)
where
T 1 = temperature at valve outlet, °R
T = temperature at valve inlet, °R
k =

ratio of specific heats, cp/cv.

Before 1957, capacity conversion formulas for
valve -8izing in petroleumn service were given in
the API-ASME Code (1951). Since 1957, these
formulas have been incorporated in Section

VII of the ASME Unfired Pressure Vessel Code
(1962).

The catalogs of relief valve manufacturers are
also sources of valve-sizing methods and spe-
cific details about various types of valves.

applied. For more precise calculations, the Installing relief and safety valves
following formula may be used: and rupture discs
0.5
A= 3 37‘3'? F 1 szlglM 1,909 The same general rules for discharge piping
' 1 (p,/P )~ - (P /P )" apply equally to relief and safety valves and
2’1 2’1 P
rupture discs. Inlet piping should be such that
(125)
1.
o Llnlt OF com l I l
3 ASgsgm=-— AT N
\\\\"Q' - I
0.9 :\ 3 T - —
AN SSSESSSSSsSSS=a.
A AN AN g .y 1.3
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AN RNSNSNSE S =
N Ty
0.8 0‘ \\ \\\:k\'\\\&\\\\\\ ’E\ \:\:\:‘——
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Figure 438, Compressibility constants for hydrocarbons (American

Petroleum Institute, 1960).
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MESSIRE RATIO, P77,

B

Y] . 8.1 L " 1
CORECTION FACTOR, ¥,

Figure 440, Correction factor (Km) for subsonic flow
(Conison, 1960).

there is direct and unobstructed flow between the
vessel and the relief device. A conservative
limit for the total pressure drop between the
vegssel and the safety valve is 2 percent of the
absolute relieving pressure,

The discharge piping for relief and safety valves
and rupture discs should have a minimum of
fittings and bends. There should be minimum
loading on the valve, and piping should be used
with adequate supports and expansion joints,
Suitable drains should be used to prevent lig-
uid accumulation in the piping and valves.

Figures 441 to 444 illustrate good design of
relief device piping (for further details on
Figures 442 and 444, see Tables 159 and 160,
respectively).

Knockout vessels

In a vapor blowdown system, a knockout drum
is used to remove entrained liquids from the
gas stream, This is particularly important if
the gas is to be burned in a smokeless flare, A
knockout drum can be quickly sized or checked
by the use of a graphical calculation (see Fig-
ure 445; Kerns, 1960). The diameter of the
drum is based on the allowable vapor velocity,
which can be determined by the well-known
equation:

0.5
pl i pv
u = |- (127)
max ]
v
where
u = maximum allowable vapor velocity,
max

ft/sec

3
p, = liquid density, Ib/ft

3
p_ = vapor density, 1b/ft

¢ = a constant, Use ¢ = 0.2 to 0.3,
¢ = 0,227 is often used for light lig-
uid loading.

@ RIGID SUPPERT SEAL FLOID”

Figure 441, Inlet piping for safety vaives:
(left) Horizontal vessel nozzles, when used
for safety valve mounting can be connected
in manner jllustrated;, (right) valve can be
isolated from process fiuid in manner illus-
trated (Driskell, 1960; copyrighted by Gulf
Publishing Co., Houston, Texas).

The maximum design velocity should be 0.5u, ..
to allow for gas surges,

Light liquid loads indicate the use of a vertical
vessel, and heavy liquid loads, a horizontal
vessel, The optimum dimensions of the vessel
will have a length-to-diameter ratio (L/D) of 3
for larger drums and 4 for smaller drums, and
never less than 4 feet between tangents (Kerns,
1960).

When wire mesh is used in the drum as an added
precaution against mist entrainment, the selected
diameter should be multiplied by 0. 65 for con-
ventional mesh and 0, 62 for high-capacity mesh
(Neimeyer, 1961).

Surge time for most designs is 5 to 10 minutes,
The grapnical sizing method of Figure 445 is
based on a surge time of 7-1/2 minutes.

The preliminary sizing of a knockout drum is
illustrated by the following example.

Given:

Gas flow 100 ft3/sec (under flow conditions)
Vapor density, p,, 0.1 1b/ft3
Liquid density, pj, 50 Ib/ft>,
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LONG-RADIUS ELBOYW

PROVIDE HORIZONTAL RUN HERE IF
/NEI:ESSARY BECAUSE OF EXPANSION

DRAIN TO F.
NANIFOLD

ENTRANCE ANGLED TO
REOUCE FRICTION

L

~ 0I1SCHARGE MANIFOLD

ELEVATION

DRAIN

PURGE BAS INERT
10 PROCESS FLUID

Figure 442. Discharge piping for relief and safety vaives: (A) For
air or gas service, (B) for air, g8s, or steam service, (C) for
liquid service, (D) for steam or vapor service, (E) for steam or
vapor service to 3-inch pipe, (F) closed system for hazardous
service, (8) open system for pyrophoric gases (Driskell, 1980;
copyrighted by Gulf Publishing Co., Houston, Texas; for further
details, see Table 159).

B

=-’--:-,~'J’-‘i’i;§m‘;w "i‘_”aﬁﬁq';ﬁw ¥ W‘;";".‘“‘-‘!ﬁ"—" i’?a“'\'. B2 5N

JUTE———— R



598 PETROLEUM EQUIPMENT

3. Diameter of vessel:

0.5
_ [(4)(100)
b = [(w)(z.f»)]
D = 7.12 ft.

Use 7~-{t diameter,

4, Height of vessel:

L\_/\.\/\ Assume low liquid loading.

Use vertical drum, L/D = 3,

Height = 3 x 7 ft = 21 ft,

Alternative solution:

The same problem can be solved graphically as

follows:
L = 20
- VELD Looeyfe, = gq = 300
SHORT AS FREE
POSSIBLE— Al
“ST0P OF VESSEL 2. Enter Figure 445 at 100 cfs and proceed

vertically to

Figure 443. Discharge piping for relief and
safety valves: (top) A cap like one illus-
trated protects discharge pipe from being

pI/pv = 500,

p'“lﬂi Tm\ ma(lgttﬂ) ﬁitpi“! nust be Proceed horizontally and read drum di-
adequate y anchor prevent sway or vi- t s 7 feet.
bration while the valve is discharging ameter as Jee

(Driskell, 1960, copyrighted by Gulf Publish-

ing Co., Houston, Texas). 3. Again assume L/D ratio = 3.

4. Therefore, drum dimensions are 7 ft in di-

Problem: ameter x 21 ft high,
Determine dimensions of knockout drum. Sizing a blowdown line
Solution:

As previously stated, the selection of a par-
ticular line capacity depends upon the following

1. Maximum allowable vapor velocity, v ax’ considerations: (1) Maximum expected vapor
flow, (2) maximum allowable backpressure in

P, - P 0.5 the system, (3) type of relief device to be uséd,
u = ¢ [—L—-—!-] and (4) governing code.
max P,
The maximum design capacity of a blowdown line
50 - 0. 1 0.5 is generally based upon the operation of a group
u = 0,227 [ - of relief and safety valves, Selection of a de-
max 0.1 sign capacity is based upon upsets in the process
or by exterior fire. Table 157 indicates the re-
a = 5.06 ft/sec. lief requirements for various conditions.
max
The maximum allowable backpressure in the re-
2. Design vapor velocity, vt lieving systern depends upon the vessel with the
lowest operating or working pressure, the type
uD = umax x 0.50 of valve used, and the code used. In the past,

the pressure drop in the relief manifold was
D 5.06 x 0,50 = 2,5 ft/sec, customarily limited to 10 percent of the set

u
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Table 159. SUPPLEMENTARY INFORMATION TO FIGURE 442
(Driskell, 1960; copyrighted by Gulf Publishing Co., Houston, Texas)

Service

Nonhazardous service®
Air or gas
Liquid
Steam or vapor
Discharge pipe size to 1 in,

Discharge pipe size to 1-1/2 to 2-1/21in.
Discharge pipe size to 3 in. and over

Hazardous service?

Closed system (to vent stack, burning

stack, or scrubber)
Open system (to atmosphere)
Gas®
Liquidd
Vapor¢,d
Pyrophoric gases or vapor®

Low-temperature service

Letters keyed to
caption for Figure 403
Valve indoors | Valve outdoors
ABB,bE AP BP
C C
D D
B B
E B
F F
A, B A, B
C C
A, B, D A, B, D
G G

At or below ambient--design discharge pipe so that snow or ice accumulate
at any point in the line where the temperature may be at or below freezing.
Use A, if possible. Where necessary, B may be used with a cover.

Below 32°F--locate safety valve to avoid need for discharge piping, if
possible. Discharge opening and exposed spring must be protected from
the weather. A housing or local heating may be required. The discharge,
if properly designed, may be sealed with a low-viscosity oil and covered
with plastic to prevent the entrance of moisture.

2Flammable or toxic fluids are considered hazardous.
bDischarge pipe not required if outlet over 7 feet above walkway, or directed

away from personnel, or both.

CCarry discharge outdoors to a-safe elevation.

dCarry to an appropriate drain.

pressure. As previously stated, however, the
development of balanced relief and safety valves
has removed this restriction, In the usual re-
finery application, there can be considerable
savings in piping and valves with balanced valves
and about a 40 percent backpressure.

Where several valves discharge to a common
header, the use of two separate relieving sys-
tems--high- and low-pressure--may be econom-
ically advantageous, ~Otherwise, a single mani-~
fold design will be limiited by the lowest pres-
sured vessel.

A reduction in the size of the manifold line may

be achieved if the operating pressure of a vessel
is less than the maximum working, or design,
pressure. The set pressure of the relief or safety
valve can be made less than the design pressure,

permitting a greater backpressure in the relief
line.

Another method that can be used with standard
safety valves is to plug the guide and vent the
bonnet, as shown in Figure 433. An increase in
backpressure lowers the relieving pressure and
yet does not overpressure the vessel. The ar-
rangement can, however, upset the process if
the valve setting is too close to the operating
pressure. Thus, in a manifold system, an up-
set in one section of a process could cause ad-
ditional relief or safety valves to vent.

In determining the size of a vapor relief line,

the pressure drop is usually large, and this pre-
cludes the direct use of a Fanning equation. In
calculations of compressible fluid flow, the follow-
ing criteria are used (Crane Company, 1957):

1. If the pressure drop is less than 10 percent
of the inlet pressure, reasonable accuracy
is obtained if the density of the gas is based
upon either inlet or outlet conditions.

o
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| SAFE STACK WEIGHT OVER STACK
CLEARANCE 100 Ib INCLUDING __— |NDEPENDENTLY
11t '—"|/n.mus Fe= SUPPORTED
3 JACK SCREWS . HDOX OR
« SAFE 18 gane SAELT STACK 3 sTuos i SPACED FOR kN i~ DRAWSOLT
Y CLEARANCE  (MAK. WEIONT 100 1b EXTRA LONG RENOVAL OF '+i ]+
F 71t -~ INCLUDING FLANGE) DISC ASSEMBLY .
] )
) H ;
=2 :
=
< ):f\ : J
n 1
' : INSERTION TYPE T\
! ASSEMBLY ¢
A 1 ’ i . | ) )

__—~ YENT PIPE
100- 1b MAX. WEIGHT -

STACK
| INDEPENDENTLY

SUPPORTED

DRAW BOLTS

INCLUB ING ruul!\ L ——— SUPPORT ALLON CLEARANCE

INDEPENDENT OF FOR EASY REMOVAL
DISC ASSEMBLY l‘,;cg'l'g,"“" CROWN
' >

r 20 !

1
100-1b MAX. :—@

\\"&‘

L

. % t“\
[=__—_l F. {

Figure 444. Discharge piping for rupture discs: (A) For lightweight assembiy, (B) for heavy assembly
with short stack, (C) for heavy assembly with long stack, (D) double disc with lightweight assembly,
(E) double disc with heavy assembly, (F) closed system (Driskeil, 1960; copyrighted by Guif Publish-
ing Co., Houston Texas; for further details, see Table 162).

Table 160. SUPPLEMENTARY INFORMATION 2.
TO FIGURE 444 (Driskell, 1960;
copyrighted by Gulf Publishing Co.,
Houston, Texas)

Letters keyed to

Service caption for Figure 405
Single disc | Double disc 3.
Discharge to atmosphere
Outdoors, lightweight assembly® A D
Outdoors, heavy assemblyb B, C E
Indoors® [ E
Closed system F F

2Parts of assembly 100 1b or lesa for ease of handling.

bparts of assembly exceed 100 1b and require mechanical
lifeing.,

€Vent stack through roof.

If the pressure drop is greater than 10 per-
cent but less than about 40 percent of inlet
pressure, the Fanning equation may be used
with reasonable accuracy if an average den-
gity is used. Otherwise a method with a
kinetic energy correction can be used,

For greater pressure drops, empirical equa-
tions can be used,

API Manual RP520 presents kinetic-energy cor-
rection factors, as shown in Figure 446, that
may be applied to the Fanning equation.

Another method generally used involves dividing
the line into increments having pressure drops of
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Figure 445. Knockout drum-sizing chart (Kerns, 1960; copyrighted

by Guif Publishinz Co., Houston

10 percent or less and working from the line
terminus back to the relief device.

With the greater availability of computers more
exact methods of calculation can be used. Machine
computers can handle the tedious equations for
calculating pressure drop of compressible fluids
where the velocity is subsonic and the density of
the vapor or gas is constantly changing.

For hand calculations, a simplified method has
been proposed {Conison, 1960) that gives con-
servative results. The maximum carrying capac-
ity of any line is limited by the acoustic velocity
at the outlet of the pipe and in turn sets the out-
let pressure. The equation developed by Crocker
for solving the maximum pipe capacity for flow-
ing gas and vapors is as follows:

[ RrRT '
W Vk(k+1)

2 11,400

P

2 (128)

o N

, Texas).
where
}?Z = outlet pressure, psia
d = ID of pipe line, in,
R = 1,544
mol wt of gas
k = ratio of specific heats,c /cv
W = vapor or gas, lb/hr
T = outlet temperature, °R.

Equation 128 is used to determine the pressure
at the pipe line outlet with W pounds of gas or
vapor flowing per hour. If the vapors are dis-~
charged to the atmosphere, the outlet pressure
must be equal to or greater than atmospheric
pressure. If P, calculated is less than 1 atmo-
sphere, then W can be increased before any ef-
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fect is made on backpressure in the line. If P, when the line lengths are approximately 100 feet

calculated is equal to atmospheric pressure,
then any increase in W increases the discharge
pressure at the pipe outlet. If P, calculated is

2
greater than atmosphere, then it must be added f1 Py Py
to the line friction loss calculated from the re- P, 5D 144 (2P,)+P
lief device to the pipe outlet in order to determine &

the tc'al backpressure at the relief device.

To simplify the calculation of the line pres-

sure drop, the following equation can be used Pl = inlet pressure, psig

or more or velocity change is small:

2
2

]

1/2

(129)
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Pz = outlet pressure, psig (equal to values
in equation 128 when P = atmospheric
pressure or greater)

= wvapor density, 1b/it3. at line terminus

Pyt
f = a friction factor
1 = line length, ft
2
g = 32. 2 ft/BeC
D = lineID, ft
L velocity at line outlet, fps.
Inspection of equation 129 reveals that the quantity
f1 pvt pf
_Tgl_)—_ is the Fanning equation for determin-

ing pressure drop in a line in pounds per square
foot. This quantity is readily determined with the

aid of conventional charts in handbooks and other
publications.

All gas or vapor terms in the final or line outlet
conditions are based on the inlet temperature T,
calculated from equation 126 and P, from equa-
tion 129. Where the line lengths are less than
100 feet, equation 129 is modified as follows:

2 2
f1 2
Y AR W A W L S T
1 2 gD 2 g gep.i

(130)

where: B = inlet velocity, fps.

Equation 130 can be rearranged to facilitate trial
and error solutions:

B P-ZP [
2 f1 ty't 2 vt
— 2 — | e
P2+(D + loge “i) 2

1/2

Pl=

(131)

The constant-temperature approach-provides a
safety factor because the line temperature is less
than the relief valve outlet temperature. The de-

gree of cooling depends upon atmospheric condi-
tions.

-

L

s

: 2
(14,5 +(1°_-%‘Llé@£l+ 2 108, gpgg) (460)° (14.5 (. 077

210 + (20.4 + 2 ].oge

The use of this method of sizing a vapor relief
line is illustrated by the following example:

Given:

Expected gas flow, 25,000 lb/hr
Outlet temperature at valve, 790°R
Atmospheric pressure, 14.5 psia

Specific volume (;') at 14,5 psia and 790°R,
13 £t3/1b

Length of line, 600 equivalent ft
Maximum allowable pressure drop, psia
k of vapor, 1.3

Molecular weight of vapor, 44

Friction factor of gas, 0.017.

Problem:

Select diameter of blowdown line for given condi-
tions.

Solution:

1. Assume a 6-inch ID pipe and calculate ter-
minal pressure P,:

, RT
W Vk (k+ 1)

2 42 11,400
L §
_\(1,544)( 790 )
p . 25,000 44 1.3 (1.3 + 1)
2 © 7 36 * 11, 400
PZ = 5.86 psia.

S
Since P, is less than atmospheric:pressure, the
outlet pressure P, equals 14.5 psia.

2. Determine pressure drop in line using equa:
tion 131:

pZP 0 i1/2
s
2 fl t t 2 vt
= — +21 _— :
Pl [PZ +( D + oge H-) e ]

1

(32.2)(144) J

1/2
1) 10,4
My

/2



604

PETROLEUM EQUIPMENT

. . s 460
As a first approximation, ignore log, —'-L—— .
i
Then:
P, = [210 + (20, a)(50.8))*/2
= [1,249)"/2
= 35,3 psia.

3, Correct P, for change in velocity:

1
\8} =.sz,:’2 = (143':.)(313) = 5.35 £t /1b
R R
B, = 185 fps
50.8 x Zloge 1:‘6—0 = lOl.6loge ‘:_‘8’(5). =

i
101.6loge 2,49 = (101.6)(.912) = 92,6

And applying the correction for the log term:

P {1,249 + 92.6]”2 = [1,342]1/2

1

Py

36. 7 psia.

THE AIR POLLUTION PROBLEM

The air pollution problem associated with the un-
controlled disposal of waste gases is the venting
of large volumes of hydrocarbons and other odor-
ous gases and aerosols. The preferred control
method for excess gases and vapors is to re-
cover them in a blowdown recovery system and,
failing that, to incinerate them in an elevated-
type flare. Such flares introduce the possibility
of smoke and other objectionable gases such as
carbon monoxide, sulfur dioxide, and nitrogen
oxides, Flares have been further developed to
ensure that this combustion is smokeless and

in some cases nonluminous. Luminosity, while
not an air pollution problem, does attract atten-
tion to the refinery operation and in certain cases
can cause bad public relations. Noise also can
result in a nuisance problem if the refinery is
located in an area zoned for residential expansion
into the property surrounding the plant or if a
new facility is built in close proximity to a resi-
dential area.

Smoke From Flares

Smoke is the result of incomplete combustion,
Smokeless combustion can be achieved by:

{1) Adequate heat values to obtain the minimum
theoretical combustion temperatures, (2) ade-
quate combustion air, and (3) adequate mixing
of the air and fuel.

An insufficient supply of air results in a smoky
flame. Combustion begins around the periphery
of the gas stream where the air and fuel mix,
and within this flame envelope the supply of air
is limited. Hydrocarbon side reactions occur
with the production of smoke. In this reducing
atmosphere, hydrocarbons crack to elemental
hydrogen and carbon, or polymerize to form
hydrocarbons, Since the carbon particles are
difficult to burn, large volumes of carbon parti-
cles appear as smoke upon cooling. Side reac-
tions become more pronounced as molecular
weight and unsaturation of the fuel gas increase.
Olefins, diolefins, and aromatics characteristic-
ally burn with smoky, sooty flames as compared
with paraffins and naphthenes (Rupp, 1956).

A smokeless flame can be obtained when an ade-
quate amount of combustion air is mixed with the
fuel so that it burns completely and rapidly be-
fore any side reactions can take place.

Noiss From Flares

The noise produced by flares results from three
distinct noise producing mechanisms. The first
of these occurs in elevated flares where steam
is injected into the combustion zone and noise is
produced by the release of the steam from jets
and injector tubes at sonic velocity. The second
noise producing mechanism is present in all
flares but is most noticeable in the elevated type.
In this case, the noise is caused by the release
of the vent gas stream itself into the atmosphere
at the flare tip. The third noise source, the
combustion process itself, is present in all
flares.

The noise produced by release of steam from in-
jector tubes is generally more significant than
that caused by steam released through the jets
and can be reduced by the use of a continuous
muffler as shown in Figure 447, The noise pro-
duced by the discharge of the vent gas to the at-
mosphere can be reduced by ensuring that the
flow is made as continuous as possible without
incremental pressure increases which result in
an exploding noise as the mass of gas is released
and ignited. If additional noise contrel is requir-
ed, silencers are commercially available.
"Combustion' noise is not readily controlled but
is not as significant as that produced by the sud-
den expansion of steam and gas.
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Figure 447. Detai! of John Zink flare tip showing
internal steam injection system (Mode! STF-SA; patent
pending, John Zink Company, Tulsa, Okla.).

Other Air Contaminants From Flares

Combustion of hydrocarbons in the steam-in-
spirated-type elevated flare appears to be com-
plete. The results of a field test (Sussman et al.,
1958) on a flare unit such as this were reported
in the form of ratios as follows:

CO,: hydrocarbons 2,100:1
co,: co 2431

These results indicate that the hydrocarbon and
carbon monoxide emissions from a flare can be
much greater than those from a properly oper-
ated refinery boiler or furnace. Calculations
based on these data, with the assumption of a

gas yyith two carbon atoms and a molecular weight

of 30, indicate that the flares in Los Angeles County

cause an average daily emission of approximately

100 pounds of hydrocarbons per day and 840 pounds

of carbon monoxide per day.

Other combustion contaminants from a flare in-
clude nitrogen oxides. The importance of these
compounds to the total air pollution problem de-
pends upon the particular conditions in a partic-

ular locality, The total emission of nitrogen oxides

from the approximately 40 flares in Los Angeles
County has been estimated (Chass and George,
1960) at 110 pounds per day.

Other air contaminants that can be emitted from
flares depend upon the composition of the gases
burned. The most commonly detected emission
is sulfur dioxide, resulting from the combustion
of various sulfur compounds (usually hydrogen
sulfide) in the flared gas, Toxicity, combined
with low odor threshold, make venting of hydro-
gen sulfide to a flare an unsuitable and some-
times dangerous method of disposal., In addition,
burning relatively small amounts of hydrogen sul-
fide can create enough sulfur dioxide to cause
crop damage or local nuisance.

Materials that tend to cause health hazards or
nuisances should not be disposed of in flares,
Compounds such as mercaptans or chlorinated
hydrocarbons require special combustion devices
with chemical treatment of the gas or its prod-
ucts of combustion.

AIR POLLUTION CONTROL EQUIPMENT

The ideal refinery flare, according to the Amer-
ican Petroleum Institute, is a simple device for
safe and inconspicuous disposal of waste gases by
combustion. From an air pollution viewpoint, the
ideal flare is a combustion device that burns waste
gases completely and smokelessly.

Types of Flares

There are, in general, three types of flares for
the disposal of waste gases: Elevated flares,
ground-level flares, and burning pits.

The burning pits are reserved for extremely
large gas flows caused by catastrophic emergen-
cies in which the capacity of the primary smoke-
less flares is exceeded. Ordinarily, the main
gas header to the flare system has a water seal
bypass to a burning pit. Excessive pressure in
the header blows the water seal and permits the
vapors and gases to vent a burning pit where
combustion occurs.

The essential parts of a flare are the burner,
stack, seal, liquid trap, controls, pilot burner,
and ignition system. In some cases, vented gas~
es flow through chemical solutions to receive
treatment before combustion. As an example,
gases vented from an isomerization unit that may
contain small amounts of hydrochloric acid are
scrubbed with caustic before being vented to the
flare,

Elevated flares

Smokeless combustion can be obtained in an ele-
vated flare by the injection of an inert gas to the
combustion zone to provide turbulence and inspi-
rate air. A mechanical air-mixing system would
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be ideal but is not economical in view of the large
volume of gases handled. The most.commonly
encountered air-inspirating material for an ele-
vated flare is steam. Three main types of steam-=-
injected elevated flares are in use. These types
vary in the manner in which the steam is injected
into the combustion zone.

In the first type, there is a commercially avail-
able multiple nozzle, as shown in Figure 448,
which consists of an alloy steel tip mounted on
the top of an elevated stack (Brumbaugh, 1947:
Hannaman and Etingen, 1956). Steam injection
is accomplished by several small jets placed
concentrically around the flare tip. These jets
are installed at an angle, causing the steam to
discharge in a converging pattern immediately
above the flare tip.

Figure 448. View of John Zink smokeless
tiare burner (John Zink Co., Tulsa, Okla.)

Figure 4 17 shows a recent modification of the
multiple-nozzle type tip. Modern refining pro-
cess units with large capacities and greater use
of high operating pressures have increased the

mass folw rates to flares, thus requiring larger
diameter tips. To ensure satisfactory operation
under varied flow conditions, internal injector
tubes along with a center tube have been added.
The injector tubes provide additional turbulence
and combustion air, while the central steam jet
and attached diffuser plate provide additional
steam to eliminate smoke at low flow conditions.
The flare continues to employ steam jets placed
concentrically around the tip as shown in Figure
448, but in a modified form. As discussed
earlier, noise problems may result at the injec-
tor tubes if muffling devices are not used.

A second type of elevated flare has a flare tip
with no obstruction to flow, that is, the flare tip
is the same diameter as the stack. The steam
is injected by a single nozzle located concen-
trically within the burner tip. In this type of
flare, the steam is premixed with the gas before
ignition and discharge.

A third type of elevated flare has been used by
the Sinclair Oil Company (Decker, 1950). It

is equipped with a flare tip constructed to cause
the gases to flow through several tangential open-
ings to promote turbulence. A steam ring at the
top of the stack has numerous equally spaced
holes about 1/8 inch in diameter for discharging
steam into the gas stream.

The injection of steam in this latter flare may be
automatically or manually controlled, All the
flares of this type located in Los Angeles County
are instrumented to the extent that steam is auto-
matically supplied when there is a measurable
gas flow. In most cases, the steam is propor-
tioned automatically to the rate of gas flow; how-~
ever, in some installations, the steam is auto-
matically supplied at maximum rates, and manual
throttling of a steam valve is required for adjust-
ing the steam flow to the particular gas flow rate.
There are many variations of instrumentation
among various flares, some designs being more
desirable than others. For economic reasons,
all designs attempt to proportion steam flow to
the gas flow rate.

Steam injection is generally believed to result
in the following benefits: (1) Energy available
at relatively low cost can be used to inspirate
air and provide turbulence within the flame,
(2) steam reacts with the fuel to form oxygen-
ated compounds that burn readily at relatively
low temperatures; (3) water-gas reactions
also occur with this same end result, and (4)
steam reduces the partial pressure of the fuel
and retards polymerization. (Inert gases such
as nitrogen have also been found effective for
this purpose; however, the expense of providing
a diluent such as this is prohibitive.)
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The effectiveness of steam injection in an ele-
vated flare is graphically {llustrated by compar-
ing Figures 449 and 450.

Muiltisteam-)el-type elevated flare

A multisteam-jet-type elevated flare (Cleveland,
1952) is shown in Figure 451, All relief headers
from process units combine into a common head-
er that conducts the hydrocarbon gases and
vapors to a large knockout drum. Any entrained
liquid is dropped out and pumped to storage. The
gases then flow in one of two ways., For emer-
gency gas releases that are smaller than or equal
to the design rate, the flow is directed to the main
flare stack. Hydrocarbons are ignited by continu-
ous pilot burners, and steam is injected by means
of small jet fingers placed concentrically about
the stack tip. The steam is injected in proportion
to the gas flow. The steam control system con-
sists of a pressure controller, having a range of
0 to 20 inches water column, that senses the pres-
sure in the vent line and sends an air signal to a
valve operator mounted on a 2-inch V-Port control
valve in the steam line. If the emergency gas flow
exceeds the designed capacity of the main flare,
backpressure in the vent line increases, displacing
the water seal and permitting gas flow to the auxi-
liary flare. Steam consumption of the burner at a
peak flow is about 0.2 to 0.5 pound of steam per

Figure 449,
injection in operation.

Refinery fiare with steam

pound of gas, depending upon the amount and com-
position of hydrocarbon gases being vented. In
general, the amount of steam required increases
with increases in molecular weight and the degree
of unsaturation of the gas,

A small amount of steam (300 to 400 pounds per
hour) is allowed to flow through the jet fingers at
all times, This steam not only permits smoke-
less combustion of gas flows too small to actuate
the steam control valves but also keeps the jet
fingers cooled and open.

Esso-type elevated flare

A second type of elevated, smokeless, steam-
injected flare is the Esso type. The design is
based upon the original installation in the Bayway
Refinery of the Standard Oil Company of New
Jersey (Smolen, 1951 and 1952). A typical flare
system serving a petrochemical plant using this
type burner is shown in Figure 452. The type of
hydrocarbon gases vented can range from a sat-
urated to a completely unsaturated material. The
injection of steam is not only propertioned by the
pressure in the blowdown lines but is also regu-
lated according to the type of material being
flared. This is accomplished by the use of a
ratio relay that is manually controlled. The
relay is located in a central control room where

Figure 450. Refinery flare with steam
injection not in operation.

4

a
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Figure 451, Waste-gas flare system using multistream-jet burner (Cleveland, 1952).

the operator has an unobstructed view of the

flare tip. In normal operation the relay is set to
handle feed gas, which is most common to this

installation,

In this installation, a blowdown header con-
ducts the gases to a water seal drum as
shown in Figure 453. The end of the blow-
down line is equipped with two slotted ori-
fices. The flow transmitter senses the
pressure differential across the seal drum
and transmits an air signal to the ratio re-
lay. The signal to this relay is either ampli-
fied or attenuated, depending upon its setting.
An air signal is then transmitted to a flow
controller that operates two parallel steam
valves, The l-inch steam valve begins to
open ¢ : an air pressure of 3 psig and is fully
open at 5 psig. The 3-inch valve starts to
open at 5 psig and is fully open at 15 psig

air pressure. As the gas flow increases,

the water level in the pipe becomes lower

than the water level in the drum, and more

of the slot is uncovered. Thus, the difference
in pressure between the line and the seal drum
increases, This information is transmitted
as an air signal to actuate the steam valves.
The slotted orifice senses flows that are too
small to be indicated by a Pitot-tube-type

flow meter. The water level is maintained
1-1/2 inches above the top of the orifice to

take care of sudden surges of gas to the system,

A 3-inch steam nozzle is so positioned with-
in the stack that the expansion of the steam
just fills the stack and mixes with the gas to
provide smokeless combustion. This type of
flare is probably less efficient in the use of
steam than some of the commercially avail-
able flares but is desirable from the stand-
points of simpler construction and lower
maintenance costs.
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Sinclair-type elevated flare

A diagram (Decker, 1950) of an installation
using a Sinclair-type elevated flare is shown
in Figure 454, A detail of the burner used
for this flare is shown in Figure 455.

STEAD RING
REFINED OLONDOIM
BMIFRLD SYSTER
FLARE STACK
(418 \3
1 ion
t FOEL GAS
| .
3 STEAR RiNE
3
FLARE STACK
¥
<4

Figure 454, Diagram of waste-gas flare system
using a Sinctair burner.

The flow of steam from the ring inspirates air
into the combustion area, and the shroud pro-
tects the burner from wind currents and pro-
vides a partial mixing chamber for the air and
gas. Steam is automatically supplied when
there is gas flow. A pressure-sensing ele-
ment actuates a control valve in the steam
supply line. A small bypass valve permits a
small, continuous flow of steam to the ring,
keeping the steam ring holes open and per-

- mitting smokeless burning of small gas flows.

Ground level flares

There are four principal types of ground level
flare: Horizontal venturi, water injection, multi-
jet, and vertical venturi.

Horizontal, venturi-type ground flare

A typical horizontal, venturi-type ground
flare system is shown in Figure 456. In this
system, the refinery flare header discharges

nan

2-in.-0. 0.
STEAR NING GAS PILOT

< it ol an COVER PLATE

e STEEL
SHROUD
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L/ MATE

PLASTIC
INSULATION

+ GAS STANDPIPE

/ PROTECTING SHAOUD

STEAM SUPPLY PIPES

SECTION A-A

FLANE ARRESTER

ELEVATION

Figure 455. Detail of Sinclair flare burner, nlan
and elevation (Decker, 1958).

to a knockout drum where any entrained lig-
uid is separated and pumped to storage. The
gas flows to the burner header, which is con-
nected to three separate banks of standard.
gas burners through automatic valves of the
snap-action type that open’at predetermined
pressures. If any or all of the pressure
valves fail, a bypass line with a liquid seal
is provided (with no valves in the circuit),
which discharges to the largest bank of burn-
ers.

The automatic-valve operation schedule is
determined by the quantity of gas most likely

to be relieved to the system. The allowable
back-pressure in the refinery flare header
determines the minimum pressure for the con-
trol valve on the No. 1 burner bank. On the
assumption that the first valve was set at 3
psig, then the second valve for the No. 2 burner
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lare. The ignitors for pilot
pilot operation are not shown

(American Petrolsum Institute, 1957).

bank would be set for some higher pres-
sure, say 5 psig. The quantity of gas most
likely to be released then determines the size
and the number of burners for this section.
Again, the third most likely quantity of gas
determines the pressure setting and the size

of the third control valve. Together, the burn-
er capacity should equal the maximum expected
flow rate.

The valve-operating schedule for the system
pictured in Figure 456 is set up as follows:

1. When the relief header pressure reaches
3 psig, the first control valve opens and
the four small venturi burners go into
operation. The controller setting keeps
the valve open until the pressure decreases
to about 1-1/2 psig.

2. When the header pressure reaches 5 psig,
the second valve opens and remains open
until the pressure drops to about 3 psig.

3, When the pressure reaches 6 psig, the
third valve opens and remains open until
the pressure decreases to 4 psig.

4. At about 7 psig, the gas blows the liquid
seal.

A small flare unit of this design, with a capac-
ity of 2 million scf per day, reportedly cost
less than $5, 000, 00 in 1953 (Beychok, 1953).
Another large, horizontal, venturi-type flare

that has a capacity of 14 million scfh and re-
quires specially constructed venturi burners
(throat diameter ranges from 5 to 18 inches)
cost $63, 000,

Water- injection-type ground flare

Another type of ground flare used in petroleum
refineries has a water spray to inspirate air
and provide water vapor for the smokeless
combustion of gases (Figure 457). This flare
requires an adequate supply of water and a
reasonable amount of open space.

The structure of the flare consists of three
concentric stacks. The combustion chamber
contains the burner, the pilot burner, the end
of the ignitor tube, and the water spray dis-
tributor ring. The primary purpose of the
intermediate stack is to confine the water spray
so that it will be mixed intimately with burn-
ing gases. The outer stack confines the flame
and directs it upward.

Water sprays in elevated flares are not too
practical for several reasons. Difficulty is
experienced in keeping the water spray in the
flame zone, and scale formed in the waterline
tends to plug the nozzles. In one case it was
necessary to install a return system that per-
mitted continuous waterflow to bypass the
spray nozzle. Water main pressure dictates
the height to which water can be injected with-
out the use of a booster pump. For a 100- to
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Figure 457, Typical water-spray-type ground flare.

Six water sprays are shown.

Two pilots and two

ignitors are recommended (American petroleum

Institute, 1957).

250-foot stack, a booster pump would undoubted-

ly be required. Rain created by the spray from
the flare stack is objectionable from the stand-
point of corrosion of nearby structures and
other equipment.

Water is not as effective as steam for control-
ling smoke with high gas flow rates, unsatu-
rated materials, or wet gases, The water
spray flare is economical when venting rates
are not too high and slight smoking can be
tolerated. In Los Angeles County, where re-
strictions on the emission of smoke from
flares are very strict, a water spray smoke-
less flare is not acceptable.

Multijet-type ground flare

A recent type of flare developed by the refin-
ing industry is known as a multijet (Miller et
al., 1956). This type of flare was designed
to burn excess hydrocarbons without smoke,
noise, or visible flame. It is claimed to
be less expensive than the steam-injected
type, on the assumption that new steam
facilities rmust be installed to serve a
steam-injected flare unit. Where the steam
can be diverted from noncritical operations
such as tank heating, the cost of the multijet
flare and the steam-inspirating elevated flare
may be similar.

A sk-tch of an installation of a multijet flare
is shown in Figure 458. The flare uses two
sets of burners; the smaller group handles

normal gas leakage and small gas releases,

while both burner groups are used at higher
flaring rates. This sequential operation is
controlled by two water-sealed drums set to
release at different pressures. In extreme
emergencies, the multijet burners are by-
passed by means of a water seal that directs
the gases to the center of the stack. This
seal blows at flaring rates higher than the
design capacity of the flare. At such an ex-
cessive rate, the combustion is both luminous
and smoky, but the unit is usually sized so
that an overcapacity flow would be a rare.
occurrence. The overcapacity line may also
be designed to discharge through a water seal
to a nearby elevated flare rather than to the
center of a multijet stack. Similar staging
could be accomplished with automatic valves
or backpressure regulators; however, in this
.case, the water seal drums are used because

_of reliability and ease of maintenance. The

staging system is balanced by adjusting the
hand control butterfly valve leading to the
first-stage drum. After its initial setting,
this valve is locked into position.

Design details of this installation are given
in the literature reference (Miller et al.,
1956).

Vertical, venturi-type ground flare

Another type of flare based upon the use of
commercial-type venturi burners is shown

in Figure 459. This type of flare has been
used to handle vapors from gas-blanketed
tanks, and vapors displaced from the depres-
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Figure 458. Flow diagram of multijet-flare system (Miiler ot al., 1856).

suring of butane and propane tank trucks.
Since the commercial venturi burner requires
a certain minimum pressure to operate effi-
ciently, a gas blower must be provided. In
the installation shown in Figure 460, two
burners operate at a pressure of 1/2 to 8 psig.
A compressor takes vapors from tankage and
discharges them at a rate of 6,000 cfh and 7
psig through a water seal tank and a flame
arrestor to the flare. This type of arrange-
ment can readily be modified to handle dif-
ferent volumes of vapors by the installation
of the necessary number of burners. :

This type of flare is suitable for relatively
small flows of gas of a constant rate. Its
main application is in situations where other
means of disposing of gases and vapors are
not available.

Effect of steam injection

A flare installation that does not inspirate an ade-
quate amount of air or does not mix the air and
hydrocarbons properly emits dense, black clouds
of smoke that obscure the flame. The injection

of steam into the zone of combustion causes a
gradual decrease in the amount of smoke, and the
flame becomes more visible. When trailing smoke
has been eliminated, the flame is very luminous

and orange with a few wisps of black smoke around
the periphery. The minimum amount of stcam re-
quired produces a yellowish-orange, luminous
flame with no smoke. Increasing the amount of
steam injection further decreases the luminosity
of the flame. As the steamn rate increases, the
flame becomes colorless and finally invisible
during the day. At night this flame appears blue.

An injection of an excessive amount of steam
causes the flame to disappear completely and be
replaced with a steam plume. An excessive
amount of steam may extinguish the burning gases
and permit unburned hydrocarbons to diacharge to
the atmosphere. When the flame is out, there is
a change in the sound of the flare because a steam
hiss replaces the roar of combustion. The com-
mercially available pilot burners are usually not
extinguished by excessive amounts of steam, and
the flame reappears as the steam injection rate is
reduced. As the use of automatic instrumentation
becomes more prevalent in flare installations, the
use of excessive amounts of steam and the emis-
sion of unburned hydrocarbons decrease and great-
er steam economies can be achieved. In evaluat-
ing flare installations from an air pollution stand -
point, controlling the volume of steam is important.
Too little steam results in black smoke, which,
obviously, is objectionable. Conversely, ex-
cessive use of steam produces a white steam
plume and an invisible emission of unburned

S,

B




614

PETROLEUM EQUIPMENT

STACK
3 11 DIAETER X 10 ft NiGH

//7/7/7///%7////////’7///’////"/////}99///7/4///////2

f

0

Figure 459. Vertical, venturi-type flare.

hydrocarbons. A condition such as this can also
be a serious air pollution problem.

Design of a smokeless flare

The choice of a flare is dictated by the particular
requirements of the installation. A flare may be
located either at ground level or on an elevated
structure. Ground flares are less expensive,
but locations must be based upon considerations
such as proximity of combustible materials,
tanks, and refinery processing equipment. Ina
congested refinery area, there may be no choice
but to use an elevated flare.

A method of determining the distance a stack
should be from surrounding equipment and per-
sonnel has been developed (Hajek and Ludwig,
1960). The recommended equation is

D =4 [ (EMH) __
(4)(3. 14)(K)

(132)

where

D = minimum distance, ft from the flame

to the object

F = a dimensionless constant equal to 0.20
for methane, which has a hydrogen-to-
carbon weight ratio of 0.333, and equal
to 0,33 for propane, which has a hydro-
gen-to-carbon weight ratio of 0,222,
{Use 0.40 when in doubt.)

H = heat release, Btu/hr

K = a constant, Btu/hr-ftzz

K = 1,000 for objects exposed 20
minutes or more

K = 1,500 for objects exposed less
than 20 minutes.

The usual flare system includes gas collection
equipment, the liquid knockout tank preceding the
flare stack. A water seal tank is usually located
between the knockout pot and the flare stack to
prevent flashbacks into the system. Flame ar-
restors are sometimes used in place of or in con-
junction with a water seal pot. Pressure-tem-
perature-actuated check valves have been used

in small ground flares to prevent flash-back. The
flare stack should be continuously purged with
steam, refinery gas, or inert gas to prevent the
formation of a combustible mixture that could
cause an explosion in the stack (Hajek and
Ludwig, 1960)., The purge gas should not fall
below its dew point under any condition of flare
operation.

To prevent air from entering a flare stack which
is used to dispose of gases that are lighter than
air, a device known as a molecular seal (John
Zink Company) is sometimes used in conjunction
with purge gas. Itis installed within the flare
stack immediately below the flare tip and acts
as a gas trap by preventing the lighter -than-air
gas from bleeding out of the system and being
displaced with air. A cross-section of a flare
stack and geal is so shown in Figure 461.

The preferred method of inspirating air is inject-
ing steam either into the stack or into the combus-
tion zone. Water has sometimes been used in
ground flares where there is an abundant supply.
There is, however, less assurance of complete
combustion when water is used, because the flare
is limited in its operation by the type and composi-
tion of gases it can handle efficiently.

The diameter of the flare stack depends upon the
expected emergency gas flow rate and the per-
missible backpressure in the vapor relief mani-
fold system. The stack diameter is usunally the
same or greater than that of the vapor header
discharging to the stack and should be the same
diameter as or greater than that of the burner
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Figure 480. Flow diagram of tank-gas-blanketing system
venting to a vertical, venturi fiare.

section. The velocity of the gas in the stack
should be as high as possible to permit use of
lower stack heights, promote turbulent flow with
resultant improved combustion, and prevent
flashback. Stack gas velocity is limited to about
500 fps in order to prevent extinction of the
flame by blowout, A discharge velocity of 300
to 400 fps based upon pressure drop considera-
tions is the optimum design figure of a patented
flare tip manufactured by the John Zink Company.
The nature of the gas determines optimum dis-
charge velocity (John Zink Company).

Adequate stack heights must be provided to per-
mit safe dispersion of toxic or combustible mate-
rial in the event of pilot burner failure. Tech-
niques are available for calculating adequate stack
heights to obtain certain ground concentrations at
various distances from the stack, depending upon
atmospheric conditions (Bodurtha, 1958; Gosline
et al., 1956). These methods of calculation
should not be generally applied to any one loca-
tion, and meteorological data should be obtained
for the particular location involved.

The structural support of an elevated-flare stack
over 40 to 50 feet high requires the use of guy
wires, A self-supporting stack over 50 feet high
requires a large and expensive foundation. Stacks
over 100 feet high are usually supported by a
steel structure such as is shown in Figure 462.

Three burner designs for elevated flares have
been discussed--the multisteam-jet, or Zink,

and the Esso and Sinclair types. The choice of
burner is a matter of personal preference. The
Zink burner provides more efficient use of steam,
which is important in a flare that is in constant
use. On the other hand, the simplicity, ease of
maintenance, and large capacity of the Esso burn-
er might be important considerations in another
installation.

As previously mentioned, the amount of steam
required for smokeless combustion varies accord-
ing to the maximum expected gas flow, the molec-
ular weight, and the percent of unsaturated hydro-
carbons in the gas. Data for steam requirements
for elevated flares are shown in Figure 463. Actu-
al tests 'should be run on the various materials to

[ U p—
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Figure 461. John Zink molecuiar seal (U.S. patent
3,055,417, John Zink Company, Tulsa, Okla.).

be flared in order to determine a suitable steam-
to-hydrocarbon ratio. In the typical refinery,
the ratio of steam to hydrocarbon varies from
0.2 to 0.5 pound of steam per pound of hydrocar-
bon. The John Zink Company's recommendation
for their burner is 5 to 6 pounds per 1, 000 cubic
feet of a 30-molecular-weight gas at a pressure
drop of 0, 65 psig.

Pilot ignition system

The ignition of flare gases is normally accom-
plished with one of three pilot burne s. A sepa-
rate system must be provided for the ignition of
the pilot burner to safeguard against flame fail-
ure. In this system, an easily ignited flame with
stable combustion and low fuel usage must be pro-
vided. In addition, the system must be protected
from the weather.

One good arrangement for a pilot ignitor is shown -

in Figure 464. To obtain the proper fuel-air ratio
for ignition in this system, the two plug valves
are opencd and adjustments are made with the
globe valves, or pressure regulator valves. After
the mixing, the fuel-air mixture is lit in an igni-

ok

LS

K]

Figure 462, A 200-ft flare stack supported
by a steel tower (Atlantic-Richfield Co.,
Wilmington, Calif.).

tion chamber by an automotive spark plug con-
trolled by a momentary-contact switch. The igni-
tion chamber is equipped with a heavy Pyrex glass
window through which both the spark and ignition
flame can be observed. The flame front travels
through the ignitor pipe to the top of the pilot
burner. The mixing of fuel gas and air in the
supply lines is prevented by the use of double
check valves in both the fuel and air line. The
collection of water in the ignitoi- tube can be pre-
vented by the installation of an automatic drain

in the lower end of the tube at the base of the
flare. After the pilot burner has been lit, the
flame front generator is turned off by closing

the plug cocks in the fuel and air lines. This
prevents the collection of condensate and the
overheating of the ignitor tube.

On elevated flares, the pilot flame is usually
not visible, and an alarm system to indicate
flame failure is desirable. This is usually ac-
complished by installing thermocouples in the
pilot burner fiame. In the event of flame fail-
ure, the temperature drops to a preset level,
and an alarm sounds.
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Figure 463. Steam requirements for smokeless burning of
unsaturated hydrocarbon vapor (American petroieum insti-

tute, 1957).
Instrumentation and control of steam and gas

For adequate prevention of smoke emission
and possible violations of air pollution regula-
tions, an elevated, smokeless flare should be
equipped to provide steam automatically and in
proportion to the emergency gas flow.

Basically, the instrumentation required for a

.flare is a flow-sensing element, such as a Pitot

tube, and a flow transmitter that sends a signal
(usually pneumatic) to a control valve in the
steam line. Although the Pitot tube has been
used extensively in flare systems, it is limited
by the minimum linear velocity required to pro-
duce a measurable velocity head., Thus, small
gas flows will not actuate the steam control |
valves. This problem is usually overcome by
installing a small bypass valve to permit a
constant flow of steam to the flame burner.

A more sensitive type of flow-measuring device
is the inverted weir. A typical installation is

shown in Figure 465. A variation of the inverted
weir is the slotted orifice previously shown in

| Figure #53. The operation of this installation
has already been described.

The hot-wire flow meter has also been used in
flare systems (Huebner, 1959). The sensing
element is basically a heat loss anemometer
consisting of an electrically heated wire ex-
posed to the gas stream to measure the velocity.
The gas flow is perpendicular to the axis of the

" hot wire. A conventional recorder is used with
this probe, modified for the resistance bridge
circuit of the gas flow meter. As the flow of
gas past the probe varies, the heat loss from
the hot wire varies and causes an imbalance of
the bridge circuit. The recorder then adjusts
for the imbalance in the bridge and ipdicates the
gas flow. This type of installation provides sen-
sitivity at low velocities, and the gas flow mea~-
surement can be made without causing an appre-
ciable pressure drop. This is an important ad-
vantage in a system using constant backpressure~

AR T
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Figure 464, Remote-control system for igniting
flare pilot burners (American Petroleum Insti-
tute, 1957).

type relief valves. One flow meter of this type

in use has a velocity range of 0 to 6, 000 fpm.

The hot-wire flow meter can be used as a primary
flow-sensing element or as a leak detector in
laterals connected to the main flare header.

Another system using a venturi tube as the
primary element for measuring the rate of gas
flow to a flare is shown in Figure 466,

Supply and control of steam

After the amount of steam required for maxi-
mum design gas flow rates is determined, the
size of the steam supply line can be estimated
by conventional methods of calculation, such

as shown in Figure 467. The following example
illustrates the calculations for sizing the steam
supply line.

Given:

200 psig (215 psia) saturated steam
9,000 1b/hr propane
1,000 1b/hr propylene

10% (by weight) unsaturated material,

FLOW
AECORDER
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WATER LEVEL H
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SEALING WATER IWLET

Figure 465.
The end of the low-pressure line
be at the same level as the tops
weir. The end of the high-pressu
be at the same level as the botto
Petroleum Institute, 1857).

TO SEWER

inverted weir for measuring gas flow to a flare.

to the flow recorder should
of the slots in the inverted
re line to the recorder shoulid
ms of the weir sliots (American
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Figure 486. System for measuring flare gas. Small flows of gas are measured by the flow recorder in the bypass '
line. When a blow occurs that is large enough to overcome the static head of the sealing Viguid in the seal pot,
the !iguid is blown to the slop and blowdown drum. The gas flow is measured by the venturi in the main line to

the flare (American Petroleum Institute, 1957).

Problem:

Determine the size of the steam supply line re-
quired.

Solution:

From Figure 463, the steam-to-hydrocarbon
ratio should be 0. 55.

Steam required = (10, 000 1b/hr)(0.55) = 5, 500
1b/hr

With allowance for a future increase in steam re-
quirements, the steam line should be designed
to provide 7, 000 1b/hr at a velocity of 6,000 fpm.

From Figure 467, the pipe diameter is found
to be 3 inches.

The number and size of stearn jets can be esti-
mated by the following empirical equation (Marks,
1951) for steam flow through a small nozzle: .

W o= 0.0165AP(1"97 (133)

where

W = steam flow, lb/sec

2
A = nozzle area, 1in,

Pl = upstream pressure, psia.
Commercial burners use 1/8- to 1/2-inch-di-
ameter stainless steel pipe for the steam jets
with orifices of 1/8 to 7/16 inch in diameter.

The number of jets depends upon the gas flow
rates and the steam to be delivered into the com-
bustion zone.

Figure 468 is a plot of steam flow versus up-
stream pressure for various sizes of jet orifices.
This chart may be used for preliminary design
or for checking an existing installation as shown
in the following example.

Given:
Steam flow, 5,500 1b/hr

Available pressure upstream of jets, 80 psia

Assume jet orifice diameter, 3/8 in..
Problem:

Determine minimum number of steam jets re-
quired.

2 LY R AR ST T
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Schedule Numbsr

Establish the steam pressure and temperature
Draw a horizontal tine to specific volume scale V.

Draw a line

Mark the intersect with the index line.

Using either known quantity, pipe size, d; or velocity, V; find the unknown by
drawing a line from the index to the known quantity (Crane Company, 1957).

Solution:

From Figure 468, the steam flow per jet =
460 1b/hr

5,500 1b/hr
3 3 o 22200 2B/Ar
Number of jets required = 460 1b/hr 11.97

Use 12 steam jets with 3/8-inch orifices.

As shown in Figure 469, a jet located at an acute
angle to the direction of a gas flow improves the
mixing of the gas with air or steam. Commer-
cial flare burners usually have steam jets placed
at angles of 15 to 60 degrees with the gas flow.

A steam control system is provided tc ensure
correct proportions of gas and steam flow. A
control valve with equal percentage characteris-

tics is often used in this applicaticn. A diagram

.trol valve.

of this type of valve is shown in Figure 470. Flow
curves for valves with various characteristics
are shown in Figure 471. The manufacturer's
literature should be consulted for specific valves,

Accurate selection of the size of steam control
valve requires a full knowledge of the actual
flowing conditions. In most cases, the pressure
across the valve must be estimated. A con-
servative working rule is that one-third of the

total system pressure drop, including all fittings °

and equipment, should be absorbed by the con-
The pressure drop across valves in
long lines or high-pressure drop lines may be
somewhat lower. In these cases the pressure
drop should be at least 15 to 25 percent of the
total system drop, provided the variations in
flow rates are small., A control valve can reg-
ulate flow only by absorbing energy and giving

a pressure drcp to the system.
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plugs (Lieblich, 1853).

The most convenient method of sizing control
valves involves the use of the flow coefficient,
Cy. This flow coefficient is essentially a capac-
ity index of the valve and can be obtained from
the manufacturer's literature.

By using the basic conversion formulas shown
in Table 161, the flow coefficient for any re-
striction can be determined. Under special
conditions, such as a high pressure drop or use
of apecial designs, deviation from the simple
fundamental law can be substantial. For most
practical valve-sizing problems, the use of the
simplified formulas is adequate.

A brief method of selection of a control valve
is explained in the following example.

Given:

Gas flow, 10,000 1b/hr
Steam-to-hydrocarbon ratio, 0.55 (by wt)
Maximum steam flow, 5,500 lb/hr

P, upstream pressure, 160 psig
P,, downstream pressure, 100 psig

Steam density, downstream, 0.226 lb/ft3.

Problem:

Select a control valve for this system.

Flow curves for control valves with characterized

Solution:
Determine C, from the formula as shown in
Table 161:

W

c 17
2.1 [(P, - P,)P, + P,)]

v

2 (134)

5,500

2.1 f{174.7 - 114.7){(174.7 + 114(.'7)]1/2

= 19.8

A valve with a C,, of 19.8 is indicated. Since

an equal percentage characteristic is desired

in this application, a correction factor should
be applied. This adjustment is necessary be-
cause of the flow characteristics of this type of
valve. It is suggested by the manufacturer that
a 20 percent increase in the C_ be taken to com-~
pensate for this adjustment. Thus the C, for
the equal percentage valve would be 23.8.

Other items to consider in the selection of con-
trol valves are the valve actuator, valve posi-
The
control valve actuator supplies the power for
operating the valve. In flare applications the
power unit is usually a pneumatic-spring-dia-
phragm-type actuator of the type shown in Fig-
ure 464, operated by 3 to 15 psig air pressure.
These units are designed to open the valve if

tioners, and future steam requirements.
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Table 161, EQUATIONS FOR CONTROL VALVE SIZING
{Mason-Neilan Division, 1963)

HNOMENCLATVAE FOR €, FORMMLAS

V = fowia US gpm

Q = cfh @ 14.7 psia and 00°F

W = Rhvlw

P = inlet pressure — paia (147 + pei guage)
Py = outlet pressure — peia (14.7 + pel gauge)

G = pewp. g (air=10)

Gr = sp. gr. @ Sowing emperstre
Ty = flowing lemperatuse — °F abs. (400 4 °F)
Ta = superheat in °F

Liguid Setarsted
Dosieed | Known o ;::u
US. oo v Gt Oh/ » /e
o [ham|-yE g% _[®__om | _____w | w | aseemagw
6 | VIR | w00 | v FaliiFe | anviP, Pt 2VE-PIF AR | 2VIR-Fo(F4Fs
& 2 QT
Tomp. |G.P,8P, — e
Comosted | T, YW = AT A
W 0h/he) L A Y T Ousac, VI PP F) 211G, VI PP AP
Phsad i) BYPIVIRY: o 7 A s AALOER DILTR D P POV, s ATi vn 7 A BRIV, v 7y gore ad ML LA AL 2L 2]
v‘(’ua )c.ré'u. ﬁ;l, * 1= 500C, VP, —Fy) v 1.22C, VTP, T 21C, VP =P Py AT
%—":’ c.r?u. G VIR PPy
Corrested T Y, A

@ When P, ia less than % the expression V/(P; = Py) (P1+ Py) becomes 0.87P,.
® gn flow the effect of flowing temperatures may be neglected for all temperatures between 30°F and 150°F.
or

or lJower temperatures a correction sbould be included.

the air pressure fails, Selection of valve actua-
tors can be made by referring to manufacturer's
literature.

Control valve positioners are devices that posi-
tion the valve stem to match the controller's
output signal. The valve plug is thus moved to
the desired position, overcoming the packing
friction and unbalanced forces in the system.
Positioners are also used when split-range
valves are operated by one controller. In most
elevated-flare installations, the range of gas
flow is such that one steam valve does not prop-
erly proportion the steam flow, and two parallel
steam valves are required. This means that
one valve moves from closed to open when the
controller output changes from 3 to 9 psig, and
the other valve is operated when the controller
output is 9 to 15 psig.

Where future steam requirements may be expected

to increase, the steam supply line and control

valves can be sized for the expected larger capac-

ity. Smaller inner-valve plugs can then be used
in the control valves to supply the necessary re-
duced capacity while the larger body size is re-
tained. The smaller plugs have the same flow
characteristics as the standard size plugs, but
flow can be reduced as low as 40 percent of nom-
inal capacity.

Design of water-injection~type ground flares

Designing a typical water injection flare consists
of sizing the stack structure and combustion air-
ports, and determining the water required to ob-

tain smokeless combustion (American Petroleum
Institute, 1957).

With the three-concentric-stack-type flare as
previously discussed, the air ports in the inter-
mediate and outer stacks should be designed to
admit 150 percent of the theoretical air for com-

plete combustion. The draft for these stacks
can be calculated from the equation

h = H —— (135)

where
h = draft, in. of water

H = height of stack, ft

p, = density of cold air, 1b/ft3
p, = density of hot gas in stack, 1b/ft3
P, = density of water, 1b/ft3.

The area of the stack's arches can be calculated
according to the formula

w .
- 136
A = H7CY (e (136)
w o a
where
A = area of orifice, ft

TLnm T
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W = rate of flow, 1b/hr

C = orifice discharge coefficient, dimen-
sionless
Y = expansion factor, dimensionless
hw = differential pressure across orifice,

in., of water at 60°F

p_ = density of air at upstream tap condi-
tions, 1b/ft3,

In this case p, is the density of air at 60°F, Y
is assumed to be 1, 0, and C is assigned the value
of 0.6. Equation 136 can now be reduced to

W
20.9h (137)
w

Test data indicate that water Pressure is more
important in achieving smokeless burning than
the amount of water delivered to the flare, In
general, a high water Pressure results in better
mixing of gas. Higher water pressure is re-
quired as the molecular weight and unsaturated
content of the gas increase. Table 162 lists

' water spray pressures required for smokeless
burning.

Table 162. WATER SPRAY PRESSURES
REQUIRED FOR SMOKELESS BURNING?
(American Petroleum Institute, 1957)

Gas rate, Unsaturates,| Molecular Water pressure, | Water rate,
scfh % by vol weight psig " gpm
200, 000 0 to 20 28 30 to 40 31 to 35
150, 000 30 i3 80 45
125, 000 40 37 120 51

%The data in this table were obtained with a 1-1/2-inch -diameter
8pray nozrle in a ground flare with the following dimensions:

Height, 1t Diameter, ft

Outer stack 30 14
Intermediate stack 12 6
Inner stack 4 2.5

Satisfactory pProportioning of the flow of water
to the flow of gas is difficult to achieve because
the pressure drop required for proper spray
nczzle operation is high, Where the opacity of
smoke emission is limited, some type of re-
mote manual or automatic control is necessary,

Design of venturi-type ground flares

The venturi-type ground flare, as pPreviously
discussed, consists of burners, pilots, ignitors,
and control valves,

The total pressure drop permitted in a given in-
stallation depends upon the characteristics of

the particular blowdown system. In general,

the allowable pressure drop through the relief
valve headers, liquid traps, burners, and so
forth, must not exceed one -half the internal
unit's relieving Pressure. The burner cut-in
schedule is based upon a knowledge of the source,
frequency, and quantity of the release gases.
Pressure downstream of the control valves must
be adequate to Provide stable burner operation.

Flare installations designed for relatively small
gas flows can use clustérs of commercially avail-
able venturi burners. For large gas releases,
special venturi burners must be constructed, The
venturi (air-inspirating) burners are installed

in clusters with a small venturi-type pilot burn-
er in the center. This burner should be connected
to an independent gas source. The burners may
be mounted vertically or horizontally, The burn-
ers should fire through a refractory wall to pro-
vide protection for personnel and equipment. Con-
trols can be installed to give remote indication of
the pilot burner's operation.

For large-capacity venturi burners, field tests
are necessary tc obtain the proper throat-to-
orifice ratio and the minimum Pressure for stable
burner operation. . The design of one rlare sys-
tem using special venturi burners has been re-
ported (Brumbaugh, 1947). An analysis of the
burner limitations and the Pressure relief sys-
tem in this installation yielded the design data

set forth in Table 163,

Table 163. DESIGN DATA FOR A FLARE SYSTEM
USING SPECIAL VENTURI BURNERS
(Brumbaugh, 1947)

Cut-in Cut-out |Gas orifice | Venturi Rates of throat-
Burner . s <
No. Pressure, { pressure, diameter, |throat dia, to-orifice

* pei psi in, in, area

3 2-1/4 1/4 1.61 5 9.6

2 2-3/4 1/2 2.90 8 7.8

3 3-1/4 3/4 4.03 11.s 8.1

4 3-3/4 1 7 i8 6.6

After 5 years, this flare was reported to be
satisfactory and had required relatively few
changes (Green,- 1952),

The selection of the control valves‘ and burners
for a small-capacity ground flare is indicated
by the following example:

Given:
Range of gas flow, 2, 000 to 30,000 cfh
Most frequently expected gas flow, 12, 000 cfh

Blowdown line size, 4-in. dia

Specific gravity of gas, 1,2
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Calorific value of gas, 1,300 Btu/ft3

Flowing temperature of gas, 100°F,

Problem:

Select control valves and determine the number
and size of standard air-inspirating burners to
permit smokeless burning of all expected gas
flows,

Solution:

On the basis of the range of expected gas flow,
try three banks of burners with a water seal
bypass to the largest bank to handle gas flows
in excess of flare capacity. The maximum
allowable pressure at the burners has been set
at 5 psig. Various intermediate pressures for
*the control valves will be arbitrarily selected.
The intermediate pressures, which indicate
stable operations of the different burner banks
relative to the gas flows, will be used as the
operating points for the valves.

1,  Valve selection and capacity data:

Try two l-inch and one 2-inch single-seated,
quick-opening valves.

Valve Capacity

size, index, Pressure, Capacity,
in, C,, psi cfh
1 14 0.5 2,070
1.0 2,940
3.0 5,080
5.0 6,580
2 46 3.0 15, 000
5.0 20, 000

2. Burner selection--No. 1 bank:

No. 1 bank of burners to handle a minimum
"~ flow of 2,000 cfh at 0.5 psig.

Try a No. 16X NGE burner with a 1/2-in,
orifice.

From Table 164, capacity of a No. 16X burn-
er at 0.5 psig (1, 000 Btu/ft3 gas) is 1, 360 cfh.

" Capacity of 1,300 Btu/ft> gas:

1, 000

1, 300 1,360 cfh =

1, 047 cfth/burner

Number of burners required:

2,000 cfh
1, 047 cfh/burner

= 1.91 burners

Table 164, VENTURI BURNER CAPACITIES,
£t3 /nr (Natural Gas Equipment, Inc., 1955)*

Gas pressure, Type 14 Type 16 Type 16X
in, H,0 3/16-in. orifice | 7/16-in, orifice | 1/2-in. orifice
2 70
4 100
6 123
8 142
10 160 .
1/2 peiyg 210 1,042 1, 360
1 psig 273 1,488 1,900
2 psig 38s 2, 157 2, 640
3 peig 2,654 3,200
4 psig 3,065 3,680
5 psig 3, 407 4, 080
6 psig 3,742 4, 480
7 psig 4, 040 4,800
8 peig 4,320 5,160

2Basis: 1, 000 Btu/ft3 natural gas.
Use two burners.

No. 1 bank capacity at other operating pres-

sures:

No. of Capacity, cfh

burners 0.5 psig 1.0 psig 3.0 psig 5 psig
2 2,094 ‘2,930 4, 920 6,270

Range of No., 1 bank burners is 2, 000 to
6,000 cfh, with valve capacity range from
2, 000 to 7,000 cfh,

3. Burner selection--No. 2 bank:

No. 2 bank of burners to be sized such that
capacity of the 1 and 2 banks will equal the
most frequently expected flow of 12,000 cth,
Use 6,000 cfh as approximate capacity of
No. 1 bank.

12,000 cfh - 6,000 cth = 6,000 cfh

Size and capacity of No. 2 bank burners and
valves will be the same as those of No, 1
bank,

4. Burner selection--No, 3 bank:

No. 3 bank capacity must equal the difference
between 30, 000 cfh and 12,000 cfh,

30,000 cfh - 12,000 cfh = 18,000 cfh

From Table 166, capacity of No. 16X burn-
er at 5 psig is 4, 080 cfh (1, 000 Btu/ft3 gas).

3
Capacity for 1, 300 Btu/ft gas:

1, 000

1.300 4,080 = 3,140 cfh/burner

Number of burners required:
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18,000/ cfh

5.7 b ‘
3, 140 cfh/burner urners

Use six No. 16X NGE burners.

No! 3 bank capacity at other pressures:

Capacity, cfh

No. of
burners 3,0 psig 5.0 psig
6 14,760 18, 830

Range of No. 3 bank burners, 14,760 to
18, 300 cfh, with 2-inch valve range of
15,500 to 20, 000 cfh.

5. Safety seal:

Basis: Seal pressure 6 psig
Sealing liquid = Water
Temperature 70°F

ft of water =

(6 + 14.7) lblin.2 (144) in.Z/ft2

3 = 47.8 ft
62.3 1b/ft
6. Summary of flare operation:
Valve action Burner Valve

Valve Open, Closed, Range, capacity capacity

No. psig psig psi at 5 psig at 5 psig -
1 1.0 0.5 0,5-5 6,270 6,580
2 3.0 1,0 1-5 6,270 6,580
3 5.0 3.0 5-6 18, 830 20,000
31, 370 33,160

The bypass seal is set to open to No, 3 burner
bank at 6 psig.

7. Sketch of flare:

Bank No, | Bank No. 2 Bank No. 3

1in. 1 in. 2 in.
Gas flow
-

U-..

Maintenance of flares

Most refineries and petrochemical plants have
a fixe . schedule for inspection and maintenance
of processing units and their auxiliaries. The
flare system should not be exempted from this

practice. Removal of a flare from service for

maintenance requires some type of standby equip-
ment to disperse emergency gas vents during the
shutdown. A simple stack with pilot burner should
suffice for a standby. Coordinating this inspec-
tion to take place at time when the major process-
ing units are also shut down is good practice.

 Flare instrumentation requires scheduled main-

tenance to ensure proper operation. Most of the
costs and problems of flare maintenance arise
from the instrumentation.

Maintenance expenses for flare burners can be
reduced by constructing them of chrome-nickel
alloy. Because of the inaccessibility of elevated
flares, the use of alloy construction is recom-
mended.

STORAGE VESSELS

TYPES OF STORAGE VESSELS

Even in the most modern petroleum refineries and
petrochemical plants, storage facilities must be
provided for large volumes of liquids and gases.
These facilities can be classified as closed-stor-
age or open-storage vessels. Closed-storage
vessels include fixed-roof tanks, pressure tanks,
floating -roof tanks and conservation tanks. Open-
storage vessels include open tanks, reservoirs,
pits, and ponds.

Closed-storage vessels are constructed in a vari-
ety of shapes, but most commonly as cylinders,
spheres, or spheroids, Steel plate is the usual
material of construction though concrete, wood,
and other materials are sometimes used. Before
modern welding methods, the sections of the tank
shell were joined by rivets or bolts. Welded joints
are now used almost universally except for the
small bolted tank found in production fields. The
definition of a welded shell tank is given by API
Standard 12 C entitled "Welded Oil Storage Tanks."
Capacities of storage vessels range from a few
gallons up to 500, 000 barrels, but tanks with
capacities in excess of 150, 000 barrels are rel-
atively rare.

Open-storage vessels are also found in a variety
of shapes and materials of construction, Open
tanks generally have cylindrical or rectangular
shells of steel, wood, or concrete. Reservoirs,
pits, ponds, and sumps are usually oval, circu-
lar, or rectangular depressions in the ground. The
sides and bottom may be the earth itself or may
be covered with an asphalt-like material or con-
crete. Any roofs or covers are usually of wood
with asphalt or tar protection, Capacities of the
larger reservoirs may be as much as 3 million
barrels.
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Vapors, gases, aerosols, and odors are exam-
ples of air contaminants emitted from storage
facilities. In most cases, practical and feasible
air pollution control measures are available to
reduce the emissions.

Pressure Tanks and Fixed-Roof Tanks

Pressure tanks and fixed-roof tanks are grouped
together because, in a sense, pressure tanks
are special examples of fixed-roof tanks de-
signed to operate at greater than atmospheric
pressure. A horizontal, cylindrical (bullet)
pressure tank is shown in Figure 472. Other-

Figure 472. Horizontal, cylindrical pressure
tank (Graver Tank and Manufacturing Company,
Givision Union Tank Car Co., East Chicago,
Indiana).

types of pressure tanks--spheres, plain and
noded spheroids, and noded hemispheroids--are
illustrated in Figure 473, Maximum capacities
of these pressure tanks are as much as 30, 000
barrels for spheres and hemispheroids, and
120, 000 barrels for noded spheroids. Spheres
can be operated at pressures up to 217 psi;
spheroids, up to 50 psi; noded spheroids, up.
to 20 psi; and plain or noded hemispheroids, up
to 15 and 2-1/2 psi respectively. Horizontal,
cylindrical pressure tanks are constructed with
various capacities and pressures.

The ordinary vertical, cylindrical, fixed-roof
tank is shown in Figure 474. This type of storage
facility operates at or within a few ounces of pres-
sure and may have a flat, recessed flat, conical,
or domed roof. The term gastight, often applied
to welded tanks, is misleading. Many of the roofs
of the welded tanks have free vents open to the
atmosphere. Others are equipped with conserva-
tion vents that open at very slight positive pres-
sures. A tank also has many standard appurte-
nances including gaging hatches, sample hatches,
relief vents, and foam mixers. Any of these acces-
sories may fail in service and result in vapor leaks,

The operating pressure of a tank is limited by the
thickness (weight) of the roof, as noted in Table 165,
A cone roof tank may be operated at higher pres-
sures, if necessary, by structural reinforcement

or weighting of the roof, Safe operating pressures
up to 4 ounces can be realized by this added ex-
pense., Use of unsupported dome-shaped roofs is
another method of increasing the allowable operat-
ing pressure of the fixed-roof tank,

Floating-Roof Tanks

Floating-roof storage tanks are used for storing
volatile material with vapor pressures in the low-

Table 165. ROOF PROPERTIES OF STEEL TANKS
{Bussard, 1956)

Thickness, in., wt, lb/ftz Opera.ting. pressure,
{gage) oz/in,
1/16 (16) 2,553 0.284
5/64 (14) 3.187 0.354
7/64 (12) 4,473 0. 497
1/8 (11) 5.107 0.568
9/64 (10) 5.740 0.638
5/32 (9) 6.374 0.708
11/64 (8) 7.000 0.778
3/16 (7)2 7.650 0.850
1/4 (3) 10. 200 1,333

aMinimum thickness specified by API Std 12C.

er explosive range, to minimize potential fire or
explosion hazards. These vessels also economic-
ally store volatile products that do not boil at at-
mospheric pressures or less and at storage tem-
peratures or below, These tanks are subclassi-
fied by the type of floating-roof section as pan,
pontoon, or double-deck floating-roof tanks (Fig-
ure 475).

Pan-type floating-roof tanks were placed in ser-
vice more than 40 years ago. These roofs re-
quire considerable support or trussing to prevent
the flat metal plate used as the roof from buck-
ling (Figure 475, lower right). These roofs are
seldom used on new tanks because extreme tilting
and holes in the roof have caused more than one-
fifth of installed pan roofs to sink, and because
their use results in high vaporization losses,
Solar heat falling on the metal roof in contact
with the liquid surface results in higher than
normal liquid surface temperatures., Hydrocar-
bons boil away more rapidly at the higher tem-
peratures and escape from the opening around
the periphery of the roof.

To overcome these disadvantages, pontoon sec-
tions were added to the top of the exposed deck,
Better stability of the roof was obtained, and a

center drain with hinged or flexible connections
solved the drainage problem. Center-weighted

e =
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Figure 473. Types of pressure vessels: (upper left) 51-foot-diameter spheres (Butane is stored in these spheres
at a petroleum refinery in California. Capacity of each is 15,000 barrels, diameter is 54 feet 9 inches and
design working pressure is 35 pounds per square inch.); (upper right) two 5,000-barrel spheroids designed for 20-
psi pressure; (lower left) large noded spheroids, each designed for 100,000-barrel capacity and 15-psi pressure,
(lower right) a 20,000-barrel noded hemispheroid designed for 2-1/2-psi pressure (Chicago Bridge anc lron Company
(1959).

pontoons, double pontoons, and high- and low-
.deck-pontoon floating-roof tanks are available
today. Current practice is to use the pontoon
roof on tanks with very large diameters. In-
cluded with some pontoon roof designs is a vapor
trap or dam installed on the underside of the roof,
This trap helps retain any vapors formed as a
result of localized boiling and converts the dead
vapor space into an insulation medium. This dead
vapor space tends tc retard additional boiling.

The more expensive double-deck floating roof was
eventually introduced to reduce the effect of solar
boiling and to gain roof rigidity. The final design
generally incorporates compartmented dead-air
spaces more than 12 inches deep over the entire
liquid surface. The top deck is generally sloped
toward the center or to a drainage area. Any
liquid fdrning or falling on the roof top is drained

away through a flexible roof drain to prevent the
roof from sinking. The bottom deck is normally
coned upwards. This traps under the roof any
vapors entrained with incoming liquid or any va-
pors that might form in storage. A vertical dam
similar to those used on pan or pontoon floating
roofs can alsc be added to retain these vapors.

Conservation Tanks

Storage vessels classified as conservation
tanks include lifter-roof tanks and tanks
with internal, flexible diaphragms or in-
ternal, plastic, floating blankets. The
lifter roof or, as more coinmonly known,
gas holder, is used for low-pressure gas-
eous products or for low-volatility tiguids.
This type of vessel can be eraploved as a
vapor surge tank when manifolded to vapor
spaces of fixed-roof tanks.
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Figure 474, Vertical, cylindrical, fixed-roof
storage tank.

Two types of lifter-roof tanks are available, as
shown in Figure 476, One type has a dry seal
consisting of a gastight, flexible fabric; the other
type employs a liquid seal. The sealing liquid

can be fuel oil, kerosene, or water, Water should

not be employed as a sealing liquid where there
is danger of freezing.

The physical weight of the roof itself floating on
vapor maintains a slight positive pressure in the
lifter -roof tank, When the roof has reached its

maximum height, the vapor is vented to prevent
overpressure and damage to tank,

The conservation tank classification also includes
fixed-roof tanks with an internal coated-fabric
diaphragm, as shown in Figure 477. The dia-
phragm is flexible and rises and falls to balance
changes in vapor volume. Normal operating

Figure 475. Types of floating-roof tanks: (upper left) Sectional view of singie-deck,
center-weighted (pan-type) floating roof; (upper right) sectional view of pontoon
deck floating roof; (lower ieft) cutaway view of doubie-deck floating roof; (lower
right) cutaway view of trussed-pan floating roof (Graver Tank and Manufacturing
Company, East Chicago, Ind.).
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Figure 476. Types of lifter-roof tanks: (left) Sectional view of
expansion roof tank with a liquid seal, (right) closeup view of
liquid seal and vapor piping (Graver Tank and Manufacturing Co.,
Division of Union Tank Car Co., East Chicago, Indiana).

Figure 477. Conservation tanks; (left) Sectional view of inte-
grated conservation tank with internal, flexible diaphragm;
(right) cutaway view of a vapor conservation tank showing
fiexib,e membrane (Chicago Bridge and tron Co., Chicago. I1/1.).
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pressure is 1/2 ounce per square inch, which is
approximately one-eighth the operating pressure
possible with most gas holders. Two basic types
of diaphragm tanks are the integrated tank, which
stores both liquid and vapor, and the separate
tank, which stores only vapor. Common trade
names for integrated tanks are ''diaflote, ' "dia-
lift," and ""vapor-mizer" tanks (Bussard, 1956),
or they may be referred to as vapor spheres or
vapor tanks. The separate type of tank offers
more flexibility and does not require extensive
alteration of existing tanks,

Open-Top Tanks, Reservoirs, Pits, and Ponds

The open-top tank is not used as extensively as

in the past. Safety, conservation, and house-
keeping are factors effecting the elimination of
open vessels. Even tanks that require full access
can and should be equipped with removable covers.

f:’I’he open vessels generally have a cylindrical
‘shell, but some have a rectangular shell,

Reservoirs were devised to store the large quanti-
ties of residual oils, fuel oils, and, sometimes,
crude oils resulting from petroleum production
and refining. Safety considerations, larger fixed-
roof tanks, and controlled crude oil production
have reduced the number of reservoirs in use to-
day. Even when covered, reservoirs have open
vents, which maintain atmospheric pressures in
the reservoir., Windbreaks divert the windflow
pattern over a large roof area and prevent the
roof from raising and buckling.

Open ponds or earthen pits were created by diking
low areas or by excavation. These storage facili-
ties served for holding waste products, refinery
effluent water, or inexpensive oil products for

- considerable periods of time. In these, oils

""weathered" extensively, leaving viscous, tar-
like materials, and water seeped into the lower
ground levels. As the pond filled with solids and
semisolids, the contents were removed by me-
chanical means, covered in place, or the pond
was simply abandoned. The use of these ponds
has diminished, and the remaining ponds are usu-
ally reserved for emergency service.

Smaller ponds or sumps were once used extensive-
ly in the crude oil production fields. This use was
primarily for drilling muds though oil-water emul-
sions and crude oil were also stored by this method,
Their use is gradually disappearing because unat-

tended or abandoned sumps cause nuisance problems
to a community,

THE AIR POLLUTION PROBLEM

Different types and quantities of air pollution can be
associated with the storage vessel. The types of

pollution can be separated into three categories--
vapors, aerosols or mists, and odors. Of these

pollutants, the largest in quantity and concentra-
tion are hydrocarbon vapors.

Factors Affecting Hydrocarbon Vapor Emissions

Emissions of hydrocarbon vapors result from the
volatility of the materials being stored. They are
effected by physical actions on the material stored
or on the storage itself. Changes in heat or pres-
sure change the rate of evaporation, Heat is a
prime factor and can cause unlimited vaporization
of a volatile liquid. Heat is received from direct
solar radiation or contact with the warm ambient
air, or is introduced during processing. The rate
of evaporation is correlated with atmospheric tem-
perature, weather conditions, tank shell tempera-
ture, vapor space temperature, and liquid body
and surface temperatures,

The vapor space of a tank can contain any degree
of saturation of air with vapor of the liquid up to
the degree corresponding to the total vapor pres-
sure exerted by the liquid at storage temperatures.
Since the pressure in this vapor space increases
with temperature increase, some of the air-vapor
mixture may have to be discharged or "breathed
out' to prevent the safe operating pressure of the
tank from being exceeded. These emissions are
continually promoted by the diurnal change in at-
mospheric temperatures, referred to as the tank's
breathing cycle,

When the air temperature cools, as at night, the
vapor space within the tank cools and the vapors
contract. Fresh air is drawn in through tank vac-
uum vents to compensate for the decrease in vapor
volume. As this fresh air upsets any existing
equilibrium of saturation by diluting the vapor con-
centration, more volatile hydrocarbons evaporate
from the liquid to restore the equilibrium. When
the atmospheric temperature increases, as occurs
with daylight, the vapor space warms, and the
volume of rich vapors and the pressure in the tank
increase. In freely vented tanks, or when the
pressure settings of the relief vents have been ex-
ceeded, the vapors are forced out of the tank. This
cycle is repeated each day and night. Variation

in vapor space temperature also results from
cloudiness, wind, or rain.

Filling operations also result in expulsion of part
or all of the vapors from the tank., The rate and
quantity of vapor emissions from filling are di~
rectly proportional to the amount and the rate at
which liquid is charged to the vessel. Moreover,
as the liquid contents are withdrawn from the
tank, air replaces the empty space. This fresh
air allows more evaporation to take place.
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Another emission of vapors caused by atmospheric
conditions is termed a windage emission. This
emission results from wind's blowing through a
free-vented tank and entraining or educting some of
the saturated vapors. The windage emission is
not as large as that occurring during breathing

or filling cycles. Other variables affecting emis -
sions include: Volume of vapor space, frequency
of filling, and vapor tightness of the vessel. Tanks
that can be kept completely full of liquid limit the
volume of the vapor space into which volatile hy-
drocarbons can vaporize and eventually be emitted
to the atmosphere. The frequency of filling and
emptying a tank influences the overall vapor emis-
sions. When extensive periods of time elapse
between pumping operations, the vapor space of a
tank becomes more nearly fully saturated with
vapor from the liquid. Then, during filling of the
tank or during breathing cycles, a larger concen-
tration of vapors exists in the air-vapor mixture
vented to the atmosphere. Vapor tightness of the
tank can influence the evaporation rate. The mov-
ing molecule in the vapor state tends to keep going
if there is no restraining force such as a tight shell
or roof.

Different causes of emissions are associated with

a floating-roof tank. These causes are known as
wicking and wetting. Wicking emissions are caused
by the capillary flow of the liquid between the outer
side of the sealing ring and the inner side of the
tank wall. The wetting emission results when the
floating roof moves towards the bottom of the tank
during emptying and leaves the inner tank shell
covered with a film of liquid, which evaporates
when exposed to the atmosphere.

Hydrocerbon Emissions From Floating-Roof Tanks

The American Petroleum Institute (1962b) has
published a method of determining the standing
(wicking) and withdrawal (wetting) evaporation
emissions associated with floating roof-tanks.
The method is applicable to tanks in crude oil as
well as gasoline service. It is based upon field
test data for the standing emission, and labora-
tory data for the withdrawal emission. The corre-
lation presents factors under many combinations
of tank construction, type and condition of roof
seal, and color of tank paint. Parameters in-
clude range of vapor pressure from 2 to 11 psia
true vapor pressure, 4 to 16 mph average wind
velocity, and 20- to 200-foot-diameter tanks,

The standing storage emission is determined
from Table 166 and Figure 478. It is the product
of erission factor Lg obtained from the graph and
corresponding factors obtained from the table.
One must know the following factors to find the
value of the standing storage emissions: (1) Type

of product stored, (2) Reid vapor pressure, (3)
average storage temperature, (4) type of shell
construction, (5) tank diameter, (6) color of
tank paint, (7) type of floating roof, (8) type and
condition of seal, and (9) average wind velocity
in area,

The standing storage emission formula is given as

0.7
1.5 P 0.7
ktD (14. 7 - P) vw ks kc kp

(138)

Ly =

where Ly = standing storage evaporation emis-
sion, bbl/yr

kt = tank factor with values as follows:
0. 045 for welded tank with pan or pontoon roof,
single or double seal;

0.11 for riveted tank with pontoon roof, double
seal;

0.13 for riveted tank with pontoon roof, single
seal;

0. 13 for riveted tank with pan roof, double seal;

0. 14 for riveted tank with pan roof, single seal
(double deck roof is similar to a pontoon roof);

D = tank diameter, ft [for tanks larger than 1501t
in diameter use 1501.5 (D/150)]

P = true vapor pressure of stock at its average
storage temperature, psia
V, = average wind velocity, mph

ks = seal factor:

1. 00 for tight-fitting seals (typical of modern
metallic or tubg seals)

1.33 for loose-fitting seals
kc = stock factor:
1. 00 for gasoline stocks
0.75 for crude oils
kp = paint factor for color of shell and roof:
1. 00 for aluminum or light grey

0. 90 for white,

Actual standing storage emissions of petroleumn
hydrocarbons from tanks equipped with seals in
good operation should not deviate from the esti-
mated emissions determined by this equation by
more than + 25 percent. The actual emissions,
however, can exceed the calculated amount by

two or three times for a seal in poor condition,

The seal length can be expressed in terms of tank
diameter because the two are directly proportion-
al to each other. The actual emission is not di-
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Table 166. STANDING STORAGE EVAPORATION EMISSIONS FROM FLOATING-ROOF TANKS: )
Ly (LOSS IN bbl/yr) = Lg (LLOSS FACTOR FROM FIGURE 478) TIMES MULTIPLYING FACTOR !
(FROM THIS TABLE: American Petroleum Institute, 1962b) o

Welded tanks Riveted tanks
Pan or pontoon rool Pan rool Pontoon reef
Multiplying T -
fectors Single or double seal Single seal Double seal Single veal Deuble seal
apply to Modern oid® Modern ond" Mode rn o1ds Modern ot Mode rn Old®
Ly Tank Tank T Tank Tank Tank Tank Tank Tank Tank Tank
paint® paint paint paint paint paint paint paint paint paint
[ Lt Lt Lt Lt Lt Lt Lt Lt Lt
grey | White | grey |White | grey | White lgrey | White [grey |White |grey | White | grey | White; grey White | grey | White | grey | White
Ganoline 1.0 10.90 {1.33 [1.20 3.2 2.9 4.2 3.8 2.8 2.% | 3¢ 3.4 12.8 2.5 3.8 3.4 2,5] 2.2 3.3 30 .
Crude oil 0.75]0.68 1.0 0.90 | 2.4 2.2 3.1 2.8 2, 1] 1.9 2.8 2.5 2.1 1.9 2.8 2.5 1.91 1.7 2.512.2 i

“Seals installed before 1942 ars classed as old seals,
Aluminum paint is considered light grey in loss estimation.
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Figure 478. Calculation of emission facter, L¢, for standing storage evaporation
emissions from floating-roof tanks (see Table 166).

rectly proportional to the diameter because sev- Emissions increase, but not directly, as the vapor -
eral other variables are involved. Items such as pressure increases. The relationship P/(14.7 - P)
wind velocity and the decreased shading effect correctly identifies this phenomenon, and no sub-
of the shell on the roof of large-diameter tanks stantial error exists within the valid range of

are examples, this correlation.
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Standing storage emissions increase but do not
double when the average wind velocity doubles.
The 0.7 exponent applied to the wind-factor fits
data for average wind velocities exceeding 4 mph,
No localities were recorded as having less than
this 4 mph average wind velocity,

Withdrawal emissions

As product is withdrawn from a floating-roof tank,
the wetted inner shell is exposed to the atmosphere.
Part of the stock clinging to the inner surface drains
down the shell, The remainder evaporates to the
atmosphere. Tests made determined the amount

of gasoline clinging to a rusty steel surface as
ranging from 0,02 to 0. 10 barrel of gasoline per

1, 000 square feet of surface.

The withdrawal emissions are represented by the

equation
w = 22,400(%) (139)
where
W = withdrawal emissions, bbl per million
bbl throughout
C = 0.02 (based on barrels of clingage per
1, 000 ft2 of shell surface)
D = tank diameter, ft

' Withdrawal emissions for gunited tanks can be
significant. Laboratory data indicated a factor

of C = 2.0, Since withdrawal emissions counter
standing storage emissions, a factor C = 1.0 is
recommended for gunite-lined tanks storing gaso-
line,

Application of results

The emissions from floating-roof tanks can be
estimated from Table 166. Necessary data in-
clude: Tank diameter; color of tank paint; type
of tank shell, roof, and seal; Reid vapor pres-
sure and average temperature of stored product;
and the average wind velocity at tank site.

The true vapor pressure, P, can be obtained
from vapor pressure charts by the use of data

in Figures 479 and 480. To use these charts,
one must know the Reid vapor pressure of the
"stock, Figure 479 is used for gasoline or other
finished stocks. The value of S (slope of the
ASTM distillation curve at 10 percent evaporated)
can be estimated by using suggested values given
in a note of the chart., The value of § is zero for
a single component stock. The vapor pressure
chart, Figure 480, should be used for crude oils.

RES
This chart is intehded for stabilized crudes that
have not been subjected to extreme weathering
or mixed with light oils.

The average stock temperatures should be used
in these vapor pressure determinations.

Withdrawal emissions should be added to the stand-
ing storage emissions when gunited tanks are en-
countered,

Hydrocarbon Emissions From Low-Pressure Tonks

Low-pressure tanks are used to store petroleum
stocks of up to 30 pounds RVP* with relief valve
settings of 15 psig. The American Petroleum In-
stitute's Evaporation Loss Committee {(1962c)
recommends a theoretical approach to emission
calculations from tanks such as these. Insufficient
data are available to establish any accurate corre-
lation with actual field conditions.

Application of the following equation indicates the
theoretical pressure (P)) required to prevent
breathing losses:

= 1. - - - 40
P2 1.1 (Pa + Pl pl) (Pa pz) (140)
where
PZ = gage pressure at which pressure vent
opens, psig
Pa = atmospheric pressure
P1 = gage pressure at which vacuum vent
opens, psig
p, = true vapor pressure at 90°F minirnum
liquid surface temperature, psia
P, = true vapor pressure at 100°F maximum

liquid surface temperature, psia.

This equation is applicable only when the vapor
pressure at minimum surface temperature (P;)
is less than the absclute pressure {(P; + P,) at
which the vacuum vent opens. Air always exists
in the vapor space under a condition such as this,
Figure 481 is .a plot of equation 140. The pres-
sure required to eliminate breathing emissions
from products ranging up to 17.5 psia TVPY at
100°F storage temperature and 14,7 atmospheric
pressure can be determined from this curve. The
gage pressure at which the vacuum vent opens

*IVP refers to neld vapor pressure a5 measured by ASTM O
323-5b Standard Method of Test for Vapor Pressure of
Petrolcum Products (Reid Method).

TIVP refers to true€ vapor pressure.
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Figure 479, Vapor pressures of
products, 1 Ib to 20 th RVP.
National Bureau of Standards

(P}) is zero for this curve. The values of pj and
pz were obtained from Figure 479. Since higher

vapor pressure stocks have a smaller distillation
slope (s), a range of distillation slopes was used.

The altitude of the storage vessel's location af-
fects the required storage pressure. Proper ad-
justments for various altitudes can be made by
substituting the proper atmospheric pressure
(P,) in equation 140, Table 167 lists atmospher-
ic pressures at various altitudes.

LIGHT NAPNTHA (8 TO 14 Ib rvp)
NAPHTHA (2 TO 8 Ib rvp)

lnuhmlnnluu

-]

IN THE ABSENCE OF OI1STILLATION
DATA TME FOLLOWING AVERAGE VALUE

(X2 )
2 1% ]

gasolines and finished petroleum
Nomograph drawn from data of the
(American Petroleum Institute, 1962b).

Some pressure tanks must be operated at relative-
ly low pressures--some by design, others because
of corroded tank conditions. Pressure settings
from zero to 2.5 psig are believed to decrease the
breathing emissions from 100 percent to zero per-
cent, depending upon the vapor pressure of the
material stored. This is shown in Figure 482.
Each additional increment of pressure reduces

the breathing emissions by a progressively smaller
amount. Boiling emissions occur when the true
vapor pressure of the liquid exceeds the pressure
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Institute, 1962b).
Table 167. ATMOSPHERIC PRESSURE AT vent setting. If this vapor pressure equals or
ALTITUDES ABOVE SEA LEVEL exceeds the absolute pressure (P + Pa) at which
(American Petroleum Institute, 1962c) the tank vent opens, air is kept out of ‘the tank,
The absolute tank pressure then equals the vapor
. . pressute of the liquid at the liquid surface tem-
Altitude, ft Pressure, psia . perature. The storage pressure required to pre-
1,000 14.17 vent boiling is
2, 000 13,66
’ : P, = - P 141
3, 000 13.17 2 P2 a (141)
:}' 000 12.69 This equation is also indicated in Figure 481.
5,000 12,23 . :
These minimum pressure requirements have
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NOTE: FOR VALUES OF p
s WULTIPLY THE lEiD YAPOR PRESSURE AT
100°F 8Y 1.07

BETWEEN 20 AND 30 psia,

BREATHING CURVE ~

20 2% 3

TRUE YAPOR PRESSURE AT 100°F (py). psis

Figure 481,

Storage pressure required to sliminate breathing and boiling losses.

For values of pi between 20 and 30 psia, multiply the Reid vapor pressure at
m

1000F by 1.07 (

proved adequate to prevent boiling emissions
under usual storage conditions. The true vapor
pressure at 100°F can be obtained from Figure
479 up to 20 pounds RVP. In the range of 20 to
30 RVP, P, is approximately 7 percent higher
than the RVP at 100°F,

A filling or working emission occurs if the tank
pressure exceeds the vent setting. During the
initial stage of filling, compression of the air-
hydrocarbon mixture with some condensation of

srican Petroleum tnstitute, 1862c).

vapor takes place if the tank pressure is less
than the pressure vent setting, This condensa-
tion maintains a fairly constant hydrocarbon
partial pressure. Thus, a certain fraction of
the vapor space can be filled with a liquid be-~
fore the tank pressure increases above the vent
setting. As filling continues, the total pressure
increases to the pressure at which the relief
valve opens. Venting to the atmosphere occurs
beyond this point. If there is no change in tem-
perature of the liquid or vapor during the filling

-
e -

pres
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Figure 482, Relationship for estimating motor
gasoline breathing emissions from tanks oper-
ating at less than the recommended 2.5-psig
vent setting (American Petroleum institute,
1982¢).

period, the liquid entering the tank displaces
to the atmosphere an equal volume of vapors.

The total emissions depend upon the capacity of
the vapor space of the tank. Since the tempera-
ture changes as condensation occurs, the rates
of filling and emptying can also affect the vapor
emissions. These variables increase the diffi-
culty of determining the actual emissions. In
order that theoretical emissions can be calcu-
lated, two assumptions are made:

1. Equilibrium exists between the hydrocarbon
content in the vapor and liquid phases under
given temperature and pressure conditions.

2. Filling begins at slightly below atmospheric
pressure.

The following equation can then be derived:

3p, (P, -F, -7)

Fv T Y (Pa + P2 - pv) (142)
where
Fv = working emissions, % of velume pumﬁ
P, = true vapor pressure at liquid tempera-
ture, psia
P = atmospheric pressure, psia

P1 = gage pressure at which vacuum vent
opens, psig

PZ = gage pressure at which pressure vent
opens, psig.

This calculated emission is correct on the assump-
tion that the vapor pressure of the liquid at its sur-
face temperature and the vapor space temperature
are the same at the start and end of filling. The
emissions, expressed as a percentage, are re-
duced to the extent that the tank is not completely
filled.

Obtaining the true liquid-surface temperature is
difficult. Thus, the value of p, is based upon the
average main body temperature of the liquid, As
a result of possible variables, the required pres-
sure to prevent breathing emissions from low-
pressure tanks, as found by Figure 481, should
be considered to have no pressure rise available
to decrease the working emissions. The working
emissions can be found in the same manner as
for an atmospheric tank.

Figure 483 is based upon equation 142, except
that the emission values are plotted for various
vapor pressures and pressure vent settings
greater than atmospheric pressure. The straight
line gives theoretical filling emissions from tanks
with vents set at only slightly greater than at-
mospheric pressure. The values are representa-
tive for 12 turnovers per year normally experi-
enced with this type of low-pressure storage.

Hydrocarbon Emissions From Fixed-Roof Tanks

A revised method of determining hydrocarbon
emissions from fixed-roof tanks has been pub-
lished by the American Petroleum Institute
(1962a). Various test data were evaluated and
correlated to obtain methods of estimating breath-
ing emissions and filling and emptying (working)
emissions from fixed-roof storage tanks. The
method is applicable to the full range of petroleum
products, from crude oil to finished gasoline.
Data werg considered only for tanks with tight
bottoms, shells, and roofs. All tank connections
were assumed to be vapor tight and liquid tight.

Of 256 separate tests recorded and screened, 178
were found acceptable for correlation. A limited
number of factors were definitely found to estab-
lish a correlation. The following factors were
applied in the correlation:

1. True vapor pressure, P, at storage condi-
tions, in pounds per square inch absolute
(if temperature of the liquid was not available,
a temperature 5°F above average atmospheric
temperature was selected); -

2. tank diameter, D, in feet;
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Figure 483. Emissions, % volume pumped into tank for various vent settings. AP is
the difference between the pressure vent setting and the pressure required to pre-
vent breathing loss (American Petroleum Institute, 1962c).

3. average tank outage, H, in feet (outage in-
volves height of the vapor space and includes
an allowance for the roof);

4. average daily ambient temperature change, T,
in degrees Fahrenheit, as reported by the U.S.
Weather Bureau for area where tank is located;

5. paint factor F (vessels with white paint in
good condition have a factor of unity).

A correlation applicable to tanks with diameters of
20 feet or larger was developed:

0.68
24 P 1.73 _.0.51 0,50
L = D T F
y 1,000 (14.7 -P) H P
(143)
where
Ly = breathing emissions, bbl/yr
P = true vapor pressure at bulk liquid tem-
perature, psia, from Figure 479. If the
average liquid body temperature is not
available, it may be estimated at 5°F
above average ambient temperature
D = tank diameter, ft

average outage, ft. This value includes
correction for roof volume. A cone roof
is equal in volume to a cylinder with the
same base diameter of the cone and one-
third the height of the cone

average daily ambient temperature change,
°F

F =
P

Smaller diameter tanks require a modification of
equation 143. Observed emissions were less than
calculated emissions for tanks of less than 30 feet
diameter. If an adjustment factor, as indicated in
Figure 484, is applied to the calculated emissions
from equation 143, the correlation between ob-
served and calculated data becomes more exact,
By combining the adjustment factor with the tank
diameter factor, a final equation is

paint factor (see Table 168).

0. 68
: . . 0.50
L = 24 P Dl73H051T F G
1,000 \14.7 - P

Y P
(144)
where
C = an adjustment factor for small-diameter

tanks, determined from Figure 484, For
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Table 168. PAINT FACTORS FOR DETERMINING
EVAPORATION EMISSION FROM FIXED-ROOF TANKS
(American Petroleum Institute, 1962a)

Tank color Paint factor
Paint in Paint in
Roof Shell good condition |poor condition

White White 1.00 1.15
Aluminum? White . 1.04 1.18
White Aluminum? 1.16 1.24
Aluminum? Aluminum? 1.20 1.29
White AluminumbP 1.30 1,38
Aluminum Aluminum 1.39 1.46
White Gray 1.30 1.38
Light gray Light gray 1.33 1.38
Medium gray{ Medium gray 1.46 1.38
aSpecular.

bpiffuse.

1.0
0.8
< s
s
g
s
=
S0
9.2
L ——*
N , 0 2 20
TANK BIANETER, 1t
Figure 484. Adjustment factor for small-diameter tanks
(American Petroleum Institute, 1962a).
tanks 30 feet or more in diameter, use Variables considered in determining this loss are
a factor = 1. The breathing emissions true vapor pressure, throughput, and tank turn~
from fixed-roof tanks can also be esti- overs, which yield the equation:
mated from Figure 485, as well as from
equation 144, . _ {3 PV
F = (10’000 Kt (145)

The working emissions include two phases of stor-

age: 1! The filling emnissions under which vapors

are displaced by incoming liquid, and (2) the where

emptying emissions, which draw in fresh air and

thus allow additional vaporization to take place. F = working loss, bbl
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P = true vapor pressure at storage temper-
atures, psia (if these temperature data
are not available, estimation of 5°F
above average ambient temperature is
satisfactory)

V = volume of liquid pumped into tank, bbl

Kt = turnover factor determined from Figure
486.
-4 | | |
WOTE: FOR 38 TUANBVERS PER TEAR
M LESS, K= 1.8
X] o
- {
=
g Y \
= \
§ 0.4 \
\\
8.2
]
"% 1% m » 408 ] L]

TURNOVERS PER YEAR

Figure 486, Effect of turnover on working
emissions. For 36 or less turnovers per
year, K;=1.0 (American Petroleum Insti-
tute, 16623).

By using equation 145, a nomograph has been de-
veloped in Figure 487 showing the working emis-
sions of gasoline and crude oil from fixed-roof
tanks. Limited data resulted in the committee's
using the same formula for crude oil breathing
emissions as for gasoline breathing emissions
with an applied adjustment factor K. This ap- .
proach is based upon an assumption that the emis-
sions from crude oil storage vary in the same
manner as the emissions from gasoline storage,
calculated from variables in equation 143. The
adjustment factor, K_, represents the ratio be-
tween the respective emissions. The true vapor
pressure of crude oil must be determined from
Figure 480. This figure applies to stabilized
crude oil only. The breathing emission factor of
0. 58 results in part from slower convective move-
ment, This is true in the case of a liquid surface
less volatile than the body of the ligquid. In con-
sidering the working emissions from crude oil
storage, however, filling cvcles are normally
less frequent than daily breathing cycles are. Thus
more crude oil evaporates between cycles, creat-
ing a more saturated vapor space. The action of

filling causes fresh liquid to move to the surface.
A factor somewhere between 0,58 and unity ap-
pears feasible., A review of the scattered data
available supports a factor of 0.75. Equation 145
then becomes

2,25 PV
Feo © (10,000 )Kt (146)
where
Fco = working emissions for crude oil, bbl
P = true vapor pressure, psia, determined

from Figure 439 (again this may be
estimated at 5°F higher than average
ambient temperature in lieu of better
data)

Vv = volume pumped into tank, bbl

K = turnover factor, determined from
Figure 486.

Aerosol Emissions

Storage equipment can also cause air pollution in
the form of aerosols or mists, An aerosol-type
discharge is associated with storage of heated
asphalt. This discharge is more predominant
during filling operations. The reasons for this
emigsion, other than basic displacement, are not
thoroughly understood. Continued oxidation of
the asphalt followed by condensation, or conden-
sation of any moisture in the hot gases upon their
entering the cooler atmosphere, are believed to
be the primary causes of the mists. An analysis
conducted during the filling operation found essen-
tially air and water as the main components of the
displaced vapor. Table 169 shows the results of
this analysis. These vapors are frequently highly
odoriferous.

Whenever live steam or air is added to a vessel
for mixing, heating, oxidizing, or brightening,
droplets or aerosols can be entrained with the
discharge gases. Visible discharges, product
loss, and odors can result.

Odors

The release of odors is closely related to evapo-
ration and filling operations associated with the
storage vessel. The concentration of odors is
not, however, directly proportional to the amount
of material released. Some relatively heavy
compounds are very noticeable at dilutions of 1
to 5 ppm. These compounds are often toxic or
highly malodorous and generally contain sulfur or
nitrogen compounds.
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Agitation, especially by means of air or live
steam, will increase the release of odors to

the atmosphere.
AIR POLLUTION CONTROL EQUIPMENT

Control of air pollution originating from storaye
vessels serves a three-fold purpose:
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Working emissigns of gasoline and crude oil from fixed-roof
The throughput is divided by a number (1,10,100,1,000) to bring
The working emission, read from the

scale, must then be multiplied by the same number (American Petroleum

Institute, 1962a).

Gasoline Working Low ia Barrels, F

plastic blankets, spheres, variable vapor space
systems, various recovery systems, and altered
pumping and storage operations.

e
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Table 169. ANALYSIS OF VAPORS DISPLACED
DURING FILLING 85/100 PAVING-GRADE
ASPHALT INTO A FIXED-ROOF TANK?

Component Volume %
Methane Trace
Ethane . Trace
Heavy hydrocarbons (28° API gravity) 0.1
Nitrogen 67.3
Oxygen 13.0
Carbon dioxide 1.4
Water 18,2
Argon Trace

aSample was collected over 3-1/2-hour filling
period, the noncondensables were analyzed by
mass spectrometer. Condensable hydrocarbons
were separated from the steam, and gravity and’
distillation curves were determined.

Seals for Floating-Roof Tanks

The principle by which a floating roof controls
emissions from a volatile liquid is that of elim-
inating the vapor space so that the liquid cannot
evaporate and later be vented. To be successful
the floating roof must completely seal off the lig-
wid surface from the atmosphere {Chicago Bridge
and Iron Company, 1959). The seal for the float-
ing roof is therefore very jimportant. A sectional
view of the sealing mechanism is shown in Figure
488. The floating section is customarily construc-
ted about 8 inches less in diameter than the tank
shell. A sealing mechanism must be provided for
the remaining open annular gap. The seal also
helps keep the roof centered.

Conventional seals generally consist of vertical
metal plates or shoes connected by braces or
pantograph devices to the floating roof. The shoes
are suspended in such a way that they are forced
outward against the inner tank wall., An impervi-
ous fabric bridges the annular area between the
tops of the shoes contacting the tank wall and the
circumference of the floating roof. To reduce
emissions, a secondary seal or wiper blade has
been added to the floating-roof design by extend=-
ing the fabric seal or by adding a second section
of fabric as shown in Figure 489. This seal re-
mains in contact with the tank wall. Its flexibility
allows it to make contact even in rivet head areas
of the inner shell or in places where the shell
might be slightly out of round. This improvement
lowers hydrocarbon emissions further by reducing
the effect of wetting and wicking associated with
floating-roof tanks.

Réce,xtly, other types of sealing devices to close
the annular gap have been marketed, as shown in
Figure 490. These devices consist of a fabric
tube that rests on the surface of liquid exposed

Figure 488.

roof's sealing mechanism (Chicago Bridge and iron
Co., Chicago, 111.).

Sectional view of double-deck floating-

in the annular space. The fabric tube is filled

with air, liquid or plastic material. The pneu-

matic, inflated seal is provided with uniform air
pressure by means of a small expansion chamber

and control valves. The sides of the tube remain

in contact with the roof and inner shell. The lig- .
uid-filled tube holds a ribbed scuff band against :
the tank wall. The ribbed band acts as a series :
of wiper blades as well as a closure. All tubes i
are protected by some type of weather covering. ‘

A weather covering can also be added to protect
the sealing fabric of the conventional seals, The
covering includes flat metal sections held in place
by a metal band. The metal protects the fabric
seal from the elements. When floating-roof sec-
tions are added to older tanks constructed of
riveted sections, better contact of the shoes with
the shell can be ensured by guniting or plastic
coating the inner shell. The wetting condition of
gunited walls may, however, offset the gain of
better contact.

Floating Plastic Blankets

A floating plastic hlanket, operates on the same
principle of control as 2 floating roof. It is also
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Figure 489.  Sscondary seals stop vapof loss from
high winds on riveted tanks by sealing off the
space between the tank shell and the sealing ring
slc‘alle)plate (Chicago Bridge and {ron Co., Chicago,
available as a surface cover, as depicted in Fig-
ure 491, It was developed in France and has been
tried principally in foreign markets (Laroche
Bouvier and Company). Recent applications have
been made in the United States. The blanket is
usually made of polyvinyl chloride but can be
made of other. plastics such as polyvinyl alcohol,
superpolyamides, polyesters, fluoride hydrocar-
bons, and so forth. The blanket's underside is
constructed of a large number of floats of the
same plastic material. The blanket is custom
manufactured so that only a l-inch gap remains
around the periphery. A vertical raised skirt

is provided at the edge of the blanket to serve as
a vapor seal over the annular area. Once this
area is saturated, further evaporation diminish-
es. The only remaining loss is gaseous diffusion.
The seal is made as effective as possible by using
an elastic, Z-shaped skirt.

Provisions are made in the blanket for openings
fitted with vertical sleeves for measuring and
sampling operations. These openings have a
crosscut, flexible inner diaphragm to minimize
exposure of the liquid surface. Small holes
with downspouts to effect a liquid seal are used
to provide drainage of any condensate from the

top of the blanket. Another feature includes a
stainless steel cable grid to prevent a buildup

of static charges. The grid is closely attached
just under the blanket in parallel lines and con-
nected to the tank shell by a flexible conductor
cable. Installation of a plastic blanket is con-
venient for both new and existing tanks., The
blanket is made in sections and can be introduced
into a tank through a manhole.

A rigid foam-plastic cover constructed of poly=-
isocyanate foam is also available to equip small
fixed-roof tanks with a floating cover. The cov-
er is manufactured in radial sections, each
equipped with a flexible neoprene seal attached
on the outer edge. The sections are easily in-
stalled through roof manholes and assembled
with slip-fit joints.

Plastic Microsph eres

An outgrowth of application of plastic material
provides another type of control mechanism.,
This type of control is also similar to the float-
ing roof. A phenolic or urea resin in the shape
of tiny, hollow, spherical particles has been de-
veloped by Standard Oil Company of Ohio (Ameri-
can Petroleum Institute, 1962d). This material
has the physical properties necessary to form a
foam covering over the denser petroleum prod-
ucts. The fluidity of the layer enables it to flow

" around any internal tank parts while keeping the

liquid surface sealed throughout any level cnanges.
These plastic spheres are known under their trade-
mark names of microballoons or Microspheres.
These coverings have proved to be effective con-
trols for fixed-roof crude oil tanks. Excessive
amounts of condensation or high turbulence should
be avoided. The plastic foam has not proved.as
satisfactory for one-component liquid or gasoline
products.

A 1/2-inch layer of foam has been found sufficient
for crude oil where pumping rates do not exceed
4,000 barrels per hour. A layer 1 inch thick is
recommended for pumping rates up to 10, 000
barrels per hour. In order to overcome wall
holdup in smaller tanks, itis suggested that a
1-inch layer be used regardless of pumping rates,
For tanks storing gasoline, the recommended
foam thickness is 2 inches for tanks up to 40 feet
jn diameter, and 1l inch for all larger diameter
vessels.

Various methods can be used to put the foam cov-
ering on the crude oil; One method is to inject
the plastic spheres with the crude oil as it is
charged to the tank. Spheres are added by means
of an aspirator and hopper similar to equipment
used in fire-fighting foam systems. The spheres
can also be added by placing the desired quantity
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Figure 490. Sealing devices for floating-roof
tanks: (upper left) Liquid-filleo tube seal,
(upper right) inflated tube seal, (lower left)
foam-filled tube seal (Chicago Bridge and fron
Co., Chicago, H11.)
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Figure 491, Fixed-roof tank with internal plastic
floating blanket (Laroche Bouvier and Company,

5. Boulevard Edgar-Quinet, Colombes (Seine),France).

on the clean, dry floor of the tank just before the
crude oil is charged. A wetting agent must be
used when the foam covering is to be used on gas-
‘oline products. This is accomplished by slurry-
ing the plastic spheres, wetting agent, and gaso-
line in a separate container. The slurry is then
injected into the tank. Changes in tank operation
are not necessary except for gaging or sampling.
A floating~type well attached to a common-type
gaging tape allows accurate measurement of the
tank's contents. A sample thief with a piercing-
type bottom is needed for sampling. '

Protection against excessive loss of the plastic
spheres is necessary because of the relative
value of the foam covering, Precaution must be
taken against overfilling and pumping the tank too
low. Standard precautions against air entrainment
in pipelines normally safeguard against the latter.
Overfilling can be prevented by automatic shutoff
valves or preset shutoff operations. Low-level
shutoff should prevent vortices created during
tank emptying. Other than loss of the foam, no
trouble should be encountered if the spheres
escape into process lines. The plastic material
is not as abrasive as the sand particles normally
found entrained in crude cil. Excessive pres-
sures crush the spheres and the plastic settles

in the water or sediment. At high temperatures,
the thermo-setting resins soften, liquefy, and
mix with the fuel oil, asphalt, or coke.

Vepor Balance Systems

Variable vapor space or vapor balance systems
are designed to contain the vapors produced in
storage. They do not achieve as great a re-
duction in emissions as an appropriately de-
signed vapor recovery system does. A well-
planned unit includes storage of similar or
related products, and uses the advantage of
in-balance pumping situations. Only the vapor
space of the tanks is manifolded together in
these systems. Other systems include a vapor
reservoir tank that is either a lifter-roof type
or a vessel with an internal diaphragm. The
latter vessel can be an integrated vapor-liquid
tank or a separate vaporsphere. The manifold
system includes various sizes of lightweight
lines installed to effect a balanced pressure
drop in all the branches while not exceeding
allowable pressure drops. Providing isolating
valves for each tank so that each tank can be
removed from the vapor balance system dur-
ing gaging or sampling operations is also good
practice. Excessive vapors that exceed the
capacity of the balance system should be incin-
erated in a smokeless flare or used as fuel.

Vapor Recovery Systems

The vapor recovery system is in many ways
similar to and yet superior to a vapor balance
system in terms of emissions prevented. The
service of this type of vapor recovery system

is more flexible as to the number of tanks and
products being stored. The recovery unit is
designed to handle vapors originating from fill-
ing operations as well as from breathing. The
recovered vapors are compressed and charged
to an absorption unit for recovery of condensable
hydrocarbons. Noncondensable vapors are piped
to the fuel gas system or to a smokeless flare.
When absorption of the condensable vapors is

not practical from an economic standpoint, these
vapors, too, are sent directly to the fuel system
or incinerated in a smokeless flare.

The recovery system, like the vapor balance
system, includes vapor lines interconnecting
the vapor space of the tanks that the system
serves. Each tank should be capable of being
isolated from the system. This enables the
tanks to be sampled or gaged without a result-
ing loss of vapors from the entire system. The
branches are usually isolated by providing a
butterfly-type valve, a regulator, or a check
valve. Since the valves offer more line resis-
tance, their use is sometimes restricted. Small
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vessels or knockout pots should be installed at
low points on the vapor manifold lines to remove
any condensate.

In some vapor recovery systems, certain tanks
must be blanketed with an inert atmosphere in
order to prevent explosive mixtures and product
contamination. In other, larger systems, the
entire manifolded section is maintained under a
vacuum. Each tank is isolated by a regulator-
control valve. The valves operate from pressure
changes occurring in the tank vapor space.

Because the vapor-gathering system is based
upon positive net vapor flow to the terminus
(suction of compressors), the proper size of

the vapor lines is important. Sizing of the line,
as well as that of the compressors, absorption
unit, or flare, is based upon the anticipated
amount of vapors. These vapors are the result
of filling operations and breathing. The distance
through which the vapors must be moved is also
important.

Miscellaneous Control Measures

Recent tests have shown that breathing emissions
from fixed-roof tanks can be reduced by increas-
ing the storage pressure. An increase of 1 ounce
per square inch was found to result in an 8 per-
cent decrease in emissions due to breathing.
Tanks operated at 2-1/2 psig or higher were found
to have little or no breathing emissions. The
pressure setting, however, should not exceed the
weight of the roof.

A major supplier (Shand and Jurs Co.) of tank
accessories offers another method of reducing
breathing losses. The method is based upon the
degree of saturation in the vapor space. A baffle
located in a horizontal position immediately below
the vent, as shown in Figure 492, directs enter-
ing atmospheric air into a stratified layer next to
the top of the tank. Since this air is lighter, it
tends to remain in the top area; thus, there is
less mixing of the free air and any of the rich
vapor immediately above the liquid surface. The
top stratified layer is first expelled during the
outbreathing cycle. Test data indicate a reduced
surface evaporation of 25 to 50 percent.

Hydrocarbon emissions can be minimized further
by the proper selection of paint for the tank shell
and roof. The protective coating applied to the
outside of shell and roof influences the vapor
space and liquid temperatures. Reflectivity and
glossiness of a paint determine the quantity of
heat a essel can receive via radiation. A cooler
roof and shell also allows any heat retained in the
stored material to dissipate. Weathering of the
paint alsc influences its effectiveness. The rela-

INTERMEDIATE
LOCATINS FLANGE

POSITIONING ROD

BAFFLE PLATE ~ "\\i

"SATURATED VAPOR

—— == o —_ -
T Lrauio
Figure 482.  Air baffle (Shand and Jurs Co., Berkeley,

catif.).

tionship of paints in keeping tanks from warming
in the sun is indicated in Table 170. Vapor space
temperature reductions of 60°F have been reported.
Similarly, liquid-surface temperature reductions
of 3 to 11 degrees have been achieved. Data
gathered by the American Petroleum Institute on
hydrocarbon emissions indicate breathing emis-
sion reductions of 25 percent for aluminum cver
black paint and 25 percent for white over aluminum
paint. All paints revert to "black body" heat ab-
sorption media in a corrosive or dirt-laden atmo-
sphere.
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Table 170. RELATIVE EFFECTIVENESS OF
PAINTS IN KEEPING TANKS FROM WARMING IN
THE SUN (Nelson, 1953}

Relative effectiveness
Color as reflector or
rejector of heat, %

Black 0
No. paint 10.0
Red (bright) 17.2
Red (dark) 21.3
Green (dark) 21,3
Red 27.6
Aluminum (weathered) 35.5
Green (dark chrome) 40. 4
Green 40.8
Blue 45.5
Gray 47.0

" Blue (dark Prussian) 49.5
Yellow 56.5
Gray (light) 57.0
Aluminum 59.2
Tan 64.5
Aluminum (new) 67.0
Red iron oxide 69.5
Cream or pale blue 72.8
Green (light) 78.5
Gray (glossy) 81.0
Blue (light) 85.0
Pink (light) 86.5
Cream (light) 88.5
White i 90.0
Tin plate 97.5
Mirror or sun shaded 100.0

Insulation applied to the outside of the tank is one
method of reducing the heat energy normally con-
ducted through the wall and roof of the vessel.

" Another method of controlling tank temperatures
is the use of water. The water can be sprayed
or retained on the roof surface. The evaporation
of the water results in cooling of the tank vapors.
Increased maintenance and corrosion problems
may, however, be encountered.

Storage temperatures may be reduced by external
refrigeration or autorefrigeration. External re-
frigeration units require the circulation of the re-
frigerant or of the tank:.contents. Autorefrigera-
tion is practical in one-component liquid hydro-
carbon storage where high vapor pressure mate-
rial is involved. The pressure in the tank is re-
duced by removing a portion of the vapor. Addi-
tional vapor is immediately formed. This flash
vaporization results in lowering the temperature
of the main liquid body.

Routine operations can be conducted in such a
manner as to minimize other emissions associ-
ated with storage tanks. Use of remote-level

reading gages and sampling devices reduces
emissions by eliminating the need to open tank
gage hatches, Emissions can be further re-
duced by proper production scheduling to (1)
maintain a minimum of vapor space, (2) pump
liquid to the storage tank during cool hours and
withdraw during hotter periods, and (3) main-
tain short periods between pumping operations.

Using wet scrubbers as control equipment for
certain stored materials that are sufficiently
soluble in the scrubbing media employed is both
possible and practical. The scrubbers can be
located over the vent when the scrubbing medi-
um, for example, a water scrubber for aqua
ammonia storage,can be tolerated in the product.
In other cases, the vent of one or more tanks
can be manifolded so that any displaced gas is
passed through a scrubbing unit before being
discharged to the atmosphere. A typical ex-
ample is a scrubber packed with plastic spirals
that serves ketone storage vessels, The scrub-
bing liquid is water, which is drained to a
closed waste effluent disposal system.

Properly designed condensers can be used to
reduce the vapor load from tank vents in order
that smaller control devices can be employed.

Masking Agents

Masking agents do not afford any degree of con-
trol of the emissions from storage equipment.
The agent is employed to make the vapor or gas
less objectionable. On the basis of local experi-
ence, the use of these agents is impractical, and
in the long run, proper control equipment is nec-
essary. ' '

Costs of Storage Vessels

The installed costs of various storage vessels
are indicated in Figures 493 through 500. In-
cluded are standard tank accessories such as
manholes, vents, ladders, stairways, drains,
gage hatches, and flanged connections.

LOADING FACILITIES

INTRODUCTION

Gasoline and other petroleum products are
distributed from the manufacturing facility to
the consumer by a network of pipelines, tank
vehicle routes, railroad tank cars, and ocean-
going tankers, as shown in Figure 501.

As integral parts of the network, intermediate
storage and loading stations receive products
from refineries by either pipelines or tank ve-
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*Including accessories, delivered and erected (Prater and fylo
1961 ; copyrighted by Guit Publishing Co., Houston, Texas).
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Figure 501. Representation of gasoline distribution
system in Los Angeles County, showing fiow of gaso-
line from ‘refinary to consumer.

hicles, If the intermediate station is supplied
by pipeline, it is called a bulk terminal, to
distinguish it from the station supplied by tank
vehicle, which is called a bulk plant. Retail
service stations fueling motor vehicles for the
public are, as a general rule, supplied by tank
vehicle from bulk terminals or bulk plants.
Consumer accounts, which are privately owned
facilities operated, for example, to fuel vehicles
of a company fleet, are supplied by tank vehicles
from intermediate bulk installations or directly
from refineries.

Gasoline and other petroleum products are
loaded into tank trucks, trailers, or tank cars’
at bulk installations and refineries by means of
loading racks. Bulk products are also delivered
into tankers at bulk marine terminals.

Loading Racks

Loading racks are facilities containing equip-
ment to meter and deliver the various products
into tank vehicles from storage. Sizes of
loading racks vary in accordance with the
number of products to be loaded and the num-
ber of trucks or railroad tank cars to be
accor modated. The loading platform may
be an elevated structure for overhead filling

of vehicles, that is, through the top hatches in
the tank vehicle, or a ground-level facility for

bottom filling. The elevated-platform structure
employed for overhead filling, shown in Figures

502 and 503, is generally constructed with hinged

side platforms attached to the sides of a central

walkway in such a way that they can be raised

when not in use. Thus, when a vehicle is

positioned adjacent to the central walkway for f
loading, the hinged side platforms can be low- '
ered to rest upon the top of the vehicle to pro-
vide an access to the compartment hatches. The
meters, valves, loading tubes or spouts, motor
switches, and similar necessary loading equip- -
ment are located on the central walkway. Bottom-
loading installations are less elaborate, since

the tank vehicle is filled through easily accessi-

ble fittings on the underside of the vehicles.

Marine Terminals

Marine terminals have storage facilities for -
crude oil, gasoline, and other petroleum prod-
ucts, and facilities for loading and unloading
these products to and from oceangoing tankers

or barges. The loading equipment is on the dock
and, in modern termninals, is similar to elevated- '
tank vehicle-loading facilities except for size !
(see Figure 504). A pipeline manifold with
flexible hoses is used for loading at older ;
terminals. Marine installations are consider-
ably larger and operate at much greater loading !
rates than inland loading installations.

Loading Arm Assemblies

The term loading arm assembly refers to the

equipment and appurtenances at the discharge

end of a product pipeline that are necessary to
the filling of an individual tank vehicle or tanker !
compartment. Component parts may include

piping, valves, meters, swivel joints, fill spouts,

and vapor collection adapters. These installa~ i
tions are commonly called loading arms. A |
loading arm without provisions to control vapors '
displaced from the compartment during filling is
shown in Figure 505.

Overhead loading arms employed for filling of
tank trucks or railroad tank cars may be classi-
fied in accordance with the manner in which ver-
tical movement of the arm is achieved, such as
pneumatic, counterweighted, or torsion spring. i
The pneumatically operated arm is a successor ‘
to the common spring-loaded, automatic-locking
arm in which the spring-loaded cylinder has been
replaced by an air cylinder (see Figure 506).
Bottom loading eraploys a flexible hose or a non-
flexible, swing-type arm connected to the vehicle
from ground-level pipeline termini.

Loading arms at modern marine terminals are
similar in design to those used for overhead
loading of tank vehicles. The tanker loading



Loading Facilities 653

Figure 502.
Petroleum, Los Angeles, Calif.).

arms are too large for manual operation, re-
quiring a hydraulic system to effect arm motion.
Older installations use reinforced, flexible hoses
to convey products from pipeline discharge mani-
folds to the tanker. The hoses are positioned by
means of a winch or crane.

THE AIR POLLUTION PROBLEM

When a compartment of a tank vehicle or tanker
is filled through an open overhead hatch or bot-
tom connection, the incoming liquid displaces

the vapors in the compartment to the atmosphere.
Except in rare instances, where a tank vehicle
or tanker is free of hydrocarbon vapor, as when
being used for the first time, the displaced va-
pors consist of a mixture of air and hydro-
carbon concentration, depending upon the prod-
uct being loaded, the temperature of the prod-
uct and of the tank compartment, and the type
of loading. Ordinarily, but not always, when
gasoline is loaded, the hydrocarbon concen-

An overhead-controlled loading rack (Phillips

tration of the vapors is from 30 to 50 percent
by volume and consists of gasoline fractions
ranging from methane through hexane (Deckert
et al., 1958). Table 171 shows a typical analy-
sis of the vapors emitted during the loading of
motor gasoline into tank vehicles.

The volume of vapors produced during the load-
ing operation, as well as their composition, is
greatly influenced by the type of loading or fill-
ing employed. The types in use throughout the
industry may be classified under two general
headings, overhead loading and bottom loading.

Overhead loading, presently the most widely

used method, may be further divided into

splash and submerged filling. In splash fill-

ing, the outlet of the delivery tube is above the
liquid surface during all or most of the loading.

In submerged filling the outlet of the delivery

tube is extended to within 6 inches of the bottom
and is submerged beneath the liquid during most of
the loading. Splash filling generates more turbu-
lence and therefore more hydrocarbon vapors
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Figure 503. A closeup view of a controlled loading
arm with the access platform in a lowered position
(Phillips Petroieum, Los Angeles, Calif.).

o T B
o i MO

Figure 504. Marine terminal loading station
(Chiksan Company, Brea, Calif.).

e,
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than submerged filling does, other conditions
being equal. On the basis of a typical 50 percent
splash filling operation, vapor losses from the
overhead filling of tank vehicles with gasoline
have been determined empirically to amount to
0.1 to 0,3 percent of the volume loaded {(Dockert
et al,, 1958), Figure 507 presents a corrolation
of loading losses with gasoline vapor pressures,

Y/ _—

Figure 505. View of uncontroiled loading arm.

Figure 506. View of a pneumatically operated loading
arm (Union Gil Company of California, Los Angeles,
Calif.).
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Table 171. TYPICAL ANALYSIS OF
VAPORS FROM THE BULK LOADING OF
GASOLINE INTO TANK TRUCKS
(Deckert et al., 1958)

Fraction Vol % Wt %
Air 58.1 37.6
Hydrocarbon
Propane 0.6 0.6
Iso-Butane 2.9 3.8
Butene 3.2 4.0
N-Butane 17.4 41.9122.5 62.4
Iso-Pentane 7.7 12.4
Pentene 5.1 8.0
N-Pentane 2.0 3.1
Hexane 3.0 8.0
100.0 100.0

0.26

v

0.2

GASOLINE LIQUID TEMPERATURE °r

Figure 507. Correlation of tank vehicle-ioading
losses (50% submerged filling) with Reid vapor

pressure and liquid temperatures of the motor
gasoline.

Bottom loading has been introduced by a few oil
companies and found practical for loading trucks
(Hunter, 1959). The equipment required is
simpler than that used for overhead loading.
Loading by this method is accomplished by connect-
ing a swing-type loading arm or hose at groundlevel,
ag shown in Figure 508, toa matching fitting on
the underside of the tank vehicles. Aircraft-
type, quick-coupling valves are used to ensure

a fast, positive shutoff and prevent liquid spills.
Several companies experienced in aircraft-fuel-
ing operations have developed fully automatic
bottom-loading systems. All the loading is sub-
merged and under a slight pressure; thus, turbu-
lence and resultant production of vapors are
minimized.

The method employed for loading marine tankers
is essentially a bottom-loading operation. Liquid
is delivered to the various compartments through
lines that discharge at the bottom of each com-~
partment. The vapors displaced during loading
are vented through a manifold line to the top of
the ship's mast for discharge to the atmosphere.

in addition to the emissions resulting from the
displacement of hydrocarbon vapors from the
tank vehicles, additional emissions during load-
ing result from evaporation of spillage, drain-
age, and leakage of product.

AIR POLLUTION CONTROL EQUIPMENT

An effective system for control of vapor emis-
sions from loading must include a ‘device to col-
lect the vapors at the tank vehicle hatch and 2
means for disposal of these vapors.

|

{

f

Types of Vapor Collection Devices for Overhead Loading ‘
t

Four types of vapor collectors or closures, fitting
the loading tube, have been developed for use dur-
ing overhead-loading operations of trucks: The
General Petroleum Corporation unit, the Vernon
Tool Company or Greenwood unit, the SOCO unit,
and the Chiksan unit. All are essentially plug-
shaped devices that fit into the hatch openings

and have a central channel through which gasoline
can flow into the tank vehicle compartment. This
central channel, actually a section of the loading
tube, is surrounded by an annular vapor space.
Entry into this vapor space is achieved through
openings on the bottom of the closure that are
below the point of contact of the external closure
surface with the sides of the hatch opening. Thus,
vapors are prevented from passing around the
closure and out of the hatch, and must flow in-
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Figure 508. View of a bottom-loading station (Standard 0il Company of Califarnia,
Western Operations Inc., Los Angeles, Calif.).

stead into the annular space, which in turn, is
connected to a hose or pipe leading to a vapor
disposal system.

The vapor closure device developed by the Gen-
eral Petroleum Corporation (now Mobil Oil Corp.)
has the annular vapor space connected to an
auxiliary, transparent, plexiglas vapor chamber
section above the closure to allow the operator
to observe the calibrated capacity markers.* A
typical Mobil Oil Corporation vapor closure is
shown in Figure 509. A neoprene rubber bellows
above the plexiglas chamber compensates for ver-
tical misalignment of the closure in the hatch open-
ing. The closure is alurainum and is cast in the
shape of a truncated cone. The lateral surface of
the closure is faced with a neoprene rubber gasket
in the shape of a spherical section so as to give a
vaportight seal between the closure and the hatch
when the closure is positioned in the hatch for
loading. The top of the closure has openings for
the loading tube and the vapor takeoff line. An
adjustable slipring serves as a positioner enabling
the loading operators to slide the closure to the
proper height on the loading tube for various
depths of tank vehicle compartments. This
closure requires a constant downward force to
keep it in contact with the hatch opening's sides

at all times during filling and is built to fit only
hatches 8 to 10 inches in diameter.

*These markers are gages located wi thin the tank compartment
and positioned at a calibrated volume to fndicate visually
the amount of liquid loaded.

The second type of closure, the Greenwood Unit,
{Figures 510 and 511), which also requires a
downward force during the filling operation, was
developed by the Vernon Tool Company. This
closure is also cast aluminum in the shape of

a plug similar to the Mobil Oil Corporation closure
and with a neoprene rubber gasket. This closure
has no auxiliary, transparent, vapor chamber
section, though some versions of this closure do
have auxiliary, metal vapor chambers or a trans-
parent, light well. The closure fits tank truck
compartments with hatches from 8 to 10 inches
in diameter. Since compartments with hatches
of larger diameters are sometimes encountered,
an adapter has been provided. The adapter con-
sists of a flat, gasketed plate with an 8-inch-di-
ameter hole in the center through which the
closure can be inserted.

The third type of vapor closure, referred to as
SOCO, was developed by Standard Oil Company
of California (Figures 512, 513, and 514). It
consists of an aluminum cast plug of more com-
plicated design. This closure is locked into the
hatch opening by a cam lever that forces a float-
ing, internal, cylindrical section to move upward
and squeeze a neoprene rubber coliar out against
the sides of the hatch opening, which effects a
vaportight seal during 21! phases of loading. As
the floating, internal, cylindrical section is
rolted upward by the action of the cam lever de-
vice, it exposes the vapor entry opening. A pis-
ton-type, internal filling valve, similar to an
aircraft-fueling valve, was developed for this
closure. A safety shutoff float operates a needle
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Figure 509,

Vapor closure (Mobil Oil Corporation, Los Angeles,
calif.).

view of General Petroleum Corporation

pilot valve that controls the internal valve to pre-
vent overfilling, The cam lever must be released
to remove the vapor closure. The floating cyl-
inder is returned to the closed position at the
same time. Thus, the vapor side is sealed off

to prevent any leakage from the vapor-gathering
lines. At the same time the internal valve is
locked in the closed position. SOCO closures

fit only hatches 8 inches in diameter, though
adapters have been developed for hatches of
greater diameter. This adapter is 2 circular
casting with an 8-inch opening and is placed over
the hatch opening. When the SOCO unit is insert-
ed, spring-loaded arms act to clamp and seal the
adapter against the top of the hatch.

Figure 510. View of the Greenwood vapor closure
(Atlantic-Richfield 0il corporation, Los Angeles,
calif.).

Figure 511,

Closeup view of Greenwood vaper closure
(Atlantic-Richield 0il Corporation, Los Angeles, Calif.).

The Chiksan Company has recently offered a
fourth system, a modern loading arm that in-
corporates the hatch closure, the vapor return
line, and the fill line as an assembled unit (Fig-
ure 515). This unit incorporates features to
prevent overfills, topping off, or filling unless
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Figure 512.

Cioseup view of SOCO vapor closure,
!i:h?ra!n position (American Airlines, Los Angeles,
Calif.).

the assembly is properly seated in the truck
hatch. - A pneumatic system ensures contact with
the tank truck as the gasoline is added and pro-
vides-a‘delay at the end of the loading cycle to
achieve'adequate drainage of the arm before it is
withdrawn from the truck hatch,

The slide positioner of the Mobil Oil Corporation
vapor closure, though permitting adjustments
for submerged loading, can be a source of
vapor leaks and requires proper attention by the
operatcr. SOCO closures with inner valves are
considerably heavier than other types, and the
inner valve involves added pressure drops, which
slow the loading rates. Both the Greenwood and
the Mobil Oil Corporation closures require vapor
check valves in the vapor-gathering lines to pre-
vent the vapor from discharging back to the at-
mosphere when the loading assembly is with-

drawn. In addition, inspections have shown that -

the Mobil Oil Corporation and Greenwood closures
requir~ nearly vertical entry of the loading tube
into the compartment hatch opening in order to
provide a tight seal against vapor leaks. A
connecting rod between the riser and filling stem
has been added to some assemblies, as shown

Figure 513. Closeup-view of SOCO vapor closure,
Ei:l;ng position (American Airlines, Los Angeles,
alif.).

in Figure 516, to form a pantograph arrange-
ment to maintain the filling stem of the loading !
arm in the vertical position at all times. The

loading operator is thus able to obtain good seal-

ing contact more quickly between the vapor col-

lector and the hatch opening.

Collection of Vopors From Bottom Loading ' :

Vapors displaced from tank vehicles during the .
bottom-loading operation are more easily col-
lected than those are that result from overhead
loading. The filling line and the vapor collection
line are independent of each other with resultant
simplification of the design (see Figure 517).
The vapor collection line is usually similar to
the loading line, consisting of a flexible hose or
swing-type arm connected to a quick-acting
valve fitting on the dome of the vehicle. This
fitting could be placed at ground level to simplify
the operation further.

A check valve must be installed on the vapor col-
lection line to prevent backflow of vapors to the
atmosphexre when the connection to the tank ve-
hicle is broken.
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Figure 514. Schematic drawing of S0C0 vapor
closure used to collect displaced vapors
during loading (Standard Oil Company of
California, Western Operations, inc., LoOS
Angeles, Calif.).

Factors Affecting Design of Vapor Collection Apparatus

In designing for complete vapor pickup at the
tank vehicle hatch, several factors, including
tank settling, liquid drainage, and topping off
must be considered.

The settling of a tank vehicle due to the weight
of product being added requires that provision
be made for vertical travel of the loading arm
to follow the motion of the vehicle so that the
vapor collector remains sealed in the tank hatch
during the entire loading cycle. Two solutions
to the problem of settling have been used. The
first, applicable to pneumatically operated arms,
includes the continuous application of air pres-
sure to the piston in the air cylinder acting on
the arm. The arm is thus forced to follow the
motion of the vehicle without need for clamping
or fastening the vapor collector to the tank ve-

. YAPORSEALING

hicle. The second solution, employed on coun-
terweighted and torsion spring loading arms,
provides for locking the vapor collector to the
tank vehicle hatch. The arm then necessarily
follows the motion of the vehicle. The second
solution is also applicable to vapor collection
arms or hoses that are connected to the top of a
tank vehicle during bottom loading.

The second problem, that of preventing consid-
erable liquid drainage from a loading arm as it
is withdrawn after completion of filling opera-
tions, has been adequately solved. The air valve
that operates the air cylinder of pneumatically
operated loading arms may be modified by addi-
tion of an orifice on the discharge side of the
valve. The orifice allows 30 to 45 seconds to
elapse before the loading assembly clears the
hatch compartment. This time interval is suffi-

Figure 515. View of a pneumatically operated
loading assembly with an integrated vapor
closure and return {ine (Chiksan Co., Brea,
Calif.).

[
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Figure 516. View of 2 pneumatically operated
loading arm showing pantograph linkage (Atlan-
tic-Richfield 0i! Corporation, Los Angeles,
Calif.).

L 1 B Y - TN IS 3o gt S

Figure 517. Bottom loading of tank trucks pro-
vides one way to collect vapor during {oading
in conjunction with the use of return line to
storage tanks (Standard 0il Company of Cali-
Eo:n;a, Western Operations, Inc., Los Angeles,
alif.).

cient to permit complete draining of liquid into
tank compartments from arms fitted with loading
valves located in an outboard position. Loading
arms with inboard valves require additional drain-
age tit 1e and present the problem of gasoline re-
tention in the horizontal section of the avm. To
prevent drainage the SOCO vapor collection clo~-
sure is fitted with an internal shutoif valve that

is closed before the loading arm is withdrawn
from the tank hatch. Providing for thermal ex-
pansion has been found necessary when an in-
board valve and a SOCO vapor closure are used.
This has been accomplished by installing a small
expansion chamber at the normal position of the
loading arm's vacuum breaker. In bottom load-
ing, the valve coupling at the end of the loading
arm or hose, as well as the mating portion of the
valve on the trucks, is self-sealing to prevent

‘drainage of product when the connection is made

or broken.

The third factor to be considered in the design
of an effective vapor collection system is top-
ping off. Topping off is the term applied to the
loading operation during which the liquid level
is adjusted to the capacity marker inside the
tank vehicle compartraent. Since the loading
arm is out of the compartment hatch during the
topping operation, vapor pickup by the collector
is nil. Metering the desired volumes during
loading is one solution to the problem. Metered
loading must, however, be restricted to empty
trucks or to trucks prechecked for loading
volume available. Accuracy of certain totaliz-
ing meters or preset stop meters is satisfactory
for loading without the need for subsequent open
topping. An interlock device for the pneumatic-
type loading arms, consisting of pneumatic con-
trol or mechanical linkage, prevents opening of
the loading valve unless the air cylinder valve
is in the down position. Thus, open topping is
theoretically impossible.

Topping off is not a problem when bottom load-
ing is employed. Metered loading, or installa-
tion of a sensing device in the vehicle compart-
ments that actuates a shutoff valve located either
on the truck or the loading island, eliminates the
need for topping off.

Msthods of Vapor Disposal
™

The methods of disposing of vapors collected
during loading operations may be considered
under three headings: Using the vapors as fuel,
processing the vapors for recovery of hydro-
carbons, or effecting a vapor balance system in
conjunction with submerged loading.

The first method of disposal, using the vapors
directly as fuel, may be employed when the load-
ing facilities are located in or near a facility
that includes fired heaters or boilers. In a typ-
jcal disposal system, the displaced vapors flow
through a drip pot to a small vapor holder that

is gas blanketed to prevent forming of explosive
mixtures. The vapors are drawn from the tolder
by a compressor and are discharged to the fuel
gas system.
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The second method of disposal uses equipment
designed to recover the hydrocarbon vapors.
Vapors have been successfully absorbed’ih a -
liquid such as gasoline or kerosine. If the loading
facility is located near a refinery or gas absorp-
tion plant, the vapor line can be connected from
the loading facility to an existing vapor recovery
system through a regulator valve.

Vapors are recovered from loading installations
distant from existing processing facilities by

use of package units. One such unit (Figures 518
and 519) that absorbs hydrocarbon vapors in gaso-
line has been developed by the Superior Tank and
Construction Company. This unit includes a va-
porsphere or tank equipped with flexible mem-
brane diaphragm, saturator, absorber, compres-
sor, pumps, and instrumentation. Units are
available to fit any size opcration at any desired
loading location since they use the gasoline prod-
uct as the absorbent.

Explosive mixtures must be prevented from ex-
isting in this unit, This is accomplished by pass-
ing the vapors displaced at the loading rack through
a saturator countercurrently to gasoline pumped

from storage. The saturated vapors then flow to
the vaporsphere. Position of the diaphragm in
the vaporsphere automatically actuates a2 com-
pressor that draws the vapors from the sphere
and injects them at about 200 psig into the ab-
sorber. Countercurrent flow of stripped gasoline
from the saturator or of fresh gasoline from stor-
age is used to absorb the hydrocarbon vapors.
Gasoline from the absorber bottoms is returned
to storage while the tail gases, essentially air,
are released to the atmosphere through a back-
pressure regulator. Some difficulty has been
experienced with air entrained or dissolved in

the sponge gasoline returning to storage. Any

air released in the storage tank is discharged to
the atmosphere saturated with hydrocarbon vapors,
A considerable portion of the air can be removed
by flashing the liquid gasoline from the absorber
in one or more additional vessels operating at
successively lower pressures.

Another type of package unit adsorbs the hydro-
carbon vapors on activated carbon, but no in-
stallation of this kind has been observed in Los
Angeles County. The application of this type of '
unit is presently restricted to loading installations

Figure 518. View of small-capacity vaporsaver gasoline absorption unit
(American Airlines, Los Angeles, Calif.).
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Figure 518. Schematic flow diagram of a vaporsaver unit used for recovery
of loading rack vapors at a bulk terminal.

that have low throughputs of gasoline, since the
adsorbing capacity and the life of the carbon are
limited. Units of this type find application in con-

trol of vapors resulting from fueling of jet aircraft.

The vapors displaced during bottom filling are
minimal. Data indicate a volume displacement
ratio of vapor to liquid of nearly 1:1. A closed
system can then be employed by returning all the
displaced vapors to a storage tank. The storage
tank should be connected to a vapor recovery
system.

CATALYST REGENERATION

Modern petroleum processes of cracking, re-
forming, Hydrotreating, alkylation, polymeriza-
tion, isomerization, and hydrocracking are com-
mercially feasible because of materials called
catalysts. Catalysts have the ability, when in
contact with a reactant or mixture of reactants,
to accelerate preferentially or retard the rate

of specific reactions and to do this, with few
exceptions, without being chemically altered
themselves. Different catalysts vary in their
effects. One might, for example, increase oxi-
dation rates while another might change the rate
of dehydrogenation or alkylation.

Contact between the catalyst and reactants is
achieved in some processes by passing the reac-
tants through [ixed beds or layers of catalysts
contained in a reactor vessel. Contact in other
processes involves simultaneous charging of

catalyst and reactants to a reactor vessel and
withdrawal of used catalyst in one stream, and
products and unreacted materials in another
stream. The first process may be termed a
fixed-bed systemn and the latter a moving-bed
system. Moving-bed systems may be further
subclassified by the type of catalyst and meth-
od of transporting it through the process, Ex-
amples are the use of vaporized charge material
to fluidize powdered catalyst, as in fluid catalyt-
ic cracking units (FCC), and the use of bucket
elevators, screws, airlifts, and so forth, to
move the catalyst pellets or beads, as in Thermo-
for catalytic cracking units (TCC) (see Figures
520, 521, and 522).

TYPES OF CATALYSTS

Generally, the catalysts are used in the form of
solids at process temperatures, though some
liquid catalysts are used alone or impregnated
into inert solid carriers. Pellets, beads, and
powders are the common physical shapes. Crack-
ing catalysts are usually beads or powders of
synthetic silica-alumina compositions, includ-
ing acid-treated bentonite clay, Fuller's earth,
aluminum hydrosilicates, and bauxite. Little-
used synthetic catalysts include silica-magnesia,
alumina-boria, and silica-zirconia (Nelson, 1958).
Bead or pelleted catalyst, noted for ease of han-
dling and freedom from plugging, is used in TCC
units while powdered catalyst is used in FCC
units, Natural catalysts are softer and failmore
rapidly at high temperatures than most synthetic
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Figure 520. Simplified flow diagram of a Model 1V
unit (0il and Gas

fiuid catalytic cracking
journal, 1957).
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Figure 521. Thermofor catalytic cracking unit
éu?inn 0i| Company of California, Los Angeles,
alif.).

catalysts do. The cost of natural catalysts, how-
ever, is under $100 per ton while synthetic types
cost $300 or more per ton.

Catalysts employed in catalytic reforming include
the platinum -containing catalysts used in modern
fixed-bed reformers, except for the bauxite pellet
catalyst for Cycloversion used at 950° to 1,000°F
and 50 to 57 psig, and the molybdena-alumina
catalysts used for fluid hydroforming. Fixed-bed
reactors operate at 825° to 1,000°F and 200 to
1,000 psig with catalyst pellets about 1/8 inch in
diameter. These catalysts contain less than 1
percent platinum and are supported on a base of
either alumina or silica-alumina. Acid~type
catalyst required for reforming processes may
be provided by one of the oxides as the catalyst
base. The acid may be a halogen compound add-
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Figure 522. Simplified flow diagram of Thermofor
catalytic cracking unit with modern catalyst air-
1ift '(0il and Gas Jjournal, 1957).

ed to the catalyst, or may be directly added to
the reformer charge. The flow diagram of a
platforming process is shown in Figure 523.

The major desulfurization processes-Autofining,
Dieselforming, HDS, Hydrofining, Ultrafining,

Unifining, and so forth--emplocy a cobalt-molyb-
denum catalyst supported on bauxite and operate
within a range of 450° to 850°F and 50 to 1,500

psig.

Commercial alkylation processes employ as
catalysts either sulfuric acid, hydrogen fluoride,
or aluminum chloride with a hydrogen chloride
promoter.

Commercial polymerization catalysts consist
of a thin film of phosphoric acid on fine-mesh
quartz, copper pyrophosphate, or a calcined

mixture of phosphoric acid.
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Simplified flow diagram of platforming

Figure 523.
process (0it and Gas Journal, 1957).

Isomerization processeé such as Butamer, Iso-
kel, Isomerate, Penex, and Pentafining employ
a noble metal, usually platinum, as the catalyst
in a hydrogen atmosphere. Liquid-phase iso-
merization is accomplished with aluminum chlo-
ride in molten antimony chloride with a hydrogen
chloride activator.

Loss of Cotalyst Activity

The activity of a catalyst, or its effectiveness

in changing rates of specific reactions decreases
with on-stream time. The rate of decrease is
related to composition of reactants contacted,
throughput rate, and operating conditions. Loss
of activity results from metal contamination and
poisoning or deposits that coat the catalyst sur-
faces and thus reduce the catalytic area available
for contact with the reactants. Frequently car-
bon from the coking of organic materials is the
main deposit. To continue in successful opera-
tion, catalyst activity must be restored. One
procedure consists of replacing the spent cata-
lyst with fresh catalyst. A second procedure
consists of treating the spent catalyst for remov-
al of contaminants. This latter procedure, called
catalyst regeneration, is the more significant

- from the standpoint of air pollution, since com-
bustion is frequently the method of regeneration.

In fixed-bed systems, catalysts are regenerated

periodically in the reactor or removed and re-

turned to the manufacturer for regeneration. In

moving-bed systems, catalysts are continuously

removed from the reactor, regenerated in a spe-
cial regenerator vessel, and returned to the re-

actor.

REGENE,.ATION PROCESSES

Catalysts for the catalytic cracking and reform-
ing processes are regenerated to restore activity

by burning off the carbon (coke) and other deposits
from the catalyst surface at controlled tempera-
ture and regeneration air rates. Actually, the
so-called ""carbon' on the catalyst is not all pure
carbon but contains other compounds. Moreover,
the catalyst is not entirely freed of the carbon
deposits during regeneration, though an effort is
made to keep the residual carbon below 0.9 per-
cent by weight on the regenerated catalyst. FCC
units, all of which have continuous catalyst regen-
eration, have a coke burnoff rate 5 to 10 times
higher than TCC unit regenerators have., Since
fixed-bed reformer units, which incorporate cata-
lyst regeneration, have a very small coke laydown
on the catalyst surface, they require regeneration
only once or twice a year, as the desulfurizer
reactors do, which have both a coke and sulfur
laydown.

FCC Catalyst Regenerators

Catalyst regenerators for FCC units may be
located alongside, above, or below the reactor,
Regenerators normally have a vertical, cylin-
drical shape with a domed top. The inside shell
of the regenerator is insulated with 4 to 6 inches
of refractory lining. This lining may also be ex-
tended into the regenerator's discharge line and
the regenerator's catalyst charge line.

The upper section of the regenerator is equipped
with internal cyclone separators to separate the
catalyst dust from the regeneration combustion
gases., The number of cyclone separators varies
from a single-stage or two-stage separator to
as many as 12 sets of three-stage cyclone sepa-
rators. External size of the regenerator varies
from 20 feet in diameter by 40 feet high to 50
feet in diameter by 85 feet high. In Los Angeles
County, regenerator flue gases pass through
additional equipment, consisting of electrical
precipitators or cyclone separators and elec-
trical precipitators for final dust removal, be-
fore discharging to the atmosphere. Carbon
monoxide waste-heat boilers are employed be-
fore or following the electrical precipitators.

In a typical FCC unit, as shown in Figure 520,
the spent catalyst from the base of the reactor

is steam stripped to remove residual hydrocar-
bons and then transferred to the regenerator by
injecting preheated air into the transfer line.
Burning off of the carbon starts when the hot,
spent catalyst contacts the air, and continues as
the catalyst flows up through the regenerator to
the overflow well. Additional combustion air is
furnished by the main blower. The amount of air
supplied is controlled to prevent glazing the cata-
lyst. This results in the formation of consider-
able amounts of carbon monoxide.. The depth of
the fluidized catalyst bed is usually limited to
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15 feet to prevent the load on the cyclones from
being excessive. Regenerated catalyst flows
down through the overflow well to the reactor
as a result of a slight pressure differential.

The flue gases pass through the regenerator's
cyclone separators, for removal of most of the
catalyst more than 10 microns in size; through
a steam generator, where process steam is
made; through a pressure-reducing chamber to
air pollution control units; and then to the atmo-
sphere. The pressure-reducing chamber serves
a: a noise suppressor, Final dust cleanup is
accomplished by passing the effluent gases from
the cyclone separators through an electric pre-
cipitator. The gases from the precipitator are
introduced into a carbon monoxide boiler where
the sensible heat and the heat content of the CO
is used to produce steam in some flow schemes.
Other operations place the waste-heat boiler be-
fore the precipitator.

According to Brown and Wainwright (1952}, the
weight of dust per cubic foot of exit gas remains
constant at about 0, 002 pound at bed velocities
up to a critical velocity of 1.5 fps, whereupon
it rises rapidly with higher velocities, for exam-
ple, to 0.01 pound at 1.8 fps. The pressures in
FCC unit regenerators are always low, between
1 and 10 psig. Regeneration temperatures are
usually between 1,050° and 1,150°F. Other
general operating data for large and small FCC
unit regenerators are as follows:

Small unit Large unit

Catalyst circulation
rate, tons/min 10 60

Coke burnoff rate,
1b/hr 5,000 34,000

Regeneration air rate,

scfm 13,000 102, 000

TCC Cotalyst Regenerators

TCC (and Houdry unit) catalyst regenerators,
referred to as kilns, are usually vertical struc-
tures with horizontal, rectangular, or square
cross sections. A regenerator that has a cata-
lyst circulation rate of 150 tons per hour would
have an outside dimension of about 11 feet square
by 43 feet high, This size regenerator, or kiln,
has approximately 10 regeneration zones and a
topside kiln hopper. Each zone is equipped with
a flue gas duct, air distributors, and steam- or
water -cooling coils. The carbon steel shell of
the regenerator is lined with about 4 inches of
firebrick, which is, in turn, covered with alloy
steel, The discharge flue gases from the regen-
eration kilns are usually vented through dry-type,
centrifugal dust collectors,

In a TCC unit, Figure 521, spent catalyst (beads)
from the base of the reactor is steam purged for

removal of hydrocarbons and lifted by a bucket
elevator to a hopper above the regeneration kiln,
Catalyst fines at this point in the process are
separated from catalyst beads in an elutriator
vessel using up-flowing gases and are collected
from these gases in a cyclone separator dis-
charging to a fines bin. Spent catalyst beads
drop through a series of combustion zones, each
of which contains flue gas collectors, combustion .
air distributors, and cooling coila, The cata~
lyst is regenerated as it flows downward through
the kiln zones countercurrent to preheated air
(400° to 900°F). The pressure is essentially
atmospheric in the kiln., Water is circulated o
through cooling coils in each kiln zone to control
the rate of coke combustion. The regeneration i
temperatures at the top of the kiln are between :
800° and 900°F, while the bottom section of the :
kiln operates between 1,000° and 1,100°F, A ,
minimum temperature of 900°F is required for
catalyst regeneration, An average-size TCC unit
regenerator with a catalyst circulation of 2.5 tons
per minute has a coke burnoff rate of 3,500 pounds

per hour and a regeneration air rate of 24, 000
scfm,

Regenerated catalyst from the bottom of the kiln

is then transferred by bucket elevator to the cata-

lyst bin for reuse in the reactor. The more

modern TCC units use a catalyst airlift (Figure

522) rather than bucket elevators for returning
regenerated catalyst to the reactor, and gravity

flow for moving spent catalyst to the regenerator,

The elevators of those units must be vented

through wet centrifugal collectors or scrubbers ‘
to the atmosphere. i

Cotolyst Regeneration in Catalytic Reformer
Units

Some types of catalytic reformer units are
shut down once or twice each year for re-
generation of the catalyst in the desulfurizer re-
actor. Reforming units using Sinclair-Baker
catalyst are in this category. Before the regen-
erating, the reformer system is depressured,
first to the fuel gas system and then to vapor re-
covery., A steam jet discharging to vapor recov-
ery is then used to evacuate the reformer further
to 100 millimeters of mercury absolute pressure.
An inert gas such as nitrogen is introduced to
purge and then repressure the system to 50 psig.
The nitrogen is circulated by the recycle gas
compressor through the heaters, reactors, heat
exchangers, flash drum, and regeneration gas
drier. Inert gas circulation is continued while
combustion air for burning off the coke is intro-
duced into the top of the first reactor by the re-
generation air compressor. The rate of air is
controlled to maintain catalyst bed temperatures
below 850°F. Pressure is controlled to 150 psig
by releasing products of combustion to the fire-
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box of the reformer heater. After burning is
completed fin the first reactor, as indicated by
the rise in oxygen content in the effluent, the air
supply is then switched to the second reactor.
The same procedure is repeated for the other
reactors.

In the regeneration cycle, circulation of approx-
imately 15, 000 scfm flue gas is maintained by
using the reformer recycle gas compressor, and
approximately 500 scfm regeneration air is added
for burning off the coke. About 24 to 30 hours

is required for regeneration, based upon a coke
content of 5 percent by weight in the catalyst. The
coke may run about 90 percent carbon and 10 per-
cent hydrogen.

Desulfurization reactors are depressured in the

same manner as the catalytic reformer described.

During catalyst regeneration, however, super-
heated steam is added along with inert air con-
taining about 1. 4 mol percent oxygen to effect
temperature control, In addition to coke, there
are also sulfur deposits that are burned to sulfur
dioxide. In some installations the regeneration
gases are passed through packed scrubbers that
use water or caustic for partial absorption of
sulfur dioxide. These reactors are also regen-
erated for a period of approximately 24 hours
about once or twice a year.

Regeneration of fluid hydroforming catalyst, a
white powder consisting of molybdena-coated
alumina, is accomplished by continuously with-
drawing a portion of the catalyst recirculating

in the reactor and burning the carbon off in a
separate regenerator using fresh air with no pre-
heat. The regeneration temperature is 1, 100°
to 1,150°F at 200 to 250 psig with 100 percent
carbon removal. Molybdenum sulfide, formed by
the reaction of catalyst molybdenum oxide and
feed stock sulfur, is reoxidized to molybdenum
oxide with the release of sulfur dioxide during
regeneration,

In alkylation units using hydrogen fluoride as
catalyst, the acid strength is restored by remov-
ing the water of dilution by distillation. The ef-
fectiveness of alkylation units using sulfuric acid
as the catalyst is maintained by adding fresh acid
as spent acid is withdrawn. The spent acid may

be reconcentrated or used as is for other purposes.

Phosphoric acid catalyst used in polymerization
units is regenerated by water washing, steaming,
and drying the fine-mesh quartz carrier, and

adding fresh phosphoric acid, After the excess a=id

is drained, the reactor is ready to go back on
streas ..

Many of the remaining catalytic processes re-
quire only infrequent catalyst replacement or

regeneration (Unicracking and Isomax). In the
H-Oil process, however, catalyst is continuously
replaced.

THE AIR POLLUTION PROBLEM

Air contaminants are invariably released to the
atmosphere from regeneration operations,
especially from operations involving combus-
tion. The variety of air contaminants released
is broad and may include catalyst dust and other
particulate matter, oil mists, hydrocarbons,
ammonia, sulfur oxides, chlorides, cyanides,
nitrogen oxides, carbon monoxide, and aerosols.
The contaminants evolved by any one type of re-
generator are a function of the compositions of
the catalyst and reactant, and operating conditions.

Tables 172 through 177 show stack emissions
for regeneration of both FCC and TCC units.
The data in these tables are the results of a
testing program (Sussman, 1957) to establish
the magnitude of the listed components in the
catalyst regeneration gases.

The largest quantities of air pollution from cat-

alyst-regenerating operations are experienced in
FCC units. The pollutants include carbon mon-
oxide, hydrocarbons, catalyst fines dust, oxides
of nitrogen and sulfur, ammonia, aldehydes, and
cyanide. Typical losses from fluid catalytic crack-
ing regenerators, based upon Tables 173 through
176, include:

Loss to
Pollutant atmosphere, lb/hr

Carbon monoxide 24,300
Sulfur dioxide 545
Hydrocarbons 231
NO, as nitrogen dioxide 80.2
Particulate matter 65.5
Ammonia 57. 4
Sulfur trioxide 32.7
Aldehydes as formaldehyde 21,6
Cyanides as hydrogen cyanide 0,27

TCC catalyst regeneration produces air contami-
nants similar to those from FCC catalyst regen-
eration., Quantities produced, however, are con-
siderably less, as can be seen from Tables 173
through 176. The bead-type catalyst used in TCC
units does not result in the large amount of cata-
lyst fines that are encountered in FCC units.

Air pollution problems are not as severe from
catalyst regeneration of reforming and desulfuriza-
tion reactors as those from FCC and TCC units.
These reactors are regenerated only once or

twice a year for a period of about 24 hours. The
burning-off of the coke and sulfur deposits on the
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Table 172. OPERATING CHARACTERISTICS OF FLUID AND THERMOFOR
CATALYTIC CRACKING UNITS (Sussman, 1957)
e e p—
Date Feed rate Catalyst |Regenerator| Coke burn-| Avg gas
a . . .
Type tested, Fresh, | Recycle, circulation air rate, off rate, temp,
1956 bpd bpd rate,tons/hr scfm 1b/hr °F
FCC | 10/4 40,000 | 10, 000 4,500 112,000 38, 000 820
FCC 12/4 29,500 2,045 1,560 28, 000 23,000 510
FCC | 8/30 24,000 0 1, 380 22,200 21,300 520
FCC | 11/27 32,610} 13,680 2,532 97,500 36, 416 485
TCC 11/1 9, 525 1,500 180 27,000 4,715 840
TCC 11/1 8, 525 7,400 150 27,000 2,610 700
FCC | 10/9 25,000 9,000 3,240 64, 000 21,600 530
TCC | 10/18 10, 000 0 165 22,000 5,655 660
TCC 10/18 8, 000 3,000 150 27,600 4,620 610
TCC | 9/19 7,071 5,538 150 24,000 4,410 850
TCC | 9/19 6, 506 5, 602 150 25,000 5,020 740
TCC.| 9/12 7,099 6, 004 150 27,000 3,420 810
TCC | 9/12 6,053 6,013 120 23,000 3, 000 710
FCC 11/8 6, 462 606 390 13, 300 5,400 610
TCC 12/19 8,000 3, 000 200 16,800 3,760 680

3A1l fluid catalytic cracking units are equipped with electrical precipitators;
all Thermofor catalytic cracking units are equipped with cyclone collectors.

Table 173.

PARTICULATE LOSS FROM

FLUID AND THERMOFOR CATALYTIC
CRACKING UNIT STACKS

(Sussman, 1957)

Total particulate, 2

Type 1b/hr
FCC 57.50
FCC 61.00
FCC 181, 00
FCC 58.70
TCC 1.36
TCC 1.64
FCC 28,30
TCC 13,80
TCC 8.06
TCC 3.44
TCC 2.22
TCC 9.53
TCC 10.01
FCC 6.42
TCC 4,30

2The total particulate loss includes

weight of insoluble solids in the water,

and HCL impinger solution added to the
alundum thimble catch.

catalyst surface produces hydrocarbons, sulfur
dioxide, and carbon monoxide, in addition to

carbon dioxide and water.

AIR POLLUTION CONTROL EQUIPMENT

Dust from FCC catalyst regenerators is collected
by centrifugal collectors or centrifugal collectors
and electrical precipitators. General design fea-
tures of these collectors are discussed in Chapter
4., Carbon monoxide waste-heat boilers eliminate
carbon monoxide and hydrocarbon emissions in
FCC regeneration gases. Dry-type, centrifugal
dust collectors are used to collect the catalyst
fines from TCC regeneration gas. ‘Dust emis-
sions from TCC unit reactors and regenerator
catalyst elevators can be adequately controlled
by wet- or dry-type, centrifugal collectors.
Presently, no TCC units are equipped with car-
bon monoxide waste-heat boilers. Manifolding
several TCC units could possibly result in a
quantity of flue gas large enough to improve
economic justification for a CO boiler.

The carbon monoxide and hydrocarbons in re-
forming and desulfurization catalyst regeneration
gases can be efficiently incinerated by passing

the regeneration gases through a heater firebox.

In some installations the sulfur dioxide is scrubbed
by passing the regeneration gases through a packed
water or caustic tower.

Wet- ond Dry-Type, Centrifugal Dust Collectors

Cyclone separators are widely used for catalyst
dust collection systems in refineries. They are
located in the upper sections of both FCC unit

=~z

R
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Table 174. TOTAL HYDROCARBON EMISSIONS FROM FLUID AND THERMOFOR CATALYTIC
CRACKING UNIT STACKS?* (Sussman, 1957)

Mass spectrometer Infrared spectrophotometer
Type ) Hydrocarbons |Hydrocarbons
Hydrocarbons | Hydrocarbons Wt % C1 and C2 Vol % Cl and C2 (as hexane), | (as hexane),
tons/day ppm
FCC 7.4 1,213 67.7 87.4 2.80 142
FCC 3.1 1, 150 84.1 94.6 0.89 78
FCC 2.1 760 68.3 85.5 0. 60 65
FcCc*® 1 98 42.3 54,1 0.30 12
'rcc: - - - - 0.02 8
TCC - - - - 0.02 -
FCC:"’ , - - - - 1.20 116
TCC 0.4 308 40.9 70.8 0. 04 13
tccd 0.5 4,484 55.1 81.4 0.15 43
tcch:© ® )
b 0.1 87 79.5 77
TCC™ © 0.02 14
TCC 0.5 121 67.4 67.8 f -
TCC 0.02 9
FCC 0.3 328 51,2 75.3 - Trace
TCC 1.4 1,655 61.9 18.8 0.30 108

2A11 concentrations are reported on a dry basis.

bOnly the mass spectrometer results for Units F-2T and F-4T were reliable.

Since Units F-1T and F-2T

and Units F-3T and F-4T are twin units, the data shown result from combining the twin units.
CNo methane present as determined by mass spectrometer.

Mass spectrometer determinations include oxygenated C, and Cg hydrocarbons.

©The mass spectrometer results were not reliable.

fThe infrared spectrophotometer results were not reliable,

EConcentrations of hydrocarbons are below limit of accuracy of the infrared spectrophotometer.
Infrared spectrophotometric determinations were made on Unit D-1T only. The results shown were
obtained by assuming that twin Unit D-1T and D-2T emit the same quantity of hydrocarbons.

reactors and regenerators for collecting en-
trained catalyst. Some TCC units also use cy-
clones for catalyst fines collection from kiln re-
generation gases. The cyclones are employed
as a single unit or in multiple two-stage or three-
stage series systems. Large FCC unit regen-
erators may have as many as 12 three-stage cy-
clones, while smaller units may have only 1 two-
stage cyclone. In general, high-efficiency cy-~
clones have dust collection efficiencies of over
90 percent for particle sizes of more than 15
microns. The efficiency drops off rapidly for
particles of less than 10 microns.

Multiple cycldnes are used in some cases for
catalyst fines collection catalyst regeneration
gases in TCC units. Dust collection efficiencies
are in the same range as those for high-efficien-
cy cyciones. Wet-type, centrifugal collectors or
scrubbers adequately clean the gas streams from
the catalyst elevators, and part of the regenera-
tion gases from the kilns. Untreated water in the

wet collector, however, can cause a carbonate
deposit on the impeller, which is responsible
for excessive wear on the collector bearings.
This can and has resulted in excessive shutdown
time for repairs. Table 178 shows particulate
emissions from two wet-type, centrifugal cata-
lyst dust collectors.

Elecirical Precipitators

Many FCC units incorporate electrical precipita-
tors for final collection of catalyst dust from
catalyst regeneration gases. Electrical precipi-
tators (see Figure 524)are. normally installed in
parallel systems because of the large volume of
regeneration gases involved in FCC unit regen-
erators. Power requirements for these precip-
itators may range from 35 kva for small FCC
units to 140 kva for the larger installations. The
hot gases from the regenerator must be cooled
from approximately 1,100° to below 500°F be-~
fore entering the precipitator. This is accom-
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Table 175. EMISSIONS OF SULFUR-OXIDES, AMMONIA, AND CYANIDES FROM STACKS OF
FLUID AND THERMOFOR CATALYTIC CRACKING UNITS? (Sussman, 1957)

SO,, Wt % SO3 NH3, Cyanides as HCN,
SO g1TotRls | total
Type 3 Chemical anal. |MS,” |as SO;, . Chemical anal.| Ms,P
/AT TR T ppm ] ppm | vol % | Oxides | Ib/br | ppm e oo
of sulfur

FCC| 164 535 438 47| 0. 055 23.5 130 401 | 0,250 0.48 430
FCC| 12.0 362 512 220 0.540 3.2 27.0 140 | 0.280 0.94 360
FCC 1.20 | 1, 260 2,190 1,850 0, 220 0.1 20.5 134 | Trace| Trace 240
FCC 8.90 453 308 201 0.031 1.8 26.0 67 | 0.291 0.47 170

TCC 1.25 17.5 114 - 0.011 6.7 1. 20 29 | 0,010 0.15 -

TCC - - - - - . - - - - - -

FCC 6.90 648 984 - 0.098 1.1 118 675 | 0.054 0.19 -
TCC 5.10 15.1 86. 151 0,011 25.0 4.60 99 | 0.005 0.07 370
TCC 2.0 14.0 65 101 0.008 3.0 3.40 60 ] 0.0660 |. 0.70 230

TCC 1,60 18.7 151 - 0.016 7.9 2.20 67 | Trace | Trace -
TCC 2,70 13.2 136 91| 0.016 17.0 1.90 74 | Trace | Trace 90

TCC 5.74 13,0 105 - 0.015 30.6 1.56 47 | Trace j Trace -
TCC 7.77 11.1 97 60| 0.015 41.2 3,12 |1 103 | Trace | Trace 180
FCC 3.07 205 1,310 360 0.130 1.4 23.0 550 | 0.018 0.27 190
TCC 0.62 24.4 141 151 0,014 2.5 2.80 61 | 0.039 0.54 220

3All concentrations are reported on a dry basis,
MS = mass spectrophotometer.

Table 176. EMISSIONS OF ALDEHYDES, OXIDES OF NITROGEN, CO,, O, CO, AND N, FROM
STACKS OF FLUID AND THERMOFOR CATALYTIC CRACKING UNITS? (Sussman, 1957)

Aldehydes as HCHO, | NO, as NO,, |[NOby | CO;, vol %,| O,, vol %, CO, vol %, N3, v.ol %
Type MS, ORSAT by diff,
1b/hr PPmM ib/hr | ppm | ppm | ORSAT| MS |ORSAT |MS ORSAT
FCC 77.0 130 26.0 | 29 250 8.7 | 11.1 5.1 2.2 4.9 81,0
FCC 18.0 53 4.2 8 - 8.5 . 3.5 4.1 7.8 80,2
FCC 25.9 96 163 394 160 10.0 | 11,8 2.3 2.3 6.1 81.6
FCC 4.0 5 202 191 11 13.4 | 13.4 2.0 2.3 0 84,6
TCC 3.5 49 5.7 | 51 - 8.2 7.9 - 1.4 82.5
TCC - - - - - - - - - - -
FCC 0.9 3 5.9 | 12 - 9.5 - 2.7 - 6.8 81.0
TCC 2.2 26 0 0 200 9.2 | 12,1 6.6 - 3.2 81.0
TCC 1.2 12 0 0 170 4.7 9.0 13.5 - 0.7 81.1
TCC 0.6 12 3.1 | 34 - 9.6 - 8.3 - 1.5 80.6
TCC 0.4 92 2,2 | 32 190 12.8 | 13,3 2.5 2.5 3.6 81.1
TCC 2,6 44 2,71 30 - 8.4 - 9.8 - 0 81.6
TCC 3.4 63 0.6 K 130 8.8 9.2 7.8 (11,1 2.6 80.8
FCC 1.5 20 - - 310 7.8 7.8 5.1 5.5 6.1 810
TCC 14.3 177 7.7 | 62 230 9.0 9.0 6.9 7.3 4.1 80.0
2A1l concentrations are reported on a dry basis,
plished by a waste-heat boiler. The electrical The precipitators usually employ either a con-
conductivity of the gas stream may be increased tinuous -type electrode-rapping and plate-vibrating
by injecting ammonia upstream of the precipitator. sequence or an intermittent hourly rapping cycle.
A dust plume up to 90 percent opacity arises for
The inlet ducting is designed to effect a uniform a period of 1 to 2 minutes from the precipita-
gas distribution through the precipitator cross tor's discharge stack during the intermittent hour-
section, A perforated-plate inlet or vane sec- ly rapping cycle. This high-opacity, short-in-
tion assists in accomplishing the desired dis- terval plume is not normally encountered with

tribution. the continuous rapping sequence,
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Table 177,

MOISTURE AND FLUE GAS VOLUMES, %, FROM

STACKS OF FLUID AND THERMOFOR CATALYTIC CRACKING UNITS
(Sussman, 1957)

Vol % HaO 1 yo) ¢ 1,0 | Rate of flow of | Rate of flow of
as determined A
Type from sampling in flue gases (wet [ flue gases (dry
X MS?2 sample basis), scfm basis), scim
trains
FCC 19.7 0.480 151, 000 121,300
FCC 19.2 0.470 86, 300 69, 700
FCC 26.3 0.186 77,200 56,900
FCC 18.7 0.229 178,800 145, 400
TCC 12,1 - 17,300 15,200
TCC - - 20,800 -
FCC 18 - 80, 900 65, 000
TCC 16.5 0.626 20,700 17,280
TCC 11.1 2.448 23,600 20,980
TCC 12.2 - 13,970 12,270
TCC 19 0.885 11, 660 9, 600
TCC 11 - 13,800 12,300
TCC 11 ) 0.600 12,700 11,300
FCC 25,3 0.458 20, 800 15,540
TCC 7.5 1.762 18, 400 17,000
2MS = mass spectrophotometer.

Carbon Monoxide Waste-Heat Boilers

Large amounts of carbon monoxide gases are
discharged to the atmosphere with the regenera-
tion flue gases of an FCC unit, The carbon mon-
oxide waste-heat boiler is a means of using the
heat of combustion of carbon monoxide and other
combustible, and the sensible heat of the regen-
eration gases. From the air pollution viewpoint,
the CO boiler oxidizes the carbon monoxide and
other combustibles, mainly hydrocarbons, to
carbon dioxide and water.

In most cases, auxiliary fuel is required in addi-
tion to the carbon monoxide and may be either
fuel oil, refinery process gas, or natural gas.
The CO boiler may be a vertical structure with
either a rectangular or circular cross section
with water-cooled walls, as shown in Figure 525,
The outer dimensions of a typical rectangular
boiler are 32 feet wide by 44 feet deep by 64 feet
high, with a 200-foot-high stack. The boiler is
equipped with a forced-draft fan and four sets of
fixed, tangential-type burners (one set for each
corner). A typical set of burners includes two
carbon monoxide gas compartments, four fuel
gas nozzles, and two steam-atomized oil burners,
as shown in Figure 526. The burners are approxi-
mately 1-1/2 feet wide by 6 feet high. A tangen-
tial -type mixing of the gases for more nearly
complete combustion is achieved by arranging

the burners slightly off center.

Figure 524.
unit's Cottrell precipitator,
terminals and 36-inch-diameter flue gasline
between precipitator and sitencer are shown
(Union 0il Company of California, Los Angeles,
Catif.).

Top of fluid catalytic cracking
Electrode
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Table 178. EMISSIONS FROM WET-TYPE, CENTRIFUGAL CATALYST
DUST COLLECTORS (THERMOFOR CATALYTIC CRACKING UNIT)?

Collector No, 1
with two inlet streams

Collector No. 2
with two inlet streams

e ——————— e ———————— D n————
TCC No. 1] TCC No. TCC No. 3 | TCC No. 4
Inlet gas volume, scfm 1,780 2,090 2,350 1, 680
Inlet gas temperature, °F 720 690 740 650
Inlet gas HpO content, vol% 38.8 39.3 27.6 22.1
Particulate matter, 1b/hr 31.7 40.1 23.2 52,0

Collector No, 1dischargelCollector No. 2 discharge

Outlet gas volume, scfm

Outlet gas temperature, °F
Outlet gas HZO content, vol %
Particulate loss, lb/hr
Collection efficiency, %

4,230 5,090

210 210
41.2 30.4
10.2 8.6
85.8 88.6

3The inlet of each collector is connected by ductwork to the reactor elevator and
the Thermofor kiln of two Thermofor catalytic cracking units.

" m

B

Iy il

Figure 525.' Cylindrical, water-cooled, carbdn
monoxide waste-heat boiler (Combustion En-
gineering, Inc., Windsor, Conn.).

Regeneration gases from the FCC unit are nor-
mally delivered to the inlet of the CO boiler
ductwork at about 1, 100°F and 2 psig. When-
ever the overhead regenerator gases first pass
through an electrical precipitator, the inlet gas
to the precipitator must be cooled below 500°F.
The CO boiler would then receive regeneration
flue gas between 450° and 500°F.

The main reactions of the CO boiler's firebox in-
clude burning the refinery gas or fuel oil to car-
bon dioxide and water and completing the oxida-

tion of the carbon monoxide. Other reactions in-

clude oxidation of the sulfur compounds in the fuel
oil or refihery gas to sulfur dioxide. The small
amount of ammonia in the regeneration flue gas

is primarily converted to oxides of nitrogen at
the firebox temperature of between 1,800° and
2,000°F. Table 179 shows the emissions from
an FCC unit's CO boiler.

Economic Considerations

The economics of a CO boiler installation can
be generalized sufficiently to détermine a range
of catalytic cracking unit sizes that can pay out
a boiler (Alexander and Bradley, 1958). The
main variable used in determining the size of the
catalytic cracking unit is coke-burning rate.
Other variables that affect payout include the
following in the order of decreasing importance:
(1) Fuel value, (2) COZICO ratio, (3) flue gas
temperatures, (4) excess oxygen in CO gas,

(5) hydrogen content of regenerator coke.

On the assumption that additional steam is re-
quired in the refinery, a coke burnoff rate of
10, 000 pounds per hour or more can be econom-=-
ically attractive for installation of a CO boiler
when the fuel has a value of 20 cents per million
Btu. If, however, additional steam is not re-
quired, the minimum coke -burning rate to pro-
vide a reasonable payout for a CO boiler is
about 18, 000 pounds per hour. A payout of 6
years after taxes is assumed to be an attractive
investment. In some areas, the reduction in
the air contaminants is sufficiently important to
justify a payout longer than 6 years.
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Figure 526. Corner-fired burners of a carbon monoxide waste-heat
boiler: (left) Elevation view showing a typical set of burners
for one corner; (right) plan view of firebox showing location of
the four sets of burners (Combustion Engineering, Inc., Windser,
conn. ).

Table 179. EMISSIONS FROM THE STACKS ' OIL-WATER EFFLUENT SYSTEMS

OF FLUID CATALYTIC CRACKING UNITS"
CARBON MONOXIDE WASTE -

HEAT BOILERS? FUNCTIONS OF SYSTEMS
Unit I . ) Oil-water effluent systems are found in the three
Unit 11 . .
East West phases of the petroleum industry--production,
stack stack s P .
refining, and marketing. The systerns vary in

Gas volume, scfm 96,800 [97,200 60,700 s, : i} . : :
Gas temperature, °F <70 450 570 size zfnd complexity thou'gh their basic function
Dust loss, Ib/hr 44 33 34.9 remains the same, that is, to collect and sep~
NO, as NO,, ppm 173 190 67 arate wastes, to recover valuable oils, and to
Aldehydes ss HCHO, ppm 15 11 5 d . bl t . ts bef di
NH,, Ib/hr 19.8 22.5 | NoneP remove undesirable contaminants before dis-
S0,, Ib/hr 269 282 265 charge of the water to ocean, rivers, or channels,
S03, Ib/hr 0.14 0.4 1.61
Organic acids as acetic, ppm - - 11.7
Hydrocarbons as Cg, ppm None None <8 Kandlin fCr .0; ductio flue
CO,, vol % dry basis 14 14, 4 3.8 8¢ Crude-Oil Production Ef nis
CO, vol % dry basis 0 0 0
O, vol % dry basis 3 2.6 3.5 In the production of ¢rude oil, wastes such as
HzO, ol % 22.4 22.7 23.9 oily brine, drilling muds, tank bottomns, and

%Both FCC Units I and II are equipped with electrostatic free oil are generated. Of these, the oilfield

precipitators, . . s .
FCC Unit Il does not use NH; injection for precipitator brines present the most difficult dlsposal prOb-

conditioning. lem because of th:e large volume encountered
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{Rudolfs, 1953). Community disposal facilities
capable of processing the brines to meet local
water pollution standards are often set up to
handle the treatment of brines. The most effec-
tive method of disposal of brines has been in-
jection into underground formations.

A typical collection system associated with the
crude -oil production phase of the industry usu-
ally includes a number of small gathering lines

or channels transmitting waste water from wash
tants, leaky equipment, and treaters to an earthen
pit, a concrete-lined sump, or a steel waste-water
tank. A pump decants waste water from these
containers to water-treating facilities before in-
jection into underground formations or disposal

to sewer systems. Any oil accumulating on the
surface of the water is skimmed off to storage
tanks.

Handling of Refinery Effluenis

The effluent disposal systems found in refineries
are larger and more elaborate than those in the
production phase. A typical modern refinery
gathering system usually includes gathering
lines, drain seals, junction boxes, and channels
of vitrified clay or concrete for transmitting
waste water from processing units to large
basins or ponds used as oil-water separators.
These basins are sized to receive all effluent
water, sometimes even including rain runoff,
and may be earthen pits, concrete-lined basins,
or steel tanks.

Liquid wastes discharging to these systems
originate at a wide variety of sources such as
pump glands, accumulators, spills, cleanouts,
sampling lines, relief valves, and many others.
The types of liquid wastes may be classified as
waste water with:

1. Oil present as free oil, emulsified oil, or
as oil coating on suspended matter;

2. chemicals present as suspensoids, emulsoids,
or solutes. These chemicals include acids,
alkalies, phenols, sulfur compounds, clay,
and others,

Emissions from these varied liquid wastes can
best be controlled by properly maintaining, iso-
lating, and t.reating the wastes at their source; by
using efficient oil-water separators; and by
minimizing the formation of emulsions. Recov-
ery of some of the wastes as valuable byproducts
is growing in importance.

Treatment of Effluents by Oil-Water Seporators

The waste water from the process facilities and
treating units just discussed flows to the oil-

water separator for recovery of free oil and
settleable solids.

The American Petroleumn Institute is recognized
as an authoritative source of information on the
design of oil-water separators, and its recom-
mended methods are used generally by refineries
in Los Angeles County. The basis for design

of a separator is the difference in gravity of oil
and water. A drawing of a typical separator is
shown in Figure 527.

Factors affecting the efficiency of separation
include temperature of water, particle size,
density, and amounts and characteristics of sus-
pended matter. Stable emulsions are not affected
by gravity-type separators and must be treated
separately.

The oil-water separator design must provide for
efficient inlet and outlet construction, sediment
collection mechanisms, and oil skimmers. Re-
inforced concrete construction has been found
most desirable for reasons of economy, mainte -
nance, and efficiency.

Clarification of Final-Effluent Water Streoms

The effluent water from the oil-water separator
may require further treatment before final dis-
charge to municipal sewer systems, channels,
rivers, or streams. The type and extent of
treatment depend upon the nature of the contami-
nants present, and on the local water pollution
ordinances governing the concentration and
amounts of contaminants to be discharged in re-
finery effluent waters. The methods of final-ef-
fluent clarification to be briefly discussed here
jnclude (1) filtration, (2) chemical flocculation,
and (3) biological treatment.

Several different types of filters may be used to
clarify the separator effluent. Hay-type filters,
sand filters, and vacuum precoat filters are the
most common. The selection of any one type de-
pends upon the properties of the effluent stream
and upon economic considerations.

The application of chemical flocculation to the
treatment of separator effluent water is a rela-
tively recent development {Reno et al., 1958;
Castler et al., 1956). Methods of treatment are
either by sedimentation or flotation. In sedimen-
tation processes, chemicals such as copper sul-
fate, activated silica, alum, and lime are added
to the waste-water stream before it is fed to the
clarifiers. The chemicals cause the suspended
particles to agglomerate and settle out. Sedi-
ment is removed from the bottom of the clarifiers
by mechanical scrapers.

e T
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Figure 527. A modern oil-water separator.

Effectiveness of the sedimentation techniques in
the treatment of separator effluents is limited by
the small oil particles contained in the waste
water. These particles, being lighter than water,
do not settle out easily. They may also become
attached to particles of suspended solids and
thereby increase in buoyancy.

In the flotation process a colloidal floc and air
under pressure are injected into the waste water.
The stream is then fed to a clarifier through a
backpressure valve that reduces the pressure to
atmospheric. The dissolved air is suddenly re-
leased in the form of tiny bubbles that carry the

_ particles of oil and coalesced solids to the surface
where they are skimmed off by mechanical flight
scrapers. Of the two, the flotation process has
the potential to become the more efficient and
economical. :

Biological treating units such as trickling filters,
activated-sludge basins, and stabilization basins
have been incorporated into modern refinery

waste disposal systems. By combining adsorp-
tion and oxidation, these units are capable of re-
ducing oil, biological oxygen demand, and pheno-
lic content from effluent water streams. To pre-
vent the release of air pollutants to the atmosphere,
certaia pieces of equipment, such as clarifiers, di-
gesters, and filters, used in biological treatment
should be covered and vented to recovery facili-
ties or incinerated.

Effluent Wastes From Marketing Operations

In the marketing and transportation phase of the
industry, waste water containing oil may be dis-
charged during the cleaning of ballast tanks or
ships, tank trucks, and tank cars. Leaky valves
and connections and flushing of pipelines are
other sources of effluents. The methods used
for treatment and disposal of these waters are
similar to those used in the other phases of the
industry.

THE AIR POLLUTION PROBLEM

From an air pollution standpoint the most objec-
tionable contaminants emitted from liquid waste
streams are hydrocarbons, sulfur compounds,
and other malodorous materials.

The effect of hydrocarbons in smog-producing
reactions is well known, and sulfur compounds
such. as mercaptans and sulfides produce very
objectionable odors, even in high dilution. These
contaminarits can escape to the atmosphere from
openings in the sewer system, open channels,
open vessels, and open oil-water separators.
The large exposed surface area of these sep-
arators requires that effective means of control
be instituted to minimize hydrocarbon losses to
the atmosphere from this source. A method
(Jones and Viles, 1952) developed by personnel
of Humble Oil and Refining Company. may be
used to estimate the hydrocarbon losses from
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open oil-water separators. In the development
of this method the principal variables that in-
fluence evaporation rates were assumed to be
vapor pressure of the oil, and wind velocity.
Experimental work was done to observe and
correlate the effects of these factors on evapo-
ration rates. From the data compiled, a proce-
dure for calculation of losses was devised. Es-
sentially, this procedure is as follows:

1. Obtain a representative sample of oil at the
surface of the separator.

2. Obtain the vapor pressure of the sample and
the average wind velocity at the surface of
the separator.

3, Using Figure 528, find the loss in bbl/day
per‘ftz.

4. Since the data compiled were collected
under ideal conditions, a correlation
factor is needed to correct the value ob
tained from Figure 487 to actual separator
conditions. This correlation factor may
be found by measuring the evaporation rate
of a weighted sample of a constantly boiling
hydrocarbon from a shallow vessel placed
on the surface of the separator. The cor-
relation factor is then calculated as the
ratio of the measured rate of evaporation
to the theoretical evaporation rate from
Figure 487.

5. The product of the theoretical separator loss,
the correlation factor, and the separator area
represents the total evaporation loss.

AIR POLLUTION CONTROL EQUIPMENT

-Hydrocarbons From Oil-Water Separators

The most effective means of control of hydrocar-
bon emissions from oil-water separators has been
the covering of forebays or primary separator
sections. Either fixed roofs or floating roofs
(Brown and Sublett, 1957) are acceptable covers.
Separation and skimming of over 80 percent of
the flotable oil layer is effected in the covered
sections. Thus, only a minimum of oil is con-
tained in the effluent water, which flows under
concrete curtains to the open afterbays or secon-
dary separator sections.

Satisfactory fixed roofs have been constructed

by using wooden beams for structural support,
and asbestos paper as a cover. A mastic-type
sealing compound is then used to seal all joints
and- cracks. Although this form of roof is ac-
ceptable for the control of pollutants, in practice,
making the roof completely vaportight is difficult.
The resultant leakage of air into the vapor space,
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Figure 528. Relationship of laboratory evapora-
tion rates for various wind velocities to vapor
pressure of oil (Jones and Viles, 1852).

and vapor leakage into the atmosphere are not
desirable from standpoints of air pollution or
safety., For example, an explosive mixture re-
sulting from leakage of air from gaging opera-
tions into the vapor space of a fixed-roof sep-
arator at a Los Angeles refinery was ignited by
a static electric spark. The destruction of the
wooden roof has emphasized the need for elim-
ination of the vapor space. Another type of en-
closed separator with a concrete cover and gas
blanketing of the vapor space has proved satis-
factory. The effluent vapors from this system
are vented to vapor recovery.

The explosion hazard as sociated with fixed roofs
is not present in a floating-roof installation. These
roofs are similar to those developed for storage
tanks. The floating covers are built to fit into
bays with about 1 inch of clearance around the
perimeter. Fabric or rubber may be used to seal
the gap between the roof edge and the container
wall, The roofs are fitted with access manholes,
skimmers, gage hatches, and supporting legs.
Floating roofs on refinery separators are shown
in Figures 529 and 530. In operation, skimmed
oil flows through lines from the skimmers to

a covered tank {floating roof or connected to
vapor recovery) or sumpandthen is pumped to de-
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Figure 529. Floating-roof cover on refinery oil-water separator
(Union 0il Company of California, Los Angeles, Calif.).

emulsifying processing facilities. Effluent water
from the oil-water separator is handled in the
manner described previously.

In addition to covering the separator, open sewer
lines that may carry volatile products are con-
verted to closed, underground lines with water-
seal-type vents. Junction boxes are vented to
vapor recovery facilities, and steam is used to
blanket the sewer lines to inhibit formation of ex-
plosive mixtures.

Accurate calculation of the hydrocarbon losses
from separators fitted with fixed roofs is difficult
because of the many variables of weather and re-
finery operations involved. One empirical equa-
tion that has been used with reasonable success
to calculate losses from separators is

AdHm
w —(’m (147)
where
w = weight of hydrocarbon loss, 1b/hr
A = area of covered separator, ft2
d = depth of vapor space, in.

H = vol % of hydrocarbons as hexane in
the vapor space '
m = molecular weight of hexane.

In using this equation, assume that the density of
condensed vapors {CgHjy4) equals 5.5 pounds per
gallon and that the vapor in the separator is dis-
placed once per hour. The vapor concentration is
determined by using the average of readings from
a calibrated explosion meter over the entire cov-
ered area, The assumption that the vapors are
displaced once every hour was determined by us-
ing data from work done by the Pacific Coast Gas
Association (Powell, 1950).

The previously discussed methods of obtaining
emissions from uncovered separators may also
be applied to sections covered with fixed roofs.
Use of more than one method and a number of
tests of one source over a considerable period
of time are necessary to ensure an acceptable
estimate of emissions.

Emissions from separators fitted with floating-
roci covers may be assumed to be almost negli-~
gible. A rough approximation of the magnitude of
the emission can be made by assuming the emis~
sion to be from a floating-roof storage tank of
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Figure 530.
separator (Atlantic-kichfield gil Company, LOS
Angeles, Calif.).

Floating roof on refinery oil-water

equivalent perimeter. The API method of calcu-
lating losses from storage tanks can then be ap-
plied.

Treatment of Refinery Liquid Wastes ot Their Source

Lgolation of certain odor- and chemical-bearing
liquid wastes at their source for treatment be-
fore discharge of the water to the refinery waste-
water-gathering system has been found to be the
most effective and economical means of minimiz-
ing odor and chemicals problems. The unit that
is the source of wastes must be studied for possi-
ble changes in the operating process to reduce
wastes. In some cases the wastes from one pro-
cess may be used to treat the wastes from anoth-
er. Among the principal streams that are treat-
ed separately are oil-in-water emulsions, sulfur-
bearing waters, acid sludge, and spent caustic
wastes.

Oil-in-water emulsions
Oil-in-water emulsions are types of wastes that

can be treated at their source. An oil-in-water
emulsion may be defined as a suspension of oil

particles in water that cannot be divided effec=
tively by means of gravity alone. Gravity-type
oil-water separators are, in most cases, inef-
fective in breaking the emulsions, and means
are provided for separate treatment where the
problem is serious.

Oil-in-water emulsions are objectionable in the
drainage system since the separation of other-
wise recoverable oil may be impaired by their
presence. Moreover, when‘emulsions of this
type are discharged into large bodies of water,
the oil is released by the effect of dilution, and
serious pollution of the water may result.

Formation of emulsions may be minimized by
proper design of process equipment and piping.
Several methods, both physical and chemical,
are available for use in breaking emulsions.
Physical methods of separation include direct
application of heat, distillation, centrifuging,
filtration, and use of an electric field. The ef-
fectiveness of any one method depends upon the
type of emulsion to be treated. Chemical meth-
ods of separation are many and varied. During
recent years the treatment of waste water con-
taining emulsions with coagulating chemicals has
become increasingly popular.

Variations of this form of treatment include air
flotation systems, and biological treatment of the
waste water, as discussed previously in this sec-
tion.

Sulfur-bearing waters

Sulfides and mercaptans are removed from waste-
water streams by various methods, Some refin-
eries strip the waste water in a column with live
steam. The overhead vapors from the column
are condensed and collected in an accumulator
from which the noncondensables flow to sulfur-
recovery facilities or are incinerated. One Los
Angeles refinery removes all the hydrogen sul-
fide and about 90 percent of the ammonia from a
waste stream by this method. Flue gas has also
been used successfully as the stripping medium

in pilot-plant studies. Bottoms water from steam-
stripping towers, being essentially sulfide free,
can then be drained to the refinery's sewer sys=
tem.

Oxidation of sulfides in waste water is also an
effective means of treatment {Smith, 1956a). Air
and heat are used to convert sulfides and mer-
captans to thiosulfates, which are water soluble
and not objectionable. Figure 531 depicts the
flow through an air oxidation unit., Experience
has shown that, under certain conditions, the
thiosulfates may be reduced by the action of
Vibrio desulfuricans bacteria, which results in

e e e i e e ————— £ WO
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Figure 531. Flow diagram of air oxidation process (Smith, 1956b).

the release of hydrogen sulfide. The reduction
takes place only in the absence of dissolved oxy-
gen. Care must be used to keep this water from
entering retention sumps or pits subject to this
bacterial attack,

Chlorine is also used as an oxidizing agent for
sulfides. It is added in stoichiometric quanti-
ties proportional to the waste water. This meth~
od is limited by the high cost of chlorine. Water
containing dissolved sulfur dioxide has been used
to reduce sulfide concentration in waste waters.
For removing small amounts of hydrogen sulfide,
copper sulfate and zinc chloride have been used
to react and precipitate the sulfur as copper and.
zinc sulfides. Hydrogen sulfide may be released,
however, if the water treated with these com-
pounds contacts an acid stream.

Acid sludge

The acid sludge produced from treating opera-
tions varies with the stock treated and the con-
ditions of treatment. The sludge may vary from
a low-viscosity liquid to a solid. Methods of dis-
posal of this sludge are many and varied. Basic-
ally, they may be considered under three general
heading s:

1. Disposal by burning as fuel, or dumping in
the ground or at sea;

2. processing to produce byproducts such as
ammonium sulfate, metallic sulfates, oils,
tars, and other materials;

3. processing for recovery of acid.

The burning of sludge results in discharge to the
atmosphere of excessive amounts of sulfur dioxide
and sulfur trioxide from furnace stacks. This
latter consideration has caused the discontinuance
of this method of disposal in Los Angeles County.
If sludge is-solid or semisolid it may be buried

in specially constructed pits. This method of
disposal, however, creates the problem of acid
leaching out to adjacent waters. Dumping in
designated sea areas eliminates pollution of the
potable waters and atmosphere of populated areas.

Recovery of sulfuric acid from sludge is accom-
plished essentially by either hydrolysis or thermal
decomposition processes. Sulfuric acid sludge is
hydrolyzed by heating it with live steam in the
presence of water. The resulting product sepa-
rates into two distinct phases., One phase con-
sists of diluted sulfuric acid with a small amount
of suspended carbonaceous material, and the sec-
ond phase, of a viscous acid-oil layer. The dilute
sulfuric acid may be (1) neutralized by alkaline
wastes, (2) reacted chemically with ammonia-
water solution to produce ammonium sulfate for
fertilizer, or (3) concentrated by heating.
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Acid sludge may be decomposed by heating to
300°F to form coke, sulfur dioxide, oil, water,
and lighter boiling hydrocarbons as a gas. Sev-
eral commercial decomposition processes have
been developed to use the sulfur present in the
sludge. In all these processes a kiln is used
wherein the sludge is mixed with hot coke or
some other ¢arrying agent and heated to the re-
quired temperature. Another process allows
the acid sludge to be burned directly. The sul-
fur dioxide gases from the reaction are purified
and then either converted to sulfuric acid (con-
tact process) or to free elemental sulfur. The
tail gases emitted from these decomposition pro-
cesses may create an odor nuisance as well as
cause damage to vegetation in the surrounding
area. Because of this, the tail gases may re-
quire additional treatment to preclude the possi-
bility of a nuisance.

Of all the methods discussed, hydrolysis and de-
composition are the most desirable from the
standpoint of air pollution control, though they
are not the most economical when the volume of
acid is small.

Spent caustic wastes

Caustic soda is widely used in the industry to
neutralize acidic materials found in crude oil
and its fractions. It is also used to remove
mercaptans, naphthenates, or cresols from gas,
gasoline, kerosenz, and other product streams.
The resulting spent caustic i5 imbued with the
odors of the compounds that have been extracted
in the various treating processes (American
Petroleum Institute, 1960). This spent caustic
can be a source of intense objectionable odors
and can result in nuisance complaints,

Spent caustic is treated by direct methods or
chemical processing, or both, - Direct methods

of disposal include ponding, dilution, disposal
wells, and sale, Of these, ponding is not recom-
mended, since the pond could become a source

of air pollutants as well as a possible source of
contamination of underground water through seep-
age. Dilution of spent caustic in large bodies of
water is a commonly used method of disposal.
The ocean and brackish waters are the only desir-
able areas for this disposal, to preclude pollu-
tion of fresh-water streams.

Disposal wells afford another convenient means

of disposing of spent-caustic solutions, provided
that local conditions are favorable. The method
consists of pumping the liquid wastes into under-
ground formations that contain saline or nonpotable

water. Spent caustics that contain phenolates,
cresolates, and sulfides may be sold outside the
industry for recovery of these materials. -

In addition to these direct methods of disposal,
chemical processing methods are available.
These include neutralization, combination of
neutralization and oxidation, and combination of
oxidation and chemical separation,

Neutralization of high-alkaline caustic wastes may
be effected by means of spent acids from other re-
finery operations. After neutralization, the result=
ing salt solution may be suitable for discharge into
the refinery's drainage system. In some cases
odorous or oily materials rmay have to be stripped
from the product before discharge. In these in-
stances effluent gases should be incinerated.

Spent-caustic solutions can also be neutralized
with acid gases such as flue gases (Fisher and
Moriarty, 1953). Oxygen contained in the flue
gas tends to oxidize sulfides and mercaptides as
a secondary reaction, Effluent gases from this
reaction must be properly incinerated to prevent
odor problems. The resulting treated solution
contains carbonates, bicarbonates, thiosulfates,
sulfates, and sulfites and may be suitable for dis-
charge into the drainage system,

A recently developed method of treating caustic
wastes involves the addition of pickling acid. The
acid is mixed with caustic and is airblown. The
resulting solution is filtered and naphtha is added
to extract organic acids for recovery. Fumes
from the airblowing operation must be incinerated.
The treated salt solution is discharged to a drain-
age system,

PUMPS

TYPES OF PUMPS

Pumps are used in every phase of the petroleum
industry. Their applications range from the ift-
ing of crude oil from:the depths of a well to the
dispensing of fuel to automobile engines. Leakage
from pumps can cause air pollution wherever or-
ganic liquids are handled.

Pumps are available in a wide variety of models
and sizes. Their capacities may range from
several milliliters per hour, required for some
laboratory pumps, to 3/4 million galions per min-
ute, required of each of the new pumps at Grand
Coulee Dam (Dolman, 1952).

Materials used for construction of pumps are also
many and varied. All the common machinable
metals and alloys, as well as plastics, rubber,

s .
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and ceramics, are used. Pumps may be classi-
fied under two general headings, positive displace-
ment and centrifugal.

Positive-Displacement Pumps

Positive-displacement pumps have as their prin-
ciple of operation the displacement of the liquid
from the pump case by reciprocating action of a
piston or diaphragm, or rotating action of a gear,
cam, vané, or screw. The type of action may be
used to classify positive-displacement pumps as
reciprocating or rotary. Figures 532 and 533 de-

pict some typical pumps of each type., When a
positive-displacement pump is stopped, it serves
as a check valve to prevent backflow.

Centrifugal Pumps

Centrifugal pumps operate by the principle of con-
verting velocity pressure generated by centrifugal
force to static pressure. Velocity is imparted to
the fluid by an impeller that is rotated at high
speeds. The fluid enters at the center of the im-
peller and is discharged from its periphery. Un-
like positive-displacement pumps, when the cen-
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Figure 532. Reciprocating pumps:

(a) Principle of reciprocating pump,

(b) principle of floid-operated diaphragm pump, (c) direct-acting steam
pump, (d) principle of mechanical diaphragm pump, (e) piston-type power
pump, (f) plunger-type power pump with adjustable stroke, (g) inverted,
vertical, tripiex power pump (Dolman, 1852).
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Figure 533. Rotary pumps: (a) External-gear pump, (b) internal-gear
pump, (c) three-lobe pump, (d) four-lobe pump, (e) sliding-vane pump,
(f) single-screw pump, (g) swinging-vane pump, (h) cam or roller pump,
(i) cam-and-piston pump, (j) three-screw pump; (k) shuttle-block pump,
(1) squeegee pump, (m) neoprene vane pump (Doiman, 1952).

trifugal type of pump is stopped there is a tenden-
cy for the fluid to backflow. Figures 534 and 535
depict some centrifugal pumps.

Other specialized types of pumps are available,
but, generally, the pumps used by the petroleum
industry fall into the two categories discussed.

Power for driving the various types of pumps is
usually derived from electric motors, internal
combustion engines, or steam drives. Any one
of these sources may be adapted for use with
either reciprocating pumps or centrifugal pumps.
Most rotary pumps are driven by electric motor.

THE AIR POLLUTION PROBLEM

Operation of various pumps in the handling of fluids
in petroleum process units can result in the re-
lease of air contaminants. Volatile materials such
as hydrocarbons, and odorous substances such as
hydrogen sulfide or mercaptans are of particular
concern because of the large volumes handled. Both

reciprocating and centrifugal pumps can be sources
of emissions,

The opening in the cylinder or fluid end through
which the connecting rod actuates the piston is
the major potential source of contaminants from
a reciprocating pump. In centrifugal pumps,
normally the only potential source of leakage
occurs where the drive shaft passes through the
impeller casing.

AIR POLLUTION CONTROL EQUIPMENT

Several means have been devised for sealing the
annular clearance between pump shafts and fluid
casings to retard leakage. For most refinery ap-
plications, packed seals and mechanical seals are
widely used.

Packed seals can be used on both positive dis-
placement and centrifugal type pumps {Elonka,
1956). Typical packed seals, as shown in Fig-
ure 536, generally consist of a stuffing box filled
with sealing material that encases the moving
shaft. The stuffing box is fitted with a takeup
ring that is made to compress the packing and
cause it to tighten around the shaft. ‘Materials
used for packing vary with the product temper-
ature, physical and chemical properties, pres-
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Figure 534. Centrifugal pumps: (a) Principle of centrifugal-type
pump, (b) radial section through volute-type pump, (c) radial sec- .
tion through diffuser-type pump, (d) open impeller, (e) semi-en-
closed impeller, (f) closed impeller, (g) nonclog impeller (Dolman,

1852).

sure, and pump type. Some commonly used
materials are metal, rubber, leather, wood, and
plastics.

Lubrication of the contact surfaces of the pack-
ing and shaft is effected by a controlled amount
of product leakage to the atmosphere. This fea-
ture makes packing seals undesirable in applica-

tions where the product can cause a pollution prob-
The packing itself may also be saturated with

lem.
some material such as graphite or oil that acts as
a lubricant, In some cases cooling or quench
water is used to cool the impeller shaft and the
bearings.

The second commonly used means of sealing is
the mechanical seal (Elonka, 1956), which was
developed over a period of years as a means of
reducing leakage from pump glands. This type
of seal can be used only in pumps that have a
rotary shaft motion. A simple mechanical seal
consists of two rings with wearing surfaces at
right angles to the shaft (see Figure 537). One
ring is stationary while the other is attached to.
the shaft and rotates with it. A spring and the
action of fluid pressure keep the two faces in

contact. Lubrication of the wearing faces is ef-

fected by a thin film of the material being pumped.

The wearing faces are precisely finished to en-

sure perfectly flat surfaces. Materials used in

the manufacture of the sealing rings are many
and varied, Choice of materials depends pri-
marily upon properties of fluid being pumped,
pressure, temperature, and speed of rotation.
The vast majority of rotating faces in com-
mercial use are made of carbon (Woodhouse,
1957).

Emissions to the atmosphere from centrifugal
pumps may be controlled in some cases by use
of the described mechanical-type seals instead
of packing glands. For cases not feasible to
control with mechanical seals, specialized types
of pumps, such as canned, diaphragm, or elec-
tromagnetic, are required.

The canned-type pump is totally enclosed, with
its motor built as an integral part of the pump.
Seals and attendant leakage are eliminated. The
diaphragm pump is another type devoid of seals.
A diaphragm is actuated hydraulically, me-
chanically, or pneumatically to effect a pump-
ing action. The electromagnetic pumps use an
electric current passed through the fluid, which
is in the presence of a strong magnetic field,

to cause motion.

A pressure-seal-type application can reduce
packing gland leakage. A liquid, less volatile
or dangerous than the product being pumped, is
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Figure 535, Centrifugal pumps: (h) single-stage, double-suction,
split-case, centrifugal pump; (i) close-coupled water pump; (i)
four-stage pump with opposed impellers; (k) turbine-type, deep-well
pump; (1) submersible-motor, deep-wel! pump; (m) close-coupled,
\".;g;;cal, turret-type pump; (n) pump with integral moter (Bolman,

introduced between two sets of packing. This
sealing liquid must also be compatible with the
product. Since this liguid is maintained at a
higher pressure than the product, some of it

PO CASING
I ’, passes by the packing into the product. The
%/////////////% PRODUCT pressure differential prevents the product from
leaking outward, and the sealing liquid pro-
vides the necessary lubricant for the packing
gland. Some of the sealing liquid passes the

™ propuct outer packing (hence the necessity of low vola-

tility), and a means should be provided for its
disposal.

—4 L,\/\/‘ ’
This application is also adaptable to pumps
with mechanical seals. A dual set of mechan-
ical seals similar to the two sets of packing is
Figure 536. Diagram of simple uncooled packed seal. used,

ROTATING OR RECIPROCATING SHAFT
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o SEAL FLANGE Volatile vapors that leak past a main seal may
be vented to vapor recovery by using dual seals
and a shaft housing.

Other than the direct methods used to control
leakage, operational changes may minimize re=-
lease of contaminants to the atmosphere, One
desirable change is to bleed off pump casings
during shutdown to the fuel gas system, vapor
recovery facilities, or a flare instead of di-
rectly to the atmosphere.

SPRING HOLDER SEAT GASKET Results of Study to Measure Losses From Pumps

u-Cup Fﬂﬂl The results of a testing program (Steigerwald,

1958) to establish the magnitude of hydrocarbon

ROTATING FACE

STATIONARY FACE SEAL FLANGE GASKET losses from pumps are presented in Tables 180
through 183. The data collected during the study
Figure 537. Diagram of simpie mechanical seal are presented in Table 182 as a comparison of
(Borg-¥arner Mechanical Seals. A Division of the effectiveness of packing glands and mechani-

Borg-Warner Corporation, Vernon, Calif.). cal seals in preventing leakage.

Table 180. SCOPE AND RESULTS OF FIELD TESTS ON PUMP SEALS (Steigerwald, 1958)

Total Scals inspected Mcasured leaks Small leaks Hydrocarbon loss

Group No. 2| number Hydrocarbon Hydrocarbon jfrom inspected pumps,

of scals | Number | % of total | Number loss, Number loss, ib/day
Ib/day lb/dayb

1 76 14 18 2 60 2 2 62
2 82 13 16 0 0 2 2 2
3 66 12 18 0 0 2 2 2
4 127 21 17 6 294 7 7 301
5 266 59 22 3 19 13 13 32
6 56 16 28 0 0 5 5 5
7 163 34 21 13 262 6 6 268
8 191 35 18 2 23 4 4 27
9 _150 | 19 13 2 _1 2 2 9
Subtotal 1,177 223 19 28 665 43 43 708
10 92 15 16 5 26 2 2 28
11 8 9 12 1 4 2 2 6
12 68 9 13 0 0 3 3 3
13 49 0 0 0 0 0 0 ]
14 179 21 12 12 83 5 5 88
15 103 18 18 0 0 3 3 3
16 100 15 15 6 280 4 4 284
17 175 26 15 6 226 11 11 237
18 _12a| 25 | 20 2 _16 0 0 16
Subtotal 968 138 14 32 635 30 30 665
19 26 6 23 1 23 3 3 26
20 32 5 16 0 0 0 0 0
21 38 8 21 0 0 3 3 3
22 72 13 18 6 383 3 3 386
23 173 29 17 1 71 7 7 78
24 150 17 11 0 0 0 0 0
25 60 7 12 4 19 2 2 21
26 40 7 18 3 82 3 3 85
27 50 | _20 10 o _o0 1 1 l
Subtot 1 641 1i2 17 15 578 22 22 600
Totals 2,786 473 17 75 1,878 95 95 1,973

3Group numbers represent a specific combination of pump type, seal type, pump operation, and product.
A value of 1 pound per day was assigned to a small leak on a pump seal.
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Table 181, EXTRAPOLATION OF FIELD DATA BY SAMPLING GROUPS TO
OBTAIN A TOTAL LOSS FIGURE (Steigerwald, 1958)

1 2 3 4 5 6

“Total Number | Hydrocarbon | Avg hydrocarbon Total
Group No.*| number | of seals loss from loss per inspected hydrocarbon
of seals | inspected | inspected seal, seal, 1b/dayP loss, 1b/day®
jh/day

1 16 14 62 4.4 335
2 82 13 2 0.2 16
3 66 12 2 0.2 13
4 127 21 301 14.4 1,830
5 266 59 32 0.6 160
6 56 16 5 0.3 17
7 163 34 268 7.9 1,289
8 191 35 27 0.8 153
9 150 19 9 0.5 75
10 92 15 28 1.8 166
11 78 9 6 0.7 55
12 68 9 3 0.3 20

13 49 0 -- -- -
14 179 21 88 4.2 752
15 103 18 3 0.2 21
16 100 15 284 18.8 1,880
17 175 26 237 9.1 1,592
18 124 25 16 0.6 74
19 26 6 26 4.3 112
20 32 5 0 0 0
21 38 8 3 0.4 15
22 72 13 386 29.6 2,131
23 173 29 8 2.7 467
24 150 17 0 0 0
25 60 K 21 3.0 180
26 40 7 85 12.1 484
27 50 20 i 0.1 5

Totals 2,786 473 1,973 4,2 11,842 or
6 tons per
day

2Group numbers represent a specific combination of pump type, seal type, pump

operation, and product. .

Divide hydrocarbon loss from inspected seal, 1b/day, by number of seals inspected.
CMultiply average hydrocarbon loss per inspected seal, 1b/day, by total number of

seals.

The slight difference between the average losses
from mechanical seals and packed glands during
handling of highly volatile hydrocarbons needs
further clarification. Pumps in continuous ser-
vice show an average loss per seal of 18. 3 and
7.9 pounds per day for packed and mechanical
seals, respectively, indicating that mechanical
seals are far more efficient when running con-
tinuously. On spare or standby service the
packed seals are more effective, losing 1.8
pounds per day to an average loss of 4.4 pounds
from mechanical seals. Reciprocating pumps
handling light products are the worst offenders
both in incidence of leak and magnitude of av-
erage emissions. The largest leak encountered
in the study, 266 pounds per day, was from a

reciprocating pump on intermittent service han-

dling liquefied petroleum gas.

AIRBLOWN ASPHALT

Asphalt is a dark brown to black, solid or semi-
solid material found in naturally occurring de-
posits or as a colloidal suspension in crude oil.
Analytical methods have been used to separate
asphalt into three component groups--asphaltenes,
resins, and oils. A particular grade of asphalt
may be characterized by the amounts of each
group it contains. The asphaltene particle pro-
vides a nucleus about which the resin forms a
protective coating. The particles are suspended
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Table 182. EFFECTIVENESS OF MECHANICAL AND PACKED SEALS ON
VARIOUS TYPES OF HYDROCARBONS (Steigerwald, 1958)

Type Avg hydrocarbon Leak incidence
F hydrocarbon loss per Small leaks, ?| Large leaks,

Seal type P type being pumped, | inspected seal, % of total % of total

1b Reid 1b/day inspected inspected
Mechanical | Centrifugal > 26 9.2 19 21
5 to 26 0.6 18 5
0.5 to 5 0.3 19 4
Avg >0.5 3.2 19 13
Packed Centrifugal > 26 10.3 20 37
5 to 26 5.9 32 34
0.5 to 5 0.4 12 4
Avg > 0.5 4.8 22 23
Packed Reciprocating 26 16.6 31 42
5 to 26 4.0 24 10
0.5 to 5 0.1 9 0
Avg > 0.5 5.4 20 13

25mall leaks lose less than 1 pound of hydrocarbon per day.

Table 183. AVERAGE PUMP SEAL LOSSES BY
VOLATILITY OF PRODUCT BEING PUMPED
(Steigerwald, 1958)

Total number|Number ¢! P A hyrlrucarhon
Product, .

o of seals seals 1055 per inspected

1b Reid . ,

reported inspecte:« scal, lbh/day

26 765 125 | ti 1

5 to 26 1,216 204 , 2.7

0.5 to 5 805 144 | ¢.3

in an oil that is usually paraffinic but car be
naphthenic or naptheno-aromatic.

RECOVERY OF ASPHALT FROM CRUDE OiL

Over 90 percent of all asphalt used in the United
States is recovered from crude oil (Kirk aad Othmer,
1947). The method of recovery depends upon the
type of crude oil being processed. Practically .
all types of crudes are first distilled at atmospher-
ic pressure to remove the lower boiling materials
such as gasoline, kerosene, diesel oil, and others.
Recovery of nondistillable asphalt from selected
topped crudes may then be accomplished by vac-
uum distillation, solvent extraction, or a com-
bination of both.

A typical vacuum distillation unit is depicted in
Figure 538. A unit such as this uses a heater,
preflash tower, vacuum vessel, and appurtenances
for processing topped crudes. Distillation of topped
crude under a high vacuum removes oils and wax

as disti'late products, leaving the asphalt as a
residue. The amount of oil distilled from the resi-
due asphalt controls its properties; the more oil
and resin or oily constituents removed by dis-

tillation, the harder the residual asphalt. Resid-
ual asphalt can be used as paving material or it
can be further refined by airblowing.

Asphalt is also produced as a secondary product
in solvent extraction processes. As shown in
Figure 539, this process-separates the asphalt
from remaining constituents of topped crudes by
differences in chemical types and molecular
weights rather than boiling points as in vacuum
distillation processes. The solvent, usually a
light hydrocarbon such as propane or butane, is
used to remove selectively a gas-oil fraction
from the asphalt residue.

AIRBLOWING OF ASPHALY

Economical removal of the gas-oil fraction from
topped crude, leaving an asphaltic product, is
occasionally feasible only by airblowing the crude
residue at elevated temperatures. Excellent pav-
ing-grade asphalts are produced by this method.
Another important application of airblowing is in
the production of high-quality specialty asphalts
for roofing, pipe coating, and similar uses.
These asphalts require certain plastic proper-
ties imparted by reacting with air.

Airblowing is mainly a dehydrogenation process.
Oxygen in the air combines with hydrogen in the
oil molecules to form water vapor. The pro-
gressive loss of hydrogen results in polymeriza-
tion or condensation of the asphalt to the desired
consistency. Blowing is usually carried out batch-
wise in horizontal or vertical stills equipped to
blanket the charge with steam, but it may also be
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Figure 538. Flow diagram of vacuum distitlation

unit.

done continuously. Vertical stills are more ef-
ficient because of longer air-asphalt contact time.
The asphalt is heated by an internal fire-tube
heater or by circulating the charge material
through a separate tubestill. A temperature of
300° to 400°F is reached before the airblow-
ing cycle begins. Air quantities used range from
5 to 20 cubic feet per minute per ton of charge
(Barth, 1958). Little additional heat is then
needed since the reaction becomes exothermic.
Figure 540 depicts the flow through a typical
batch-type unit.

THE AIR POLLUTION PROBLEM

Effluents from the asphalt airblowing stills in-
clude oxygen, nitrogen and its compounds, water
vapor, sulfur compounds, and hydrocarbons as
gases, odors, and aerosols. Discharge of these
vapors directly to the atmosphere is objectionable
from an air pollution control standpoint. The dis-
agreeable odors and airborne oil particles en-
trained with the gases result in nuisance com-
plaints. Disposal methods are available that can
satisfactorily eliminate the pollution potential of
the effluents.

AIR POLLUTION CONTROL EQUIPMENT

Control of effluent vapors from asphalt airblow-
ing stills has been accomplished by scrubbing and
incineration, singly or in combination. Most in-
stallations use the combination. Potential air
pollutants can be removed from asphalt still gas-
es by scrubbing alone. One effective control in-
stallation in Los Angeles County uses sea water
for one-pass scrubbing of effluent gases from four
asphalt airblowing stills. The fume scrubber is
a standard venturi-type unit., The scrubber ef-
fluent is discharged into an enclosed oil-water
gravity-type separator for recovery of oil, which
is reprocessed or used as fuel. Effluent gases
from the covered separator that collects the
scrubber discharge are not incinerated but flow

through a steam-blanketed stack to the atmosphere.

The system, shown in Figure 541, removes es-
sentially all potential air pollutants from the ef-
fluent stream. A limiting factor in the applica-
tion of this method of control is the water supply.
Since a high water-to-vapor scrubbing ratio

(100 gallons/1, 000 scf) is necessary, an economs=
ical source of water should be readily available

to supply the large volume required for one-pass
operation.
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Figure 541, Flow diagram of scrubbing system.

Where removal of most of the potential air pollu-
tants is not feasible by scrubbing alone, the non-
condensables must be incinerated, Essential to
effective incineration is direct-flame contact
with the vapors, a minimum retention time of
0.3 second in the combustion zone, and mainte-
nance of a minimum combustion chamber tem-
perature of 1,200°F. Other desirable features
include turbulent mixing of vapors in the combus-
tion chamber, tangential flame entry, and ade-
quate instrumentation, Primary condensation

of any steam or water vapor allows use of small-
er incinerators and results in fuel savings. Some
of the heat released by incineration of the waste
gases may be recovered and used for generation
of steam. General design features of waste

gas afterburners and boilers are discussed else-
where in this manual. '

Catalytic fume burners are not recommended
for the disposal of vapors from the airblowing
of asphalt because the matter entrained in the
vapors would quickly clog the catalyst bed.

VALVES

TYPES OF VALVES )

Valves are employed in every phase of the petro-’

leum industry where petroleum or petroleum
product is transferred by piping from one point
to another. There is a great variety of valve
designs, but, generally, valves may be clasgsi-
fied by their application as flow control or pres-
sure relief.

Manval and Automatic Flow Control Valves

Manual and automatic flow control valves are
used to regulate the flow of fluids through a sys-
tem. Included under this classification are the
gate, giobe, angle, plug, and other common
types of valves. These valves are subject to
product leakage from the valve stem as a result
of the action of vibration, heat, pressure, cor-
rosion,or improper maintenance of valve stem
packing (see Figure 542).

T s s 7k B aren A8 A% oo 3¢ e Sewes o me

T T i RO T ST

pom Ay i ahpert i




690 PETROLEUM EQUIPMENT

GUIDE BUSHING

SEAT RiNGS g

GUIDE BUSNING

Figure 542. Typical valve showing various parts
and potential source of hydrocarbon emission
from the vaive stem (Mason-Neilan, Division of
Worthington Corporation, Norwood, Mass.).

Pressure Relief and Safety Valvas

Pressure relief and safety valves are used to
prevent excessive pressures from developing

in process vessels and lines. The relief valve
designates liquid flow while the safety valve
designates vapor or gas {low. These valves
may develop leaks because of the corrosive
action of the product or because of failure of the
valve to reseat properly after blowoff. Rup-
ture discs are sometimes used in place of
pressure relief valves. Their use is restricted
to equ.pment in batch-type processes. The
maintenance and operational dilficulties caused
by the inaccessibility of many pressure relief
valves may allow leakage to become substantial.

THE AIR POLLUTION PROBLEM

Quantitative data as to actual extent of emissions
to the atmosphere from this leakage are some-
what limited, but available data indicate that
emissions vary over a wide range. Liquid leak-
age results in emissions [rom evaporation of lig~
uid while gas leakage results in immediate emis~
sions. The results of a test program (Kanter et
al., 1958) conducted to establish the magnitude
of hydrocarbon emissions from valves are pre-
sented in Table 184. In this program, valves in
a group of 11 Los Angeles County refineries
were surveyed. Both liquid and gaseous leaks
were measured or estimated in the survey. Leaks
were detected by visible means for liquid leaks,
and by spraying with soap solution followed by
inspection for bubble formation for gaseous leaks.
Liquid leakage rates were measured by collect-
ing liquid over a period of time. Flow rates for
gaseous leaks were determined by enclosing the
valve in polyethylene bags and venting the vapor
through a wet test meter.

Apparent from Table 184 is that 70 percent of the
measurable leaks in gas service average less
than 9.1 pounds of emissions per day. In liquid
service, 90 percent of the measurable leaks ays.
erage less than 8.8 pounds of emissions per day.
Consideration of remaining data shows that the
frequency distribution of leaks is extremely
skewed.

An example of low leakage rate was observed
in one refinery where over 3,500 valves han-
dling a wide variety of products under all con-
ditions of temperature and pressure were in-
spected. The average leak rate was 0.038
pound per day per valve.

Examples of high leakage rates were found in

two refineries where all 440 valves inspected in
gas service had an average leak rate of 1, 6 pounds
per day per valve, and in one other refinery where
all 1, 335 valves inspected in liquid service had an
average leak rate of 0.32 pound per day per valve.

These examples illustrate the wide divergence
from the average valve leak rate that can exist
among refineries in a single area, all subject

to the same obligations to restrict their emis -
sions to the greatest possible extent. These re-
sults could not be applied, even approximately,
to refineries in other areas where standards
may be different.

These testing programs were also conducted on
pressure relief valves in the same oil refineries.

The results of this phase of the program are shown

in Table 185. As can be seen from the data, re-
lief valves on operational units have a slightly
lower leak incidence but a much higher average
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Table 184. LEAKAGE OF HYDROCARBONS FROM VALVES OF
REFINERIES IN LOS ANGELES COUNTY (Kanter et al,, 1958)

Valves in Valves in )
. s s . All valves
gaseous service |liquid service
Total number of valves 31, 000 101, 000 132,000
Number of valves inspected 2,258 7,263 9,521
Small leaks® 256 768 1,024
Large leaks 118 79 197
Leaks measured 24 76 100
Total measured leakage, 1b/day 218 670 888
Average leak rate--large '
leaks, lb/day 9.1 8.8 8.9
Total from all large leaks,
1b/day 1,072 708 1,780
Estimated total from small
leaks, 1b/day® 26 77 103
Total estimated leakage from
all inspected valves, 1b/day 1,098 785 1,883
Average leakage per inspected
valve, lb/day 0. 486 0.108 0.198

agmall leaks are defined as leaks too small to be measured--those estimated to

be less than 0.2 pound per day.

b1 .ecaks too small to be measured were

estimated to have an average rate of 0.1

pound per day. This is one-half the smallest measured rate.

leakage rate than valves on pressure storage ves~-
sels do. Moreover, dual-type valves (two single
relief valves connected in paraliel to ensure ef-
fective release of abnormal pressures) on pres-
sure storage vessels have a greater leak inci-
dence and a larger average leakage rate than
single-type valves on similar service do. For
valves on operational vessels, the average for
all refineries was 2.9 pounds of hydrocarbons
per day per valve. Average losses from spe-
cific refineries, however, varied from 0to 9.1
pounds per day per valve. Under diverse con-
ditions of operation and maintenance, emissions
can vary greatly from one refinery to another.

Table 185. LEAKAGE OF HYDROCARBONS
FROM PRESSURE RELIEF AND SAFETY
VALVES OF REFINERIES IN L.OS ANGELES
COUNTY (Kanter et al., 1958)

Jalve Number | Number | Hydrocarbon { Emission per Total
group of valves |of valves| emission, tested valve, |emission,
reported | tested Ib/day \b/day® tb/day
Operational
units 1,113 165 480 2. 90 3,230
Pressure
storage:
Single 237 174 56 0.32 80
Dual 115 79 98 1.24 140
EDivide hydrocarbon emissions, 1b/day, by number of valves tésted.

bMultiply number of valves reported by emission per tested valve, 1b/day.

Totol Emissions From Valves

Since emissions to the atmosphere from valves
are highly dependent upon maintenance, total
valve losses cannot be estimated accurately.
From the testing program mentioned, emis-
sions from valves averaged 12 percent of the
total emissions from all refineries in Los An-
geles County. As of 1963, hydrocarbon emis-
sions from valves in Los Angeles County refin-
‘eries are estimated at about 11 tons per day. As
stated previously, however, these emissions
varied greatly from one refinery to another, and
average percentage figures should not be used in
predicting emissions from a given refinery.

AIR POLLUTION CONTROL EQUIPMENT

Obviously, the controlling factor in preventing
leakage from valves is maintenance. An effec-

tive schedule of inspection and preventive mainte-

nance can keep leakage at a minimum. Minor
leaks that might not be detected by casual obser-
vation can be located and eliminated by thorough
periodic inspections. New blind designs are
being incorporated in refinery pipeline systems
in conjunction with flow valves (see Figure 543).
This is done to ensure against normal leakage
that can occur through a closed valve,

PO TE ST GPERECES




692 PETROLEUM EQUIPMENT

Figure 543. Bar-operated line blind that is ideal
for installation ahead of shutoff vaive to ensure
against valve leaks and vapor emissions from valive
stem (Hamer 0il Tool Co. Catalog Sheet., Long
Beach, Calif.).

Emissions from pressure relief valves are
sometimes controlled by manifolding to a

vapor control device, such as described in
Chapter 5. Normally, these disposal systems
are not designed exclusively to collect vapors
from relief valves. The primary function of
the system may be to collect off gases produced
by a process unit, or vapors released from
storage facilities, or those released by depres-
surizing equipment during shutdowns.

Another method of control to prevent excessive
emissions from relief valve leakage is the use of
a dual valve with a shutoff interlock. A means
of removing and repairing a detected leaking
valve without waiting until the equipment can be
taken out of service is thus provided. The prac-
tice of allowing a valve with a minor leak to
continue in service without correction until the
operating unit is shut down for general inspection
is common in many refineries. This practice
shoule: be kept at a minimum.

A rupturc disc is sometimes used to protect
against relief valve leakage caused by excessive

corrosion. The disc is installed on the pressure
side of the relief valve. The space between the
rupture disc and relief valve seat should be pro-
tected from pinhole leaks that could occur in

the rupture disc. Otherwise, an incorrect pres-~
sure differential could keep the rupture disc from
breaking at its specified pressure. This, in
turn, could keep the relief valve from opening,
and excessive pressures could occur in the oper-
ating equipment.

One method of ensuring against these small leaks
in rupture discs is to instail a pressure gage and
a small manually operated purge valve in the
system. The pressure gage would easily detect
any pressure increases from even small leaks.
In the event of leaks, the vessel would be re-
moved from service, and the faulty rupture disc
would then be replaced. A second, but less
satisfactory method from an air pollution con-
trol standpoint, is to maintain the space at at-
mospheric pressure by installing a small vent
opening. Any minute leaks would then be vent-
ed directly to the atmosphere, and a pressure
increase could not exist.

COOLING TOWERS

Cooling towers are major items of heat-transfer
equipment in the petroleum and petrochemical
industries. They arc designed to cool, by air,
the water used to cool industrial processes.
Cooling of the water by air involves evapora-
tion of a portion of the water into the air so that
the remaining water is cooled by furnishing heat
for this evaporation process. This cooled water
is used, in turn, in heat-exchange equipment to
cool other liquids and gases.

There are two styles of cooling towers--clas sified

by means of air movement. In one style, the
earliest developed, the prevailing wind is used
for the required ventilation. It has become known
as the natural draft or atmospheric type of cool-
ing tower (see Figure 544).

The other type of cooling tower employs fans to
move the air and is known as a mechanical-draft
cooling tower (see Figure 545). Fan location is
used in further classifying the tower as a forced-
or induced-draft cooling tower. The forced-draft
cooling tower has not proved very satisfactory,
since it has a tendency to recirculate its hot,
huwmid exhaust vapor in place of fresh air, and

its air distribution is poor because of the 90-degree

turn the air must make at high velocity (Kern,
1950).

Spray ponds, once used extensively for cooling

of water, have been abandoned in favor of cool-
ing towers. Spray ponds are limited in their per-
formance and suffer from high water losses.
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Figure 544, Natural-draft cooling tower (Shell Oi! Company,
Los Angeles, Calif.).

CHARACTERISTICS OF COOLING TOWER OPERATION

Petroleum and petrochemical operations require
large quantities of water for temperature con-
trol purposes. The water is normally circulated
by pump between the heat-exchange equipment and
the cooling tower. The hydrocarbon stream to
be cooled can also be circulated directly through
the cooling tower, Approximately 1,000 Btu is
.required to evaporate 1 pound of water. This

is equivalent to cooling 100 pounds of water 10°F.,
Thus, 1 percent of water is lost through evapora-
tion for every 10 degrees of cooling accomplished.
Additionally, a spray loss amounting to no more
than 0.2 percent must be included for properly
designed atmospheric or mechanical-draft
towers. Water cannot be cooled below the wet
bulb temperature of the air entering the cooling
tower,

The performance of an individual cooling tower
is governed by the ratio of weights of air to water
and the time of contact between the air and water.
Commercially, the variation in the ratio of air
to water is first obtained by maintaining the air
velocity constant at approximately 350 fpm per
square foot of active tower area and by varying

ptnmep STt B 4

the.water concentration (Perry, 1950). A secon-
dary operation calls for varying the air velocity to
meetthe cooling requirements. The contact time
between water and air is a function of the time re-
quired for the water to be discharged from distribu-
tion nozzles and fall through a series of gridded decks
tothe tower bagin. Thus, the contact time is gov-
erned by the tower height. If the contact timeis in-
sufficient, the ratioof air to water cannot be increased
to obtain the required cooling. A minimum cooling
tower height mustbe maintained. Where a wide ap-
proach (difference between the cold water tempera-
ture and the wet bulbtemperature of the inlet air) of
15° to 20°F tothe wetbulbtemperature, and a

25° to 35°F cooling range (difference between the
temperature of the hot and cold water) are required,

a relatively low cooling tower is adequate (15 to 20
feet). Other ranges are shown in Table 186.

The cooling performance of a tower with a set
depth of packing varies with water concentration.
Maximum contact and performance have been
found with a water concentration of 2 to 3 gallons
of water per minute per square foot of ground
area. The problem in designing a cooling tower
is one of determining the proper concentration
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Figure 545. Cutaway view of a mechanical-draft
cooling tower (Fluor Products Company, Inc.,
Santa Rosa, Calif.).

of water to obtain desired cooling. A high cool-
ing tower must be used if the water concentration
is less than 1.6 gallons per square foot, Low
towers can be employed if the water concentration
exceeds 3 gallons per square foot. If the required
water concentration is known, the tower area can
be found by dividing the water circulation rate
{gallons per minute) by the water concentration
(gallons per minute per square foot).

The required tower size (Perry, 1950) is thereby
dependent upon: (1) cooling range (hot water
minus cold water temperature); (2) approach
(cold water minus wet bulb temperature); (3)
amount of liquid to be cooled; (4) wet bulb tem-
perature; (5) air velocity through cell; and (6)
tower height.

Various technical articles are available by which
a cooling tower may be designed for a specific
duty (Natural Gas Processors Suppliers Associa-
tion, 1957; Perry, 1950).

THE AIR POLLUTION PROBLEM

Cooling towers used in conjunction with equip-
ment processing hydrocarbons and their deriva-
tives are potential sources of air pollution be-
cause of possible contamination of the water. The
cooling water may be contaminated by leaks from
the process side of heat-exchange equipment, di-

Table 186. COOLING TOWER APPROACH
.VERSUS WATER TRAVEL

Approach, °*F|Cooling range, °F | Water travel, ft
15 to 20 25 to 35 15 to 20
8 to 15 25 to 35 25 to 30
4to8 25 to 35 35 to 40
42 \ - 35 to 40

aDesigning cooling towers with an approach of less
than 4°F is not economical,

rect and intentional contact with process streams,
or improper process unit operation, As this
water is passed over a cooling tower, volatile
hydrocarbons and other materials accumulated

in the water readily evaporate into the atmosphere.
When odorous materials are contained in the water,

a nuisance is easily created,

Inhibitors or additives used in the cooling tower
to combat corrosion or algae growth should not
cause any significant air pollution emissions, nor
should the water-softening facilities common to
many cooling towers be a problem.

A survey (Bonamassa and Yee, 1957) of the oil
refineries operating in Los Angeles County in-
dicated hydrocarbon concentrations of approxi-
mately 20 percent in the cooling water of the
cooling towers {see Table 187). Cooling towers
in which hydrocarbons were detected were tested
quantitatively. Three tons of hydrocarbons per
day were found being discharged into the atmo-

sphere from these sources. Individually the emis-

sions varied from 4 to 1,500 pounds per cooling

Table 187. HYDROCARBON EMISSIONS FROM
COOLING TOWERS (Bonamassa and Yee, 1957)

Coolihg Water circulation, | Hydrocarbon emissions,
tower gpm Ib/day (as hexane)

1 14, 000 1,570

2 3,120 . 1,400

3 28,000 700

4 3, 000 616

5 1, 000 532

6 14, 000 318

7 14, 000 289

8 12,000 239

9 18,000 186

10 1, 000 147
11 15, 000 129
12 10, 000 36
13 8, 000 22
14 1,800 10
15 700 10
16 1, 000 3
17 400 +4
Total 6,236
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tower per day. A study of operating variables
failed to indicate any correlation among the emis-
sions, the size of the tower, the water circulation
rate, or the particular duty of the tower. Apparent-
1y the amount of hydrocarbon present in the water
depends upon the state of maintenance of the pro-
cess equipment, particularly the heat-exchange
equipment, condensers, and coolers through which
the water is circulated. The quantity and type of
emissions should be determined by observing and
testing each tower individually.

One survey of the cooling towers in a designated
area is felt to be representative of the emissions
under existing operating conditions and mainte-
nance practices. The actual emission rate of any
specific tower and the degree of odor nuisance
vary as leaks develop, are detected, and repaired,
Overall leakage probably remains constant in view
of the large number of potential sources that can
cause new leaks even as the old ones are repaired.

AIR POLLUTION CONTROL EQUIPMENT

The control of hydrocarbon discharges or of re-
lease of odoriferous compounds at the cooling
tower is not practical. Instead, the control must
be at the point where the contaminant enters the
cooling water, Hence, systems of detection of
contamination in water, proper maintenance,
speedy repair of leakage from process equipment
and piping, and good housekeeping programs in.
general are necessary to minimize the air pollu-
tion occurring at the cooling tower. Water that
has been used in contact with process streams,
as in direct-contact or barometric-type con-
densers, should be eliminated from the cooling
tower if this air pollution source is to be com-
pletely controlled. Greater use of fin-fan cool-
ers can also control the emissions indirectly by
reducing or eliminating the volume of cooling
water to be aerated in a cooling tower.

MISCELLANEOUS SOURCES

A number of relatively minor sources of air pollu-
tion contribute approximately 10 percent of the
total hydrocarbon emissions to the atmosphere
from refineries (Kanter et al,, 1958), Six of
these sources, not discussed elsewhere in this
manual, include airblowing, blind changing, equip-
ment turnaround, tank cleaning, use of vacuum
jets, and use of compressor engine exhausts.

ARBLOWING

In certain refining operations, air is blown through
heavier petroleum fractions (see Figure 546) for
the purpose of removing moisture or agitating the

product. The exhaust air is saturated with hydro-
carbon vapors or aerosols, and, if discharged
directly to the atmosphere, is a source of air
pollution. The extent of airblowing operations
and the magnitude of emisaions from the equip-
ment vary widely among refineries. Results of
a survey (Kanter et al., 1958) on the magnitude
of hydrocarbon emissions from airblowing of
petroleum fractions in Los Angeles County re-
fineries, presented in Table 188, show emis-
sions of less than 1/2 ton per day. These re-
fineries operated a total of seven airblowing
units with a combined capacity of 25,000 barrels
per day and a total airflow rate of 3, 300 cfm,
The tabulated results do not include airblowing
of asphalt, which has been discussed elsewhere
in this chapter. Emissions from airblowing for
removal of moisture, or for agitation of products
may be minimized by replacing the airblowing
equipment with mechanical agitators and incin-
erating the exhaust vapors.
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Figure 546. Improvement of p'roduct color by means
of air agitation, a source of air poilution.

SLIND CHANGING

Refinery operations frequently require that a
pipeline be used for more than one product. To
prevent leakage and contamination of a particular
product, other product-connecting and product-
feeding lines are customarily '"blinded off.'' "Blind-
ing a line" is the term commonly used for the in-
serting of a flat, solid plate between two flanges
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of a pipe connection. Blinds are normally used A major phase of the maintenance program is
instead of valves to isolate pipelines because a the shutting down and starting up of the various
more positive shutoff can be secured and because units, usually called a turnaround.
of generally lower costs. In opening, or break- ) ) )
ing, the flanged connection to insert the blind, The procedure for shutting down a unit varies
o : . c s from refinery to refinery and between units in
spillage of product in that portion of the pipeline can . I L shutdowns a tfected
occur. The magnitude of emissions tothe atmosphere : r:.‘ m:r);‘. tt'n gex;fex;; J hs ‘: ) tget}fe e i':
from this spillage is a function of the vapor pressure y lirst shutling o e heat supply un

of the product, type of ground surface beneath the and circvlating the feed stock through the unit
blind, distance tothenearestdrain, and amount of
liquid holdup in the pipeline.

Table 188. HYDROCARBON EMISSIONS

FROM AIRBLOWING OPERATIONS OF
. REFINERIES IN LLOS ANGELES
COUNTY (Kanter et al., 1958)

Numnber of units Emissions, 1b/day
Refinery A (one unit) 905
Refinery B (five units) 35
Refinery C (one unit) 2

Total 942

Results of a survey (Kanter et al., 1958) conducted
to evaluate the emissions from blind changing in
Los Angeles County refineries indicated that a
wide variation exists in the number of pipeline
service and corresponding blind changes and in

the amount of spillage for different refineries

of comparable size. The average emission from
blind changing in Los Angeles County refineries
was calculated at 0,1 ton per day.

Emissions to the atmosphere from the changing
of blinds can be minimized by pumping out the
pipeliné and then flushing the line with water be-
fore breaking the flange. In the case of highly
volatile hydrocarbons, a slight vacuum may be
maintained in the line. Spillage resulting from
blind changing can also be minimized by use of
"line'' blinds in place of the common "slip' blinds.
Line blinds, depicted in Figure 547, do not re-
quire a complete break of the flange connection
during the changing operation, These blinds use
a gear mechanism to release the spectacle plate
without actually breaking the line. Combinations
of this device in conjunction with gate valves are
available to allow changing of the liné blind while
the line is under pressure from either direction.
The line blind is finding many applications in
new process equipment where frequent changes
in services of pipelines occur. Data compiled
during the survey (Kanter et al., 1958) indicate
that slip blinds spilled an average of 5 gallons
per change compared with line blind valves,
which spilled an average of 2 gallons per change.

EQUIPMENT TURNAROUNDS

Periodic maintenance and repair of process Figure 547. Typical line blind valve (Hamer 0il
equipment are essential to refinery operations. Tool Company, Long Beach, Calif.).
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as it cools, Gas oil may be blended into the
feedstock to prevent its solidification as the
temperature drops. The cooled liquid is then
pumped out to storage facilities, leaving hydro-
carbon vapors in the unit. The pressure of the

" hydrocarbon vapors in the unit is reduced by
evacuating the various items of equipment to a
disposal facility suchas a fuel gas system, a va-
por recoverysystem, aflare, or in some cases,
to the atmosphere. Discharging vapors to the
atmosphere is undesirable from the standpoint
of air pollution control since as much as sev-
eral thousand pounds of hydrocarbons or other
objectionable vapors or odors can be released
during a shutdown. The residual hydrocarbons
remaining in the unit after depressuring are
purged out with steam, nitrogen, or water. Any
purged gases should be discharged to the afore-
mentioned disposal facilities. Condensed steam
and water effluent that may be contaminated with
‘hydrocarbons or malodorous compounds during
purging should be handled by closed water-treat-
ing systems,

Results of a survey (Kanter et al., 1958) to de-
termine the magnitude of hydrocarbon emissions
from turnarounds in Los Angeles County refin-
eries showed emissions totaling a maximum of
254 tons per year or 0.7 ton per day. Sixty per-
cent of all shutdowns were found to occur on
Sunday and Monday. On this basis, the 2-day
emissions totaled 3 tons or 152 tons per year.

TANK CLEANING

Storage tanks in a refinery require periodic clean-
ing and repair. For this purpose, the contents of
a tank are removed and residual vapors are purged
until the tank is considered safe for entry by main-
tenance crews, Purging can result in the release
of hydrocarbon or odorous material in the form

of vapors to the atmosphere. These vapors should
be discharged to a vapor recovery system or flare.

Data obtained from the refinery survey (Kanter
et al., 1958) were used to estimate the quantity
of hydrocarbon emiskions to the atmosphere
from tank cleaning as follows:

1. When the vapors in the tank were released
to a recovery or disposal system before the
tank was opened for maintenance, the emis-
sions were considered negligible.

2. When the stored liquid was transferred to
another tank, and the emptied vessel was
opened for maintenance without purging to
a recovery or disposal system, the emis-
sion to the atmosphere was considered to be
equal to the weight of hydrocarbon vapor
occupying the total volume of the tank at the

reported pressure. (For floating-roof tanks,
the minimum volume was used.)

3. For vapor storage, when tanks were not purged
to a recovety or disposal system, estimates
were made as described in item 2,

The calculated emissions, for an average of 174
tanks cleaned per year, were 1.3 tons of hydro-
carbons per day.

Steam cleaning of railroad tank cars used for
transporting petroleum products can similarly be
a source of emissions if the injected steam and
entrained hydrocarbons are vented directly to
the atmosphere. Although no quantitative data
are available to determine the magnitude of these
emissions, the main objection to this type of
operation is its nuisance-causing potential. Some
measure of control of these emissions may be
effected by condensing the effluent steam and
vapors. The condensate can then be separated
into hydrocarbon and water phases for recovery.
Noncondensable vapors should be incinerated.

USE OF VACUUM JETS

Certain refinery processes are conducted under
vacuum conditions, The most practical way to
create and maintain the necessary vacuum is to
use steam-actuated vacuum jets, singly or in
series (see Figure 548). Barometric condensers
are often used after each vacuum jet to remove

" steam and condensable hydrocarbons.

The effluent stream from the last stage of the
vacuum jet system should be controlled by con-
densing as much of the effluent as is practical
and incinerating the noncondensables in an after-
burner or heater firebox. Condensate should be
handled by a closed treating system for recovery
of hydrocarbons. The hot well that receives
water from the barometric condensers may also
have to be enclosed and any off gases incinerated,

USE OF COMPRESSOR ENGINE EXHAUSTS,

Refining operations require the use of various
types of gas compressors. These machines are
often driven by internal combustion engines that
exhaust air contaminants to the atmosphere. Al-
though these engines are normally fired with nat-
ural gas and operate at essentially constant loads,
some unburned fuel passes through the engine.
Oxides of nitrogen are also found in the exhaust
gases as a result of nitrogen fixation in the com-
bustion cylinders. '

Results of a survey (Kanter et al., 1958) con-
ducted to determine the contribution made by
compressor engine exhausts to overall emis-
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gions from refineries are presented in Table - Table 189. EMISSIONS FROM COMPRESSOR
189. The composition of the hydrocarbons shown INTERNAL COMBUSTION ENGINES IN
was generally over 90 percent methane. LOS ANGELES COUNTY REFINERIES

(Kanter et al., 1958)

in addition to the compounds listed in the table,

aldehydes and ammonia may also be present in :““:‘”_' °; °°m‘:"°"‘f’: engines o ;32
< X uel gas burned, mc .
engine exhausts. ) Test dat.a on these components Exhaust gas, scfm 165, 000
were, however, inconclusive. Contaminants in cxhaust gases, ppm ’
Hydrocarbons 1,240
Oxidces of nitrogen, as NOZ 315
.
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FUME 1HCINERATOR

WATER AND COMDENSABLES

’

Figure 548. Schematic Qawing of a two-stage,
steam-actuated vacuum jed,






