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that benzene presents a significant risk to human health as a result
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is therefore a hazardous air poliutant. Affected facilities are
located in 23 states and territories of the Unites States, but over
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METRIC CONVERSION TABLE

In keeping with U.S. Environmental Protection Agency policy, metric
units are used in this report. These units may be converted to common
English units by using the following conversion factors:

Equivalent

Metric Unit x Conversion = English Unit
LENGTH
meter (m) 39.37 in
meter (m) 3.28 ft
VOLUME
liters (1) 0.2642 U.S. gal
cubic meters m3 264.2 U.S. gal
cubic meters md 6.29 Barrels (bbl)
WEIGHT
kilogram (102 grams) (kg) 2.2046 1b
megagram (106 grams) (Mg) 1.1023 tons
gigagram (10° grams) (Gg) 1,102.3 tons
ENERGY
gigajoule (GJ) 9.48 x 10° Btu
gigajoule (GJ) 2.78 x 104 KWh
joule per gram (J/g) 0.430 Btu/1b
VOLUMETRIC FLOW
normal cubic meters per 2,242 SCFM (ft3/min)

second (Nm3/sec)

kilopascal (kPa) 9.9 x 10-3 atm
kilopascal (kPa) 0.145 psi
SPEED
meters per second (m/s) 196. 86 ft/min
TEMPERATURE

Temperature in degrees Celcius (°C) can be converted to temperature
in degrees Farenheit (°F) by the following formula:

(°F) = 9/5 (°C) + 32

XVii



1. SUMMARY

1.1 REGULATORY ALTERNATIVES

On June 8, 1977, the Administrator of the U.S. Environmental Protection
Agency determined that benzene presents a significant carcinogenic risk
to human health as a result of benzene emissions from one or more stationary
source categories and is, therefore, a hazardous air pollutant. Based on
Section 112 of the Clean Air Act as amended August 1977, the Administrator
is mandated to propose a standard which ". . .provides an ample margin of
safety to protect the public health from such hazardous air pollutant."
Because benzene storage has been determined to be a significant source of
benzene emissions, the Administrator has evaluated several regulatory
alternatives for reducing benzene emissions from this source. These
regulatory alternatives were developed from the control options listed
in Tables 1-1 and 1-2 for existing and new benzene storage tanks,
respectively.

1.2 ENVIRONMENTAL IMPACT

The control options in Tables 1-1 and 1-2 are listed in order of
increasing emissions control potential. The only options having any
adverse environmental impacts are those which would require that each
tank be fitted to a vapor control system (Options IV and V for new and
existing tanks, respectively). Tables 1-3 and 1-4 present an assessment
of the environmental, energy, and economic impacts for each of the control
options for existing and new sources, respectively. As shown in these two
tables, the most attractive options from an environmental viewpoint are
Option V for new tanks and Option VI for existing tanks. These two
options would prohibit the storage of benzene in new tanks and existing
tanks, respectively.
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Table 1-1. CONTROL OPTIONS FOR EXISTING BENZENE STORAGE TANKS

o Option 0 - Baseline (no additional standard)

¢ Option I - Each fixed-roof storage tank must be retrofitted with an
internal floating roof (contact or noncontact).

e Option II - Each fixed-roof storage tank must be retrofitted with an
internal floating roof (contact or noncontact); each external
floating-roof storage tank must be retrofitted with a secondary
seal.

° O?tion III - Each fixed-roof, external floating-roof, and internal
oating-roof storage tank must be converted to a contact internal
floating-roof storage tank with a liquid-mounted primary seal.

(] O?tion IV - Each fixed-roof, external floating-roof, and internal
oating-roof storage tank must be converted to a contact internal
floating-roof storage tank with a liquid-mounted primary seal and a
continuous secondary seal.

o O?tion V - Each fixed-roof, external floating-roof, and internal
oating-roof storage tank must be fitted to a vapor control system.
Two vapor control systems which have been analyzed in detail include:
A. Steam-regenerated carbon adsorption system.
B. Thermal oxidation system.

e Option VI - Prohibit the storage of benzene in tanks.




Table 1-2. CONTROL OPTIONS FOR NEW BENZENE STORAGE TANKS

Option 0 - Baseline (no additional standard)

Option 1 - Each fixed-roof storage tank must have an internal floating
roof (contact or noncontact).

Option II - Each storage tank must have a contact internal floating
roof with a liquid-mounted primary seal.

Option IIl - Each storage tank must have a contact internal floating
roof with a liquid-mounted primary seal and a continuous secondary seal.

Option IV - Each storage tank must be fitted to a vapor control system.
Two vapor control systems which have been analyzed in detail include:

A. Steam-regenerated carbon adsorption system.
B. Thermal oxidation system.

Option V - Prohibit the storage of benzene in tanks.

1-3
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1.3 ECONOMIC IMPACT

Except for the control options which would prohibit the storage of
benzene in tanks (Options V and VI for new and existing tanks, respectively)
and those which would reguire that each tank be fitted to a vapor control
system (Options IV and V for new and existing tanks, respectively) the
economic impacts are inconsequential, resulting in a maximum price increase
of benzene of only 0.104 percent. The impacts associated with the options
which would require the use of vapor control systems are also quite
small; however, in comparison with less stringent options, the vapor
control options are much more expensive, costing roughly three to ten
times as much. The options which would prohibit the storage of benzene
in tanks would result in the most severe economic impacts to industry of
any of the options considered.
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2. INTRODUCTION

2.1 BACKGROUND

On October 10, 1979, the Environmental Protection Agency proposed
"Policies and Prccedures for Identifying, Assessing, and Regulating
Airborne Substances Pesing a Risk of Cancer” (44 FR 58642). Al] stan-
dards fcor carcinogens regulated under Section 112 of the Clean Air Act
are being developed in accordance with these proposed policies and pro-
cedures. The following is a section quoted from the "Policies and
Procedures," which describes the procedures for establishing standards
once the decision has been made to regulate a pollutant.

(2) The Proposed EPA Approach

The standard-setting policy proposed today requires, as a
minimum, the use of "best available technology" (BAT) to control
emissions from source categories presenting significant risks
to public health. The policy would also require additional
controls, as necessary, to eliminate "unreasonable residual
risks" remaining after the use of best available technology.
This approach is a Jjudgmental one, designed to protect the
public health with an ample ma®in of safety from risks
associated with exposure to airborne carcinogens. The imple-
menting procedure described below puts prime emphasis on public
health, consistent with section 112, but permits consideration
of economic impacts and benefits of the activity in setting
standards for each source category. Uncertainties in the
assessments of risks, costs, and potential benefits, as well as
the distributional (equity) problems of various situations,
would also be considered in setting standards.

(a) Source Categories Regulated

The first step in establishing standards and requirements
for pollutants listed under section 112 under this proposed
policy is the determination of which categories of sources
emitting the pollutants will be regulated, and in what order
regulations will be developed. Although a pollutant may

2-1



have been listed because emissions from a particular source
category pose a significant risk, other source categories

may also emit the poliutant in lesser amounts. This may
occur, for example, because the sources process very little
of the substance, because the substance is present in only
trace amounts in the sources' raw materials, or because
sources have installed adequate controls on their own initia-
tive or in response to other regulatory requirements.

The Administrator will therefore propose regulations
only for those source categories which may pose significant
risks to public health. The determination of whether a
source category emitting a listed pollutant poses a significant
risk will be made on essentially the same basis as the
Tisting decision, except that the more detailed exposure
analysis and risk assessment then avajlable will be used in
Tieu of the preliminary information used in the listing
decision. As in the listing decision, the risk assessment
will be used to indicate the existence of a significant risk
where the exposure analysis alone is insufficient, but will
not be used as evidence that a significant risk does not
exist where the exposure analysis indicates to the contrary.

(b) Priorities for the Development of Standards

EPA anticipates that a substantial number of substances
will be Tisted as carcinogenic air pollutants under section 112
in the near future. It is also likely that many of these
substances will be emitted in significant quantities
from more than one source category. As a result, EPA will
need to develop emission standards and other requirements
for a large number of source categories emitting thesc
substances. At least until generic standards can be -eveloped
for large groups of these sources, the resources that would
be necessary to complete this task immediately far exceed
those available to EPA for this purpose. Today's proposal
therefore provides for the assignment of priorities to
significant source categories for the development of these
regulations, through publicly stated criteria and announced
decisions.

Under today's proposal, source categories posing significant
risks will be assigned priority status (high, medium, or
Tow) for further regulatory actien (beyond generic standards)
on the basis of: (1) the magnituae of nrojected total excess
Cqncer incidence associated with current and future source
~uissions; (2) magnitude of cancer risks for the most exposed
individuals; (3) ease of expeditious standards development
and implementation; and (4) feasibility of significant
improvements in controls. In addition, significant sources
of more than one carcinogen may be given priority over
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single-pollutant sources, based on the sum of risks from the
emitted substances.

A high priority will be assigned, for example, to a source
category constituting an important problem requiring immediate
attention, or where risks are somewhat lower but an appropriate
regulatory solution is both feasible and readily available.
Source categories assigned medium priority will generally be
those that present Jower risks and will be scheduled for stan-
dard development as resources become available. Lower risk
source categories for which the extent of feasible control may
be substantially limited will be assigned low priority for
regulation development. Assignment to the Jow priority category
will generally mean that active development of regulations will
not begin until there is some change in the factors which led
to the assignment, or until higher priority actions have been
completed.

(c) Regulatory Options Analysis

EPA will perform detailed analyses to identify alternative,
technologically feasible control options and the economic,
energy, and environmental impacts that would result from their
application. Where substitution is determined to be a feasible
option, the benefits of continued use of the substance or
process will be considered. These analyses will rely primarily
on the procedures and techniques employed by EPA for developing
New Source Performance Standards under section 113 of the Act.

The identification of feasible control options will initially
survey the existing control devices at the sources within a
particular category to determine the best controls currently in
use. The potential emission points of the listed pollutant at
a particular kind of facility will also be identified, as will
possible emissions of carcinogens other than the specific one
under study. EPA will, in addition, examine the applicability

trial applications. Finally, the availability and adequacy of
. substitutes which would eliminate some or al)] emissions of the
pollutant will be assessed.

Once the technologically feasible control alternatives,
which may range from no further control to a complete ban on
emissions, have been identified, the environmental, economic
and energy impacts of these options will be determined. Consider-
ations in these impact assessments will include for each option:
the number of plant closures predicted and the direct impact on
employment and end product prices; the impact on growth and



expansion of the industry; the resulting changes in profitability;
capital availability for control equipment; the impacts from

the availability of substitute products and foreign imports;

the potential increases in national energy consumption; and the
impacts on other environmental media including increased water
pollution and solid waste disposal. On the basis of these
assessments, one of the control options identified will be
designated as the "best available technology" for the control of
emissions from the sources in the category. This level of
control will be that technology, which in the judgment of the
Administrator, is the most advanced level of control adequately
demonstrated, considering economic, energy, and environmental
impacts.

The control level designated "best available technology"
may be different for new and existing facilities in a category.
For practical purposes, this level of control for new sources
will, as a minimum, be equivalent to that which would be selected
as the basis for a New Source Performance Standard (NSPS) under
section III. The requirement of "best available technology" for
new sources would consider "economic feasibility" and would not
preclude new construction.

The selection of BAT for existing sources may require
consideration of the technological problems associated with
retrofit and related differences in the economic, energy, and
environmental impacts. In practice, BAT for existing sources
would consider economic feasibility and would not exceed the
most advanced level of technology that at least most members of
an industry could afford without piant closures.

(d) Minimum Requirements for Existing Sources

Final section 112 standards will require existing sources
in any regulated source category, as a minimum, to limit their
emissions to the levels corresponding to the use of "best
available technology." This requirement is based on the
Administrator's judgment that any risks that could be avoided
through the use of these feasible control measures are unreason-
able. Whether BAT controls are sufficient to protect public
health will be determined by a subsequent evaluation of the
remaining risks.

(e) Determination of Unreasonable Residual Risk For
Existing Sources

Following the identification of BAT for existing sources,
the quantitative risk assessment described earlier will be used
to determine the risks remaining after the application of BAT
to the source category. If the residual risks are not judged
by the Administrator to be unreasonable, further controls would



not be required. If, however, there is a finding of unreasonable
residual risk, a more stringent alternative would be required.
Among the possible alternatives would be the immediate applica-
tion of more restrictive emission standards, including those
based on more extensive use of substitutes, and scheduled or
phased reductions in permissible emissions. The alternative
selected would be that necessary, in the Administrator's judgment,
to eliminate the unreasonable residual risks.

Given the differences in the degree of certainty in risk
estimates, in the numbers of people exposed, in benefits, in
the distribution of risks and benefits, in the costs of controls,
in the availability of substitutes, and in other relevant
factors, it is not possible to state any precise formula for
determining unreasonable residual risk. The determination will
necessarily be a matter of judgment for each category involved.
Nevertheless, the process followed and the various factors
involved can be outlined.

The determination of unreasonable residual risk will be
based primarily on public health, and will require protection
with an ample margin of safety. To the extent possible, quanti-
tative or qualitative estimates of various factors will be made
for purposes of comparison. Among these are: (1) the range of
total expected cancer incidence and other health effects in the
existing and future exposed populations through the anticipated
operating life of existing sources; (2) the range of health
risks to the most exposed individuals; (3) readily identifiable
benefits of the substance or activity; (4) the economic impacts
of requiring additional control measures; (5) the distribution
of the benefits of the activity versus the risks it causes; and
(6) other possible health and environmental effects resulting
from the increased use of substitutes.
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3. INDUSTRY DESCRIPTION AND MODEL PLANTS

3.7 INTRODUCTION

Generally, benzene storage tanks can be found in three types of
facilities: (1) benzene producing facilities such as refineries; (2) benzene
consuming facilities such as chemical plants; and (3) bulk storage terminals.
Of the 143 facilities which are known to store benzene,a 62 (43 percent)
are benzene producers, 77 (54 percent) are benzene consumers, and 4
(3 percent) are bulk storage terminals. Benzene storage tanks used at
coke oven byproduct facilities have been excluded from the tank inventory
because a separate standard is being developed for these tanks.

Three types of tanks are used for benzene storage: fixed-roof
tanks, external floating-roof tanks, and internal floating-roof tanks. A
detailed description of these types of tanks and their sources of emis-
sions follows. 1In addition, the methods for estimating the emissions
from tanks, as well as the estimated national baseline emissions, are
presented.

3.2 BENZENE STORAGE TANKS

Based on information obtained from the Chemical Economics Handbook,]
an Environmental Protection Agency (EPA) draft report,2 responses to
Section 114 letters, and other correspondence, there are 494 benzene
storage tanks nationwide.? Of these, 177 are fixed-roof tanks, 28 are
external floating-roof tanks, and 289 are internal floating-roof tanks.
These represent about 36 percent, 6 percent, and 58 percent, respectively,
of the 494 tanks.
3.2.1 Types of Storage Tanks

3.2.1.1 Fixed-Roof Tanks. Of presently employed tank designs, the

fixed-roof tank is the Jeast expensive to construct and is generally

Base year 1979.
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considered as the minimum acceptable tank for the storage of petroleum
liquids such as benzene. A typical fixed-roof tank, which is shown in
Figure 3-1, consists of a cylindrical steel shell with a cone- or dome-
shaped roof which is permanently affixed to the tank shell. A breather
valve (pressure-vacuum valve), which is commonly installed on many fixed-
roof tanks, allows the tank to operate at a slight internal pressure or
vacuum. Because this valve prevents the release of vapors only during
very small changes in temperature, barometric pressure, or liquid level,
the emissions from a fixed-roof tank can be appreciable.

3.2.1.2 External Floating-Roof Tanks. A typical external floating-roof

tank is shown in Figure 3-2. This type of tank consists of a cylindrical
steel shell equipped with a deck or roof which floats on the surface of
the stored liquid, rising and falling with the liquid level. The liquid
surface is completely covered by the floating roof except in the small
annular space between the roof and the tank wall. A seal attached to the
roof contacts the tank wall (except for small gaps in some .cases) and
covers the remaining area. The seal slides against the tank wall as the
roof is raised or lowered.

3.2.1.3 Internal Floating-Roof Tanks. An internal floating-roof
tank has both a permanently-affixed roof and a roof that floats on the

1iquid surface (contact roof) or is supported on pontoons several inches
above the liquid surface (noncontact roof) inside the tank. (Typical
contact and noncontact internal floating-roof tanks are shown in Figure 3-3a
and 3-3b, respectively.) The internal floating roof rises and falls with
the liquid level. Contact-type roofs include: (1) aluminum sandwich

panel roofs with a honeycombed aluminum core floating in contact with the
liquid, and (2) pan-type steel roofs floating in contact with the 1iquid
with or without the aid of pontoons. Noncontact-type roofs typically
consist of an aluminum deck on an aluminum grid framework supported above
the liquid surface by tubular aluminum pontoons. Both types of internal
floating roofs, like external floating roofs, commonly incorporate flexible
perimeter seals or wipers which slide against the tank wall as the roof
moves up and down. In addition, circulation vents and an open vent at

the top of the fixed roof are provided to minimize the possibility of
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hydrocarbon vapors accumulating in concentrations approaching the flammable
range.

3.2.2 Types of Primary Seals

3.2.2.1 External Floating Roofs. There are basically three types

of primary seals used on external floating roofs: mechanical shoe seals,
liquid-filled seals, and resilient foam-filled seals. Although there are
other designs, these three comprise the vast majority of primary seals in
use today. A primary seal serves as a vapor conservation device by
closing the annular vapor space between the edge of the floating roof and
the tank wall.

3.2.2.1.1 Mechanical shoe seal. A mechanical shoe seal, otherwise

known as a metallic shoe seal (Figure 3-4a), is characterized by a 75- to
130-cm high (30- to 51-inch high) metallic sheet (the "shoe") held against
the vertical tank wall. The shoe is connected by braces to the floating
roof and is held tightly against the wall by springs or weighted levers.
A flexible coated fabric (the "envelope") is suspended from the shoe seal
to the floating roof to form a gastight cover over the annular space
between the roof and the primary seal.

3.2.2.1.2 Liquid-filled seal. A liquid-filled seal (Figure 3-4b)
may be a tough fabric band or envelope filled with a 1liquid, or it may be
a 20- to 25-cm (8- to 10-inch) diameter flexible polymeric tube filled
with a liquid and sheathed with a tough fabric scuff band. The liquid is
commonly a petroleum distillate or other liquid which will not contaminate
the stored product if the tube ruptures. Liquid-filled seals are mounted
on the product liquid surface (liquid-mounted) with no vapor space below
the seal.

3.2.2.1.3 Resilient foam-filled seal. A resilient foam-filled seal
is similar to a liquid-filled seal except that a resilient foam log is

used in place of the liquid. Because of the resiliency of the foam log,
the seal can adapt itself to some tank shell out-of-roundness and defor-
mations of the tank wall. The foam log may be mounted several inches
above the liquid surface (vapor-mounted) or on the liquid surface
(liquid-mounted). Typical vapor-mounted and liquid-mounted foam-filled
seals are shown in Figures 3-4c and 3-4d, respectively.
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3.2.2.1.4 Weather shield. A weather shield (Figures 3-4b, 3-4c,

and 3-4d) may be installed over the primary seal to protect it from

deterioration caused by debris and exposure to the elements. Typically,
a weather shield is an arrangement of overlapping thin metallic sheets
pivoted from the floating roof to ride against the tank wall.

3.2.2.2 Internal Floating Roofs. Internal floating roofs typically
incorporate one of two types of flexible, product-resistant primary
seals: either resilient foam-filled seals or wiper seals. Similar to
the types of seals employed on external floating roofs, each of these
seals closes the annular vapor space between the edge of the floating
roof and the tank wall. In addition, each seal compensates for tank wall
irregularities and, thus, allows the roof to move freely up and down in
the tank without binding.

3.2.2.2.1 Resilient foam-filled seal. A resilient foam-filled seal
used on an internal floating roof consists of a tough fabric envelope
stuffed with open cell foam. This type of seal can either be vapor-mounted
(Figure 3-5a) or liquid-mounted (3-5b).

3.2.2.2.2 Wiper seal. A closed-cell, or other type of elastomeric
wiper seal (Figure 3-5c) can also be used to close the annular vapor
space. This type of seal, which is generally vapor-mounted, can either
be continuous around the circumference of the floating roof
(continuous-type seal), or it can consist of overlapping serments of seal
material (shingle-type seal).
3.2.3 Storage Tank Emissions and Emissions Equations

3.2.3.1 Fixed-Roof Tank Emissions. The two major types of emissions
from fixed-roof tanks are breathing loss and working loss. Breathing
‘1oss is the expulsion of vapor from a tank due to vapor expansion and
contraction resulting from diurnal temperature and barometric pressure

changes. It occurs in the absence of any liquid level change in the
tank.

Filling loss is associated with an increase of the liquid level in
the tank. The vapors are expelled from the tank when the pressure inside
the tank exceeds the relief pressure as a result of filling. Emptying
loss occurs when air drawn into the tank during 1iquid removal becomes
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saturated with hydrocarbon vapor and expands, thus exceeding the capacity
of the vapor space. The combined loss from filling and emptying is
called "working loss."

3.2.3.1.1 Fixed-roof tanks emissions equations. The AP-42 emissions

equations for breathing and working losses were used to estimate benzene
emissions from fixed-roof tanks.5 However, breathing losses calculated
using these equations were discounted by a factor of four in light of

test results released by EPA,6 the Western 0il and Gas Association (WOGA),7
and the German Society for Petroleum Science and Carbon Chemistry (DGMK).8
These results, which are discussed in Appendix C, indicate that AP-42
tends to overestimate the actual breathing losses from fixed-roof tanks

by roughly a factor of four. The working losses have not been adjusted,
because initial testing indicates that AP-42 is fairly accurate for
estimating these losses. The equations used to estimate emissions from
fixed-roof tanks follow:

LT = LB + Lw (3-1)

= -6 ___jl___) .68 .73 40.51 ATo.5 -
Lg = 9.15 x 10 MV(M_7 — DL78 HO-S1 ATOS F ¢ (3-2)

Lw = 1.09 x 10-8 M PKnVN (3-3)

v

where, L. = total loss (Mg/yr)
= breathing loss (Mg/yr)
working loss (Mg/yr)

S S
"

= molecular weight of product vapor (1b/1b mole);
78.1 1b/1b mole for benzene
P = true vapor pressure of product (psia); 1.5 psia assumed
for this study
D = tank diameter (ft)
H = average vapor space height = tank height/2 (ft)
AT = average diurnal temperature change in °F; 15°F assumed for
this study
F_ = paint factor; 1.0 for clean white paint was used
C = tank diameter factor;
for diameter 2 30 feet, C
for diameter < 30 feet, C

1
0.0771 D - 0.0013 D2 - 0.1334
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=
|

= number of turnovers per year

K = turnover factor;
n 180 + N
for number of turnovers, N 2 36, K = =2 T N
n
6N
for number of turnovers, N < 36, Kn =1
V = tank capacity (gal).

3.2.3.2 Internal and External Floating-Roof Tank Emissions.

Standing-storage loss, which results from causes other than breathing or
change in the liquid level, constitutes one source of emissions from
internal and external floating-roof tanks. The largest potential source

of this loss is from gaps between the seal and the tank wall. As a

result of these gaps, some portion of the liquid surface is exposed to

the atmosphere. When air flow across the tank creates pressure differences
around the floating roof, air flows into the annular vapor space on the
Teeward side and an air-vapor mixture flows out on the windward side.

Withdrawal loss is another source of emissions from internal and
external floating-roof tanks. Withdrawal loss is the vaporization of
Tiquid from a wetted tank wall when a floating roof is lowered by withdrawal
of liquid.

Fitting loss, which is a result of penetrations in the roof for deck
fittings, roof column supports, or other openings, can also account for
significant emissions from internal floating-roof tanks. However, this
Toss is not a significant source of emissions from external floating-roof
tanks.

3.2.3.2.1 Internal and external floating-roof tank emissions equations.

Benzene emissions from external] floating-roof, noncontact internal floating-
roof, and contact internal floating-roof storage tanks were estimated
using equations based on a pilot test tank study conducted for EPA.9
Descriptions of the tank, test methods, and data obtained from this study
are presented in Appendix C.

From the equations presented below, it was possible to estimate the
total evaporation loss (LT), which is the sum of the withdrawal loss
(LWD), the seal loss (LS), and the fitting loss (LF).

Ly = Lyp * Lo + Le (3-4)
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137
= total loss (Mg/yr)

= withdrawal loss (Mg/yr)

= seal loss (Mg/yr)

= fitting loss (Mg/yr)

= molecular weight of product vapor (1b/1b mole);
78.1 1b/1b mole for benzene

= true vapor pressure of product (psia); 1.5 psia assumed for
this study

= tank diameter (ft)

= density of product (1b/gal); 7.37 1b/gal for benzene

= average wind speed for the tank site (mph);
10 mph average wind speed assumed for this stuly

= product average throughput (bbl/yr);
tank capacity (Bb]/turnover) x turnovers/yr

= seal factor; see Table 3-1

= fitting factor; see Table 3-2

= seal wind speed exponent; see Table 3-1

= fitting wind speed exponent; see Table 3-2

= product withdrawal shell clingage factor (bbl1/(ft2 x 103));
use 0.0015 bb1/(ft2 x 102) for Senzene in a welded steel tank
with Tight rust

= fitting multiplier; see Table 3-3.
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Table 3-1. EMISSION FACTORS KS AND n

Roof and seal combinations KSa nb

Contact internal floating roof

Liquid-mounted primary seal only 12.7 0.4

Liquid-mounted primary seal and

continuous secondary seal 3.6 0.7
Noncontact internal floating roof with
vapor-mounted primary and secondary seals 10.3 1.0
External floating roof

Primary seal only 48.6 0.7

Primary and secondary seals 57.7 0.2

aKS - seal factor.

bn - seal wind speed exponent.

‘ 9
Table 3-2. SUMMARY OF EMISSION FACTORS K AND m FOR FLOATING ROOFS

Case Roof ka m
number description F
Contact internal floating roof 132 0
2 Noncontact internal floating
roof 309 0.3
3 External floating roof 0
a

KF - fitting factor.
bm - fitting wind speed exponent.
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Table 3-3. FITTING MULTIPLIERS9

D N
tank diameter fitting
(ft) multiplier

D <
20 <D <75
75 < D <100
100 < D < 120
125 < D < 150
150 < D < 175
175 < D < 200

.5

S O _w N = O
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3.3 BASELINE EMISSIONS

The baseline assumptions and the national baseline benzene emissions
from storage tanks are discussed in this section. In addition, the mode]l
plants used for estimating the emissions and the number of each type of
model plant are presented.

3.3.1 Development of the Baseline

3.3.1.1 Existing Tanks. The baseline for existing tanks is the
Control Techniques Guideline (CTG) for fixed-roof tanks (Control of Volatile
Organic Emissions from Storage of Petroleum Liquids in Fixed-Roof Tanks)
issued in December, 1977 (EPA-450/2-77-O36).3 This CTG recommends that
all fixéd-roof tanks which have capacities greater than 150,000 1liters

and which store volatile petroleum Tiquids (true vapor pressure greater
than 10.5 kPa or 1.52 psia) have internal floating roofs.3 Storage tanks
with capacities less than 150,000 liters, which are generally fixed-roof
tanks, would be unaffected by the CTG. Because cost data indicate that a
noncontact internal floating roof is generally cheaper than a contact
internal floating roof of the same size, the tanks affected by the CTG
are assumed to have noncontact internal floating roofs.

In addition, it is assumed that the model plants being developed
would most likely be located in nonattainment areas for ozone. This
assumption is made because 115 (about 80 percent) of the 143 benzene
storage facilities are located in nonattainment areas for ozone. Each
area which is classified as an ozone nonattainment area is required to
adopt a standard for fixed-roof tanks at least as effective in reducing
emissions as the fixed-roof tank CTG.

3.3.1.2 New Tanks. The baseline for new tanks is the New Source
Performance Standard (NSPS) for petroleum Tiquid storage tanks ("Petroleum
Liquid Storage Vessels; Standards of Performance for New Stationary
Sources") promulgated on April 4, 1980 (45 FR 23374). This NSPS requires
that each benzene storage tank which is constructed after May 18, 1978,
and which has a capacity greater than about 150,000 liters, have either
(1) an external floating roof with primary and secondary seals, or (2) a
fixed roof and an internal floating roof. (The use of secondary seals as
an emissions control technique is discussed in Chapter 4.) Storage tanks
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with capacities less than 150,000 liters, which are generally fixed-roof
tanks, would be unaffected by the NSPS.
3.3.2 Development of Model Plants

In order to develop a representative set of model plants for evaluating

the environmental, energy, and economic impacts of controlling benzene
emissions from benzene storage tanks, surveys were conducted of facilities

1,2,10,11,12 These facilities included

having benzene storage tanks.
benzene producers, consumers, and bulk storage terminals. The surveys
were instituted to obtain information on the benzene throughput, types
and sizes of benzene storage tanks, and types of control equipment at
each facility.

Using rated plant capacities from the Chemical Economics Handbook,1
each of the 62 producers listed in Table 3-4 was classified as either a
large benzene producer or a small benzene producer. Each producer with a
rated capacity above the median capacity for all the producers was classified
as a large producer, while each producer with a rated capacity below the
median was classified as a small producer.

Subsequently, information acquired from the survey of producers,
consumers, and bulk storage terminals storing benzene was used to estimate
the number, types, and sizes of benzene storage tanks at a typical pro-
ducer, consumer, and bulk storage terminal, respectively. For those
storage tanks for which only tank capacity was given, the viameter and
height were estimated using existing data from the survey as well as
standardized tables of capacity versus tank dimensions. In addition, for
those storage tanks listed only as floating-roof tanks (i.e., no distinc-
" tion made between internal or external floating roof), it was assumed
that all were internal floating-roof tanks. This assumption was based on
information which indicated that 87 percent of the floating-roof tanks
surveyed were internal floating-roof tanks. The survey also indicated
that approximately half of these tank- were contact internal floating-roof
tanks and half were noncontact internai floating-roof tanks.

ine model plants developed from this anatysis and from a consideration
of the baselines for new and existing tanks are presented in Table 3-5.

Using these models and the emissions equations presented in
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Table 3-4. PLANTS WITH BENZENE STORAGE TANks!»2»10-11.12

1. PRODUCERS

Region/Company Sizel State City
Region 11
Exxon S NJ Linden
Texaco t \J Hestville
Ashland 0i} S NY N. Tonawanda
Commonwealth 0i1 L FR Penuelas
Phillips L PR Guayama
Amerada Hess L Y1 St. Croix
Region 111
Getty S 0t Delaware City
Gulf 0il L PA Philadelphia
Standard 011 S PA Marcus Hook
Sun 031 s PA Mzicus Hook
Reqgion 1V
Triangle Refinerizs S 3 Mobiie
Ashland 0i1 L KY Catlettsburg
Chevron S MS Pascagoula
Region ¥
Shell 0i1 L IL Wood River
Union 0i1 S IL Lemont
DOW Chemical L M1 Bay City
Sun 0i1 L OH Toledo
Region VI
Cities Services S LA Lake Charles
DOW Chemical L LA Plaguemine
Exxon L LA Baton Rouge
Gulf 0i) L LA Belle Chasse
(Alliance)
Pennzoil United L LA Shreveport
Tenneco S LA Chalmette
Union Carbide L LA Taft
Sun 031 S (114 Tulsa
American Petrofina S TX Port Arthur
Amoco (Standard) L. T Texas City
Atlantic Richfield L ™ Channelview
Atlantic Richfield L X Houston
Champlin S X Corpus Christi
Charter International S TX Houston
Coasta) States L TX Corpus Christi
Cosden (American :

Petrofina) L T Big Spring
Crown Central S TX Houston
Crown Central S > Pasadena
DOY Chemical L X Freeport
Exxon L R e Baytown
Gulf 0i} L TX Port Arthur
Howe11 S X San Antonio
Independent Refining S 1 Winnie

" Oxidart
County AQCR™ attainmen:
status
Union 043 NA
Glouchestor 045 NA
Niagara 162 NA
244 A
244 A
247 A
New Castle 045 NA
Philadelphia 045 NA
Delaware 151 NA
Delaware 151 NA
Mobile 005 NA
Boyd 103 NA
Jackson 005 A
Madison 070 NA
Cook 067 NA
Bay 122 NA
Lucas 124 NA
Calcasieu 106 NA
Iberville 106 NA
E. Baton Rouge 105 NA
Plaguenines 106 A-UNCL
Caddo 022 NA
St. Bernard 106 NA
St. Charles 106 NA
Tulsa 186 HA
Jeffarson 106 NA
Galveston 216 NA
Harris 216 NA
Harris 216 NA
Nueces 214 NA
Harris 216 NA
Nueces 214 NA
Howard 218 A-UNCL
Harris 216 NA
Harris 216 KA
Brazoria 216 NA
Karris 216 NA
Jefferson 106 NA
Bexar 217 NA
Chambers 216 NA

(continued)



Table 3-4. Continued
. Ca . b Oxjdant
Region/Company Size State City County AQCR atta1nmegt
status
Kerr-McGee S TX Corpus Christi Nueces 214 NA
Marathon Qi1 S TX Texas City Galveston 216 NA
Mobil 01} L TX Beaumont Jefferson 106 NA
Monsanto L T Alvin Brazoria 216 NA
Monsanto L TX Texas City Galveston 216 NA
Phillips S TX Borger Hutchinson 21 A-UNCL
Prillips 5 X Sweeny Brazoria 216 NA
Quintana Howel S )} Corpus Christi Nueces 214 NA
Shell Df1 L TX Deer Park Harris 216 NA
Shell 0i) S T . Odessa Ector 218 NA
South Western S TX Corpus Christi Nueces 214 NA
Suntide (Sun) L ™ Corpus Christi Nueces 214 NA
Texaco L TX Port Arthur Jefferson 106 NA
Union Pacific S ™ Corpus Christi Nueces 214 NA
Union 76 S TX Nederland Jefferson 106 NA
Reaion VII
Getty s | El Dorado Butler 099 A
Region IX
Atlantic Richfield S CA Carson Los Angeles 023 NA
(Wilmington)
Arco H CA Long Beach Los Angeles 024 NA
Chevron (Standard) S CA El Segundo Los Angeles 024 NA
Chevron (Standard) S CA Richmond Contra Costa 030 NA
Hawaiian Independent S Hl Honolulu Honolulu 060 A-UNCL
Standard 011 S HI Honoluly Honolulu 050 A-UNCL
11. CONSUMERS
: b Oxidant
Region/Company State City County AQCR”  attainmept
status
Region I}
American Cyanamid N Bound Brook Somerset 043 NA
DuPont N Gibbstown Glouchester 045 NA
Exxon NJ Linden Unijon 043 NA
Hurmmel Chemical NJ S. Plainfield Middlesex 150 KA
Reichhold NJ Elizabeth Union 043 NA
Standard Chlorine
Chemical NJ Kearney Hudson 150 NA
Tenneco NJ Fords Middlesex 150 NA
Texaco N Westville Glouchester 045 NA
Allied Chemical NY Syracuse Onondaga 158 NA
ICC Industries NY Niagara Falls Niagara 162 NA
Commonwealth 011 PR Penuelas 244 A
Corco Refining PR Talluboa Penuelas Guayanilla 244 A
Phillips PR Guayana 244 A
Union Carbide RP Penuelas 244 A
Region 111
Standard Chlorine
Chemical DE Delaware City New Castle 045 NA
(continued)
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Table 3-4. Continued
b Oxiqent
Region/Company State City County AQCR attainment
status

Continental 011 D Baltimore Baltimore 115 NA
Atlantic Richfield PA Beaver Yalley Beaver 197 NA
Gulf (il PA Philadelphia Philadelphia 045 NA
Koppers PA Bridgeville Allegheny 195 NA
Allied Chemical wY Moundsville Marshall 235 A
American Cyanamid Wy Willow Island Pleasants 179 A
Ashland 011 Wy Neal Wayne 103 A
Mobi} w New Martinsville Vetzel 235 A
PPG Industries WY New Martinsville Netzel 235 A
Unfon Carbide wy Charleston Kanawha 232 NA
Region 1V
Reichhold AL Holt Tuscaloosa 004 A-UNCL
Ashland Qil KY Catlettsburg Boyd 103 NA
8. F. Boodrich KY Calvert City Marshall 072 A-UNCL
G. A. F. KY Calvert City Marshall 072 A-UNCL
Dlin Corporation KY Brandenburg Meade 078 A-UNCL
First Mississippi MS . Pascagoula Jackson 005 A
Region V¥
Clerk 011 I Blue Island Cook 067 NA
Monsanto IL Sauget St. Clair 070 NA
Refchhold Chemical 1L East Morris Grundy 067 NA
DOW Chemical Ml Bay City Bay 122 KA
DOW Chemical M1 Midland ‘Midland 122 NA
Region V]
Transvaal AR Jacksonville Pulasks 016 NA
American Hoechst LA Baton kouge E. Baton Rouge 106 NA
COS-MAR LA Carville Iberville 106 NA
Gulf 0l LA Donaldsonville Ascension 106 NA
Gulf 011 LA Welcome St. Lames 106 NA
Rubicon Chemicals LA Geismar Ascension 106 NA
Sun Company 414 Tulsa Tulsa 186 NA
Amoco (Standard) % Texas City Galveston 216 NA
Atlantic Richfield X Port Arthur Jefferson 106 NA
Celanese 1t Clear Lake Harris 216 NA
Celanese TX. Pampa Gray 2N A-UNCL
Cosstal States % Corpus Christi Nueces 214 NA
Cosden (American

Petrofina) Rp S Big Spring Howard 218 A-UNCL
Denka (Petrotex) TX Houston Harris 216 NA
DOW Chemical X Freeport Brazoria 216 NA
DuPont T Beaumont Jefferson 106 NA
E) Paso Natural Gas ™ Odessa Ector 218 NA
Exxon TX Baytown Harris 216 NA
Gulf Of1 X Port Arthur Jefferson 106 NA
Marathon 0il TX Texas City Galveston 216 NA
Mobil 0} X Beaumont Jefferson 106 NA
Honsanto X Chocolate Bayou Brazoria 216 NA
Honsanto X Texas City Galveston 216 NA
Oxirane TX Channelview Harris 216 NA
Petro-Tex Chemical TX Houston Harris 216 NA
Phillips TX Sweeny Brazoria 216 KA

(continued)

3-19



Table 3-4. Concluded
Oxidant
Region/Company State City County AQeR® attainment
status
standard 01 1% Texas City Galveston 216 NA
Suntide (Sun) TX Corpus Christi Nueces 214 NA
Texzco 114 Port Arthur, Jefferson 106 NA
Texas Eastman X Longview Gregg 022 NA
Union Carbide ke Seadrift Calhoun 214 A-UNCL
Union Pacific X Corpus Christi Nueces 214 NA
Union 76 TX Nederland Jefferson 106 NA
Region V11
Getty KS El Doradoe Butler 099 A
Monsanto MO St. Louis St. Louis 070 NA
Region IX
Chevron CA E1 Segundo Los Angeles 024 NA
Chevron CA Richmond Contra Costa 030 NA
Diamond Shemrock CA Redwood City San Mateo 030 NA
Specialty Organics CA Irwindale Los Angeles 024 NA
Hitco Chemical CA Los Angeles (Carson) Los Angeles 024 NA
Momtrose Chemical N¢ Henderson Clark 013 NA
I11. BULK STORAGE TERMINALS
b Oxidant
Region/Canpany State City County AQCR azt: 1 :rzent
Region 111
Gordon Terminal
Services Inc. PA McKees Rock Alleghaney 197 NA
Region V1
Arerada Hess Corp. ™ Houston Harris 216 KA
GATX Terminal Corp. 4 Houston Harris 216 NA
Petrounited Terminals
Inc. ™ Seabrook Harris 216 NA

35 = small, L = large.

bAQCR = Ajr Quality Control Region.

€A = attainment, NA = nonattainment, A-UNCL = cannot be classified or better

than national standards.
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Sections 3.2.3.1.1 and 3.2.3.2.1, the national baseline emissions from
benzene storage tanks can be estimated.
3.3.3 National Baseline Emissions

To estimate the national baseline emissions from existing benzene
storage tanks, it is first necessary to estimate and total the benzene
emissions from the tanks in each of the existing model plants for which
the fixed-roof tank CTG is the baseline. The baseline emissions from
each of the existing model plants, in addition to those from each of the
new model plants, are presented in Table 3-6. The emissions estimate for
each existing model plant is then multiplied by the nationwide number of
plants of that particular type from Table 3-4. Once this calculation is
completed for each type of existing model plant, the individual estimates
are summed to give the national baseline emissions. This is calculated
to be about 2,200 megagrams of benzene per year. This value represents
about 5 percent of the estimated 46,000 megagrams of benzene emitted from
all stationary sources during 1976.]3

Of the annual baseline emissions from benzene storage tanks,
approximately 39 megagrams (2 percent) are emitted by 34 fixed-roof
tanks. About 390 megagrams per year (18 percent) are emitted from 28
external floating-roof tanks. The 261 noncontact internal floating-roof
tanks emit an estimated 1,400 megagrams per year, or 65 percent of the
total emissions. Finally, the 171 contact internal floating-roof tanks
emit the remaining 340 megagrams, or 16 percent of the total. (The
numbers of fixed-roof, internal floating-roof, and external floating-roof
tanks presented in this section differ from those presented in the intro-
duction to Section 3.2 because existing fixed-roof tanks are assumed to
be in compliance with the requirements of the fixed-roof tank CTG).
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Table 3-6. BASELINE EMISSIONS FROM NEW AND EXISTING MODEL PLANTS

Existing model plant New model plant
Type of plant - (megagrams per year) (megagrams per year)
Large benzene producer 44 40
Small benzene producer 13 212
Benzene consumer 6.5 112
Bulk storage terminal 6.5 . 119

Baseline emissions from new model plants are higher than those from
existing plants because new plants are assumed to comply only

with the minimim requirements of the Petroleum Liquid Storage Tank
New Source Performance Standard.
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4. EMISSIONS CONTROL TECHNIQUES

4.1 INTRODUCTION

As discussed in Chapter 3 of this document, there are basically
three djfferent types of benzene storage tanks: fixed-roof tanks, external
floating-roof tanks, and internal floating-roof tanks.

The various techniques discussed in this chapter for controlling
benzene emissions from these types of storage tanks were chosen largely
on the basis of tests conducted for EPA on a 6-meter (20-foot) diameter
pilot test tank fitted with several different floating roof and seal
combinations. These roof and seal combinations included: (1) an external
floating roof with a metallic shoe primary seal; (2) an external floating
roof with a metallic shoe primary seal and a rim-mounted secondary seal;
(3) a noncontact internal floating roof with shingled, vapor-mounted
primary and secondary seals; (4) a contact internal floating roof with a
liquid-mounted primary seal; and (5) a contact internal floating roof
with a liquid-mounted primary seal and a continuous secondary seal.
Several roof and seal combinations which have not been tested are also
discussed. Additionally, two types of vapor control systems, which have
been tested during gasoline loading operations, are discussed for use
with fixed-roof and internal floating-roof tanks storing benzene. Finally,
prohibiting the storage of benzene in tanks is discussed as the most
stringent emissions control technique.

4.2 EMISSIONS CONTROL TECHNIQUES
4.2.1 Internal Floating Roofs in Fixed-Roof Tanks

Fixed-roof tank emissions can be reduced by installing internal
floating roofs and seals in the tanks to minimize evaporation of the
stored product. Three floating roof and seal combinations have been
tested for use in fixed-roof tanks, including (1) a noncontact

4-1



internal floating roof with shingled, vapor-mounted primary and secondary
seals; (2) a contact internal floating roof with a 1iquid-mounted primary
seal; and (3) a contact internal floating roof with a 1iquid-mounted
primary seal and a continuous secondary seal. Based on the test results,
a noncontact internal floating roof with shingled, vapor-mounted primary
and secondary seals is less effective in reducing emissions than a contact
internal floating roof with a 1iquid-mounted primary sea1.1 Consequently,
a larger emissions reduction can be achieved by fitting a fixed-roof tank
with a contact internal floating roof and a liquid-mounted primary seal
rather than a noncontact internal floating roof and shingled, vapor-mounted
primary and secondary seals. Installation of a continuous secondary seal
on a contact internal floating roof yields an even greater emissions
reduction.

Several other roof and seal combinations, which have not been tested,
are also available for controlling the emissions from fixed-roof tanks.
Three of these inciude (1) a noncontact internal floating roof with a
vapor-mounted primary seal; (2) a contact internal floating roof with a
vapor-mounted primary seal; and (3) a contact internal floating roof with
a metallic shoe primary seal. Based on engineering judgment, a noncontact
roof with a vapor-mounted primary seal would be less effective at reducing
emissions than a contact roof with a vapor-mounted primary seal. In
addition, based on information presented in American Petroleum Institute
(API) Publication 25172 and on engineering judgment, a contact floating
roof with a vapor-mounted primary seal would be less effective at reducing
 emissions than the contact roof tested, which was equipped with a
1iquid-mounted primary seal. Finally, based on jinformation presented in
this publication and engineering judgment, a contact floating roof with a
metallic shoe primary seal would provide essentially the same degree of
emissions reduction as a contact roof with a liquid-mounted primary seal.
4.2.2 PRim-Mounted Secondary Seals on External Floating Roofs

A rim-mounted secondary seal on an externai floating roof is a
continuous seal which extends from the floating roof to the tank wall,



covering the entire primary seal. Installed over a mechanical shoe seal,
this secondary seal has been demonstrated to effectively control benzene
emissions which escape from the small vapor space between the shoe and
the wall, and through any openings or tears in the seal envelope (see
Figure 4-1a). Rim-mounted secondary seals should also be effective in
controlling emissions from the liquid- and vapor-mounted primary seals
shown in Figures 4-1b, 4-1c, and 4-1d. However, their effectiveness has
not be demonstrated on external floating-roof tanks so equipped storing
benzene.

Another type of secondary seal, which has not been tested, is a
shoe-mounted secondary seal. A shoe-mounted seal extends from the top of
the shoe to the tank wall (see Figure 4-2). These seals do not provide
protection against benzene leakage through the envelope. Holes, gaps,
tears, or other defects in the envelope can allow direct communication
between the saturated vapor under the envelope and the atmosphere; the
wind can enter this space through envelope defects, flow around the
circumference, and exit with saturated or nearly saturated benzene vapors.
4.2.3 Fixed Roofs on External Floating-Roof Tanks

Installing a fixed roof on an existing external floating-roof tank
would reduce emissions by reducing the effect of wind sweeping vapors out
of the vapor space and into the atmosphere.

An alternative to the construction of a new external floating-roof
tank is the construction of an internal floating-roof tank with a primary
seal or both primary and secondary seals.

4.2.4 Rim-Mounted Secondary Seals on Noncontact Internal Floating Roofs

Because some noncontact internal floating-roof tanks have only
vapor-mounted primary seals, one emissions control technique is to install
rim-mounted secondary seals over the primary seals. The secondary seal,
which is typically a wiper seal, minimizes the effects of air currents
inside the tank sweeping vapors out of the annular vapor space. This
seal, which can be either continuous or shingled, extends from the floating
roof to the tank wall, covering the primary seal. Although the benefits
of using a secondary seal cannot be quantified because a noncontact roof

with only a vapor-mounted primary seal has not been tested, engineering
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Figure 4-1(a-d).
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d. Resilient foam-filled seal
(1iquid-mounted) with rim-
mounted secondary seal.

. 3
Rim-mounted secondary seals on external floating roofs.
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judgment indicates that this modification would reduce the emissions from
noncontact internal floating-roof tanks.

4.2.5 Contact Internal Floating Roofs in Moncontact Inteinail
Floating-Roof Tanks

Based on the results of a recent pilot test tank study sponsored by
EPA, noncontact internal floating roofs with shingled, vaper-mounted
primary and secondary seals may be less effective in reducing emissions
than contact internal floating roofs with Tiquid-mounted primary sea1s.1
Consequently, one emissions control technique for internal floating-roof
tanks is to use contact internal floating roofs with liquid-mounted
primary seals instead of noncontact internal floating roofs with shingled,
vapor-mounted primary and secondary seals. The use of a continuous
secondary seal on a contact internal floating roof has been demonstrated
to result in an even greater emissions reduction.

Two roof and seal combinations, which have not been demonstrated,
are (1) a contact internal floating roof with a vapor-mounted primary
seal, and (2) a contact internal floating roof with a metallic shoe
primary seal. Information presented in API Publication 25172 and
engineering judgment indicate that the use of either of these roof and
seal combinations would result in lower emissions than the emissions
associated with the use of a noncontact roof with shingled, vapor-mounted
primary and secondary seals.
4.2.6 Liquid-Mounted Primary Seals on Contact Internal F jating Roofs

Based on information reported in API Publication 25172 and engineering

judgment, vapor-mounted primary seals are less effective in reducing

emissions than liquid-mounted primary seals. As a result, one technique

to reduce the emissions from tanks having contact internal floating roofs

is to use liquid-mounted rather than vapor-mounted primary seals.

4.2.7 Rim-Mounted Secondary Seals on Contact Internal Floating Roofs
Contact internal floating roofs, like other types of floating roofs,

can have not only a primary seal to co :r _he annular vapor space, out
alsc  rim-mounted secondary seal (Figure 4-3°. Tue secondary seal,

wh -h is typically a wiper seal or a resilient foam-filled seal, minimizes
the effects of the air currents inside the tank sw cning vapors out of
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the annular vapor space. This type of seal is continuous and extends
from tne flcating roof to the tank wall, covering the entire primary
seai.

4.2.8 Vapor Contrcl Systems on Fixed-Roof and Internal Floating-
Roof Tanks

Losses can be further reduced from fixed-roof and internal

floating-roof tanks by collecting the vapors and either recovering or
oxidizing the benzene. This control scheme requires the addition of

fixed roofs having pressure-vacuum vents to external floating-roof tanks.
In a typical vapor control system, vapors remain in the tank until the
internal pressure reaches a preset level. A pressure switch, which

senses the pressure buildup in the tank, then activates blowers to collect
and transfer the vapors. A redundant blower system is provided in this
service to ensure that no vapors will be released to the atmosphere

should a blower malfunction.:

To prevent flashbacks from the control equipment, it is assumed that
the vapors are then saturated above the upper explosive limit in a saturator.
For this particular analysis, a benzene saturator (Figure 4-4) consisting
of a pressure vessel, spray nozzle, heat exchanger, recycle pump, demister
pad, and safety devices (water seals and a flame arrestor) is considered
to be an integral component of the vapor control system. Gas blanketing
of the vapor space can be used instead of saturation to prevent flash-
backs; however, this method was not considered in the analysis because of
the high cost involved in maintaining a continuous supply of gas on hand.

Following saturation, the vapors are introduced to a recovery or
oxidation unit.

4.2.8.1 Carbon Adsorption. Carbon adsorption has not been widely

used for recovering benzene vapors; however, because it has been used to
recover other organic vapors, its application to benzene storage tanks
should not be difficu]t.4

Carbon adsorption utilizes the principle of carbon's affinity for
nonpolar hydrocarbons to remove benzene from the vapor phase. Activated
carbon is the adsorbent, and the benzene vapor removed from the airstream
is the adsorbate. Adsorption of the benzene vapor occurs at the surface
of the adsorbent and is a physical process because no chemical change
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takes place. The proposed benzene carbon adsorption unit (Figure 4-5)
consists of a minimum of two carbon beds plus a regeneration system. Two
or more beds are necessary to ensure that one bed will be available for
use while the other is being regenerated.

Regeneration can be performed by using either steam or a vacuum. In
steam regeneration, steam is circulated through the carbon bed, raising
the benzene vapor pressure. The vaporized benzene js thus removed along
with the steam. The steam-benzene mixture is then condensed, usually by
an indirect cooling water stream, and routed to a separator. The benzene
is decanted and returned to storage, and the contaminated water is sent
to the plant wastewater system for disposal. Cooling water, electricity,
and steam are the required utilities for a steam regeneration system.

The other method of regenerating the carbon, vacuum regeneration, is
performed by pulling a high vacuum on the carbon bed. The benzene vapor
desorbed by this process is condensed and returned to storage.

Because the costs for both steam and vacuum regeneration are com~
parable and many facilities already have steam in quantities sufficient
for steam regeneration, the vacuum-regenerated carbon adsorption system
has been eliminated from further consideration.
4.2.8.2 Thermal Oxidation

Thermal oxidation, 1ike carbon adsorption, has not been widely used

for controlling benzene emissions. However, based on experience with
other organic vapors, thermal oxidation for the incineration of benzene
vapors should not be difficult.

In a typical thermal oxidation system, the air-vapor mixture is
injected via a burner manifold into the combustion area of the incinera-
tor. Pilot burners provide the ignition source and supp1emenfa11y-fue1ed
burners add heat, when required, to maintain the flame temperature between
1,030 K and 1,090 K (1,400°F and 1,500°F).

The amount of combustion air needed is regulated by temperature-
controlled dampers. The concentration of benzene in the tail gas of an
oxidation unit can be limited to 10 ppm.4 Figure 4-6 shows a typical
thermal oxidation unit.

It is assumed that flashback prevention and burner stability are

achieved by saturating the vapors with benzene to a concentration above
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the upper explosive 1imit. 1In addition, two water seal flame arrestors
are used to ensure that flashbacks do not propagate from the burner to
the rest of the piping system.

A significant advantage of thermal oxidation units is that they can
dispose of a wide range of hydrocarbons. This could be especially
important at storage facilities where numerous hydrocarbon 1liquids are
stored which may have to be controlled in the future.

4.2.9 Prohibit the Storage of Benzene in Tanks

Prohibiting the storage of benzene in tanks is the most stringent

emissions control technique being considered.

4.3 CONTROL EFFICIENCIES OF EMISSIONS CONTROL TECHNIQUES

This section establishes the typical control efficiencies expected
with the use of external floating roofs with both primary and secondary
seals, internal floating roofs with primary seals, internal floating
roofs with both primary and secondary seals, and vapor control systems.
The efficiencies are estimated for only those emissions control techniques
which have been demonstrated to be effective in reducing emissions.
Equations 3-1, 3-2, and 3-3, which are based on the AP-42 emissions
equations for breathing and working losses and test results recently
released by the Western 0i1 and Gas Association (WOGA), EPA, and the
German Society for Petroleum Science and Carbon Chemistry (DGMK), are
used to estimate fixed-roof tank emissions. Equations 3-4, 3-5, 3-6, and
3-7, which are based on the results of tests conducted for EPA, are used
to estimate the emissions from (1) external floating-roof tanks with
primary seals; (2) external floating-roof tanks with primary and secondary
seals; (3) noncontact internal floating-roof tanks with vapor-mounted
primary and secondary seals; (4) contact internal floating-roof tanks
with 1iquid-mounted primary seals; and (5) contact internal floating-roof
tanks with liquid-mounted primary seals and continuous secondary seals.
Emissions from carbon adsorption and thermal oxidation vapor control
systems are estimated by assuming that a saturated benzene vapor is
introduced to the respective vapor control unit.

The emissions equations are based on limited amounts of empirical
data and, therefore, should only be used to estimate, rather than precisely
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predict, the emissions. In addition, the efficiency of each emissions
control technique should be used only for comparing the relative
effectiveness of the control techniques.

4.3.1 Internal Floating Roofs in Fixed-Roof Tanks

If a noncontact internal floating roof with shingled, vapor-mounted
primary and secondary seals is installed in a fixed-roof tank 18 meters
in diameter, 12 meters in height, and undergoing 13 turnovers per year,
the annual benzene emissions would be reduced from 16 megagrams to
6.5 megagrams, a 59 percent reduction. Installation of a contact internal
floating roof with a liquid-mounted primary seal in the same fixed-roof
tank would reduce the benzene emissions from 16 megaghams per year to 2.0
megagrams per year, an 88 percent reduction. Installing a contact internal
floating roof with a liquid-mounted primary seal and a continuous secondary
seal in the fixed-roof tank would reduce the annual benzene emissions by
92 percent to 1.2 megagrams. Table 4-1 summarizes the control efficiencies
expected with the use of each control technique.
4.3.2 Rim-Mounted Secondary Seals on External Floating Roofs

If the baseline is an 18-meter diameter, 12-meter high external
floating-roof tank with 13 turnovers per year, the annual emissions would

be about 14 megagrams. If this tank has a secondary seal over the primary
seal, the annual emissions would be about 5.2 megagrams, a 63 percent
reduction (Table 4-2).
4.3.3 Fixed Roofs on External Floating-Roof Tanks

If a fixed roof is installed on an existing external floating-roof
tank 18 meters in diameter, 12 meters high, with 13 turnovers per year,
the tank would have emissions on the same order of magnitude as a contact

internal floating-roof tank with a liquid-mounted primary seal. As a
result, the annual benzene emissions would be about 2.0 megagrams. This
is an 86 percent reduction of the 14 megagram. per year emitted from the
external floating-roof tank. If the same tank is retrofitted with a
secondary seal in addition to the fixed roof, the annual emissions would
be reduced by 91 percent to 1.2 megagrams. The efficiencies of these
emissions control techniques are ;ummarized in Table 4-2.
If a new external floating-roof tank with primary and secondary

seals is the baseline, the construction instead of a contact internal
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floating-roof tank with a liquid-mounted primary seal would reduce annual
emissions to 2.0 megagrams. This is a 62 percent reduction from the
baseline emissions of 5.2 megagrams per year. A 77 percent reduction,
resulting in annual emissions of 1.2 megagrams, would be achieved with
construction of a contact internal floating-roof tank with primary and
secondary seals (Table 4-3).

Another alternative to the construction of a new external
floating-roof tank is to construct a noncontact internal floating-roof
tank. Using an external floating-roof tank with a primary seal as the
baseline, this alternative would result in a 54 percent reduction of the
annual emissions from 14 to 6.5 megagrams (Table 4-2). If a new external
floating-roof tank with primary and secondary seals is the baseline, the
annual emissions may increase with the use of a noncontact internal
floating-roof tank (Table 4-3).

4.3.4 Contact Internal Floating Roofs in Noncontact Internal
Floating-Roof Tanks

Installing a contact internal floating roof with a 1iquid-mounted
primary seal in a noncontact internal floating-roof tank 18 meters in
diameter, 12 meters high, and undergoing 13 turnovers per year, would
reduce the annual benzene emissions to 2.0 megagrams. This is a 69 per-
cent reduction from the 6.5 megagrams per year emitted from the noncontact
internal floating-roof tank (Table 4-4).

If a contact internal floating roof with a liquid-mounted primary
seal and a continuous secondary seal is installed in a noncontact internal
floating-roof tank, the annual emissions would be reduced by 82 percent
to 1.2 megagrams (Table 4-4). ,

4.3.5 Rim-Mounted Secondary Seals on Contact Internal Floating Roofs

Installation of a secondary seal on an 18-meter diameter, 12-meter
high, contact internal floating-roof tank with 13 turnovers per year
would reduce the annual benzene emissions from 2.0 megagrams to
1.2 megagrams. This is a 40 percent reduction in emissions (Table 4-5).

4.3.6 Vapor Control Systems on Fixed-Roof and Internal Floating-Roof Tanks

A benzene saturator is assumed to be an integral component of both
the carbon adsorption and thermal oxidation vapor control systems. The

purpose of the benzene saturator is to raise the benzene concentration of
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the collected vapor above the upper explosive Timit and, thus, help
ensure the safe operation of the system. The efficiency of a carbon
adsorption or thermal oxidation unit is directly related to the benzene
concentration of the gas stream leaving the saturator and not the
concentration of the gas stream leaving the storage tank.

4.3.6.1 Carbon Adsorption. It is estimated that a carbon adsorption
vapor control system would reduce the emissions from an in-line benzene
saturator by approximately 96 percent. 'This efficiency is based on an
estimated carbon adsorption unit efficiency of 98 percent during gasoline
loading oper‘ations5 and an assumed collection efficiency of 98 percent of
the emissions from the benzene saturator.

If a carbon adsorption system with this efficiency is used on a
18-meter diameter, 12-meter high fixed-roof tank undergoing 13 turnovers
per year, the benzene emissions would be reduced from 16 megagrams per
year to 0.89 megagram per year, a 94 percent reduction (Table 4-1).

Because the emissions from the carbon adsorption unit are directly
related to the volume of saturated vapor entering the unit, the use of an
internal floating roof in the same fixed-roof tank would not reduce the
overall emissions. Consequently, the emissions from a carbon adsorption
unit which is fitted to a noncontact or a contact internal floating-roof
tank would remain unchanged at 0.89 megagram per year. However, because
the annual emissions from these two types of internail floating-roof tanks
are only 6.5 megagrams and 2.0 megagrams, respectively, the emissions
reduction efficiencies using a carbon adsorption system are only 86 and
56 percent, respectively (Tables 4-4 and 4-5). These efficiencies are
Tower than the 96 percent efficiency expected because the vapor emitted
from each tank is saturated with benzene for safety reasons before its
introduction to the carbon adsorption unit. Consequently, the emissions
reductions achieved by the carbon adsorber are based on the benzene
concentration leaving the saturator and not the concentration from the
storage tank.

In order to use a carbon adsorption system on an external
floating-roof tank, a fixed roof with pressure-vacuum vents must be
instalied over the floating roof. The emissions from carbon adsorption
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systems used on modified external floating-roof tanks are shown in Tables
4-2 and 4-3.

4.3.6.2 Thermal Oxidation. A thermal oxidation vapor control

system will reduce the emissions from an in-line benzene saturator by
approximately 97 percent. This efficiency is based on a measured thermal
oxidation unit efficiency of 99 percent during gasoline loading operations5
and an assumed 98 percent collection efficiency of the emissions from the
saturator.

Connecting a thermal oxidation system of 97 percent efficiency to a
fixed-roof tank 18 meters in diameter, 12 meters high, and undergoing 13
turnovers per year, would reduce the benzene emissions from 16 megagrams
per year to about 0.67 megagram per year, a 96 percent reduction (Table 4-1).

If a thermal oxidation system is used on a noncontact internal
floating-roof tank, the emissions would be reduced from 6.5 megagrams per
year to 0.67 megagram per year, a 90 percent reduction (Table 4-4).

Similar to carbon adsorption, the percent emissions reduction can be less
than the overall control efficiency indicated, because vapor from the
storage tank is saturated prior to being introduced to the thermal oxidation
unit.

The use of this system on a contact internal floating-roof tank
would reduce the emissions from 2.0 megagrams per year to 0.67 megagram
per year, a 66 percent reduction (Table 4-5).

Before a thermal oxidation system can be used on an external
floating-roof tank, the tank must be modified by installing a fixed roof
with pressure-vacuum vents over the floating roof. The emissions from
. thermal oxidation systems used on modified externé] floating-roof tanks
are shown in Tables 4-2 and 4-3.

4.3.7 Prohibit the Storage of Benzene in Tanks

Prohibiting the storage of benzene in taiks is a technique for
eliminating all benzene emissions from these sources.

4.4 RETROFIT PROBLEMS

This section discusses possible problems fixed-roof tank owners and
operators may have in retrofitting their tanks with internal floating
roofs. In addition, problems associated with the retrofitting of rim-
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mounted secondary seals on external floating roofs, conversion of external
floating-roof tanks to internal floating-roof tanks, and the retrofitting
of vapor control systems to tanks will be discussed.

4.4.1 Internal Floating Roofs in Fixed-Roof Tanks

Several modifications to a fixed-roof tank may be necessary before
it can be equipped with an internal floating roof. Tank wall deformations
and obstructions may require correction, and special structural modifications
such as bracing, reinforcing, and plumbing vertical columns may be necessary.
Antirotational guides should be installed to keep cover openings in
alignment with roof openings. Special vents must be installed on the
fixed roof or on the walls at the top of the tank to minimize the possibility
of benzene vapors approaching the flammable range in the vapor space.
4.4.2 Rim-Mounted Secondary Seals on External Floating Roofs

Retrofitting problems may be encountered when a secondary seal is
installed above a primary seal that can accommodate a large amount of
gap. Some secondary seals may be unable to span as large a gap and,
consequently, excessive gaps may result between the secondary seal and
the tank wall.
4.4.3 Fixed Roofs On External Floating-Roof Tanks

In order to install a fixed roof on an existing external floating-roof

tank, several tank modifications may be required. For example, special
structural modifications such as bracing and reinforcing may be necessary
to permit the external floating-roof tank to accommodate the added weight
of a fixed roof. Vertical columns may be required to support the fixed
roof and, as a result, modifications to the floating roof will be necessary
to accommodate these columns. In addition, antirotational guides should

be installed to keep cover openings in alignment with roof openings.

4.4.4 Vapor Control Systems on Existing Benzene Storage Tanks

Some problems may be encountered in siting a carbon adsorption or

thermal oxidation unit close to benzene tanks because of spacing constraints.

In addition, cold climates may necessitate the use of insulation on

exposed vapor collection lines to prevent freezing of the benzene vapors.

Electricity will also be required to operate a vapor collection system.
4.4.4.1 Carbon Adsorption. If a carbon adsorption system is employed

for reducing emissions, steam can be used for regenerating the carbon
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beds. However, a source of steam may not be readily available at some
facilities. In addition, water for cooling may also be in short supply.
Furthermore, even if cooling water is available, disposal of
benzene-contaminated condensate could be a problem.

If water for cooling is not easily obtained or if steam is not
readily available, a vacuum regeneration system with a closed loop freon
refrigeration unit can be used to regenerate the carbon. This method
would eliminate the problem of disposing of benzene-contaminated water.

4.4.4.2 Thermal Oxidation. The biggest problem with the use of
thermal oxidation is the requirement for supplemental fuel to maintain

the flame temperature. Some facilities may not have adequate fuel supplies
readily available.

4.5 CONTROL OF EMISSIONS DURING STARTUP, SHUTDOWN, UPSETS, AND BREAKDOWNS

Benzene emissions from storage tanks having floating roofs and seals
as the emissions control equipment are extremely difficult to quantify
because of the varying loss mechanisms and the number of variables affecting
loss rate. To help ensure that some degree of emissions control is
achieved during the initial filling (startup) of a tank and to minimize
the likelihood of operational failures (upsets and breakdowns) of the
control equipment, regular inspections of the control equipment should be
required. These inspections will help ensure that the control equipment
is being properly operated and maintained. The emissions resulting from
cleaning and degassing (shutdown) operations would not be reduced by the
control equipment.

If emissions control is provided by a vapor control system, the
emissions during initial filling operations and cleaning and degassing
" operations would be collected and transferred by blowers to a recovery or
oxidation unit. When upsets or breakdowns of the blowers occur, a redun-
dant blower system would be used to transfer the vapors to the control
unit. Should a carbon adsorption unit become inoperative, another carbon
bed must be available to provide continuous emissions control.
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5. REGULATORY ALTERNATIVES

5.1 INTRODUCTION

This chapter presents the regulatory alternatives being considered
for controlling benzene emissions from fixed-roof, external floating-roof,
and internal floating-roof storage tanks. In addition, the rationale

used in the development of these alternatives is presented.

5.2 DEVELOPMENT OF REGULATORY ALTERNATIVES

In order to develop a set of regulatory alternatives for consideration,
control options were first selected for application to new and existing
benzene storage tanks, respectively. Each control option for existing
tanks was then combined with a control option for new tanks to form a
regulatory alternative applicable to both new and existing tanks.
5.2.1 Selection of Control Options

The control options selected for reducing benzene emissions from
benzene storage tanks were developed by applying the various emissions
control techniques discussed in Chapter 4 to the three types of tanks
discussed in Chapter 3. The control options for existing and for new
benzene storage tanks are presented in Tables 5-1 and 5-2, respectively.

The fixed-roof tank, which generally has the largest emissions of
any of the three types of tanks, is the only type of tank affected by
Control Option I for existing tanks. This option, which is identical to
Option I for new tanks, would require that each fixed-roof tank have
either a noncontact or a contact internal floating roof. Each new or
existing fixed-roof tank which has a capacity greater than 150,000 liters
and which is located in an ozone nonattainment area is already required
to have an internal floating roof by the fixed-roof tank Control Techniques
Guideline (CTG).
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Table 5-1. CONTROL OPTIONS FOR EXISTING BENZENE STORAGE TANKS
(Fixed-Roof Tank CTG as Baseline)

e Option 0 - Baseline (no additional standard)

e Option I - Each fixed-roof storage tank must be retrofitted with an
internal floating roof (contact or noncontact).

e Option II - Each fixed-roof storage tank must be retrofitted with an
internal floating roof (contact or non-contact); each external
floating-roof storage tank must be retrofitted with a secondary seal.

e Option IIl - Each fixed-roof, external floating-roof, and internal
loating-roof storage tank must be converted to a contact internal
floating-roof storage tank with a liquid-mounted primary seal.

° O?tion IV - Each fixed-roof, external floating-roof, and internal
oating-roof storage tank must be converted to a contact internal

floating-roof storage tank with a liquid-mounted primary seal and a
continuous secondary seal.

e Option V - Each fixed-roof, external floating-roof, and internal
?%oating-roof storage tank must be fitted to a vapor control system.
Two vapor control systems which have been analyzed in detail include:
A. Steam-regenerated carbon adsorption system.

B. Thermal oxidation system.

e Option VI - Prohibit the storage of benzene in tanks.
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Table 5-2. CONTROL OPTIONS FOR NEW BENZENE STORAGE TANKS
(Petroleum Liquid Storage Tank NSPS as Baseline)

Option 0 - Baseline (no additional standard).

Option I - Each fixed-roof storage tank must have an internal
floating roof (contact or non-contact).

Option IT - Each storage tank must have a contact internal floating
roof with a liquid-mounted primary seal.

Option III - Each storage tank must have a contact internal

floating roof with a liquid-mounted primary seal and a continuous
secondary seal.

Option IV - Each storage tank must be fitted to a vapor control
system. Two vapor control systems which have been analyzed in
detail include:

A. Steam-regenerated carbon adsorption system.

B. Thermal oxidation system.

Option V - Prohibit the storage of benzene in tanks.




The external floating-roof tank, which is the second largest source
of emissions, and the fixed-roof tank are both affected by Control Option
II for existing tanks. Each existing external floating-roof tank would
be required to have both primary and secondary seals. In addition, each
existing fixed-roof tank would be required to have an internal floating
roof as prescribed in Option I. No such option applies to new tanks
because new external floating-roof tanks are already required to have
primary and secondary seals by the Petroleum Liquid Storage Tank New
Source Performance Standard (NSPS) promulgated on April 4, 1980.

At this point in the development of the control options, both
fixed-roof and external rloating-roof tanks have been controiled. The
third largest source of emissions is the noncontact internal floating-roof
tank. As a result, the next control options for new and existing tanks
(Options II and III, respectively) would require that each tank have a
fixed roof and a contact internal floating roof with a liquid-mounted
primary seal.

Contact internal floating roofs with ligquid-mounted primary seals
and continuous secondary seals are required in the next control options
(Options III and IV for new and for existing tanks, respectively) to
further reduce the benzene emissions from internal floating-roof tanks.

Options IV and V for new and existing tanks, respectively, would
require the use of vapor control systems, such as carbon adsorption or
thermal oxidation. Option V would make it necessary to retrofit existing
external floating-roof tanks with fixed roofs and pressure-vacuum valves
to accommodate the vapor collection systems.

The last control options (Options V and VI for new and for existing
tanks, respectively) would prohibit the storage of benzene in tanks.
Tables 5-3 and 5-4 summarize the impacts that each control option for
existing and new tanks, respectively, would huave on each type of storage
tank.

5.2.1.1 Estimated Benzene Emissions From New and Existing Model Plants.
The estimated benzene emissions for each of the control options as applied

to the existing and new model plzcats shown in Table 5-5 are presented in

Tables 5-6 and 5-7, respectively. The baseline emissions level (Option 0),
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Teble 5-3. IMPACTS OF EACH CONTROL OPXION ON
EXISTING BENZENE STORAGE TANKS

Existing Control option
storage
tank I Il I1I IV v
FR IFRps IFRps cIFRps cIFRps Vapor
control
system
EFRps -—- EFRss cIFRpsb cIFRssb A. Carbonb
adsorption
ncIFR - -—- cIFRpsc cIFRss B. Thermg]
oxidation
cIFRps -— -—- -— cIFRss

4FR - fixed-roof tank, EFRps - external floating-roof tank with a primary seal,
EFRss. - external floating-roof tank with primary and secondary seals, ncIFR -
noncontact internal floating-roof tank, cIFRps - contact internal floating-
roof tank with a 1iquid-mounted primary seal, cIFRss - contact internal
floating-roof tank with a liquid-mounted primary seal and continuous secondary
seal.

bRequires addition of fixed roof to external floating-roof tank.

CRequires replacement of or equivalency determination for noncontact
internal floating roof.



Table 5-4. IMPACTS OF EACH CONTRO% OPTION ON
NEW BENZENE STORAGE TANKS

New Control option

storage

tank I I1 IT1 Iv

FR IFRps cIFRps cIFRss

EFRss -—- cIFRps _ cIFRss Vapor
control
system

ncIFR --- cIFRps cIFRss A. Carbon
adsorption
B. Thermal
oxidation

cIFRps - - cIFRss

3FR - fixed-roof tank, EFRss - external floating-roof tank with primary and
secondary seals, ncIFR - noncontact internal floating-roof tank, cIFRps -
contact internal floating-roof tank with 1iquid-mounted primary seal,
cIFRss - contact internal floating-roof tank with liquid-mounted primary
seal and continuous secondary seal.
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which represents the level of emissions control achieved by an affected
facility in the absence of additional EPA standards, can be used as a
basis for comparing the performance of the various control options. The
selection of the baseline and the development of the model plants are
discussed in Chapter 3.

5.2.2 Regulatory Alternatives

The possibility exists that different control options might be
applied to new and existing tanks because of the higher costs and economic
jmpacts associated with the retrofitting of existing tanks. In order to
evaluate the impacts of applying different control options to new and
existing tanks, the control options listed in Table 5-1 for existing
tanks were combined with the control options listed in Table 5-2 for new
tanks to produce the matrix of regulatory alternatives in Table 5-8.

Upon analysis, some of the alternatives have been eliminated from
consideration in view of their unreasonableness. Regulatory Alternatives
1-0, I1I1-0, III-0, IV-0, V(A)-0, V(B)-0, II-I, III-I, IvV-1, V(A)-I, V(B)-1,
IV-1I, V(A)-II, V(B)-II, V(A)-111, and V(B)-1II have been eliminated
because these alternatives have more stringent requirements for existing
tanks than for new tanks. This was considered unreasonable because
annualized cost and cost effectiveness data generally indicate that
compliance with a control option is cheaper for new tanks than for existing
tanks, because no retrofit costs are involved.

In addition, Alternatives VI-O, vi-I, vI-II, VI-III, VI-IV(A),
VI-IV(B), VI-V, 0-V, I-V, II-V, 11I-v, IV-V, V(A)-V, and V(B)-V, which
would prohibit the storage of benzene in tanks, have also been eliminated
from consideration. Prohibiting the storage of benzene in tanks would
mean that benzene production and consumption would have to be coordinated
so that all benzene would be used immediately after production. Such
coordination between production and consumption would be very difficult
to achieve in practice, especially where the production and consumption
facilities are remote from each other. To avoid these problems, it is
1ikely that an owner or operator of a process requiring benzene as a
feedstock would use an alternate feedstock. However, the question of
alternate feedstocks for benzene js more appropriately examined in
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Table 5-8. MATRIX OF REGULATORY ALTERNATIVES®

Control
ggﬁions Control options for new tanks
existing
tanks 0 I 11 I11 IV(A) IV(B) v
0 0-0 0-1 O-II 0-1I1 0-IV(A) 0-1V(B) X
X I-1 I-11 I-111 I-IV(A) I-1V(B) X
I1 X X I1I-11 11-111 I1-1V(A) 11-1V(B) X
III X X III-I1 1III-III I1I-IV(A) I111-1v(B) X
IV X X X IV-111 IV-1V(A) IV-1v(B) X
V(A) X X X X V(A)-IV(A) V(A)-IV(B) X
V(B) X X X X V(B)-IV(A) V(B)-IV(B) X
VI X X X X X X X

3Requlatory alternatives marked with an "X" have been eliminated from further
consideration (see Section 5.2.2).
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regulatory packages for petroleum refineries and specific chemical
manufacturing processes. Consequently, alternatives which prohibit the
storage of benzene in either new or existing storage tanks are not evaluated
in the remainder of this document.

The regulatory alternatives which are being evaluated are summarized
in Table 5-9.
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Table 5-9. SUMMARY OF REGULATORY ALTERNATIVES

I-

EXISTING: Option 0: Baseline (no additional standard) - Fixed-roof
tank CTG, which recommends that each fixed-roof tank with a capacity
greater than 150,000 Titers have an internal floating roof (assumed
to be noncontact).

0 NEW: Option 0: Baseline (no additional standard) -
Petroleum Liquid Storage Tank NSPS, which requires that
each tank constructed after May 18, 1978, which has a
capacity greater than about 150,000 1iters have either
(1) an external floating roof with primary and secondary
seals, or (2) a fixed roof and an internal floating roof
(assumed to be noncontact).

1 Option I - Each fixed-roof storage tank must have an
internal floating roof (contact or noncontact).

II Ogtion II - Each storage tank must have a contact internal
oating roof with a liquid-mounted primary seal.

IT1 Option III - Each storage tank must have a contact internal

floating roof with a 1iquid-mounted primary seal and a
continuous secondary seal.

IV(A) Option A - Each storage tank must be fitted to a steam-
regenerated carbon adsorption system.

IV(B) Option B - Each storage tank must be fitted to a thermal
oxidation system.

EXISTING: Option I - Each fixed-roof storage tank must be retrofitted

with an internal floating roof (contact or noncontact).

I NEW: Option I - Each fixed-roof storage tank must have an
internal floating roof (contact or noncontact).

II Option II - Each storage tank must have a contact internal
floating roof with a 1iquid-mounted primary seal.

ITI Option IIT - Each storage tank must have a contact internal
floating roof with a liquid-mounted primary seal and a
continuous secondary seal.

IV(A) Option A - Each storage tank must be fitted to a steam-
regenerated carbon adsorption system.

IV(B) Option B - Each storage tank must be fitted to a thermal
oxidation system.

(continued)
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Table 5-9. Continued

II- EXISTING: Option Il - Each fixed-roof storage tank must be retrofitted
with an internal floating roof (contact or noncontact); each external
floating-roof storage tank must be retrofitted with a secondary seal.

II NEW: Option Il - Each storage tank must have a contact
internal floating roof with a liquid-mounted primary seal.

IT1 Option III - Each storage tank must have a contact internal
floating roof with a liquid-mounted primary seal and a
continuous secondary seal.

IV(A) Option A - Each storage tank must be fitted to a steam-
regenerated carbon adsorption system.

IV(B) Option B - Each storage tank must be fitted to a thermal
oxidation system.

ITI- EXISTING: Option III - Each fixed-roof, external floating-roof, and
internal floating-roof storage tank must be converted to a contact
internal floating-roof storage tank with a liquid-mounted primary seal.

II NEW: Option II - Each storage tank must have a contact
internal floating roof with a liquid-mounted primary seal.

Il Ogtion 111 - Each storage tank must have a contact internal
oating roof with a liquid-mounted primary seal and a
continuous secondary seal.

IV(A) Option A - Each storage tank must be fitted to a steam-
regenerated carbon adsorption system.

IV(B) Option B - Each storage tank must be fitted to a thermal
oxidation system.

IV- EXISTING: Option IV - Each fixed-roof, external floating-roof, and
internal floating-roof storage tank must be converted to a contact
internal floating-roof storage tank with a 1iquid-mounted primary
seal and a continuous secondary seal.

I11 NEW: Option III - Each storage tank must have a contact
internal floating roof with a liquid-mounted primary seal
and a continuous secondary seal.

IV(A) Option A - Each storage tank must be fitted to a steam-
regenerated carbon adsorption system.

IV(B) Option B - Each storage tank must be fitted to a thermal
oxidation system.

(continued)
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Table 5-9. Concluded

EXISTING:

Option A - Each storage tank must be fitted to a

regenerated carbon adsorption system.

IV(A)

IV(B)

EXISTING:

NEW: Option A - Each storage tank must be fitted

steam-regenerated carbon adsorption system.

NEW: Option B - Each storage tank must be fitted

thermal oxidation system.

Option B - Each storage tank must be fitted to a

. oxidation

IV(A)

IV(B)

system.

NEW: Option A - Each storage tank must be fitted

steam-regenerated carbon adsorption system.

NEW: Option B - Each storage tank must be fitted

thermal oxidation system.

steam-

to a

to a

thermal

to a

to a
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6. ENVIRONMENTAL AND ENERGY IMPACTS

6.1 INTRODUCTION

This chapter discusses the environmental and energy impacts associated
with each of the 26 regulatory alternatives summarized in Table 5-9. The
impacts are discussed with regard to air quality, water quality and rates
of consumption, solid waste, and energy requirements. Both beneficial and
adverse impacts are presented, with the major emphasis on the incremental
impacts of the regulatory alternatives.

6.2 AIR POLLUTION IMPACTS
6.2.1 Modeling Results

The air quality impacts of applying each of the control options in
Tables 5-1 and 5-2 to each of the model benzene storage plants in Table 5-5
were evaluated using the Industrial Source Complex (ISC) dispersion
mode].] The ISC dispersion model predicts the ambient concentrations
that would result from air pollutant sources, based on meteorological
data and the characteristics of the emitting sources (such as the
emissions rate, stack height, and stack gas temperature).

The maximum annual benzene concentrations associated with existing
facilities are shown in Table 6-1. These concentrations were estimated
using the annual emissions for existing facilities in Table 6-2. The
maximum annual concentrations associated with new facilities are presented
in Table 6-3. These concentrations were estimated using the annual
emissions for new facilities in Table 6-4. The ambient concentrations
are highest for the control options requiring the use of a carbon adsorp-
tion vapor control system (Options IV(A) and V(A) for new and existing
tanks, respectively) because benzene emissions from carbon adsorption
units have no thermal buoyancy and minimal vertical momentum. Consequently,




Table 6-1. MAXIMUM ANNUAL BENZENE CONCENTRATIONS FOR EXISTI%G
MODEL FACILITIES - 0.1 KILOMETERS FROM THE SOURCE BOUNDARY

3
(ug/m>)

Large Small Bulk

Control benzene benzene Benzene storage
option producer producer consumer terminal

0 (Baseline)? 16.8 7.29 5.40 5.40

1 16.8 7.22 5.40 5.40

11 15.9 7.22 5.40 5.40

I11 5.13 5.71 1.82 1.82

Ig 3.13 3.49 1.10 1.10

V(A)c 35.6 8.78 4,33 4.33
V(B) 4.72 1.17 0.565 0.565

VI 0 0 0 0

3No additional standard.
bSteam-regenerated carbon adsorption system.

“Thermal oxidation system.

Table 6-2. EMISSIONS FOR CONTROL OPTIONS - EXISTING FACILITIES
(FIXED-ROOF TANK CTG AS BASELINE)

(Mg/yr)
Large Small Bulk
Control benzene benzene Benzene storage
option producer producer consumer terminal
0 (Baseline)? 44 13 6.5 6.5
1 44 12 - 13b 6.5 6.5
11 36 12 - 13 6.5 6.5
111 13 6.3 3.3 3.3
Ix 7.7 3.9 2.0 2.0
V(A)d 9.1 2.2 1.1 1.1
V(B) 6.8 1.7 0.83 0.83
VI 0 0 Q 0

3No additional standard.

bRange of emissions for control option which allows the use of contact
and noncontact internal floating roofs, respectively, in affected tanks.

cSteam-regenerated carbon adsorption system.

dThermal oxidation system,
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Table 6-3. MAXIMUM ANNUAL BENZENE CONCENTRATIONS FOR NE%.MODEL
FACILITIES - 0.1 KILOMETERS FROM THE SOURCE BOUNDARY

(ug/m3)

Large Small Bulk

Control benzene benzene Benzene storage
option producer producer consumer terminal

0 (Baseline)2* ® 17,9 19.2 6.78 6.78

1 17.0 19.1 6.78 6.78

11 5.13 5.71 1.82 1.82

IIé 3.13 3.49 1.10 1.10

IV(A)d 35.6 8.78 4.33 4.33
IV(b) 4.72 1.17 0.565 0.565

v 0 0 0 0

No additional standard.

for existing facilities because new facilities are assumed to only comg1y
. L9 X $;

therefore, all internal floating-roof tanks are assumed to have noncontact
internal floating roofs.

cSteam-regenerated carbon adsorption system,

dThermal oxidation system,

Table 6-4. EMISSIONS FOR CONTROL OPTIONS - NEW FACILITIES
(PETROLEUM LIQUID STORAGE TANK NSPS AS BASELINE)

(Mg/yr)
Large Small Bulk
Control benzene benzene Benzene storage
option producer producer consumer terminal
0 (Baseline)? 40 21 11 11
1 40 20 - 21 11 11
11 13 6.3 3.3 3.3
II& 7.7 3.9 2.0 2.0
IV(A)d 9.1 2.2 1.1 1.1
1V(B) 6.8 1.7 0.83 0.83
v 0 0 ] 0

Mo additional standard.

bRange of the emissions for control option which allows the use of contact
and noncontact internal floating roofs, respectively, in affected tanks.

CSteam-regenerated carbon adsorption system.

dThenma] oxidation system.



in the absence of a tall stack, the emissions remain close iv the ground
where they undergo little mixing. Concentrations are significantly lower

for the options requiring the use of a thermal oxidation system (Options IV(B)
and V(B) for new and existing tanks, respectively) because the emissions

from thermal oxidation units are discharged at elevated temperatures.
Consequently, there is significant plume rise and good mixing of the
pollutants.

6.2.2 Effects of Regulatory Alternatives on Nationwide Emissions

In order to evaluate the air pollution impacts in the years 1980,
1985, and 1990 associated with each of the 26 regulatory alternatives
being considered, the numbers of new benzene storage facilities were
estimated. These facilities include large benzene producers, small
benzene producers, benzene consumers, and bulk storage terminals. Using
the number of each type of facility existing in 1979 as the baseline, it
was assumed that the number of new facilities is directly related to the
projected growth rate of benzene usage from 1980 through 1990. Benzene
usage is projected to increase at a rate of 5 percent per year over the
next 10 years (see Section 7.1). Consequently, the number of new facilities
was estimated using a growth rate of 5 percent per year, assuming a
constant facility and tank utilization rate over the lO-yéar period. The
number of facilities existing in 1979, as well as the projected number of
new and existing facilities in 1980, 1985, and 1990, are shown in Table
6-5.

Based on these projections and the benzene emissions estimates from
Tables 6-2 and 6-4 for existing and new facilities, respectively, the
total nationwide benzene emissions for 1980, 1985, and 1990, were estimated.
These estimates are presented in Tables 6-6, 6-7, and 6-8.

These tables show that the greatest emissions reductions would be
obtained with the alternatives which require ttat each new and existing
benzene storage tank be fitted to a vapor control system. (Alternatives
V(A)-IV(A), V(A)-IV(B), V(B)-IV(A), and V(B)-IV(B)). The use of vapor
control systems is expected to result in emissions reductions of approx-
imately 90 percent in 1980, 1985, and 1990, when compared with the projected
baseline emissions (Alternative 0-0) for each of these years.
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Table 6-5. TOTAL PROJECTED NUMBER OF PLANTS WITH BENZENE
STORAGE TANKS (1979-139Q)

Large Small Benzene Bulk storage
Year benzene benzene consumer terminal
producer producer
19792 28 34 77 4
1980 29.4 35.7 80.8 4.2
1985 37.5 45.6 103.2 5.4
1990 47.9 58.2 131.7 6.8

8Baseline year,

Table 6-6. NATIONWIDE EMISSIONS FROM NEW AND EXISTING BENZENE
STORAGE TANKS IN 1980

(Mg/yr)
Control
options
for Control options for new tanks
existing
tanks 0 1 11 111 IV(A) 1v(B) v
0 2,300% 2,300 2,200 2,200 2,200 2,200 X
I Xb 2,300 2,200 2,200 2,200 2,200 X
11 X X 2,000 2,000 2,000 2,000 X
111 X 890 870 870 860 X
v X X X 540 530 530 X
V(A) X X X X 440 430 X
V(B) X X X X 340 330 X
VI X X X X X X X

%This includes 2200 Mg/yr from existing tanks and 10Q Mg/yr from new tanks.

bRegulatory alternatives marked with an "X" have been eliminated from further

consideration (see Section 5.2.2).
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Table 6-7. NATIONWIDE EMISSIONS FROM NEW AND EXISTING BENZENE
STORAGE TANKS IN 1985

(Mg/yr)
Control
options
for Control options for new tanks
existing
tanks 0 1 11 mn IV(A) IV(B) v
0 3,106% 3,100 2,500 2,400 2,300 2,300 X
1 xb 3,100 2,500 2,300-2,400¢ 2,300 2,300 X
I1 X X 2,200-2,300¢ 2,100-2,200¢ 2,100 2,000-2,100¢ X
111 X X 1,100 1,000 990 950 X
Iv X X X 680 650 620 X
Y(A) X X X X 560 530 X
v(B) X X X X 460 420 X
VI X X X X X X X

‘m: Includes 2,200 Mg/yr from existing tanks and 900 Mg/yr from new
tanks.

bIlegl.mn:or-y alternatives marked with an “X" have been eliminated from
further consideration (see Section 5.2.2).

cnunge indicates emissions for alternative which allows the use of contact
and noncontact internal floating roofs, respectively, in affected tanks.

Table 6-8. NATIONWIDE EMISSIONS FROM NEW AND EXISTING BENZENE
STORAGE TANKS IN 1990

(Mg/yr)
Control
options
for Control options for new tanks
existing
tanks 0 1 11 111 IV(A) Iv(B) v
0 4,100% 4.106 2,800 2,600 2,500 2,400 X
1 x® 4,100 2,800 2,500-2,600° 2,500 2,400 X
I1 X X 2,500-2.600c 2,300 2,200-2,300° 2,400 X
111 X X 1,400 1,200 1,100 1,100 X
IV X X X 870 810 730 X
V(A) X X X X 720 640 X
v(8) X X X X 610 540 X
vl X X X X X X X

8This includes 2,200 Mg/yr from existing tanks and 1,900 Mg/yr from
new tanks.

bRegu’latory alternatives marked with an "X" have been eliminated from
further consideration (see Section 5.2.2).

cRAnge indicates emissions for alternative which 41lows the use of contact
and noncontact internal floating roofs, respectively, in affected tanks.
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Tiquid-mounted primary seal and a continuous secondary seal, would result
in the largest emissions reduction of any of the alternatives not requiring
the use of a vapor control system. Implementation of this alternative
would result in about a 78 percent reduction of emissions in 1980, 1985,
and 1990, when compared to the baseline emissions (Alternative 0-0) for
each of these years.

The national emissions reductions for 1980, 1985, and 1990, are
presented in Tables 6-9, 6-10, and 6-11, respectively.
6.2.3 Secondary Impacts on Air Quality

The option requiring the use of a thermal oxidation vapor control
system may result in some secondary air quality impacts. However, because
the emissions from a thermal oxidation unit are expected to be minimal
during normal operation, the impacts should not be significant.

These impacts on air quality are associated with the use of natural
gas or fuel oil to fire the thermal oxidation unit. A thermal oxidation
unit which uses either natural gas or fuel oil as supplemental fuel will
produce oxides of nitrogen (NOX). Oxides of sulfur (SOX) will also be
produced with the use of fuel 0il. The emissions from a typical thermal
oxidation unit could be as large as 15,000 kilograms per year (kg/year)
of SOx and 6,000 kg/year of NOX.

6.3 IMPACTS ON WATER QUALITY AND RATES OF CONSUMPTION

There could be significant impacts on water quality and the rates of
consumption associated with those control options which require that each
tank be fitted to either a carboh adsorption vapor control system
(Options IV(A) and V(A) for new and existing tanks, respectively) or a
thermal oxidation vapor control system (Options IV(B) and V(B) for new
and existing tanks, respectively). A maximum of 9,100 liters of benzene-
contaminated water per day of operation could be produced from the operation
of a carbon adsorption system. As much as 5,700 liters per day could be
produced from a thermal oxidation system.

A water seal is one source of benzene-contaminated water employed
with both types of vapor control systems. A water seal is used to ensure
that flashbacks do not propagate from the vapor control unit to the rest
of the piping system. Either of the two vapor control systems would



Table 6-9. NATIONWIDE EMISSIONS REDUCTIONS FROM NEW AND EXISTING
BENZENE STORAGE TANKS IN 1980

(Megagrams per year)

Control
options
for Control options for new tanks
existing
tanks 0 I II ITI IV(A) IV(B) )
0 0 0 100 100 100 100 X
I x2 0 100 100 100 100 X
II X X 300 300 300 300 X
II1 X X 1,400 1,400 1,400 1,400 X
IV X X X 1,800 1,800 1,800 X
V(A) X X X X 1,900 1,900 X
vV(B) X X X X 2,000 2,000 X
VI X X X X X X X

aRegulatory alternatives marked with an "X" have been eliminated from
further consideration (see Section 5.2.2).



Table €6-10. NATIONWIDE EMISSIONS REDUCTION FROM NEW AND
EXISTING BENZENE STORAGE TANKS IN 1985

(Megagrams per year)

Control
options
for Control options for new tanks
existing
tanks 0 1 11 IT1 IV(A) IV(B) v
0 0 0 600 700 800 800 X
I X8 0 600 700; 800 800 X
800
II X X 800- 900- 1,000 1,000- X
900° 1,000b 1,100b
III X X 2,000 2,100 2,100 2,200 X
IV X X X 2,400 2,400 2,500 X
V(A) X X X X 2,500 2,600 X
V(B) X X X X 2,600 2,700 X
VI X X X X X X X

aRegu]atory alternatives marked with an "X" have been eliminated from
further consideration (see Section 5.2.2).

bRange indicates emissions reduction for alternative which §110ws the use
of noncontact and contact internal floating roofs, respectively, in
affected tanks.
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Table 6-11. NATIONWIDE EMISSIONS REDUCTIONS FROM NEW AND EXISTING
BENZENE STORAGE TANKS IN 1990

(Megagrams per year)

Control

options
for Control options for new tanks
existing
tanks 0 I II 111 IV(A) 1V(B) v
0 0 0 1,300 1,500 1,600 1,700 X
I X8 0 1,300 1,5005 1,600 1,700 X
1,600
11 X X 1,5005 1,800 1,8005 1,900 X
1,600 1,900
IT1 X X 2,700 2,900 3,000 3,000 X
Iv X X X 3,200 3,300 3,400 X
V(A) X X X X 3,400 3,500 X
V(B) X X X X 3,500 3,600 X
VI X X X X X X X

aRegu'latory alternatives marked with an "X" have been eliminated from
further consideration (see Section 5.2.2).

bRange indicates emissions reduction for alternative which allows the use

of noncontact and contact internal floating roofs, respectively, in
affected tanks.

6-10



require two water seals, resulting in the production of as much as 5,700
Titers per day of benzene-contaminated water. Carbon adsorption vapor
control systems can have an additional source of water pollution if the
carbon bed is regenerated using steam. 1In a steam-regenerated carbon
adsorption system steam circulated through the carbon bed heats the
carbon and raises the benzene vapor pressure. The benzene evolved in
this process is removed along with the steam, and the steam-benzene
mixture is condensed and decanted. The recovered benzene is returned to
storage while the water, which is contaminated with benzene, is sent to
the plant wastewater system for treatment and disposal. As much as 3,400
liters per day of benzene-contaminated water could be produced with the
use of steam regeneration.

6.4 SOLID WASTE DISPOSAL IMPACTS

Only the control options requiring the use of a carbon adsorption
vapor control system (Options IV(A) and V(A) for new and existing tanks,
respectively) will likely result in any significant impacts on solid
waste disposal. The only impacts would be associated with the handling
of spent carbon from the adsorption unit. Typically, the spent carbon,
which is normally replaced approximately once every 10 to 15 years, is
transported to a facility for reclamation and reactivation.z There would
be no solid waste impact associated with this operation. However, this
material could be disposed of in a landfill which would result in a solid
waste disposal impact. Because the owner or operator of a carbon adsorp-
tion unit is most likely to have the carbon reclaimed and reactivated, no
impact on solid waste disposal is expected with the use of a carbon
adsorption system.

6.5 ENERGY IMPACTS

The only control options having any energy impacts are those which
require that each tank be fitted to a carbon adsorption vapor control
system (Options IV(A) and V(A) for new and existing tanks, respectively)
or a thermal oxidation vapor control system (Options IV(B) and V(B) for
new and existing tanks, respectively). Use of a carbon adsorption system
will require electricity to power blowers for collecting and transferring
the air-benzene vapor mixture from the storage tank to the carbon adsorption
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unit. Low pressure steam will be required to regenerate the carbon bed.
The steam and electrical requirements for each of the model facilities
were calculated using vendor quotes and engineering estimates. The
energy equivalents of steam and electricity are shown in Table 6-12.

Use of a thermal oxidation system to dispose of benzene vapors will
require electricity to power blowers for transferring the air-benzene
vapor mixture to the oxidation unit, and supplemental fuel (natural gas
assumed) to ignite and sustain the combustion process. The electrical
requirements were calculated using both vendor quotes and engineering
estimates, while the natural gas requirements were calculated using only
engineering estimates. Table 6-13 shows the natural gas and electrical
energy requirements for each of the four model facilities.

6.6 OTHER ENVIRONMENTAL CONCERNS
6.6.1 Irreversible and Irretrievable Commitment of Resources

The most significant commitment of resources would be required with
the use of a carbon adsorption or thermal oxidation vapor control system.
Both of these vapor control systems would require electricity to operate
blowers for transferring vapors from the storage tanks to the vapor
control unit. Use of a carbon adsorption system would also require a
supply of water for generating steam to desorb recovered benzene from the
carbon bed. Natural gas or other supplemental fuel would be required to
ignite and sustain the combustion process with the use of a thermal
oxidation system. The total nationwide energy consumption for 1985
associated with the use of vapor control systems would range from 0.7 to
0.8 petajoules per year.

6.6.2 Environmental Impacts of Delayed Standards

The only environmental impact associated with a delay in'proposing
and promulgating standards for new and existing benzene storage tanks
would be an increase in the quantity of benzene emitted from storage
tanks as more tanks are constructed. Current uncontro]ied benzene emis-
sions from benzene storage tanks are estimated to be approximately 2,200 mega-
grams per year. These emissions are projected to increase to 2,300 megagrams
per year in 1980 with the construction of new storage tanks. By 1985,
these emissions are estimated to be approximately 3,100 megagrams per
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Table 6-12. ENERGY REQUIRED TO OPERATE A STEAM-REGENERATED CARBON
ADSORPTION SYSTEM AT EACH MODEL BENZENE STORAGE FACILITY?

(TJ/yr)

Model facility Steam Electricity
Large benzene producer 3.4 0.22
Small benzene producer 3.4 0.22
Benzene consumer or 3.4 ‘ 0.22

bulk storage terminal

Carbon adsorption sys§em for each model facility is sized for a maximum
vapor flow of 0.126 m”/s for a 2000 gpm storage tank filling rate.

Table 6-13. ENERGY REQUIRED TO OPERATE A THERMAL OXIDATION
SYSTEM AT EACH MODEL BENZENE STORAGE FACILITY2

(Td/yr)

Model facility Natural gas Electricity
Large benzene producer 4.1 0.18
Small benzene producer 4.1 0.18
Benzene consumer or 4. 0.18

bulk storage terminal

8carbon adsorption system for each model facility is sized for a maximum
vapor flow of 0.126 m“/s for a 2000 gpm storage tank filling rate.
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year, an increase of 800 megagrams per year over the 1980 emissions rate.

The uncontrolied emissions are projected to increase to 4,100 megagrams
per year by 1990.
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7. ECONOMIC ANALYSIS

7.1 INDUSTRY PROFILE

Although the subject of this standard is benzene storage, the supply
and demand for benzene manufactured in the United States are the major
factors affecting both the present number of storage tanks and the number
that will be built in the future. In addition, even though some benzene
is stored in tanks owned by independent terminal operators, a majoriﬁy of
the companies that produce benzene, consume benzene, or both also own
storage tanks; thus, these companies will bear most of the control costs.
For these reasons, the industry profile presents data on the production
and consumption of benzene as a means of addressing the impacts of
regulations on the owners and operators of benzene storage tanks.
7.1.1 Benzene Production, Sales, and Capacity

Figures for 1978 put U.S. benzene production from all sources at
4,974 gigagrams (1,488 million ga]]ons).] This figure includes benzene
made from coke-~oven light 011, a byproduct of steel manufacturing.
Although benzene stored at coke-oven byproduct facilities would not be
affected by any standard recommended as a result of this study, production
and company data are included to Present an overview of the benzene
industry.

Table 7-1 summarizes historical production, sales quantities, and
sales values for benzene in the United States. Production of benzene
from coke-oven light oil is distinguished from petroleum-based benzene.
The percentage shares of total production made from these two types of
raw materials have reversed since 1950, when coke-oven light 0i1 was the
source of 95 percent of the benzene produced. In 1978, this source
accounted for less than 4 percent of the benzene produced.

Figure 7-1 graphically illustrates the growth in production and
sales quantities since 1950. Production and sales trend lines exhibit
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cyclic behavior, but their previous peaks tend to be exceeded every 4 or
5 years. Overall growth is about 5 percent per year. The widening gap
between production and sales gquantities since the late 1950's indicates
the increasing prevalence of captive consumption. Captive consumption is
a situation where a company uses the benzene it manufacturers rather than
sells it. In recent years, over one-half of the benzene produced has
been captively consumed.

The trends exhibited by the sales value each year corresponded to
sales volume until 1973. 1In 1973 the sales values increased sharply
because of higher unit sales values.

Table 7-2 summarizes recent and historical capacity utilization
rates for benzene. The utilization rate has varied (59 to 88 percent) in
a roughly cyclic manner over the years, but has remained relatively
constant since 1972. Based on quarterly-reported rates for the past
2 years, the utilization rate peaked at 79 percent in the beginning of
1977; the utilization rate then dipped to 67 percent in the third quarter
of 1978. In the first quarter of 1979, the utilization rate began to
rise again, reaching 70 percent.

7.1.2 Methods of Manufacture
Benzene is manufactured using five major methods. Four out of five

methods employed in the manufacture of benzene use refinery products as

the feedstock. These methods include (1) extraction from catalytic reformate,
(2) toluene dealkylation, (3) toluene disproportionation, and (4) the
processing of benzene from pyrolysis gasoline. A fifth method involves
processing benzene from coke-oven Tight 0i1, which is a byproduct of the
conversion of coal into coke for steel manufacturing. In most cases,

benzene producers obtain the raw material from which benzene is made from
their own refinery or manufacturing operations. 1In other cases, a benzene
producer may buy benzene-containing material ‘rom another source.

7.1.3 Uses of Benzene

Benzene is used almost exclusively as a feedstock material in the
production of other chemicals. Twenty-five percent of these chemicals
are ultimately used in consumer goods, including packaging, toys, sporting
goods, disposables, novelties, and other small manufactured items.3 The



Table 7-2. BENZENE CAPACITY UTILIZATION RATES

Perijod

Capacity utilization rate (percent)

A.

Recent rates3

1st Quarter 1979
3rd Quarter 1978
1st Quarter 1978
3rd Quarter 1977
1st Quarter 1977

Historical rates

1978
1977
1976
1975
1974
1973
1972

2,3,16

70
67
73
75
79

68
72
79
59
85
88
79
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major benzene-derived chemicals used in manufacturing these products
include styrenics such as poiystyrene, epoxy resins, acrylonitrile-
butadiene-styrene {ABS), and styrene acrylonitrile (SAN). Seventeen
percent of the derivatives, including nylon fibers and resins, ABS,
polystyrene, phenolics, and epoxies, are used in the manufacture of

3 The
transportation industry also uses 17 percent of the benzene derivatives
produced.3 Plastics, fibers, elastomers, and rubber are used in the

household goods such as furniture, appliances, and carpeting.

production of boats, airplanes, trucks, and automobﬂes.3

As shown in Table 7-3, the manufacture in the United States of three
chemical products consumed 83 percent of the benzene produced in 1976.
These products are ethylbenzene from which styrene is made, cumene from
which phenol is made, and cyclohexane. Other products derived from
benzene include chlorobenzene, nitrobenzene, maleic anhydride, and
detergent alkylate.
7.1.4 Benzene Prices

As shown in Table 7-4, benzene prices stayed between $0.06 and $0.09
per kilogram ($0.20 and $0.30 per gallon, respectively) from 1965 to
1973. In response to the 1974 oi1 embargo, prices jumped to almost $0.20
per kilogram ($0.67 per gallon). Although the average benzene price in
1978 declined to about $0.22 per kilogram ($0.74 per gallon) compared to
the 1977 price of about $0.23 per kilogram ($0.76 per gallon), the oil
shortage in late 1978 sent prices to $0.39 per kilogram ($1.30 per gallon),
and in 1979 some spot prices exceeded $0.60 per kilogram ($2.00 per
gallon).

This price fluctuation indicates the close relationship between
benzene and crude o071 prices. Benzene made from coke-oven light 0i1 also
experiences sharp price increases as a result of market factors.

7.1.5 Market Factors that Affect the Benzene Industry

Benzene is contained in chemical feedstock that could be diverted to

other uses. Therefore, the end product derived from benzene must be

profitable enough to justify recovering benzene from that feedstock
material. Whether these materials will be diverted from other uses to
the manufacture of benzene depends on a number of factors. These factors
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Table 7-3. PERCENT OF 1976 BENZENE PRODUCTION USED IN THE
MANUFACTURE OF MAJOR BENZENE-CONSUMING PRODUCTS6

Percent of 1976 benzene

Benzene consuming production used in the

product product's manufacture
Ethylbenzene 51
Cumene 17
Cyclohexane 15
A1l others 17
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Table 7-4.

UNIT SALES VALUE OF BENZENEZ

Unit sales value?

Year Petroleum benzene Coke-oven benzene
Cents Cents Cents Cents
per per per per
kilogram gallon kilogram gallon
1978 22.1 74.0 22.1 74.0
1977 22.7 76.0 24.5 82.0
1976 22.9 76.5 23.8 79.4
1975 21.0 70.1 22.4 75.0
1974 19.7 65.8 22.8 76.3
1973 8.7 29.0 8.0 26.7
1972 6.0 20.0 6.0 20.0
1971 6.0 20.0 6.0 20.0
1970 6.6 22.0 6.3 21.0
1969 6.6 22.0 6.6 22.0
1968 6.3 21.0 6.6 22.0
1967 7.2 24.0 7.2 24.0
1966 7.2 24.0 7.2 24.0
1965 7.2 24.0 6.9 23.0

%Total sales value divided by total sales quantity.
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include the value of the material in which the benzene is contained, the
value of the unrecovered benzene, and the cost of recovery.

The gasoline market is one factor that directly affects the benzene
industry in the manner just discussed. Both catalytic reformate and
toluene are used as sources from which high octane compounds for gasoline
are produced. When these materials yield higher profits when they are
employed in the production of gasoline than when benzene is recovered
from them, they are more likely to be diverted for use in gasoline.

Demand for benzene is also affected by general economic conditions
because of its uses as a feedstock in other products. The automobile
industry's behavior affects benzene demand because styrene is used in
tires. Similarly, the construction industry also has an effect on the
demand for benzene because of the use of aniline in the manufacture of
building insulation materials, and the use of benzene-based fibers for
manufacturing.

Table 7-5 lists the products made from benzene for which alternate
chemicals can be substituted for benzene as a feedstock. Essentially all
benzene substitutes used are derived from either petroleum or natural
gas. Therefore, any move to switch from benzene to these alternate
feedstocks cannot be expected to alter the close relationship between the
costs of these products and the cost of crude oil or natural gas.

7.1.6 Import/Export Considerations

Benzene imports do not represent a large portion of the total benzene
production. In 1976, net benzene imports of 56.8 gigagrams (17 million
gallons) represented only 1 percent of the total 1976 supply. Should
benzene-containing material be diverted to gasoline manufacture in the
United States, resulting in a tightened benzene supply (see Section 7.1.5),
there is a possibility that benzene imports would increase. However, the
overall import/export situation is not expected to be a Tong-term major
factor in the domestic supply of benzene.7

As shown in Table 7-6, during the 1950's more benzene was imported
than exported. During the 1960's exports began to exceed imports, reaching
a maximum net export level of 256 gigagrams (76.6 million gallons) in
1967. This situation was the result of increasing overseas chemical
operations that used U.S.-produced benzene until local supplies became
avai]ab]e.7 Once these supplies came on-line in the 1970's, U.S. imports
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Table 7-5. SUBSTITUTES FOR PRODUCTS MADE FROM BENZENE

8

Benzene-based product

Benzene substitute

Maleic anhydride

Ethylbenzene
Cyclohexane

Biphenyl

Oxidation of n-butane; byproduct
of phthalic anhydride (xylene
derivative)

Mixed xylene streams

Natural gas

Byproduct of toluene dealkylation
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again exceeded exports. U.S. demand for imported benzene continued
despite price increases in 1974.

7.1.7 Benzene-Producing Companies

Table 7-7 lists 37 companies that produced benzene in 1976. Currently,
28 of the companies are in the petroleum business, five are steel companies,
and three are chemical companies. The remaining company is a joint
venture between one petroleum company and two chemical companies.

Benzene production is fairly concentrated geographically, with over
80 percent of the production capacity located in five states or territories:
Texas, Puerto Rico, Louisiana, Pennsylvania, and the Virgin Islands.

Table 7-8 gives the percentage of production capacity located in each
state. Figure 7-2 geographically locates these percentages.

The benzene industry is not monopolized by one company. Table 7-9
shows each company's share of the total national production capacity. No
single company exceeds a 10 percent share, and it takes the combined
shares of 15 companies to account for 80 percent of the total capacity.

Almost all benzene-producing companies have sales exceeding one
billion dollars annually. As illustrated in Table 7-10, benzene production
does not represent a large percentage of these companies' total sales.
Benzene production is greater than a 5 percent share of sales for only
two companies.

Commonwealth 0i1 Refining Company, which has the largest benzene
production capacity and the greatest benzene-production-to-total-sales
ratio, has been operating under Chapter 11 of the Federal Bankruptcy Act
since March 2, 1978. The company is trying to financially recover but is
also being considered for acquisition by both the Charter Company and the
Arabian Seasoil Corporation.

7.1.8 Replacement Rate of Equipment

The replacement rate of benzene-manufacturing equipment and benzene
storage equipment is low. This is because companies tend to refurbish their
equipment on a continual basis rather than purchase replacements. This
practice is characteristic of most refinery operations.

7.1.9 Benzene-Consuming Companies

Tables 7-11 through 7-13 1ist companies that manufacture ethyl-

benzene and styrene, cyclohexane, and cumene. These products represent
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Table 7-7. BENZENE-PRODUCING COMPANIES®

Company and location

Annual benzene capacity
as of January 1, 1977

Gigagrams

M

Million
gallons

Million
pounds

Amerada Hess Corporation
Hess 0il Virgin Islands
Corporation (subsidiary)

St. Croix, VI
American Petrofina Inc.

American Petrofina Co.
of Texas, subsidiary

Port Arthur, Texas

American Petrofina Co. of
California (joint venture)

Beaumont, Texas

Cosden 0i1 & Chemical Co.,
subsidiary

Big Spring, Texas

Armco Steel Corponr'ationa
Middletown Ohio

Ashland 011 Inc.
Ashland Chemical Company,
Division
Petrochemical Division

Ashland (Catlettsburg),
Kentucky

North Tonewanda
(Buffalo), New York
Atlantic Richfield Company
ARCO Chemical Co., Division
Channelview, Texas
Houston, Texas
Wilmington, California

Bethlehem Steel Cor‘porationa
Bethlehem, Pennsylvania
Lackawanna, New York

- 217

67

74

194

10

214

77

107
140
40

13

65

20

22

58

64

23

32
42
12

479

147
162

427

22

471

169

236
309
88

29

(continued)
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Table 7-7. Continued

Annual benzene capacity
as of January 1, 1977
G'igagrams Million Million
] gallons pounds

Company and location

Bethlehem Steel Corporation
(Continued)

Sparrows Point, Maryland 50 15 110

CF&I Steel Corporationa
Pueblo, Colorado 10 3 22

The Charter Company
Charter 0i1 Co., subsidiary

Charter Chemicals-Charter
International 0il1 Co.,
subsidiary

Houston, Texas 17 5 37

Cities Service Company
Lake Charles, Louisiana 84 25 184

Coastal States Corporation
Coastal States Gas Producing Co.

Coastal States Petrochemical
Co., subsidiary

Corpus Christi, Texas 234 70 516
Commonwealth 0il Refining
Company, Inc.

Commonwealth Petrochemicals,
Inc., subsidiary

Penuelas, Puerto Rico 618 185 1,363
Corpus Christi Petrochemicals Co.
Champlin Petroleum Co. (37.5%)/ The companies are constructing a 1.2
Imperial Chemical Industries billion pound per year ethylene factory
Ltd. (37.5%)/Soltex Polymer based on gas, oil, and naphtha. Ben-
Corp. (25%) (Joint Venture) zene capacity is estimated to be 100

gigagrams (30 million gallons) per year.
Estimated completion date is early 1980.

(continued)
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Table 7-7, Continued

Annual benzene capacity
as of January 1, 1977

) Gigagrams MiTlion Miliion
Company and Tocation , callons pounds

Crown Central Petroleum Corp.
Pasadena, Texas 77 23 169

The Dow Chemical Company
Dow Chemical U.S.A.
Bay City, Michigan 100 30 221
Freeport, Texas 167 50 368
Plaguemine, Louisiana - - -

Exxon Corporation
Exxon Chemical Co., Division
Exxon Chemical Co. U.S.A.
Baton Rouge, Louisiana 234 70 516
Baytown, Texas 200 60 442

Getty 0i1 Company

Getty Refining & Marketing Co.
subsidiary

E1 Dorado, Kansas 43 13 96

Gulf 0i1 Corporation
Gulf 0il Chemicals Co., Division
Petrochemicals Division

Alliance, Louisiana 224 67 493
Philadelphia, Pennsylvania 124 37 273
Port Arthur, Texas 134 40 295

Independent Refining Corporation
Winnie, Texas 10 3 22

Kerr-McGee Corporation

Southwestern Refining Co.,
Inc., subsidiary

Corpus Christi, Texas 53 16 118

(continued)
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Table 7-7. Continued

Annual benzene capacity
as of January 1, 1977

Gigagrams
Company and location

Million
gallons

MiTllion
pounds

The LTV Corporationa

Jones & Laughlin Industries,
Inc.

Jones & Laughlin Steel
Corp., subsidiary

Aliquippa, Pennsylvania 33

Marathon 0i1 Company
Texas City, Texas 23

. Mobil Corporation
Mobil 0il1 Corporation
Mobil Chemical Co., Division
Petrochemicals Division
Beaumont, Texas 200

Monéanto Company

Monsanto Chemical Intermediates
Company

Alvin (Chocolate Bayou)/
Texas City, Texas 284

Pennzoil Company

Atlas Processing Co.,
subsidiary

Shreveport, Louisiana 50

Phillips Petroleum Company
Phillips Chemical Company
Sweeny, Texas 33

Phillips Puerto Rico Core,
Inc., subsidiary

Guayama, Puerto Rico 368

10

60

85

15

10

110

74

52

442

626

110

74

810

(continued)
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Table 7-7. Continued

Annual benzene capacity
as of January 1, 1977

Gigagrams Million Million
Company and location gallons  pounds

Quintana-Howell

(Joint venture of Quintana
Refinery Company and the
Howell Corporation)

Corpus Chridti, Texas 23 7 52

Shell 011 Company
Shell Chemical Company,

Division
Deer Park, Texas 301 90 663
Odessa, Texas 40 12 88
Wood River, I1linois 150 45 331

Standard 0i1 Company of California

Chevron Chemical Company,
subsidiary

E1 Segundo, California 77 23 169

Standard 0i1 Company (Indiana)
Amoco 0i1 Company, subsidiary
Texas City, Texas 284 85 626

The Standard 0i1 Company (Ohio)
BP 0i1 Inc., subsidiary
Marcus Hook, Pennsylvania 27 8 59

Sun Company, Inc.
Sun 0i1 Company of Pennsylvania,

subsidiary
Sun Petroleum Products Company,
subsidiary
Corpus Christi, Texas 127 3t 280
Marcus Hook Pennsylvania 97 29 214
Toledo, Ohio 164 49 361
Tulsa, Oklahoma 80 24 177

(continued)
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Table 7-7. Concluded

Annual benzene capacity
as of January 1, 1977
Gigagrams Million Million
Company and location gallons pounds

Tenneco, Inc.
" Tenneco 0i1 Company, Division

Chalmette, Louisiana 33 10 74
Texaco, Inc.

Port Arthur, Texas 150 45 - 331

Westville, New Jersey 117 35 258

Union Carbide Corporation
Chemicals and Plastics, Division
Taft, Louisiana 234 70 516

Union Carbide Carbide, Inc.,
subsidiary

Penuelas, Puerto Rico - - -

Union 0i1 Company of California
Chicago (Lemont), I1linois 57 17 125

Union Pacific Corporation

Champlin Petroleum Company,
subsidiary

Corpus Christi, Texas 33 10 74

a
United States Steel Corporation
USS Chemicals, Division

Clairton, Pennsylvania 150 45 331
Geneva, Utah 13 4 29
Total 6,683 2,000 14,730

These companies produce coal-based rather than petroleum-based benzene.
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Table 7-9. COMPANY SHARES OF TOTAL BENZENE CAPACITY, 1976%C
(ranked by share)

Capacity

Number Percent
Company of Gigagrams Million Million of tota’
plants gallons pounds capacity
Commonwealth Qi1 Ref. Co. 1 617 185 1,363 9,25
Shell 011 Co. 3 491 147 1082 7,35
Gulf 011 Corp. 3 481 144 1,061 7.2
Sun Co., Inc. 4 468 140 1,032 7.0
Exxon Corp. 2 434 130 958 6.5
Phillips Petroleum 2 401 120 884 6.0
American Petrofina, Inc, 3 334 100 736 5.0
Ashland 011 2 291 87 640 4,35
Atlantic Richfield Co. 3 287 86 633 4,3
Monsanto 1 284 85 626 4,25
Standard 011 Co. (Indfana) 1 284 85 626 4,25
Dow Chemical Co. 2 267 80 589 4,0
Texaco Inc. 2 267 80 589 4,0
Central States Corp. 1 234 70 516 3,5
Union Carbide Corp. 1 234 70 516 3.5
Amerada Hess Corp. 1 217 65 479 3,25
Mobil Corp. 1 200 60 442 3.0
United States Steel Corp. 2 164 49 360 2.45
Cities Service Co. 1 84 25 184 1.25
Crown Central Petro, 1 77 23 169 1.15
Standard 011 of Calif, 1 77 23 169 1.15
Bethlehem Steel 2 63 19 139 0,95
Union 0i1 Company of Calif. 1 57 17 125 0,85
Kerr-McGee 1 53 16 18 0.8
Pennzoil Co. 1 50 15 110 0,75,
Getty 011 Co. 1 43 13 96 0.65
The LTV Corp. 1 33 10 74 0.5
Union Pacific Corp. 1 33 10 74 0.5
Tenneco Inc. 1 33 10 74 0.5
Standard 01 Co, (Ohio) 1 27 8 59 0.4
Marathon 011 Co. 1 23 7 52 0.35
Quintana-Howell 1 23 7 52 0.35
The Charter Co. 1 17 5 37 0.25
Armco Steel Corp. 1 10 3 22 0.15
CF&I Steel Corp. 1 0 3 22 0.15
Independent Refining Corp. 1 10 3 22 0.15
Totals _5; G,E 2,000 14,730 100,0
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Table 7-10. RATIO OF MARKET VALUE OF BENZENE PRODUCTION TO
TOTAL SALES IN 1976 FOR BENZENE-PRODUCING COMPANIES |-

Market value

of benzene
production,  Total sales Value of benzene
’ Major Yine 19762 1976° .production as a
Company of business (million $) (million §) % of total sales
Amerada Hess Corp. Petroleum 37.5 3,914.6 1.0
American Petrofina, Inc. " 57.7 1,070.9 5.4
Armco Steel Corp. Steel 1.7 3,151.0 .
Ashland 0i1, Inc. Petroleum 50.2 4,086.9 1.2
Atlantic Richfield Co. " 50.0 8,462.5 0.6
Bethlehem Steel Steel 1.0 5,248.0 0.2
CF & I Steel Corp. " 1.7 413.0 0.4
The Charter Co. Petroleum 2.9 1,190.9 0.2
Cities Service Co. " 14.4 3,964.6 0.4
Coastal States Gas

Corp. " 40.4 N.A. -
Commonwealth 0i1 Ref.

Co. " 106.8 1,071.4 10.0
Crown Central Pet. “ 13.3 511.7 2.6
Dow Chemical Co. Chemicals 46.2 5,652.1 0.8
Exxon Corp. Petroleum 75.1 48,631.0 0.1
Getty 011 Co. " 7.5 3,058.7 0.2
6ulf 01l Corp. " B3.2 16,451.0 0.5
Independent Ref. Corp. " 1.7 N.A. -
Kerr-McGee Corp. " 9.2 1,955.1 0.4
The LTV Corp. Steel 5.8 4,497.0 0.1
Marathon 0il1 Co. Petroleum 4.0 3,488.4 0.1
Mobil Corp. " 34.6 26,063.0 0.
Monsanto Chemicals 49.1 4.270.2 1.1
Pennzoil Co. Petroleum 8.7 1,021.4 0.8
Phillips Pet. (Co. Y 106.3 5,697.5 1.2
Quintana-Howell " 4.0 N.A. --
Shell 0il1 Co. " 85.0 9,230.0 0.9
Standard 0il Co.

of Calif. " 13.3 19,434.0 0.0
s‘?ﬂ:;{fkf?l ® " 491 11,532.0 0.4

- Standard 0i1 Co. (Ohio) " 85.5 2,916.4 2.9

Sun Co., Inc. " 80.8 5,387.1 1.5

Tenneco Inc. " 5.8 6.423.4 0.0
(continued)
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Table 7-10. Concluded

Market value

of benzene
production, Tota1bsa1es Value of benzene
Major line 19762 1976 production as a
Company of business (million $) (million §) % of total sales
Texaco Inc. Petroleum 46.2 26,452.0 0.2
Union Carbide Corp. Chemicals 40.4 6,345.7 0.6
i1 Co. of
Unz;2131 Petroleum 9.8 5,350.7 0.2
Union Pacific Corp. " 5.8 2,024.3 0.3
1
Unégsg-States Stee Steel 28.3  8.604.2 0.3

3This figure is derived from the following formulas:

Total plant capacity X average percent of capacity at which plants
operate multiplied by the average market price per unit of benzene.

Plant capacities given in Table 7-9.

Capacity operating percentage = 75 percent.
Average 1976 unit market price = $0.77/gallon.
BrA = Not available.
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Table 7-11. MAXIMUM BENZENE REQUIREMENTS OF U. S. PRODUCERS
OF ETHYLBENZENE AND STYRENES

Maximum benzene requirements
of ethylbenzene
as of January 1, 1977

Million Million
gallons pounds

Company and location Gigagrams

American Hoechst Corporation

Foster Grant, Co., Inc.
subsidiary
Baton Rouge, Louisiana 400 120 882

Atlantic Richfield Company

ARCO/Polymers, Inc.
subsidiary
Port Arthur, Texas 172 52 380

COS~MAR, Inc.

(joint venture of Borg-
Warner Corporation and
Cosden 0il & Chemical Co.)
Carville, Louisiana 524 187 1,185

The Dow Chemical Company

Dow Chemical U.S.A.
Bay City/Midland, Mich. 190 57 418

Freeport, Texas 595 178 1,31

E1 Paso Natural Gas Company

E1 Paso Products Co.
subsidiary :
Odessa, Texas - 95 28 200

Gulf 0i1 Corporation

Gulf 0i1 Chemicals Co.
division
Petrochemicals Division
Welcome (Donaldsonville),
Louisiana 212 63 467

(continued)
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Table 7-11.

Concluded

Company and location

Maximum benzene requirements
of ethylbenzene
as of January 1, 1977

. Million Million
Gigagrams gallons pounds

Monsanto Company

Monsanto Chemica1
Intermediates Co.
Texas City, Texas

Standard 0i1 Company (Indiana)

Amoco Chemicals Corp.
subsidiary
Texas City, Texas

Sun Company, Inc.

Sun 0il1 Co. of Pa.
subsidiary
Sun Petroleum Prod.
Co., subsidiary
Corpus Christi, Tx.

Union Carbide Corporation

Chemicals & Plastics,
division
Seadrift, Texas

TOTAL

565 169 1,246
340 102 748
21 6 47
n7 35 258
3,231 967 7,22
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Table 7-12,

MAXIMUM BENZENE REQUIREMENTS OF

U. S. PRODUCERS OF CUMENE 2

Company and location

Maximum benzene requirements
as of January 1, 1977

Gigagrams Million Million

Ashland 0il1, Inc.

Ashland Chemical Company
division
Petrochemicals Division
Ashland (Cattlettsburg)
Kentucky

Clark 0i1 & Refining Corp.

Clark Chemical Corp.
subsidiary
Blue Island, I1linois

Costal States Gas Corp.

Costal States Marketing, Inc.

subsidiary
Corpus Christi, Texas
Getty 0i1 Company

Getty Refining & Marketing
Company, subsidiary
E1 Dorado, Kansas
Gulf 0i1 Corporation

Gulf 0i1 Chemicals Co.
division
Petrochemicals Division
Philadelphia, Pa.

Port Arthur, Texas

Marathon 0i1 Company
Texas City, Texas

_gallons pounds

109 33 241
34 10 76

44 13 97

42 13 93

117 35 259
14 42 310
66 20 145
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Table 7-12.

CONCLUDED.

Company and location

Maximum benzene requirements
as of January 1, 1977

Monsanto Company

Monsanto Chemical
Intermediates Co.
Chocolate Bayou, TX

Standard 0il Company of Calif.

Chevron Chemical Co.
subsidiary
Petrochemical Division
Industrial Chemicals
E1 Segundo, CA

Standard 0i1 Co. of Indiana

Amoco Chemicals Corp.
subsidiary
Texas City, Texas

Sun Company, Inc.

Sun 0i1 Company of Pa.
subsidiary
Sun Petroleum Products Co.
subsidiary
Corpus Christi, Texas

Texaco Inc.
Westville, New Jersey

Union Carbide Corporation

Union Carbide, Inc.
subsidiary
Penuelas, Puerto Rico

TOTAL CAPACITY

: Million Million
Gigagrams gallons pounds
224 67 493

30 9 69

10 3 21

78 23 172

44 13 97

201 60 442
1,¥39 34 2,515
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Table 7-13. MAXIMUM BENZENE REQUIREMENTS OF
U. S. PRODUCERS OF CYCLOHEXANE'S

Maximum Benzene Requirements
As of January 1, 1977

Gi Million Million
Company and location tgagrams - gayions pounds

American Petrofina, Inc.

Cosden 0il1 & Chemical Co
subsidary

Big Springs, Texas 33 10 73
Commonwealth 0i1 Refining Co., Inc.

Corco Cyclohexane, Inc.
subsidiary

Penuelas, Puerto Rico 110 33 243

Exxon Corporation

Exxon Chemical Co., division
Exxon Chemical Co. USA
Baytown, Texas 137 41 303

Gulf 0i1 Corporation

Gulf 011 Chemicals Co.,
division
Petrochemicals Division
Port Arthur, Texas 99 30 219

Phillips Petroleum Company
Phillips Chemical Company .

Sweeny, Texas 146 44 322
Phillips Puerto Rico Core, Inc.,
subsidiary

Guayama, Puerto Rico 198 59 437

Sun Company, Inc.
Sun 0i? Company of Pa.

subsidiary
Sun Petroleum Products Co.
Tulsa, Oklahoma 77 23 170
Texaco Inc.
Port Arthur, Texas 110 33 243

(continued)
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Table 7-13. Concluded

Maximum benzene requirements
as of January 1, 1977

; Mi)li 13114
Company and location Gigagrams _g;i}ggg Bou%&gn
Union 0i1 Company of California
Beaumont, Texas 83 25 182
Union Pacific Corporation
Champlin Petroleum Co.
subsidiary
Corpus Christi, Texas 61 18 134
TOTAL 1,052 316 2,326
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the major uses of benzene. The companies are primarily in the petroleum
or chemical business. The geographic distribution of the companies is
given in Table 7-14 based on their maximum benzene requirements. Con-
sumption of benzene in the manufacture of these products is heavily
concentrated in Texas and Louisiana, which combined account for over
80 percent of the benzene product requirements.

Table 7-15 characterizes each firm in terms of its share of the
total benzene requirement and its total sales in 1977. The lowest sales
for any individual benzene consumer listed is $876 million. The companies
requiring the largest amounts of benzene are Monsanto Company, Dow Chemical,
and Gulf 0i1 Company.
7.1.10 Projected Growth Rates

A survey of industry projections indicates that the growth rate of

benzene production facilities is in the range of 5 to 5.7 percent per
year through 1985.1°:16,17,18

These estimates were made prior to the
1979 oil shortage, however, and it is believed that they are on the high
side. Therefore, in the projection of affected facilities in Section 7.1.11,
a growth rate of 5 percent was used. This value allows for the replacement
of retired tanks. '

A11 announced expansions of benzene production capacity in 1976 were
at present production sites, except for three new p]ants.9 More recent
information indicates that plans for two of the plants have been
cant:e]]ed.lg’z0

Through 1985, benzene produced via toluene dealkylation is expected
to decrease by 4 percent per year and benzene produced in ethylene plants
is expected to increase by 8.5 percent per year.21 Benzene made via
refinery reformate is expected to grow by only 2 percent per year.21

Between 1980 and 1990, the amount of benzene used in ethylbenzene is
expected to increase by about 4.5 percent per year.22 During the same
period, the amount of benzene used in cyclohexane increased by about
5 percent.22

7.1.11 Benzene Storage Facility Growth Estimates

Based on an industry survey, there are 143 facilities with benzene
storage tanks in the United States. These facilities include 28 large
producers, 34 small producers, 77 consumers, and 4 bulk storage terminals
(see Section 3.3.2 for a definition of large and small producers).
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Table 7-15. TOTAL BENZENE REQUIREMENT AND 1977 ANNUAL SALES
1o 1‘/\
OF BENZENE-CONSUMING COMPANIESQ"“"3’ "’

Maximum benzene Percent tota! Sales, 1977 -
Benzene requirement bgnzene unlgss‘othergwse
consumer Gigagrams million requirement indicated
gallons (million dollars)
American Hoechst 400 120 7.4 11,287.4
American Petrofina 33 10 0.6 1,076.4
Ashland 0i1, Inc. 109 33 2.0 54,262.0
(YE 9/78)
Atlantic Richfield Co. 172 52 3.2 10,969.0
COS-MAR, Inc. 524 157 9.7 e
(joint venture
Borg Warner Corp. 2,031.9
and Cosden 0i1 &
Chemical Co.) NA
Clark 0i1 & Refining
Company 34 10 0.6 876.0
Coastal States Gas
Corporation 44 13 0.8 3,452.6
Commonwealth 011
Refining Co., Inc. 110 33 2.0 930.5
The Dow Chemical Co. 785. 235 14.5 6,234.3
E1 Paso Natural
Gas Company 95 28 1.7 1,694.7
Exxon Corporation 137 41 2.5 54,126.0
Getty 0i1 Company 42 13 0.8 3,320.0
Gulf 011 Corporation 569 170 10.5 17,840.0
Marathon 0i1 Company 66 20 1.2 4,252.0
Monsanto Company 789 236 14.5 4,594.5
Phillips Petroleum Co. 344 103 6.3 6,284.2
Standard 0i1 Co.
(Indiana) 350 105 6.4 13,020.0
Standard 0il of
California 30 9 0.6 20,917.0
Sun Company, Inc. 176 52 3.3 eeemeol
(subsidiary of Sun
0il1 of Pennsylvania) . 6,418.1
(continued)
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Table 7-15. Concluded

Maximum benzene Percent total Sales, 197?
requirement benzene unless othergwse
Ben:en:r requirement indicated
consum . cqqa
Giga million

Jagrams gallons (million dollars)
Texaco, Inc. 154 46 2.8 27,920.0
Union Carbide Corp. 318 95 5.9 7,036.1
Union 0i1 of CA. 83 25 1.5 5,668.5
Union Pacific Corp. 61 18 1.1 2,024.3

4100 percent benzene requirement for ethylbenzene and styrene, cyclohexane,
and cumene = 5,425 Gg (1,624 million gallons).

,bCompanies whose sales are unavailable do not have a 10-K on file with
the Security Exchange Commission and are assumed to be privately held.
It is likely that their sales figures are lower than those of publicly
held companies. NA = Not available and YE = Year ended.
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In Section €.2.2, a S percent growth rate (see Section 7.1.10) was
applied to the 1972 baseiine number of facilities to estimate the number
of facilities in 1980, 1985, and 199C¢. The resuits of these calculations

are shownh in Table 6-5.

7.2 COST ANALYSIS OF CONTROL OPTIONS FOR BENZENE STORAGE TANKS

This section presents estimates of the capital cost, annualized
cost, and cost effectiveness developed by applying each of the control
options in Tables 5-1 and 5-2 to each new and existing model plant in
Table 5-5. The capital cost, which represents the initial investment for
control equipment and its installation by the owner or operator of a
facility, was developed using vendor quotes, EPA reports, and the K.M.
Guthrie method of estimating capital cost.23 The capital cost was then
annualized by using a capital recovery factor of 13.15 or 16.27 (see
Section 7.2.1.2), which was based on equipment 1ife and the interest rate
on the capital. The total annualized cost attributable to the control
equipment was estimated by adding the annual costs for maintenance and
inspections, if necessary, and the annual taxes to the annualized capital
cost. The net annualized cost was estimated by subtracting the value of
the annual amount of benzene saved (a solvent credit of $0.34/1iter) from
the total annualized cost. The cost effectiveness of applying a particular
control option to a model plant was determined by dividing the net annualized
cost by the emissions reduction of the control option with respect to the
baseline emissions. The cost effectiveness permits a comparison of each
option on an equal basis with the baseline. The marginal cost effective-
ness, which can be used to evaluate an option relative to the preceeding
option, was also determined. The marginal cost effectiveness was estimated
by dividing the difference in the net annualized costs between two options
by the difference in the emissions reductions between those options.
7.2.1 Existing Facilities

7.2.1.1 Capital costs. The capital costs for the control options

not requiring the use of a vapor control system were based on cost esti-
mates obtained from vendors and the Control Techniques Guideline (CTG)

for external floating-roof tanks.24 Vendors were contacted and asked
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to provide estimates of the costs to install fixed or internal floating
roofs on existing storage tanks (Tables 7-16, 7-17, 7-18, and 7-19). The
external floating-roof tank CTG was the source of the costs for cleaning,
degassing, and certifying modified tanks and installing secondary seals
on external floating roofs (Table 7-20). The secondary seal costs were
also used to evaluate the costs of retrofitting internal floating roofs
with secondary seals.

Because the costs for modifying existing storage tanks were obtained
for a range of five tank sizes, the cost of modifying each tank in a
model facility was estimated by performing a straight line linear regression
analysis ‘on the five paired functions of cost and tank size. These five
paired functions included: (1) the cost of fitting a roof on an external
floating-roof tank versus the square of the tank diameter, (2) the cost
of installing a secondary seal on an internal or external floating roof
versus the tank diameter, (3) the cost of cleaning, degassing, and certi-
fying a tank versus tank volume, (4) the cost of removing a noncontact
internal floating roof versus the square of the tank diameter, and (5) the
cost of installing a contact or noncontact internal floating roof versus
the square of the tank diameter.

The capital costs of installing a carbon adsorption or thermal
oxidation vapor control system to reduce benzene emissions from an existing
model facility are presented in Tables 7-21 and 7-22, respectively.

These costs were estimated from information supplied by vendors of the
control equipment. It was assumed that each system, which was sized to
recover the emissions from a tank being filled by a barge at a rate of
7,750 liters/minute (2,000 gallons/minute), was connected to all benzene
storage tanks at a faci]ity.zg Approximately 180 meters (600 feet) of
vapor collection pipe was used to connect each tank to the carbon adsorp-
tion or thermal oxidation unit. The carbon adsorption and thermal oxidation
systems also utilized pressure switches and blowers (see Section 4.2.8).
Water seals were used to reduce the danger of flashback, and it was assumed
that an adequate supply of steam was available for regenerating the

carbon bed if a carbon adsorption unit were used.

Also included in the capital costs for a carbon adsorption and a
thermal oxidation system was the cost for safety devices, including a
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Table 7-16. COST OF INSTALLING A NONCONTACT INTEgNAL
FLOATING ROOF IN AN EXISTING FIXED-ROOF TANK

Tank b Installed capital cost Cost of cleaning, Total
dimensions of an aluminum noncontgc)z“5 degassing, ang4 cost
(meters) internal floating roof"® certification
8 x 12 $ 6,600 $1,300 $7,900
13 x 15 10,550 2,000 12,500
14 x 17 11,750 2,500 14,250
21 x 12 18,350 3,400 21,750
27 x 15 25,450 6,150 31,600

QCosts are in first-quarter 1979 dollars.
bDiameter by height

cGu]f.Coast installation.
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Table 7-17.

COST OF INSTALLING A CONTACT INTER
FLOATING ROOF IN AN EXISTING FIXED-ROOF TANK

§AL

Installed capital

Ténk b cost of an aluminum Cost of cleaning,
dimensions contact intern degassing, an Total
(meters) floating roof certification cost
8 x 12 $ 9,300 $1,300 $10,600
13 x 15 15,300 2,000 17,300
14 x 17 17,500 2,500 20,050
21 x 12 32,400 3,400 35,800
27 x 15 48,950 6,150 55,100

3Costs are in first-quarter 1979 dollars.

bDiameter by height.

Caulf Coast installation.
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Table 7-18. COST OF INSTALLING A FIXED ROOg ON
AN EXISTING EXTERNAL FLOATING-ROOF TANK

Tank diameter Installed capital, 27 Cost of cleaning, Total
(meters) cost of aluminum dome®*“° degassing, and24 cost
certification

8 x 12 $ 7,600 $1,300 $ 8,900
13 x 15 13,800 2,000 15,800
14 x 17 15,800 2,500 18,300
21 x 12 32,600 3,400 36,000
27 x 15 50,100 6,150 56,300

aCosts are in first-quarter 1979 dollars.

bGu]f Coast installation.

cSe]f—supporting aluminum dome costs include removal of platform and ladder
as well as addition of new rim angle.
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Table 7-19. COST OF INSTALLING A CONTACT INTERNAL FLOATIN
IN AN EXISTING NONCONTACT INTERNAL FLOATING-ROOF TANK

g ROOF

Cost of
Installed capital Cost of clean- removing
Tank cost of an aluminum ing, degassing, noncontact
dimensions” contact inter and certifica- internal 08 Total
(meters) floating roof tion24 floating roof cost
8 x 12 $ 9,300 $1,300 $ 600 $11,200
13 x 15 15,300 2,000 1,000 18,300
14 x 17 17,500 2,500 1,100 21,200
21 x 12 32,400 3,400 2,000 37,800
27 x 15 48,950 6,150 2,700 57,800

ACosts are in first-quarter 1979 dollars.

bDiameter' by height.

cGu]f Coast installation.
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Table 7-20. COST OF INSTALLING A SECONDARY SEALaON AN
EXISTING INTERNAL OR EXTERNAL FLOATING ROOF

Tank b Installed capital Cost of cleaning,
dimensions cost of o4 degassing, ang4 Total
(meters) secondary seal certification cost
8 x 12 $ 3,810 $1,300 $ 5,100
13 x 15 5,520 2,000 7,520
14 x 17 6,400 2,500 8,900
21 x 12 8,690 3,400 12,090
27 x 15 10,500 6,150 16,650

8Costs are in first-quarter 1979 dollars.

Phiameter by height.
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Table 7-21. COST OF INSTALLING A CARBON AD
AT AN EXISTING MODEL FACILITY

gORPTION SYSTEM

Benzene
consumer
Large Small or bulk
Carbon adsorption benzene benzene storage
system components producer producer terminal
Piping, pressure switches, and $67,840 $43,630 $27,490
backup pressure switches
Two water seals and two backup 12,480 12,480 12,480
water seals
Two blowers and two backup 14,560 14,560 14,560
blowers
Benzene saturator and related 62,140 62,140 62,140
equipment
Carbon adsorption unit and 109,060 109,060 109,060
related equipment
Cleaning and degassing 18,000 8,400 4,800
of tanks
Total $284,080 $250,270 $230,530

Costs are in first-quarter 1979 dollars.
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Table 7-22. COST OF INSTALLING A THERMAL OXIDATION SYSTEM
AT AN EXISTING MODEL FACILITY®

Benzene
consumer
Large Small or bulk
Thermal oxidation benzene benzene storage
system components producer producer terminal
Piping, pressure switches $67,840 $43,630 $27,490
and backup pressure
switches
Two water seals and two 12,480 12,480 12,480
backup water seals
Two blowers and two backup 14,560 14,560 14,560
blowers
Benzene saturator and 62,140 62,140 62,140
related equipment
Thermal oxidation unit 67,020 67,020 67,020
and related equipment
Cleaning and degassing of 18,000 8,400 4,800
tanks
Total $242,040 $208,230 $188,490

ACosts are in first-quarter 1979 dollars.
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benzene saturator and redundant pressure switches, water seals, and
blowers.
The capital cost required for each existing model facility to comply
with the requirements of each control option is shown in Table 7-23.
7.2.1.2 Annualized costs. The capital cost for each control option
was annualized using a useful lTifetime of 10 years for internal and
external floating roofs and sea]s.30 A11 other hardware including fixed

roofs, carbon adsorption systems, and thermal oxidation systems was

assumed to have a useful 1ifetime of 15 years. No salvage value was used
in estimating the annualized cost for any option.

Using a 10 percent interest rate in conjunction with these useful
lifetimes, the capital recovery rates are 16.27 percent and 13.15 percent
for 10 years and 15 years, respectively. With the addition of a 4 percent
rate for taxes, insurance, and administrative expenses, the capital
recovery rates become 20.27 percent and 17.15 percent, respectively.

A yearly maintenance charge of 5 percent of the installed capital
cost was added when converting a fixed-roof tank to an internal floating-
roof tank. No charge was assessed when converting an external floating-roof
tank to an internal floating-roof tank. A yearly maintenance charge of 1
percent of the installed capital cost was included in the costs for the
options requiring the use of a vapor control system.

When retrofitting a fixed-roof tank with an internal floating roof,
it was assumed that the tank owner or operator would conduct biannual
visual inspections of the internal floating roof through roof hatches on
the fixed roof. These inspections were estimated to cost $200 annually.
It was also assumed that an additional and more thorough inspection
inside each tank would be conducted at least once every 5 years at an
estimated cost of $1,000, including the costs for cleaning and degassing
the tank. This 5-year inspection was projected to have an annualized
cost of approximately $200. Owners or operators of all tanks other than
fixed-roof tanks were assumed to already have similar inspection schedu]es.31

For the control options requiring the use of vapor control systems,
utility expenses were estimated using electricity costs of $0.04/kwh,
natural gas costs of $0.07/m3, and steam costs of $7.23/Mg. It was also
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Table 7-23. CAPITAL COSTS FOR EXISTING MODEL PLANTS?®

Tank dimensionsb Optionc

[meters x meters (ft x ft)] 1 11 111 IV V{A) V{B)
Large benzene producer

12 x 9 (40 x 30) 0 0 $17,000 $22,500

18 x 12 (60 x 39.8) 0 10,400 28,200 35,800

8 x5 (25 x 18) 0 0 0 5,000

9 x 9 (30 x 30) 0 0 0 5,700

13 x 13 (42 x 41.8) 0 0 18,200 23,900

24 x 9 (80 x 30) 0 0 45,800 55,400

27 x 15 (90 x 48) 0 0 58,000 68,600

Total 0 10,400 167,200 216,900 284,080 242,040
Small benzene producer

3 x 11 (10 x 36) 7,0003 7,0003 7,40b 9,900

,400 7,400

13 x 13 (42 x 41.8) 0 0 18,200 23,900

8 x 11 (25 x 35.9) 0 0 11,200 15,200

32'x 7 (104 x 24) 0 0 16,500
Total 7,000~ 7,000- 36,800 65,500 250,270 208,230

7,400 7,400

Benzene consumer

12 x 11 (40 x 35.9) 0 0 17,100 22,600

18 x 15 (60 x 48) 0 0 0 10,800
Total : 0 0 17,100 33,400 230,530 188,490
Bulk storage terminal

12 x 11 (40 x 35.9) 0 o 17,100 22,600

18 x 15 (60 x 48) 0 0 0 10,800
Total 0 0 17,100 33,400 230,530 188,490
Acosts in first quarter 1979 dollars.

bDiameter x height.

Ccontrol options from Table 5-1.

dCost for noncontact and contact internal floating roofs, respectively.
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assumed that one person-year of operating labor, at $8.00/hr for
2,000 hours/year, would be required to operate and maintain a vapor
control system. Annual emission monitoring costs were also included in
the annualized costs for operating a vapor contro] system. These annualized
monitoring costs were estimated using a capital cost of $2,900 for a
flame ionization hydrocarbon detector, a capital cost of $1,000 for a
flow measurement device, and an annual cost of $1,700 for bottled gas to
operate the flame ionization detector. A1l these monitoring costs were
annualized for a total charge of $2,500/year.

The annualized cost of applying each of the control options to each
existing model facility is shown in Table 7-24.

7.2.1.3 Cost effectiveness. The cost effectiveness and net annualized
cost of applying each of the control options to each of the model plants
are shown in Tables 7-25 through 7-27. The cost effectiveness of each

option and its impact on each mode] pPlant are illustrated graphically in
Figure 7-3.

Option I, which would require that each fixed-roof tank be retrofitted
with an internal floating roof, has a cost effectiveness ranging from
$0/Mg emission reduction for the large benzene producer, benzene consumer,
and bulk storage terminal to greater than $1,900/Mg emission reduction
for the small benzene producer. The cost effectiveness for Option II,
which would require that each fixed-roof tank be retrofitted with an
internal floating roof and each external floating-roof tank be retrofitted
with a secondary seal, ranges from $0/Mg emission reduction for the
benzene consumer and bulk storage terminal to greater than $1,900/Mg
emission reduction for the small benzene producer. Option III, which
would require that each tank be converted to a contact internal
floating-roof tank with a liquid-mounted primary seal, has a cost effective-
ness ranging from $680/Mg emission reduction for the large benzene producer
to $850/Mg emission reduction for the small benzene producer. Option IV,
which would require that each tank be converted to a contact internal
floating-roof tank with a liquid-mounted primary seal and a continuous
secondary seal, has a cost effectiveness ranging from $800/Mg emission
reduction for the large benzene producer to $1,200/Mg emission reduction
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for the small benzene producer. The cost effectiveness for Option V,
which would require that each tank be fittd to a vapor control system, is
much larger, ranging from $1,900/Mg emission reduction for the large
benzene producer to $13,000/Mg emission reduction for the benzene consumer
and bulk storage terminal.
7.2.2 New Facilities

7.2.2.1 Capital costs. The installed capital costs used in the

cost analysis for existing facilities were also used in the analysis for
new facilities. The capital costs for installing floating roofs in new
tanks are ijdentical with those costs presented in Tables 7-16 through

7-20 minus the costs of cleaning, degassing, and certification. Similarly,
the capital costs for installing carbon adsorption and thermal oxidation
systems at new facilities are identical to those costs for existing
facilities presented in Tables 7-21 and 7-22, respectively, minus the
cleaning, degassing, and certification costs.

In order to determine the capital cost for each of the new mode]
facilities to comply with Options I through III in Table 5-2, a regression
analysis was performed on the five paired functions of cost and tank size
(see Section 7.2.1.1). Options IV(A) (carbon adsorption) and 1V(B)
(thermal oxidation) were evaluated using the same methodology, information,
and assumptions that were used in evaluating Options V(A) and V(B) for
existing facilities. The capital cost required for each new model facility
to comply with the requirements of each control option is shown in
Table 7-28.

7.2.2.2 Annualized costs. The capital cost for each new model

facility to comply with each control option was annualized using the same
useful lifetimes and interest rates that were used to estimaté the annualized
cost for each existing model facility. Consequently, the capital recovery
rates used for annualizing the capital costs of equipment with lifetimes
of 10 years and 15 years were 20.27 percent and 17.15 percent, respectively.
Table 7-29 shows the annualized cost for each new model facility to
comply with each of the control options.

7.2.2.3 Cost effectiveness. The cost effectiveness and net annualized
cost of applying each of the control options to each of the model plants
are shown in Tables 7-30 through 7-32. The cost effectiveness of each
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Table 7-28. CAPITAL COSTS FOR NEW MODEL PLANTS®

Tank dimensionsb OptionC

[meters x meters (ft x ft)] I 11 171 IV(A) IV(B)
Large benzene producer

12 x 9 (40 x 30) 0 $ 4,700 $10,200

18 x 12 (60 x 39.8) 0 25,400 25,400

8 x 5 (25 x 18) 0 1,900 5,900

9x9 (30 x 30) 0 2,700 7,200

13 x 13 (42 x 41.8) 0 5,100 10,800

24 x 9 (80 x 30) 0 18,400 28,000

27 x 15 (90 x 48) 0 23,300 33,900

Total 0 81,500 121,400 266,080 224,040
Small benzene producer

3 x 11 (10 x 36) 6,100+ 6,500 9,000

6,500¢

13 x 13 (42 x 41.8) 0 5,100 10,800

8 x 11 (25 x 35.9) 0 1,900 5,900

32 x 7 (104 x 24) 0 31,100 43,200
Total 6,100- 44,600 68,900 241,870 199,830

6,500

Benzene consumer

12 x 11 (40 x 35.9) 0 4,700 10,200

18 x 15 (60 x 48) 0 10,400 18,000

Total 0 15,100 28,200 225,730 183,690
Bulk storage terminal

12 x 11 (40 x 35.9) 0 4,700 10,200

18 x 15 (60 x 48) 0 10,400 18,000

Total 0 15,100 28,200 225,730 183,690

dcosts in first quarter 1979 dollars.

bDiameter x height.

Ccontrol options from Table 5-2.

dCost for noncontact and contact internal floating roofs, respectively.
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option and its impact on each model plant are illustrated graphically in
Figure 7-4.

Option I, whch would require that each fixed-roof tank have an
internal floating roof, has a cost effectiveness ranging from $0/Mg
emission reduction for the large benzene producer, benzene consumer, and
bulk storage terminal to $1,900/Mg emission reduction for the small
benzene producer. The cost effectiveness for Option II, which would
require that each new tank have a contact internal floating roof with a
liquid-mounted primary seal, ranges from $13/Mg emission reduction for
the benzene consumer and bulk storage terminal to $270/Mg emission reduc-
tion for the small benzene producer. Option ITI, which would require
that each tank have a contact internal floating roof with a 1iquid-mounted
primary seal and a continuous secondary seal, has a cost effectiveness
ranging from $240/Mg emission reduction for the benzene consumer and bulk
storage terminal to $470/Mg emission reduction for the small benzene
producer. The cost effectiveness of Option IV, which would require that
each tank be fitted to a vapor control system, is much larger, hanging
from $2,100/Mg emission reduction for the large benzene producer to
$6,800/Mg emission reduction for the benzene consumer and bulk storage
terminal.

Table 7-33 summarizes the costs and cost effectiveness of the control
options on a nationwide basis. This information is presented for both
existing and new benzene storage tanks. Table 7-33 also facilitates an
assessment of the potential effect of each control option.

7.3 OTHER COST CONSIDERATIONS

This section discusses the additional costs incurred by facilities
that are complying with Occupational Safety and Health Administration
(OSHA) requirements and other EPA air pollution regulations.
7.3.1 Costs Associated with OSHA Compliance

No additional costs are required for complying with OSHA regulations

because the affected facilities are expected to already be in compliiance
with these regulations.
7.3.2 Costs Associated with Other EPA Air Pollution Regulations

There are three proposed EPA regulations that would impact many of
the same facilities affected by a regulation for benzene storage tanks.
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Table 7-33.

TOTAL ESTIMATED NATIONAL EMISSIONS, CAPITAL
COSTS, AND ANNUALIZED COSTS OF CONTROL OPTIONS

Emissions National Total Total Cost

source and emissions capital annualized effect.
control option (Mg/yr) cost ($) cost ($) ($/Mg)
Existing benzene storage tanks
0-Baseline? (1979) 2,200 0 0 --
I 2,200 240,000 70,000 --
I1 2,000 540,000 42,000 210
ITI 850 7,300,000 970,000 720
Iv 510 11,000,000 1,600,000 950
V(A) 420 35,000,000 10,000,000 5,600
V(B) 320 29,000,000 9,300,000 4,900
New benzene storage tanks
0-Baseline? (1985) 930 0 0 --
I 920 73,000 20,000 2,000
I1 . 290 1,700,000 99,000 150
IT1 170 2,700,000 260,000 340
IV(A) 140 12,000,000 3,300,000 4,200
V(B) 110 9,500,000 3,100,000 3,800

3No additional standard.
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The regulation having the most widespread impact would reduce fugitive
benzene emission by 78 percent at plants having product streams of greater
than 10 percent benzene by volume. This regulation would impact all new
and existing benzene producers, consumers, and bulk storage terminals.

The second regulation would 1imit benzene from maleic anhydride
plants. Benzene emissions from existing plants would have to be reduced
to 0.30 kilograms of benzene per 100 kilograms of benzene fed into the
reactor, and benzene emissions from new sources would have to be eliminated.
Benzene emissions during a control system malfunction could not exceed
those that would occur if the benzene feed were shut off to all reactors
as soon as practicable after the malfunction began.

The third regulation would 1imit benzene emissions from process
vents at existing and new ethylbenzene and styrene (EB/S) plants to
5 parts per million by volume (ppmv) on a dry basis, corrected to 3 percent
oxygen. Excess emissions due to startup, shutdown, or malfunction would
have to be combusted by a flare or flares, producing limited visible
emissions, which generates no Tonger than 2 hours during startup, no
lTonger than 2 hours during shutdown, and at all times during malfunction.

Table 7-34 presents the ranges of capital and annualized costs
required for a model plant to comply with each of the three proposed
regulations. The ranges of costs considered in the development of a
regulation for controlling benzene emissions from benzene storage
facilities are é]so presented for comparison.

7.4 ECONOMIC IMPACT ANALYSIS OF THE CONTROL OPTIONS
7.4.1 Introduction

This section discusses the potential economic impacts of the benzene
storage control options on the model plants. First the economic

characteristics of the plants are described in their baseline state.
Then the effects of the various costs and credits associated with each
control option are shown for each kind of model plant. The discounted
cash flow method is used in the analysis, and a sample calculation is
included to aid in the exposition.

7.4.2 Baseline Return on Investment (ROI) and Operating Ratios

Table 7-35 computes the current return on investment (ROI) in the
petroleum and coal products industry using the discounted cash flow
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. b

Table 7-35. RETURN ON INVESTMENT FOR PETROLEUM AND COAL PRODUCTS INDUSTRY32

Number Item

Current assets $40,625.502
Other assets 44,237.50°
Net depreciable assets 59,701.002
Accumulated depreciation 58,296.00a

Gross depreciable assets 117,997.00a
(no. 3 + no. 4)

Mineral rights, etc. 21,559.00°

N W N

(o]

7  Total assets 224,419,002
(sum of nos. 1,2,5,6)

8 Net profit after tax 12,767.00a
9  Depreciation 7,698.00°

10  Cash flow 20,465.00°
(no. 8 + no. 9)

Capital recovery 0.09119
coefficient
(no. 10 # no. 7)

Depreciation rate 0.0652
(no. 9 + no. 5)

Asset life 19 years
(no. 5 ¢ no. 9)x1.25

Return on investmentb 6.2 percent

Ratio of net income to

revenue .071

AaDollar figures are in millions of 1978 dollars, stocks are averages for the
year, flows are totals for the year.

The return on investment is the value for r which satisfies the following

formula: r

Capital recovery coefficient = )—Life oF asset

1-(1+r

The formula was solved for the value 0.062 percent = r given the asset
1ife of 19 years and the capital recovery coefficient of 0.09119.
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method of analysis. The baseline parameters in Table 7-35 are assumed to
be representative of the current economic conditions facing benzene
producers. Table 7-36 shows a similar computation for the industrial
chemicals and synthetics industry, which is assumed to be representative
of benzene consumers. The procedure computes the net cash inflow to the
industry as a result of its operations, and divides this figure by an
appropriate measure of the stock of assets tied up in the industry. The
quotient of cash flow over assets is called the capital recovery coeffi-
cient. Given the capital recovery coefficient and the average T1ifetime
of the assets making up the capital stock, the return on investment can
be computed by the discounted cash flow method.

The following paragraphs of this section describe in some detail the
general procedure outlined above, and step through the application of the
procedure to the petroleum and coal products industry.

The cash flow into the petroleum and coal products industry is
computed from published income statement data by adding depreciation to
after tax profit. This measure of money inflow is more appropriate than
using net accounted profit because the depreciation flow is not actually
a cash outflow, but merely an accounting convention. Referring to
Table 7-35, the cash flow is $20,465 million ($12,767 million +
$7,698 million).

The amount of resources tied up in the industry must be evaluated at
original cost, not after subtracting the accumulated depreciation. This
is done to facilitate the comparison of the initial investment to a
typical year of cash inflow--the depreciated value of assets has no
meaning in discounted cash flow analysis. Referring to Table 7-35, the
total assets figure is $224,419 million.

Now the average lifetime of the assets, based on the depreciation
reported, is computed. The depreciation rate is the annual percentage of
decay of assets. The best available way to estimate this rate is to
divide the annual flow of accumulated depreciation by the gross depreciable
assets. In the petroleum and coal products industry, the result is
$7,698 million divided by $117,997 million, or about 6.52 percent. If
6.52 percent of an asset decays every year, then, assuming straight line
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Table 7-36. RETURN ON INVESTMENT FOR INDUSTRIAL CHEMICALS AND SYNTHETICSS3

Number Item
1 Current assets $20,567.00°
2 Other assets 8,830.25°
3 Net depreciable assets 24,934,002
4 Accumulated depreciation 254,210.25a
5  Gross depreciable assets 50,144,252
(no. 3 + no. 4)
6  Mineral rights, etc. 1,124,75%
7 Total assets 80,666.25°
(sum of nos. 1,2,5,6)
Net profit after tax 4,036.00a
9  Depreciation 3,253,002
10  Cash flow 7,289.00°

(no. 8 + no. 9)

Capital recovery 0.09036
coefficient
(no. 10 ¢ no. 7)
Depreciation rate 0.0648
(no. 9+ no. 5)
Asset life 19 years

(no. 5 #+ no. 9)x1.25
Return on investmentb

Ratio of net income to
revenue 0.068

6.2 percent

8Do11ar figures are in millions of 1978 dollars, stocks are averages for the
year, flows are totals for the year.
bThe return on investment is the value for r which satisfies the following
formula:

r
1_(1+r)-L1fe of asset

Capital recovery coefficient =

The formula was solved for the value 0.062 percent = r given the asset life
of 19 years and the capital recovery coefficient of 0.09036.
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depreciation, the asset will be fully decayed after 1 divided by
0.0652 years, or 15.33 years. Thus, the average asset life is estimated
to be 15.33 years. However, the problem with this estimate is that
accounting depreciation will usually overestimate the true depreciation
rate of an asset because Federal tax laws allow corporations to use
accelerated depreciation to lower their taxes. The usual rule of thumb
in adjusting asset 1ife to account for accelerated depreciation is to
inflate the asset life implied by the accounting depreciation rate by
25 percent. Thus, the asset 1ife is estimated to be 19 years (15.34 x 1.25).
The capital recovery coefficient is the quotient of the cash flow
divided by the capital asset stock. (When the coefficient is calculated
using assumptions about asset lifetime and rate of return on investment
instead of cash flow and capital asset stock, it is called a capital
recovery factor.) The return on investment is the rate of interest one
would have to charge to equate the discounted values of the incoming
flows of cash to the original investment.. In the present case, the
initial investment of $224,419 million earns money at the rate of
$20,465 million per year for a period of 19 years. Thus, given an asset
life of 19 years, it is necessary to find the value of r that satisfies
the following equation: |

20,465 + 20,465 + 20,465 + + 20,465

224,419 = 'T]’-—m W ‘(T"W ‘(T:W'g

It can be shown that this formula is exactly equivalent to:

20,465 _ r
224,419 - T-(T+r)-19

which can be solved to get r = 0.062, representing a 6.2 percent return
on investment.

Table 7-36 shows the results of a similar analysis on the industrial
chemicals and synthetics industry, with the resulting value of the return
on investment substantially the same as the 6.2 percent ratio calculated
for the petroleum and coal products industry. The asset life and deprecia-
tion rates are almost identical, as are the ratios of net profit to
revenue. In the following analysis, ROI is rounded to 10 percent and the
asset life to 20 years for both producers and consumers. This simplifying
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adjustment assures that estimates of the potential negative economic
impacts of the control options will be conservative (i.e., slightly
exaggerated.

7.4.3 Example Calculation of Economic Impacts

The throughput and cost characteristics of the model plants developed
in earlier sections of this report are summarized for ease of reference
in Table 7-37. These numbers form the basis for the computation of two
fundamental measures of impact on the model plants. The first measure is
the change in the rate of return on the overall plant and equipment as a
result of the expenditures stemming from compliance with an option, under
the assumption that price and quantity sold remain unchanged. This
measurement is intended to be instructive of the potential loss in earnings
the plant would suffer if it were totally unable to pass on any of the
increased costs. The opposite polar case, that of complete cost passthrough,
forms the basis of the second measure of impact to be computed here. The
second measure is the new price that the model plants would have to
charge in order to maintain a 10 percent return on jinvestment, assuming
no change in quantity sold. In order to illustrate the method used in
computing these impact measures, this section shows two sample calculations,
one for a large benzene producer faced with Control Option III, and one
for a benzene consumer faced with Control Option III. Throughout this
section, the final results of the computations are rounded in order to
improve readability and not create an exaggerated sense of precision in
the results. Exceptions to this rule occur when greater precision is
required to show small differences between two numbers. Intermediate
calculations are carried out before rounding. )

7.4.3.1 Baseline Characteristics of Large Benzene Producer in Example
Calculation. In order to evaluate the option-induced changes‘in asset

stocks and cash flows for the model plant, it is first necessary to
compute baseline stocks and flows. Given the throughput of the plant

from Table 7-37 and a price of benzene of $0.34 per liter, revenues are
computed for the model plant as $76.36 million ($0.34/1iter x 224.6 million
liters). It is likely that the henzene operations of the large producer

are only a small part of a large petrochemical operation so that these
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Table 7-37. THROUGHPUT CQOST SUMMARY FOR MODEL PLANTS

Capital cost Capital cost Total

Benzene for capital for capital annu-
thrgughput with 15- with 10- alized
Control  (10” Titers year 1ife year life cost
Plant option per year) (%) ($) ($)
Existing facilities
Large producer I 224 .6 0 0 0 a
_ II 224.6 0 10,400 (1,000)
ITI 224.6 25,400 141,800 21,000
IV 224.6 25,400 191,500 29,100
V(A) 224.6 284,100 0 68,000
V(B) 224.6 242,000 0 71,800
Small producer I 46.3 0 7,000 2,200
II 46.3 0 7,000 2,200
IT1 46.3 0 36,800 5,700
IV 46.3 0 65,500 10,700
V(A) 46.3 250,300 0 71,300
V(B) 46.3 208,200 0 65,700
Consumer and I 42.1 0 0 0
bulk storage 11 42.1 0 0 0
terminal ITI 42,1 0 17,100 2,300
IV 42.1 0 33,400 5,000
V(A) 42.1 230,500 0 69,800
V(B) 42.1 188,500 0 62,100
New facilities
Large producer I 224.6 0 0 0
II 224.6 25,400 56,100 5,200
III 224 .6 25,400 96,000 11,200
IV(A) 224.6 266,100 0 66,400
IV(B) 224.6 244,000 0 68,500
Small producer I 46.3 0 6,100 1,900
: II 46.3 0 44,600 4,000
IT1 46.3 0 68,900 8,100
IV(A) 46.3 241,900 0 66,700
IV(B) 46.3 199,800 0 64,200
Consumer and I 42.1 0 0 0
bulk storage II 42.1 0 15,100 100
terminal 111 42.1 0 28,200 2,200
IV(A) 42.1 225,700 0 67,200
IV(B) 42.1 183,700 0 61,200

aCredit is indicated by parenthesis.
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benzene revenues are only a small part of the total revenue of the entire
operation. The question arises as to the separability of the benzene
facilities from the rest of the operation, and the effect that the assump-
tion of separability has on the computed impacts. It can be argued that
the multiproduct firm has at least as much flexibility as a single-product
firm, so that by separating the benzene facilities from the rest of the
operation as if it were a separate plant, an upper bound is set on the
impacts--the multiproduct firm would be able to find more ways to minimize
impacts than the conceptual plant producing benzene only.

Given the revenue above and the ratio of net income to revenue of
0.071 as reported in Table 7-35, the net after-tax profit or income of
the model plant from benzene operations is estimated to be $5.42 million
(0.071 x $76.36 million). Given revenue and net profit, the assets of
the firm are computed as follows. Recall that cash flow divided by

assets gives the capital recovery coefficient; i.e.,

_ CF _
=5 (7-1)

where F = capital recovery coefficient, CF = cash flow, and A = assets.
Further, cash flow equals net income plus depreciation, as shown in the

following formula:
CF

NI + DEPR (7-2)

where NI = net income, and DEPR = depreciation. Using an asset life of

20 years and applying the rule of thumb relating asset Tife to depreciation
life, a depreciation 1ife of 16 years results, implying a depreciation

rate of 0.0625. Substituting this relation into Equations 7-1 and 7-2
produces the following relationship:

_ NI + (0.0625 x A)

F A

Solving for A gives:
A= N
(F-0.0625)
From the equations for calculating the return on jinvestment, the capital
recovery coefficient for a 10 percent return on investment with a lifetime
of 20 years is 0.11746. Using the previously computed value of NI of

7-70



$5.42 million, A is computed to be $98.62 million. Now rearranging
Equation 7-1, CF = F x A. The cash flow of the model plant is thus:

CF = 0.11746 x $98.62 million = $11.58 million

Similarly, solving for DEPR as the product of the depreciation rate and
the stock of assets:

DEPR = 0.0625 x $98.62 million = $6.16 million

The total revenue of a firm less the cost of goods sold g1ves the
before tax profit. At the corporate tax rate of 46 percent, the following
relation is applicable:

NI = (Revenue - Cost of goods sold) x (1-0.46)
Solving for the cost of goods sold:
Cost of goods sold = Revenue - (NI/0.54)

= $76.36 million - 35: 43 g;‘]1°“ = 66.32 million

It will be convenient later on in the calculations to break the cost of
goods sold into two components, a depreciation component and a "miscellaneous"
component, which includes all expenses of the firm except depreciation
and income tax. Defining the "miscellaneous” component as S yields:
Cost of goods sold = S + DEPR.

Then, solving for §:

w
I

= Cost of goods sold - DEPR

$66.32 million - $6.16 million = 60.16 million.

Because the baseline estimates for cash flow, net income, depreciation,
miscellaneous annual costs, revenue, and assets for the large producer in

our example calculation are now available, the impacts can be computed.

Note that the marginal tax rate, MTR, is identical to the corporate tax
rate for corporations with very high taxable incomes.
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7.4.3.2 1Impacts for Large Benzene Producer in Example Calculation.
Reference to Table 7-37 shows that the costs for the large producer under
Option III are broken down as $25,400 expended on a capital investment
for capital with a 15-year Tife, $141,800 on capital with a 10-year life,
and $21,000 total annualized cost. The total annualized cost includes

capital recovery allowances, capital overhead charges, and annual costs
for all other aspects of compliance with the option--maintenance, inspection
recovery credits, and labor. It is convenient to break down the total

annualized cost reported in Table 7-37 as follows:

3

$ 3,340 Capital recovery for capital with a 15-year life
23,077 Capital recovery for capital with a 10-year life
-5,417 A11 other annual costs and credits

$ 21,000 Total annualized cost

The capital recovery charges are obtained by multiplying the capital
investment (e.g., C15 for capital with a 15-year life) by the capital
recovery factors for a 10 percent return on investment and the appropriate
asset 1ife. For 1l0-year assets the factor is 0.1627, and for 15-year
assets the factor is 0.1315. The "all other" component includes the
capital overhead costs, and is calculated as the residual between the
total annualized cost and the combined capital costs. Because one component
of the "other" annual costs is a credit for benzene not lTost to emissions,
the "all other" component costs may be either positive or negative.

Having separated out the costs in this way, the change in return on
investment that can be attributed to the option can now be computed. The
new cash flow after the imposition of the option is:

CF*=(PQ-S-M- DEPR*)(1 - 0.46) + DEPR*
where

PQ = price x quantity sold, which yields revenue

M, the miscellaneous annual costs and credits of the option

total annualized costs (TAC) - (C15 x 0.1315 + C10 x 0.1627)
DEPR*

DEPR + (C15 + C10) x 0.0625

7-72



C15 = the capital outlay for the assets with a 15-year life required by

the option
C10

the capital outlay for the assets with a 10-year 1ife required
by the option.

Because by assumption, price and quantity remain unchanged, revenue also
remains unchanged, and the only differences in cash flow attributed to the
option are the increased annual costs of the option, M, which become a
direct charge against before-tax revenue, and the change in depreciation
charges from DEPR to DEPRX. Using the equations for DEPR* and CF*, DEPR*
is $6.17 million, and CF* is $11.59 million. (The baseline cash flow was
$11.58 million.)

Recall that in the baseline case, the rate of return was the value
of r that satisfies the following equation:

CF - r
Assets 1 - (1+r)-20

Multiplying both sides by Assets:

CF= — T X Assets
1 - (1+r)-20

By identical reasoning it can be shown that the rate of return upon
implementation of an option is the value of r that satisfies the following
equation:

CF* = T —5)x Assets + r _T>x €10 +< r _1>x €15
1- (1+r) 1- (1+r)) 1- (1))

This equation can be solved for r because the values for CF*, Assets,
€10, and C15 are available. Unfortunately, the form of the equation
precludes solving it explicitly for r. Two practical alternatives in
this case are (1) to let a computer solve the equation using numerical

iteration, or (2) to use a Taylor series approximation. The latter
method was chosen because within the narrow range of values for the
impacts of this option, the Taylor series has neglegible approximation
error.
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Solving for r, the rate of return upon implementation of Option III is
estimated to be 0.099767. The second impact, the price change that is just
large enough to allow the firm to maintain its ROI, is now evaluated. The

new cash flow necessary to maintain ROI is computed using the equation:

CF' = (A x F) + (C10 x F10) + (C15 x F15) (7-3)
where
CF' = the new cash flow needed to maintain ROI,
F10 = the capital recovery factor for 10 percent ROI and a 10-year
asset life,
F15 = the capital recovery factor for a 10 percent ROI and a 15-year

asset life.

A11 other symbols have already been defined. Because CF' is related to
the new price as described in the following equations:

CF' = NI' + DEPR* (7-4)
NI' = 0.54(P'Q-S-M-DEPR*) (7-5)
where NI' = new net income and P' = new price, Equations 7-3, 7-4, and

7-5 can be solved explicitly for P' as follows:

- X
Pt = % (A x F)+(C10 x F10)+(C15 x F15)2(DEPR* x 0.46) , s , ,,D (7-6)

Substituting the numbers already obtained for the variables on the right
side of Equation 7-6, P' = $0.340154 per liter for the example calculation.
This represents a price increase of about five hundredths of 1 percent.
This completes the example calculation for the large benzene producer
under Option III. The methodologies have been shown for computing the ROI
assuming no change in price, and the price assuming no change in ROI,
where all the information used as input to the calculation is found in
Tables 7-35 and 7-37. Similar methodologies are shown for estimating
the impacts on the consumers of benzene.
7.4.3.3 Baseline Characteristic of Benzene Consumers in Example

Calculation. The analysis of the benzene consumer differs from that for

a benzene producer in two fundamental ways. First, the costs of an option
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are not reflected in a change in price or ROI for benzene, but instead in
a change in price or ROI on a product containing benzene. Second, the
benzene consumer must pay more for benzene if the producers can pass on
their cost increases instead of absorbing them. That is, the consumer

has two potential sources of additional costs if the option is implemented:
(1) The firm's own capital and annual costs for bringing the plant into
compliance, and (2) the increased price the firm might have to pay for
benzene as a result of costs imposed on producers.

Table 7-38 shows the prices and throughputs for three different
types of benzene consumers. These three types of consumers utilize about
85 percent of all benzene consumed. The outputs of the plants are
based on the benzene input of the model plant and the fixed relation
between benzene input and final product output based on the chemical
reactions involved in manufacture. For example, in a stoichiometric
reaction involving the manufacture of styrene, 78.1 kilograms of benzene
would combine with 28.1 kilograms of ethylene to eventually produce
104.1 kilograms of styrene and 2.1 kilograms of hydrogen gas. However,
the typical yield attained in practice is about 84 percent of the theoretical
yield. Thus, 78.1 kilograms of benzene gives about 87.44 kilograms of
styrene. Based on the fact that benzene weighs 0.883 kg per liter, the
output of the model styrene plant is computed to be:

42.1 million 1iters benzene x 2:883 kg benzene x 87-44 kg styrene
Titer benzene 78.1 kg benzene

= 41.61 million kg of styrene

Given the price and quantity (throughput) data from Table 7-38 and
the baseline operating ratios from Table 7-36, the same methodology.
that was used to compute the baseline operating characteristics of the
model producer plant is used to compute the operating characteristics of
the model consumer plant. The step-by-step calculations are shown here
for the styrene plant:

Revenue = Price x Quantity = PQ = $27.50 million
NI = 0.068 x Revenue = $1.87 million

A, Assets = NI/(F-0.0625) = $34.02 mitlion

CF =F x A=%4.00 million
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Table 7-38.

CHARACTERISTICS OF MODEL CONSUMER PLANTSS?> 3%

Type of plant Price Quantity
Cumene $0.43/kg. 54,218 million kg.
Styrene $0.661/kg. 41.61 million kg.
Cyclohexane $0.396/11iter 51.033 million liters
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DEPR = 0.0625 x Assets = $2.13 million
Cost of Goods Sold = Revenue - (NI/0.54) = $24.04 million
S = Cost of Goods Sold - DEPR = $21.91 million

7.4.3.4 Impacts for Benzene Consumer Example Calculation. Impacts

for the model consumer are computed in the same manner as for the producer
except that two impacts are calculated. The first impact is computed
based on the assumption that the benzene producers are unable to pass on
their increased costs as higher prices. The second impact is computed
based on the assumption that benzene producers are able to pass on all-

of their increased costs as higher prices. The only difference in the

two calculations is that in the second calculation, the increase in the
cost of benzene to the consumer is added into the miscellaneous component
of total annualized cost. Here are the step-by-step computations in the
no-change-in-benzene-price scenario:

DEPR* = DEPR + (C10 + C15) x 0.0625 = $2.13 million
M = TAC-(C15 x 0.1315 + C10 x 0.1627) = -$482

CF* = (Revenue-S-M-DEPR*)(1-MTR) + DEPR* = $3.998 million
r = 0.099926
CF' = (Assets x 0.1175) + (0.1627 x C10) + (0.1315 x C15)

= $4.00 million

[ I x
p! =% (CF (BEEZ x 0.46) , 5.4 M) = 0.661090

In the second calculation, for the full-producer-cost-passthrough scenario,
the formula for M changes to:

M = TAC-(€15 x 0.1315 + C10 x 0.1627) + (Pb - $0.34) x 42.1 million liters

where Pb = the highest price that the benzene producers might charge for
benzene in order to maintain their ROI under the same control option for
which the consumer impacts are computed. For reasons that are discussed
in Sections 7.4.4.1 and 7.4.4.4, this price is always the price charged
by the small existing benzene producer. In the example calculation,

Pb = $0.340191 per liter. Thus, because the model consumer uses
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42.1 million liters of benzene per year, the cost increase for benzene is
$0.000191 per liter times 42.1 million liters, which equals $8,041. 1In
the no-change-in-benzene-price computation, M was a $482 credit. In the
full-producer-cost-passthrough scenario, M equals $7,559.

Because everything else is the same under both options, only the
calculations that depend on M must be changed. Running through the
step-by-step calculations, CF* = $3,994 million instead of $3,998 million
as was just calculated for the no-change-in-benzene price scenario. This
reduction in cash flow implies a reduction in ROI. Solution of the
Taylor series gives r = 0.099767, as opposed to the previous value of
0.099926. Substituting the larger value of M into the P' evaluation
gives a new price of $0.661283 instead of the $0.661090 value computed
earlier.

This concludes the example calculations for the benzene producer and
consumer. For the producers, the methodologies have been shown for
computing ROI assuming no change in price, and the change in price assuming
no change in ROI. In reality, the producers will be 1ikely to pass on
some of the cost increase, and will have to absorb the rest. The estimation
of the exact mix df passthrough and absorption is unnecessary because
both impacts are inconsequential, so that any mix between the two would
also be inconsequential.

For the consumer, four cases of impacts have been computed, including
ROI and price changes based on no cost passthrough by producers, and ROI
and price changes based on full cost passthrough by producers. In each
case, the methodology is identical to that applied to producers. The ROI
change is based on the assumption of no change in the price of the product
produced, be it cumene, styrene, or cyclohexane, and the price change is
computed based on t!e maintenance of a 10 percent ROI. The impacts
calculated using the methodology discussed in the above examples are now
presented.

7.4.4 Economic Impacts for Model Plants

Table 7-39 shows the impacts for the existing and new producer model
plants, under the five control options for existing plants, and the four
control options for new plants. Tables 7-40 and 7-41 show the impacts
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Table 7-39. ECONOMIC IMPACTS FOR MODEL BENZENE PRODUCER PLANTS

ROI Price
under assump- under assump-
tion of Percent tion of Percent
Control no change change no change change
Plant option in price in ROI in ROI in price
Existing facility
Large producer I 0.100000 0.000 0.340000 0.000
II 0.100001 0.001 0.340000 0.000
Il 0.099764 -0.236 0.340154 0.045
IV 0.099680 -0.320 0.340209 0.062
V(A) 0.099423 -0.577 0.340377 0.111
v(B) 0.099414 -0.586 0.340383 0.113
Small producer I 0.099907 -0.093 0.340061 0.018
II 0.099907 -0.093 0.340061 0.018
III 0.099707 -0.293 0.340191 0.056
IV 0.099461 -0.539 0.340353 0.104
V(A) 0.097178 -2.822 0.341862 0.548
V(B) 0.097438 -2.562 0.341687 0.496
New facility
Large producer I 0.100000 0.000 0.340000 0.000
II 0.099922 -0.078 0.340051 0.015
ITI 0.099857 -0.143 0.340093 0.027
IV(A) 0.099441 -0.559 0.340365 0.107
1V(B) 0.099443 -0.557 0.340364 0.107
Small producer I 0.099920 -0.080 0.340052 0.015
I1 0.099741 -0.259 0.340169 0.050
ITI 0.099537 -0.463 0.340303 0.089
IV(A) 0.097344 -2.656 0.341751 0.515
1V(B) 0.097502 -2.498 0.341644 0.483

%Units for price: dollars per liter of benzene.
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TABLE 7-40. ECONOMIC IMPACT FOR MODEL BENZENE CONSUMER PLANTS
UNDER ASSUMPTION OF FULL COST ABSORPTION BY PRODUCERS

ROI Price
under assump- under assump-
tion of Percent tion of Percent
Control no change change no change change
Plant option in price in ROI in ROI in price
Existing facilities
Cumene I 0.100000 0.000 0.430000 0.000
I1 0.100000 0.000 0.430000 0.000
IT1 0.099912 -0.088 0.430069 0.016
IV 0.099817 -0.183 0.430145 0.034
V(A) 0.098068 -1.932 0.431537 0.357
V(B) 0.098302 -1.698 0.431350 0.314
Styrene I 0.100000 0.000 0.661000 0.000
II 0.100000 0.000 0.661000 0.000
II1 0.099926 -0.074 0.661090 0.014
IV 0.099846 -0.154 0.661187 0.028
V(A) 0.098374 -1.626 0.662986 0.300
V(B) 0.098571 -1.429 0.662744 0.264
Cyclohexane I 0.100000 0.000 0.396000 0.000
I1 0.100000 0.000 0.396000 0.000
111 0.099899 -0.101 0.396074 0.019
IV 0.099789 -0.211 0.396154 0.039
V(A) 0.097774 -2.226 0.397633 0.412
V(B) 0.098043 -1.957 0.397434 0.362
New facilities
Cumene I 0.100000 0.000 0.430000 0.000
I1 0.099968 -0.032 0.430026 0.006
III 0.099892 -0.108 0.430085 0.020
IV(A) 0.098135 -1.865 0.431484 0.345
1V(B) 0.098329 -1.671 0.431328 0.309
Styrene I 0.100000 0.000 0.661000 0.000
II 0.099973 -0.027 0.661033 0.005
111 0.099910 -0.090 0.661110 0.017
IV(A) 0.098430 -1.570 0.662918 0.290
IV(B) 0.098594 -1.406 0.662716 0.260
Cyclohexane I 0.100000 -0.000 0.396000 0.000
I1 0.099963 -0.037 0.396027 0.007
111 0.099876 -0.124 0.396090 0.023
IV(A) 0.097851 -2.149 0.397577 0.398
1V(B) 0.098074 -1.926 0.397711 0.356

3Units for price: dollars per kilogram for cumene and styrene, dollars per
liter for cyclohexane. :
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Table 7-41. ECONOMIC IMPACT FOR MODEL BENZENE CONSUMER PLANTS
UNDER ASSUMPTION OF FULL COST PASSTHROUGH BY PRODUCERS

ROI Price
under assump- under assump-
tion of Percent tion of Percent
Control no change change no change change
Plant option in price in ROI in ROI in price
Existing facilities
Cumene I 0.099940 -0.060 0.430047 0.011
II 0.099940 -0.060 0.400047 0.011
I11 0.099723 -0.277 0.430219 0.051
1v 0.099468 -0.532 0.430421 0.098
V(A) 0.096239 -3.761 0.432993 0.696
V(B) 0.096642 -3.358 0.432669 0.621
Styrene I 0.099950 -0.050 0.661061 0.009
II 0.099950 -0.050 0.661061 0.009
III 0.099767 -0.233 0.661283 0.043
Iv 0.099553 -0.447 0.661543 0.082
V(A) 0.096835 -3.165 0.664867 0.585
V(B) 0.097174 -2.826 0.664448 0.522
Cyclohexane I 0.099931 -0.069 0.396050 0.013
II 0.099931 -0.069 0.396050 0.013
111 0.099680 -0.320 0.396233 0.059
IV 0.093386 -0.614 0.396447 0.113
V(A) 0.095666 -4.334 0.399180 0.803
V(B) 0.096129 -3.871 0.398835 0.716
New facilities
Cumene I 0.099940 -0.060 0.430047 0.011
II 0.099778 -0.222 0.430175 0.041
III 0.099544 -0.456 0.430361 0.084
IV(A) 0.096305 -3.695 0.432940 0.684
IV(B) 0.096669 -3.331 0.432647 0.616
Styrene I 0.099950 -0.050 0.661061 0.009
II 0.099814 -0.186 0.661227 0.034
IT1 0.099616 -0.384 0.661466 0.071
IV(A) 0.096891 -3.109 0.664799 0.575
IV(B) 0.097197 -2.803 0.664420 0.517
Cyclohexane I 0.099931 -0.069 0.396050 0.013
II 0.099744 -0.256 0.396186 0.047
I11 0.099474 -0.526 0.396383 0.097
IV(A) 0.095742 -4.258 0.399123 0.789
1V(B) 0.096160 -3.840 0.398812 0.710

qUnits for price: dollars per kilogram for cumene and styrene, dollars per
Titer for cyclohexane.
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for three consumer plants under the same options. The reader is cautioned
that the data used in these calculations do not support the level of
accuracy expressed in the tables. The numbers do indicate that the
economic impacts generally are very small; that price changes, if any,
are likely to be increases; and that changes in the return on investment,
if any, are likely to be decreases. The numbers also show the relative
magnitude of changes among model plants and control options. The following
sections present detailed discussions of these impacts.

7.4.4.1 Economic Impacts for Large Existing Benzene Producer. The

existing large producer has relatively little trouble meeting the require-
ments of any option. In Option I the tank configuration is such that the
large producer suffers no impacts whatsoever. In the other options, the
cost and asset bases are so large that the additions to the costs and
assets occasioned by the control options are inconsequential by comparison.
Even so, it is instructive to note that Options V(A) and V(B) have much
larger impacts than the other options. The changes in return on investment
or price are almost twice as large under Option V than under Option IV, the
next less expensive option.

7.4.4.2 Economic Impacts for Small Existing Benzene Producer. As

with the large existing producer, the impacts for the small existing
producer can be regarded as inconsequential with the possible exception

of the vapor control options, Options V(A) and V(B). Under these options
the price change is roughly one-half of 1 percent. The impacts of these
two options are much larger for the small producer than they are for the
large producer because both large and small producers must install roughly
the same amount of capital, but the large producer spreads the expenditure
over a much larger throughput, thereby achieving an economy of scale
relative to the small producer. The effect would be even more noticeable
for real-world producers that are smaller than the small producer model
plant.

7.4.4.3 Economic Impacts for Existing Benzene Consumers. The

impacts for the consumers are similar in pattern to those of the small
producer--that is, the impacts for the tank reconfiguration options,
Options I through IV, are quite small, but in comparison, the impacts for
vapor control options are quite large.
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The reason that the impacts for the consumers differ for the different
chemicals being produced is because the consumers vary as to the percent
of benzene embodied in their final output, and as to the total asset
base. The asset bases of the three mode] consumers are $28.85 million
for cumene, $34.02 million for styrene, and $25.00 million for cyclohexane.
Because all three plants have the same costs imposed, it is expected that
the ROI will be most greatly affected in the cyclohexane model plant
because it has the smallest asset base. Conversely, the smallest ROI
change under a given option should occur in the styrene plant. The same
reasoning holds for the price changes. Inspection of Table 7-40 shows
this reésoning to be borne out by the figures.

The percentage of benzene embodied in the final output also affects
the impacts computed for the producer cost passthrough scenario in Table 7-41.
This is explained by considering the following figures. For the cumene
producer, the revenue is $23.31 million, and the amount paid for benzene
as an input is $14.322 million (0.340191/1iter x 42.1 million liters).
Thus, the value of benzene input is 61 percent of revenue. For styrene,
the figure is 52 percent, and for cyclohexane it is 71 percent. Thus, a
given increase in the price of benzene will have its greatest impact on
cyclohexane producers, and its smallest impact on styrene producers.

This pattern of passthrough cost impact is exactly the same as the pattern
of impacts of their own costs, and because the effects are additive, the
same overall pattern of relative impacts is expected under the cost
passthrough scenario as existed under the no-change-in-benzene price
scenario, except that the impacts would be larger. Inspection of

Table 7-41 shows that this is true. Among all consumers, the largest
changes in price and ROI occur for the cyclohexane producer. Therefore,
this case is discussed in some detail. Note that the costs of Options V(A)
and V(B) are seven to nine times larger than the cost for Option IV, the
next less expensive option, but that no price increase exceeds 1 percent
even under the assumption of full cost passthrough on the part of the
producers. In judging the overall consequences of implementing the
option, it must be remembered that consideration of the price increases in
both benzene and products containing benzene is, in a sense, double
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counting. If one expects full cost passthrough by the producers, then
the full impact on the economy is eventually felt through the price
increases in products containing embodied benzene. The society loses
buying power due to a price rise in intermediate goods such as benzene
only when the price rise filters down to final goods and services. In
this sense, the passthrough impacts are probably the most meaningful
figures pertaining to benzene consumers. On the other hand, if the
impacts of the option on an jndividual industry are of interest, then the
passed-on increases from supplying industries are not directly applicable.
Thus, the no-change-in-benzene-price impacts are most appropriate in
assessing the consequences of the option on the benzene-consuming indus-
tries. In either interpretation, the price and ROI impacts listed in
Tables 7-40 and 7-41 are inconsequential, with the possible exception of
the vapor control options.

7.4.4.4 Economic Impacts for New Facilities. The economic impacts

for new facilities differ from those for existing facilities primarily
because the Petroleum Liquid Storage Tank NSPS requires that all new
external floating-roof tanks have primary and secondary seals, and only
the incremental costs of the options over the NSPS levels can logically
be attributed to the control options analyzed here. That js, for existing
facinties, the costs of going from the fixed-roof tank CTG to the control
option is attributable to the control option, whereas for a new facility,
only the costs of going from the NSPS to the control option is attributable
to the control option. Another difference between the costs for new and
existing facilities is that it is never more costly, and it is usually
much cheaper, to upgrade to a particular specification when the equipment
involved is still in design, rather than to retrofit existing equipment.
For the tank configuration options, Options I through III, the
difference attributable to the NSPS baseline can make a considerabie
relative difference between comparable options applied to new and existing
facilities. However, in absolute terms, because the existing plant
impacts were already judged inconsequential, the new plant impacts (which
are smaller) are perforce also inconsequential. In the case of the vapor
control options, Options IV(A) and IV)B), the difference between new and

7-84



existing plants is attributable to the savings of new over retrofit costs
for the piping and switches. These differences are rather small, averaging
4.2 percent for Option IV(A) and 2.8 percent for Option IV(B). Thus, the
new plant impacts repeat the pattern already observed for the existing

plant impacts--the tank reconfiguration options are uniformly inconsequential
none amounting to more than a one-tenth of 1 percent rise in price,

b

whereas the vapor control options are many times more expensive.
7.4.4.5 Summary of Economic Impacts for Model Plants. Two general

observations serve to summarize the results of the economic analysis of
the model plants:

(1) Except for the vapor control options, the impacts can be considered
inconsequential. Among the tank configuration options, the
largest price impact is a rise of 0.104 percent--a price change
that would hardly be noticed in an industry subjected to the
large increases in price imposed by foreign oil suppliers;

(2) The impacts attributed to the vapor control options are also
quite small in comparison to the impacts imposed by foreign oil
prices, but in comparison to the tank configuration options,
the vapor control options are much more expensive. It is
worthwhile to note that the vapor control options could possibly
be the cheapest options for a very large producer. This would
likely be the case for a plant that has or expects to have
other vapor control requirements in addition to benzene tanks,
or for a plant that already has much of the vapor control
equipment in place. However, the general conclusion is that,
for the model plants specified here, the vapor control options
are decidedly less economical than the tank configuration
options, costing roughly three to ten times as much. In
individual cases, though, it might be economical for a specific
plant to utilize a vapor control system.

7.4.5 Economic Impacts for Bulk Storage Terminals

The economic analysis for bulk storage terminals differs from that

for producers and consumers in one main respect. The terminals are
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providing a service, whereas the producers and consumers are providing a
product. The reason this is important is that the costs of storage
services are only a small part of the overall cost of most products, but
they constitute the whole output of terminal facilities. Earlier sections
of this chapter have shown that the increases in costs resulting from

the proposed control options affect the producers and consumers very
Tittle. Thus, the storage component of the $0.34 baseline price of
benzene must be quite small. However, a similar analysis for terminals
would reveal a different story because the storage cost component of
their output is 100 percent. Unfortunately, there are no data available
for computing price and ROI changes for terminals in as quantitative a
way as was done for the producers and consumers of benzene. Thus, none
are computed. Instead, the impacts are approached in a nonquantitative
way. Because the service being offered by terminals is an almost perfect
substitute for the terminal customer providing the same service, the
following two propositions are true:

(1) Any price increase in terminal storage services cannot possibly
raise the price of benzene or products derived from benzene
very far above the prices computed for those products earlier
in this chapter.

(2) As long as terminals pass on only the price increase necessary
to cover their increased costs, terminal customers will not
shift to other terminals or to self-provided services, because
the costs of these options will have risen by the same amount.

Put another way, these two propositions can be viewed as essentially
treating the terminal as an extension of the producer's or consumer's own
plant. The only difference is that, instead of bearing the impacts
directly, they are borne indirectly through the terminal owner.

When a benzene producer or consumer opts to use storage at a public
terminal instead of storage at a self-owned facility, it must be because
he or she views the terminal service as less costly than a self-owned
facility. Even when the terminal is remote from the main plant site,
so that the apparent reason for using the terminal is its location, the
benzene producer or consumer always has the option of building a storage
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facility near the remote site serviced by the terminal. The decision to
lease is evidence that the management of the benzene facility felt that
leasing was cheaper than self-provision at the time the decision was
made. The terminal must, therefore, be providing the storage services at
a competitive price that Just covers costs and a fair ROI. If the terminal
were charging more than that price, the producers and consumers would
self-provide. If the terminal were charging less, it would go out of
business. The same argument holds after implementing an option, so

that the impacts for a benzene producer or consumer who leases storage
tanks would differ little from those of a producer or consumer who owns
storage tanks. The lease price should go up by almost exactly the same.
amount as the total annualized cost of the option (ignoring differential
tax treatments on the depreciation). If the terminal operator tried to
Pass on more than the associated costs, it would become advantageous for
the benzene producer or consumer to self-provide. The terminal operator
would not pass on less, because of his or her wish to maintain ROI. The
terminal operator would sooner maintain ROI by using tanks to store other
substances with physical Properties similar to benzene such as lube oils,
fuel oils, or glycols, rather than suffer a reduced ROI by providing
benzene storage below cost. Because terminals have very few of their
tanks in benzene service, this minor change in the mix of services provided
could be performed with a minimum of disruption in overall terminal
operations. Employment would be unlikely to change at all, and revenues
would change only in response to cost changes.

Consumers and producers of benzene will not necessarily shift away
from benzene storage at terminals as a result of increased prices for
these services, because the costs of the substitute, self storage, will
have gone up by roughly the same amount. Therefore, the cost considerations
which caused them to lease rather than buy in the first place will not
have changed as a result of implementing an option.

7.4.6 Analysis of Closure Option

The closure option is presumed to be the ultimate control for any
hazardous substance. However, such a drastic measure as closure is
rarely justified because of the excessive burden involved. The impacts
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of closure would be twofold. Direct impacts, such as a reduction in
employment, and writing off of capital stock in the benzene-producing and
benzene-consuming industries would affect the producers and consumers
themselves. Indirect impacts, such as price increases, quality reductions,
and reduced output would arise from the attempts of the downline users of
benzene-derived substances to buy the benzene-derived substances from
foreign sources or substitute other less suitable substances for them.
7.4.6.1 Direct Impacts on Benzene Producers and Consumers. A total

ban on benzene would cause the people employed in benzene production to
become unemployed or occupied by other jobs. The number of people so
affected can be roughly estimated as follows. The 1976 Annual Survey of
Manufactures36 shows that for SIC 2911, Petroleum Refining, the value of
shipments was $77,507.3 million, with the industry employing 101,700
workers at that time. This implies a labor/output ratio of 1.31213 x

106 person-years per 1976-dollar of output. To restate the ratio in
first-quarter 1979 dollars, it must be multiplied by the Bureau of Labor
Statistics' producer price index for refined petroleum products in 197637,
276.6, and divided by the same index for first-quarter 197938, 350.6.

The result is 1.0352 x 10 © person-years per 1979 dollar of output. The
total product1on of benzene in 1979 is estimated to be about 6,420 million
Titers or about $2,183 million dollars, at the price of $0.34 per 11ter.39
Multiplying the person-years per dollar coefficient by the dollar value
of total output gives the person-years embodied in the total output. The
result is 2,260 person-years, a rough estimate of the number of jobs
which would be displaced in the benzene-manufacturing sector in the event
of closure. A similar computation for benzene consumers suggests that
about 17,600 jobs would be displaced in the consuming industries, giving
a total of 19,860 affected jobs. It is important to note, however, that
the production of benzene is typically carried out in a facility that
produces a variety of chemicals, not just benzene. It is likely that the
individuals currently employed in benzene production would simply adjust
the mixture of time they spend producing various outputs, adjusting out
of benzene production and into other production; however, they would
likely be employed at essentially the same job at the same place of work.
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It is unlikely that any significant unemployment would result from
closure.

A similar analysis holds for the other major factor of production,
capital. The quantity of capital in benzene production can be computed in
much the same way as capital was computed for the model plants. Recalling
from Table 7-35 that the ratio of net income to revenue in the petroleum-
refining industry is 0.071, the net income to the petroleum-refining
industry that can be attributed to benzene operations is estimated as
$155 mi1lion (0.071 x $2,183 million). From Table 7-35 the capital
recovery coefficient for the petroleum-refining industry is 0.09119, and
the depreciation rate is 0.0652. Substituting these values into the
formula for assets derived from Equations 7-1 and 7-2, the capital stock
of the petroleum-refining industry that is dedicated to benzene production
is estimated at $6,156 million. A similar computation for the consumers
of benzene gives $10,563 million (These estimates are very sensitive to
small changes in the ratios used in the calculations and, therefore,
should be considered only ballpark estimates.) Just as with labor,
however, the capital involved in this production is likely to have alter-
native uses. Thus, if closure were imposed, it is unlikely that all or
even a substantial part of the total capital affected would be totally
written off. It would be placed into alternative service. To the extent
that certain items of equipment were useful solely in benzene-related
activities, these items would have to be scrapped, modified for non-benzene
use, or sold to benzene producers located outside the U.S. This forced
action would be the direct capital cost impact of the closure option.

7.4.6.2 Indirect Impacts on Users of Benzene-Derived Products.
There are two substitution alternatives available to the users of
benzene-derived products. The first is to purchase the same product from
a foreign producer, and the second is to substitute a non-benzene product
with similar characteristics. In the foreign-supply case, prices will be
likely to rise reflecting the increased transportation costs of the
foreign benzene, and the U.S. balance of payments will also suffer.
Furthermore, the banning of U.S. benzene production, about 40 percent of
world production, would create a worldwide upward shift in the supply
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curve for benzene, which could have the effect of increasing the world
price of benzene while simultaneously reducing the total quantity produced.
In the case of substitution of non-benzene-derived inputs for benzene-
derived products, the quality of the output produced from the substituted
inputs will be 1ikely to have fallen from the pre-closure level, and the
price of the output may also rise. This is so in the absence of significant
technical advances creating substitutes that are not now available. If a
substitute input was available before the closure, the manufacturer would
already have been using it unless it was less suitable, more costly, or
both, when compared to the benzene-derived input being used at the time
of the closure. Thus, if closure is implemented, the substitute is most
likely to be less suitable, more costly, or both.
These indirect impacts, increases in prices, decreases in quality,
or combinations of both, are the most important impacts that could be
expected in the event of closure. Compared to the direct impacts, they
would be much further reaching and potentially more expensive. A quanti-

tative estimate of the cost of the indirect impacts is beyond the scope
of this study.

7.5 SOCIOECONOMIC AND INFLATIONARY IMPACTS
7.5.1 Inflationary Impact Statement Thresholds

Executive Order 12044 requires that the inflationary impacts of
major legislative proposals, regulations, and rules be evaluated. A
regulation is considered a major action requiring the preparation of
an inflationary impact statement if it exceeds either or both of the
following thresholds:

(1) Annualized costs of compliance, including capital charges,
equals $100 million per year
(2) Total additional cost of production exceeds 5 percent of the
selling price of the product.
The following sections consider each of these thresholds in turn.
7.5.1.1 Annualized Cost Compared to $100 Million Threshold. In
order to compute the total annualized cost of an option affecting plants
in the United States in 1979, the number of such plants must be multiplied
by the corresponding cost per plant. Utilizing the estimate that there
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were 28 large producers, 34 small producers, 77 consumers, and 4 bulk
storage terminals existing in 1979, and using the cost data from Table 7-37,
we find that the total annualized cost of implementing Control Option III

in 1979 is $968,100.

In calculating the annualized costs for 1980, the additional total
annual costs for the new facilities constructed after 1979 must be added.
Assuming that there is no reduction in the number of existing facilities,
that there is a 5 percent annual growth rate in the number of facilities,
and that the new facilities pay a full year's worth of the costs, the
following expression can be used to compute the total annualized costs
(TAC) in-any year after 1979:

TAC, = TAC g79 + [(1.05)*1%7% — 131# prants in 19791(cost/plant]

Filling in the cost formula, assuming Option III for existing tanks and
Option II for new tanks apply, the total annualized cost in 1985 is
calculated to be $1,066,626 ($968,100 + $98,526). Annualized costs for
other combinations of options (i.e., other alternatives) and other years
are displayed in Table 7-42. No cost for any combination in any year
even approaches the $100 million threshold; therefore, based on this
criterion, none of the combinations represents a major impact.

In addition to the total annual cost of the combinations, the annual
expenditures on new capital should be of some interest. These expenditures
are calculated by multiplying the capital cost for each type of plant by
the number of plants of that type and summing the results. 1In 1979, the
total expenditures on new capital under Control Option III are calculated
to be $7,317,900. In subsequent years, the new capital expenditures
become much smaller because only the plants that come into existence in
that year need to buy the capital. In any year t, the number of plants
that come into existence may be computed using the formula:

New plants in year t = [(1.05)t-1979-(1.05)(t-1)_1979][# original plants]
Thus, the formula for calculating the new capital expenditures, K, in year t, is:
Kt = (new plants in year t)(capital cost/plant)

The total cost in 1985 for Control Option II applied to the new plants is
thus:
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[1.056-1.055][(81,500x28)+(44,600x34)+(15,100x77)+(15,100x4)] = $320,442

Capital costs for other combinations of control options and other years
are shown in Table 7-43.

7.5.1.2 Production Costs Compared to Five Percent Threshold. The
costs per liter calculated in the previous section translate to percentages

of price of 0.46 percent for the consumer and 0.42 percent for the producer,
when compared to the baseline price of $0.34 per liter?. These impacts

are considerably smaller than the 5 percent threshold. Therefore, none

of the options results in major impacts.

7.5.2 Foreign Trade Considerations

There are two aspects of foreign trade that must be considered in
evaluating the feasibility of an option: (1) Will implementation of the
option induce more importation of foreign goods, and (2) Will implementation
of the option reduce U.S. exports of the goods? An affirmative answer to
either question means that the option will worsen the U.S. balance of
payments and lead to reduced domestic industrial production. Both questions
could be answered in the affirmative if U.S. producers raised their
prices to pass on new costs, while producers in other countries, who do
not have to comply with U.S. laws, maintain their prices. In this case,
both U.S. and foreign consumers would tend to substitute other countries'
products for the U.S. output, reducing U.S. exports and increasing U.S.
imports.

In the case of benzene, only about 3.5 percent of the product consumed
in this country is imported, and only about 2.5 percent of the domestic
production is exported. Even if these small quantities underwent fairly
sizable proportional changes, their overall impact would not be large in
relation to the whole market. However, given the smallness of the price
changes expected to come about as a result of an option, it is unlikely
that the quantities imported or exported would be greatly affected through
price-induced substitution.

These cost-to-price ratios differ from the price change necessary to
maintain ROI in that the government absorbs some of the total annualized
costs through reduced taxes in the computation of price changes necessary
to maintian ROI, whereas these cost-to-price ratios compare per-liter costs
to baseline without considering where the costs are borne.
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7.5.3 Industry Output, Employment, and Growth Impacts

One concern with regulation is that the price change brought about
by the implementation of an option might be sufficient to induce a change
in quantity sold, which would, in turn, induce a change in employment in
the industry. It is unlikely that the small price changes attributable
to any of the control options would produce a noticeable change in either
output or employment. Nonetheless, a simplified calculation of employment
jmpacts is presented below to suggest approximate upper bounds on the
changes in employment and output.

Because benzene is an intermediate good, its demand elasticity is
the same as the elasticity of substitution for benzene in the manufacturing
processes in which it is used. These elasticities can be estimated, but
such an estimation is beyond the scope of this work. However, it has
been shown that the price elasticity for inputs to production rarely
exceeds unity. Thus, as a rough estimate of the upper bounds of the
employment and output impacts of an option, changes in employment and
output have been estimated under the assumptions that benzene consumers
raise prices by 0.803 percent, the highest hike for any consumer in any
option, and that the price elasticity is unity. Under the unitary
elasticity assumption, a 0.803 percent rise in price implies a 0.803
percent fall in quantity sold, and under the assumption of fixed
coefficients of production, this implies a 0.803 percent fall in employ-
ment. Thus, given the initial level of employment of 19,860 person-years
computed in Section 7.4.6.1, a reduction in employment of 159 jobs is
estimated as the maximum employment reduction in both industries under
the most expensive option. It must be borne in mind, however, that this
impact does not lead directly to the firing of 159 employees; it is quite
likely that the displaced employees would simply become engaged in other
production activities at the same places of work. Even if all 159 individuals
became immediately unemployed, however, this event could hardly be
characterized as a "major" impact on the economy.

The economic conditions in the petroleum and petrochemical industries
have been a major concern because of the large and continuing rise in
world 0il prices which began in 1973. Certainly the enacting of controls
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which serve to further raise costs in these industries should receive
double scrutiny because of this situation. For most industries, one of
the prime concerns in regulation is the effect of the regulation on
industry growth. The options evaluated here could possibly have some
minor effects on industry growth; however, any effects they could have in
this area would be quite inconsequential in comparison to the growth
effects brought about by the increases in world oil prices and the actions
of the government in the area of price regulations and supply allocations
intended to combat these price increases. Furthermore, in the petroleum
and petrochemical industries, unlike most industries in which growth is
one of the primary goals, the primary goals seem now to be efficiency and
conservation. Viewed in this light, those options in which benzene is
recovered or prevented from escaping have a positive benefit. 1In fact,

if the price of benzene continues to rise relative to the price of control
equipment, it is merely a matter of time until many of the options become
so attractive that firms will voluntarily employ them.

7.5.4 1Impacts on Suppliers of Emissions Control Equipment

The primary concern in a regulatory action is usually confined to
the industry being regulated. It is usually assumed that the rest of the
economy is operating efficiently, and is.sufficient1y flexible to adjust
to the‘changes in the regulated industry as easily as it adjusts to
“normal" economic changes. However, when the relation of the regulated
industry to some other industry is too close to ignore the adjustment
effects in that other industry, it is necessary to expand the analysis.
In this regard, the assumption made is that the industries supplying and
- being supplied by the producers and consumers of benzene are sufficiently
flexible to adjust to the small changes estimated here for the petroleum
and chemical industries, with one possible exception: the industry that
supplies floating roofs for tanks. A requirement for contact internal
floating roofs would increase demand faced by the firms which supply
contact roofs, and the firms that cannot now produce such roofs would
suffer a decrease in demand.

The decrease in demand faced by the sector of the industry that
makes only noncontact roofs would be likely to decrease profits that the
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companies in that sector are able to make. The extent of the reduction

in profit faced by the firm depends on two things: (1) the importance of
benzene tank roofs relative to the overall output mix, and (2) the flexi-
bility of the firm in rechanneling productive capacity into new lines.

To the extent that benzene tank roofs represent a relatively small component
of total sales, and to the extent that the capital and labor used in
benzene tank roof manufacture can be used effectively in manufacturing
other items, this aspect of the option merely serves to rechannel productive
capacity, rather than cause economic hardship. Under certain circumstances,
this rechannelling is just as equitable as the rechannelling of economic
resources that comes about through the usual operation of the free market
forces: supply, demand, and competition. The main difference is that in
the free market case the economic forces are applied directly by the

market participants shifting their demand from the old product to the new
one with characteristics they prefer; however, because there is no market
for clean air, shifts in market demands cannot be depended on to bring
about economic changes. Instead, the individual demands of the people

are collectively channelled through the government where they reach the
producers through the enactment and enforcement of direct regulation.

The only conditions needed to ensure that the actions of the government

are equitable in the same sense that the operation of market forces is
equitable, is that the article in demand have bonafide benefits over the
existing product, and that the government is correctly interpreting the
demands of the people.

7-97



7.6

10.

11.

12.

13.

14.

REFERENCES

Synthetic Organic Chemicals
U.S. International Trade Co

FOR CHAPTER 7

Printing Office. p. 15.

, U.S.
mmission. Washington, D.C. Government

Production and Sales, 1978.

Synthetic Organic Chemicals, U.S. Production and Sales, respective
years. U.S. International Trade Commission. Washington, D.C.

Government

Chemical Engineering.

Printing Office.

Chemical and Engineering News.

January 30, 1978. p. 64.
Vol. 57. June 11, 1979. p. 59.

Gunn, Thomas C., and Koon Ling Ring. CEH Marketing Report on Benzene.

Chemical Economics Handbook.

Stanford Research Institute, Menlo

Park, California. May 1977. p. 618.5022N.

Gunn, Thomas C., and Koon Ling Ring. CEH Marketing Report on Benzene.

Chemical Economics Handbook.

Stanford Research Institute, Menlo

Park, California. May 1977. p. 6185021C.

Gunn, Thomas, C., and Koon Ling Ring. CEH Marketing Rebort on
Benzene. Chemical Economics Handbook. Stanford Research Institute,
California. May 1977. p. 618.50248.

Menlo Park,

Industrial
1679.

Chemicals Report. Radian Corporation, Austin, Texas.

Gunn, Thomas C., and Koon Ling Ring. CEH Marketing Report on Benzene;

Chemical Economics Handbook.

California.

Stanford Research Institute, Menlo Park,

May 1977. p. 618.5022w-Y.

Gunn, Thomas C., and Koon Ling Ring. CEH Marketing Report on Benzene.

Chemical Economics Handbook.

California.

Stanford Research Institute, Menlo Park,

May 1977. p. 618.5022F-M.

Average 1976 Unit Market Price:
U.S. Production and Sales, 1976.

1977. Total Sales, 1976:

Synthetic Organic Chemicals,
U.S. International Trade Commission.

Company records.

Gunn, Thomas C., and Koon Ling Ring. CEH Marketing Report on Benzene.

Chemical Economics Handbook.

California.

Stanford Research Institute, Menlo Park,

May 1977. p. 618.5023B-C.

Gunn, Thomas C., and Koon Ling Ring. CEH Marketing Report on Benzene.

Chemical Ecnomics Handbook.

California.

Standard Corporation Description.

New York.

Stanford Research Institute, Menlo Park,

May 1977. p. 618.5023F-G.

Continuous update.

7-98

Standard and Poor's Corporation,



15.
16.
17.
18.
19.

20.

21.
22.
23.

24.

25.

26.

27.

28.

29.

30.

Chemical Engineering. January 30, 1978. p. 33.

Chemical and Engineering News. April 4, 1977. p. 10.

Chemical Marketing Research Assn. Review. May 3, 1977. p. 82.
Chemical Age. October 13, 1978. p. 11.

Telecon. E.B. Dees, TRW, Inc., to Anthony J. Finizza of Atlantic
Richfield Company, Los Angeles, California. 12 December 1978.

Telecon. E.B. Dees, TRW to Paul Fritz, Corpus Christi Petrochemicals,
Houston, Texas. 14 December 1978.

0il and Gas Journal. October 30, 1978. p. 36.
Chemical Marketing Reporter. September 18, 1978. p. 81.

Guthrie, K.M. Data and Techniques for Preliminary Capital Cost
Estimating. Chemical Engineering. p. 114-142. March 24, 1969.

U.S. Environmental Protection Agency. Control of Volatile Organic
Emissions from Petroleum Liquid Storage in External Floating Roof
Tanks. Report No. EPA-450/2-78-047. Research Triangle Park,
North Carolina. December 1978.

Telecon. Ailor, D.C., TRW with Larry Oxley, ALTEC. February 27, 1979.
Internal floating roof cost estimates.

Letter and attachments from Roney, E.W., PETREX, Inc., to D.C. Ailor,
TRW, Inc. February 28, 1979. Features of PETREX Internal Floating
Roofs.

Telecon. Houser, G.N., TRW, Inc. with Ken Wilson, Pittsburgh-Des Moines
Steel Company. January 25, 1979. Cost for installing aluminum dome
on external floating-roof tank.

Telecon. Ailor, D.C., TRW, Inc., with E. W. Roney, PETREX, Inc.
November 1979. Costs for removing noncontact internal floating
roofs.

Telecon. TRW Environmental Engineering Division. Survey conducted
of benzene tank users/owners to determine distances between benzene
storage tanks. July 1979.

U.S. Environmental Protection Agency. Guidelines Series, Control of
Volatile Organic Emissions from Storage of Petroleum Liquids in
Fixed-Roof Tanks. EPA-450/277-036 (OAQPS No. 1.2-089). Research
Triangle Park, North Carolina. December 1977.

7-99



31.

32.

33.

34.

35.

36.

37.

38.

38.

Telecon. TRW Environmental Engineering Division. Survey conducted
to determine inspection frequency and operating and maintenance
problems occuring with benzene floating-roof tanks.

September 13-18, 1979.

U.S. Federal Trade Commission. Quarterly Financial Report for
Manufacturing, Mining, and Trade Corporations, First Quarter 1979.
Washington, D.C., U.S. Government Printing Office, 1979. p. 12, 31,
33.

U.S. Federal Trade Commissions. Quarterly Financial Report for
Manufacturing, Mining, and Trade Corporations, First Quarter 1979.
Washington, D.C., U.S. Government Printing Office, 1979. p. 12, 25,
27.

Current Prices of Chemical and Related Materials. Chemical Marketing
Reporter. 215(26): 46-56.

Gunn, Thomas C., and Koon Ling Ring. CEH Marketing Report on Benzene.
Chemical Economics Handbook. Stanford Research Institute, Menlo
Park, California. May 1977. p. 618.5022F-618.6022S.

U.S. Department of Commerce, Bureau of the Census, Annual Survey of
Manufactures, 1976. Industry Profiles (M76(AS)-7). Washington,
D.C., U.S. Government Printing Office, 1977, p. 130.

U.S. Department of Commerce, Bureau of Economic Analysis, Business
Statistics, 1977. Washington, D.C., U.S. Government Printing Office,
1977. p. 48.

u.s. Department of Labor, Bureau of Labor Statistics. Producer
Prices and Price Indices. U.S. Government Printing Office, January,
February, and March, 1979. Tables 4.

Gunn, Thomas, C., and King Ling Ring. CEH Marketing Report on

Benzene. Chemical Economics Handbook. Stanford Research Institute,
Menlo Park, California. May 1977. p. 618.5021C-618.5021D.

7-100



APPENDIX A
EVOLUTION OF THE BACKGROUND INFORMATION DOCUMENT



(panutjuod)

X1 ‘uoisnoy 48333 HIT uoL303S 03 asuodsay Auedwo) (10 {(3ys LL6T ‘€2 Jaquajdag

vJ ‘odsioueay ueg 49338 HIT uoL3d3s 03 asuodsay U CUyUSn uodAdy) LL6T ‘9T J4aquaidag

X1 ‘uojsnoy 493138( $TT u0L3235 03 asuodsay 'V'$°n ‘Auedwo) |10 4ing LL6T ‘1 4aquazdas
(LeLljuspLyuoy) ‘y-s'n

X1 ‘uo3jsnoy 49338 HIT u0L3235 03 asuodsay Auedwo) eotway) uoxxy LL6T ‘€T Jaquajdag
(euetpug)

IN ‘weyang uoljewdojur 4oy 3sanbau pTT uoLydag Auedwo) |10 puaepuess LL6T ‘2 3snbny

IN ‘weydng uoijewdojul Jdojy 3sanbau pTT uoLIIBg '¥'s'n ‘Auedwo) (Lo jin9y LL6T ‘2 3snbny

ON ‘weyung uoLjeuojul Joj 3sanbad pTT uotyoeg Auedwo) platyysty atjue(qy LL6T ‘2 3snbny

IN ‘weyuang uoljewdojul J4oj 3sanbau pIT uoiydeg Ul ‘ty°S°n uouAay) LL6T ‘2 3snbny
Aueduwor

IN ‘weyuang uotjeudojut Joy 3sanbad pTT uoL3deg Lediwaysoulad saje3s |e3seo) LL6T ‘2 3snbny
Auedwoy

IN ‘weyung Uoijewdojur 40y 3sanbad HTT uoiydas $3onpodd Wnajoualad ung LL6T ‘Z 3snbny
v's'n

ON ‘weyuang uoLjewaojul Jdoj 3sanbau pIT UOL3D9S Auedwoy |ediwayy uoxxy LL6T ‘2 3snbny

IN ‘weyung uoiljewsojutl 40y 3sanbau pTT uoLydag Auedwo) |10 |[ays LLBT ‘T 3snbny

uotie07 uot3oe 40 aunjeN Aouabe Jo a3eq

juel|nsuod ‘Auedwo)

ININNJ0Q NOTLYWHOINI ONNO¥ONIVE JHL 40 NOILNI0A3

"T-¥ 21qe]

A-3



“(panutquod)

v1 ‘abnoy uojeg
"I°A ‘XL04) "3S
v1 ‘ebnoy uojeg

11 ‘afltAuteld
vy ‘salabuy soq

11 ‘obeatry)

XL ‘L3St4y) snduao)
XL “13S14y) snduo)
y1 ‘abnoy uojeg

Vd ‘etydiape|iyd

saljiLoey
abeaols jo AsAdns auoydaja)

SaljLLLoey
abeuoys jo AsAuns auoydaia)

ILSLA Jueld

auazuaq buluols juez 3s33 j0)1Ld
B UO S3$9] SUOLSSLWA 4O SALUIS

49339| $TT UOL3I3S 03 asuodsay

49339 $TT UOL}I3S 03 asuodsay

TSIA Jue|d

49339 HIT UL323S 01 asuodsay

ILSLA ue|d

43333 HIT UOL3I3S 03 asuodsay

*da0) 1SYd230H uedLuauwy

*duo) ssay epedawy

v's°n
Auedwo) |ediway) uoxxj

Auedwoy
uou pue abpiuag obeory)

Auedwo) piaLjyaty dijue|qy

(eueipur)
Auedwo) |10 p4epuels

Auedwoy
LeJLWaydod}ad $ajels |eyseo)

Auedwoy
leoLwaydoulad s93e3S [RISEO)

vsn
Auedwo) |eotway) uoxx3

Auedwoy
$30npoud wnajodiad ung

8/6T ‘¢T 4aquadaq
8L6T ‘tT 4aquadaq
8L6T ‘z 49quanoN
8/6T 4aquada(
~d3quajdag

8L6T ‘€T Auenuep
LL6T ‘T 4aquadag
LL6T ‘22 JaquwanAop
LL6T ‘62 4dqualdag
LL6T

‘8¢-£2 Jaqualdag

LL6T ‘€2 Jaqualdas

uoL3e207

UoL}I® JO aunjepN

Aduabe uo
jue3|nsuod ‘Auedwor

a3eQ

panutjuo) ‘T-y aqe}

A-4



(panuLijuo0d)

XL ‘essapq

X1 ‘euapesey

V1 ‘aLLtage)

11 ‘pueys] an(g

V1 ‘sajdey) axeq

X1 ‘uojsnoy

03 ‘olgang

QW ‘adouiyieg

A ‘LeaN

XL ‘butuads big

abeuols

abeuoys

abeuoys

abeaoys

abeuoys

abeuaoys

abeudoys

abeusoys

abeuoqs

abeuaoys

3J0

40

30

30

J0

40

Jo

Jo

40

Jo

Sal3LLtoey
Aaauns auoyda|a)

sal3tiioey
Kaauns auoydaja

saljLLLoey
Aaauns auoyda|a)

S9L31Loey
Kanuns auoyda(aj]

sallLLtoey
Aaauns auoyda|aj

saljLltoey
Aaadns auoyda|a|

sallLLLoey
Kaauns auoydaja)

satjtitoey
Kaauns auoyde|aj

saLytLiogy
Kaauns auoydajaj

saljLiloey
Kandans auoydaia)

sep |ednjeN oseqd |3
wna|oua3ad

[BAIUB) UMOU)

"OUT “YVW-5S02

burutyay pue |10 Yue|)
Auedwo) adiA43s satyL)
Auedwo) (L0 4334ey)
UoJ] pue [an4 opeso(o)
Auedwo) [1g |ejuauLIuU0)

Auedwo) |10 pue|ysy

U] ‘euljoulad uedtuawy

8461

8.61

8461

8461

BL61

8L61

8L61

8/61

8/61

861

‘$T Jaquwsdag

‘pT 4aquadag

‘H1 Jaquadsaq

‘T Jaquada(q

‘$T J4oquasaq

‘$T J2quadaq

‘$T 49quadag

‘T 4aquada(

‘$1 43qusdag

‘bI Jaquadag

uogqeso]

UoL3de Jo aunjeN

Aouabe 40
JuBYLNSUOD ‘Auedwoy

a3e(

panutjuoy)

'T-v a1qey

A-5



(panuliuod)

XL ‘13stayy snduo)
AM ‘(| LASuLldey MaN
AN ‘uosaapuay

OW ‘sinol "3§

X1 ‘38bnes

XL ‘A31D sexa]

AM ‘B[ L}ASULIIRY MON
XL ‘A31) sexay

vd ‘eddinby|y

IW .npozmuumma

abeuogs

abeuoys

abeuols

abeuaogs

abeuoys

abeuoys

abeudols

abeuaols

abedoys

abeuoys

Jo

40

30

3J0

40

saLjilioey
Kanuns auoydaiay

saijtiioey
Aanuns asuoyda|aj

satltLtoey
Aaaans auoydaaj

satjLLloey
AaAuns auoydaia]

wwwuwp_umu
AaAauns auoydala]

saljiLioey
AaAauns auoydajaj

Sal3tLLoey
Aaadns auoydaia)

sal3lLioey
Aaaans auoyda|aj

sal3iioey
AaAuns auoydaeay

saijLLtoey
Asaans auoyda|a)

L LdMoH-euRIULND

$3L43SNPUT 94dd

LedLway) asoujuoly

Aueduo) ojuesuop

Auedwo) ojuesuoy

Auedwo)y ojuesuoy

lediwayy Aeqoy

L40 uoyzeuey

uoLjedoduo) AL7

*duo) Lddissyssiy 3saly

8L61

861

8L61

8.61

8L61

8.61

8.61

8/61

8L61

8461

‘$T 48quadag

‘vT J4aquadag

‘b1 4aquadag

‘$T Jaquadaq

‘$T1 4aquadag

‘$T 43quadag

‘BT Jaquadag

‘$1 4aquadag

‘$T 4aquadag

‘$T Joaquadag

uo§3ed07

uoLide jo adnjeN

fdouabe ao
juey|nsuod ‘Auedwo)

ajeq

panuijuo)

‘T-v @(qe}

A-6



(panuLiuod)

Aueduwoy

ION ‘weyung 49233191 dn mo| |0y ewa uoLq29g [BoLWaYd043a4d S33e}S |BISRO) 8/6T ‘L2 48quadag
Auedwo?
ION ‘weyung 48333 dn Mo| (04 $TT uoL3dag S3ONPO4d WNI| 04334 ung 8/6T ‘L2 49quada(
v'sn

IN ‘weydnq 49333 dn Mo| |0} HTT uoL}I3g Auedwo) |eoLway) uoxx3 8/6T ‘L2 4dquadag
satyLlLoey

1A ‘eaauap abeuols jo Aaauns auoyda)a] 1393S 'S N 8461 ‘HT 4aquadag
Salllitoey

Vd ‘pue|S] a{LA[aN abeuoys jo Aaauns auoyda|aj 19935 ‘'S 'n 8L6T ‘¥T Joquadaq
satyLlLoey

‘¥ "d ‘selanudd abeu0}s jo AsAuns auoyda|a) apLque) uoLun 86T ‘¢T 4aquadaq
Saljiitoey

V1 ‘9138uwiey) abeuols jo Kaauns auoydajaj *Jul ‘o0J3uua) 8/6T ‘$T 4dquwadag
saljtitoey

10 ‘A3L) sueme(ag abeuols jo Kaauns auoyda|a) duLJoYy) paepuels 86T ‘#T 43quadag
SaL3L[Loey

V1 ‘Jeuwsiay abeuols yo Aaauns auoydaja) SLeILWayY) uodigny 8/6T ‘T +oquadaq
Salltiloey

I ‘StAd0l abeuols jo Kaaans auoyda|aj lesLway) ployoray 8/6T ‘¢ 4aquadag

uoLjeno uoLyoe jo aunjeN Kauabe ao a1e(

juel | nsuod ‘Auedwo)

PanuLIuo)  ‘1T-y ajqe

A-7



(panutijuod)

Aueduo)

vd ‘erydiape|iyd 43319{ pIT uot3d8s 03 Isuodsay $30Npodgd WNA|0433dd uns 6/6T ‘Ge Auenuep

¥) ‘0dsLdued{ ues 43333 pTIT uotldas o3 3suodsay *OUT ‘Y SN UoUAIY) 66T ‘6T Adenuep
v's'n

X1 ‘uo3snoj J42739| HTL uoL323S 03 3suodsay ‘Auedwo?) |esLWAY) uoxx3 66T ‘61 Adenuep
S9ILAUIS

vy) ‘saiabuy so7 uoLjeWJOJUL 350D 40) A3A4NnS aduoydala) LBOLWAY) Wnd|od3dd ULDISIM 66T ‘LT Adenuep

MO ‘es|n]  uolLjewaojul 3502 Joj AdAuns suoyda(a) *OU] ‘@dLA43S jue) 66T ‘LT Adenuep
SHAOM

d ‘urpjuedy  uotjewuojut 3502 40) AaAuns auoyda(a) jue| pue ua|l0og umoug 66T ‘TT Asenuep
uolLjewsojut Auedwo) |9933S

vy ‘uolda|ng 150) Joj Kaauns auoydapaj sauloy sag-ybangsiitd 6/61 ‘IT Adenuep
_ (euetpuy)

X1 ‘A3 sexay J49339] pIT uoLjoas 0} dsuodsay Auedwo) | LQ paepuels 6/6T ‘0T Adenuep

(euetpuy) :

IN ‘weydng 49333 dn MO [04 HTIT UOLYDIAS Auedwo) |10 paepuels 8L6T ‘L2 Jaquadaq

IN ‘weyung 43339 dn MO 0§ HTIT UO}ID3S 'v's'n ‘Auedwo) L0 4LnH 86T ‘Lz +aquadsq
Auedwo)

IN ‘weyuang 48333 dn MO 04 HTT UOL}IAS PLaLiyaLy dijue(ly 8L61 ‘L2 49quadaq

ON ‘weyung 43339 dn Mo |04 HTIT UOLIIBS Ul ‘ryUSTn uouAdy) 8/61 ‘LZ 4aquadaq

uoL3e207 uoLyoe jJo aunjeN Aduabe uo aje(q

jquej|nsuod ‘Auedwo)

panuLluo) ‘T-y alqel

A-8



(panuL3uod)

CN ‘ouuoAleg

IN ‘weyuang

IN ‘weyung
IN ‘weyang

ON ‘weyung

IN ‘weyung

11 ‘8LLiauteiq

IN ‘weyung
X1 ‘Audsamg

X1 ‘13st4y) snduo)
X1 ‘uo3ysnoy

X1 ‘uojsnoy

493313 $IT

UOLIBWJIOJUL 04

UOLJBWUIOJUL U0y

UOLJBWUAOJUL U0y

UOLIBWUOJUL U0y

UOLIBWAOJUL U0y

uoi31o9S 03 asuodsay

3sanbad $TT uolyd9s

3sanbau T uoL1dasg

3sanbad pIT uoL323§

3sanbad T uoLy2dag

3sanbaua $TT uoL3}dag

Yue| 3s3] jooy BuLyeo|{ © wouy
SUOLSS W] dUIZUDG JO JUBWBUNSEIY

‘vd3

03 pajiiwgns juaoday

dAtjejuasaudad Auedwod yjim Buijasy

NELLETI &
49139 HT1
49118( $TT

ILSIA Jue(g

uo1129$ 03 asuodsay
uoL323§ 03 asuodsay

uo137as 03 asuodsay

Auedwo)
3JOLAUBS |BULWUB| UOPLON

*duo) ssay epedauwy

*oul
‘Sleulwus) pajLunoudlad

"du40) BULWUBY X1YD

Auedwoj
3J1AJ3S |BPULWUI] UOPUOY

Auedwoy |eutwua)
ledLway)y A|4aasg
Aueduog

uou] pue abpruag obeory)
) R CNLEY

wndjoulad sdi|ftyd

Aueduwo)
wnajou3ad sajels [BISRO)

Auedwo) |10 [L3YS
Auedwo) (L0 4(nY

6.6 ‘2 3snbny
6/6T ‘8T ALnp

6L6T ‘8T ALnp
646T ‘8T ALnp

6/6T ‘8T ALnp

646T ‘8T ALne

6L61 8aunp

6L6T ‘€T youey
66T ‘T Auenuqey

66T ‘0€ Adenuep
66T ‘6¢ Auenuep
646T ‘62 Auenuep

uoL3e07

UOL}IR JO auniep

Aduabe uo
juel|nsuod ‘Auedwo)

aleq

panuiuo) “T-y alqey

A-9



v) ‘sa|abuy so

XL ‘4nyiay 3Jod

AM ‘unLajen

V) ‘euapesed

v) ‘obajg ues
ON ‘ybiaiey

CN ‘@bpLagpoop

XL ‘Yoouqeas
11 ‘obeaty)

sjue} jood
-Buiqeo|s |euuadjul uo aunpadouad
uorjoadsul auiwaalap 03 AdAUNS

syuey Ajdwe 03
padinbad awry jo AdAuns auoyde|ay

syue3 Ajdwe o3
padinbau awiy jo Aaauns auoydaay

sjuey Ajdwe 03
paJinbad awpy jo Aaauns duoyda|d)

aanpasoud uoijdadsu}
yuey aulwaalsp 03 AdAdns auoydalajl

uojjejuadsadd 9333 Lumo) JIV1IdVN

493331 $IT U0}3103§ 03 dsuodsay

433133] $IT uoi3das 03 asuodsay

49339 $IT uoL3das 03 asuodsay

30143510 juswabeuey
A3Lend 41y 3se0) y3nos

Ul ‘oJexa)

*0) Ledtway) Aeqoy

A4duLJdY [edJU) UMOU)

39143510 (043U0)
uoLINLod 4ty 0BdLQ ues

Bujaeal 24iqQnd Vd3

(Letauapijuo))
*d40) ssay epedduy

*oul
‘sleutudaj pajiunodlad

*d4o) s|eulwud]l XIV9

0861 ‘0T aunp

0861 ‘9 aunp

086T ‘9 aunp

0861 ‘9 aunp

086T ‘9T Aew
086T ‘LT Lludy

6461 ‘TT 42q0320

6461 ‘02 43quaidas
6/6T ‘L v3quaydas

uo11e207

Uoj3dR JO auneN

Asuabe Jo
jueyLhsuod ‘Auedwon

91e(

papniouo) ‘T-y alqel

A-10



APPENDIX B
INDEX TO ENVIRONMENTAL IMPACT CONSIDERATIONS



(panutquod)

¥ 491dey)

UL PauL|[3no 3ue saAljeudaj|e se|ndoLjded asayy Buryoa|as 40} suoseau
94yl pue saaljeusaie Auojeinbau sy Aq paJdinbad 8q pinod yoLym
S3JLA9D [O04UOD w>_..._.m:.»wp_.w 9y "S’aILA3p L043U0D IALIRUUDYLY °q

¥ 493dey) uL pauL|3ho ade sabejueApesip pue sabejueape 4layj pue phelV
4Ly UBSL) Y3 JO Z|| U0L}I9S 43pun suoLssLwa audzuaq Bulje[nbau 404
sayoeoudde anLjeudal|e ay) "sayoeoudde Auoje|nbau anLjeusdl |y e

"MO|3q Pa3SL| 4B PALBPLSU0D
943M YOLYM SUOLIOR By} 03 SBALIBUJIIIE JO S3LU0BaRD |BJIADS BY[

v 493deyy ui (Lejap ul
pPaqLudsap adse saibojouyosaz |ouajuod 3say3 AqQ panaLyoe usaq sAey
UILYMm suoL3onpad uoLssLwa syj pue syue} abeuols wouj) suolssLwa

dUaZuaq adnpad 03 pat|dde aq ued ysrym satbojouysey joujuod ayj

'¢°€ Uol1oss ‘g Jajdey) ul pazidewwns ade SaALljeULdL (@
A4oze|nbau ayy Aq payoayye SaL3LLloey pue sassadodd otyioads ayj

‘€ 493dey) uL pajsi| ade SaAljeudal|e Auoje|nbaa syl Aq
Pa3138jje Au3snput ayj uLylLM S$8dunos uoLssiwe ayj pue Augsnput ayj

"L 493dey)y uy qoedut dLwouodd yo Apnas 3y3 ul
Papn(dul adJe saluajysnpul pajdajje ayjl o3 A dde yoLym ‘suolrieln
-ba4 yHSO ay3 ‘arqissod juexs 943 03 pue suolje(nbau yd3 JayilQ

"spaepueys Bursodoud a0y A3Luoyjne
As03njeys ayy sp se ‘|°| uoL329s ‘| Jajdey) ulL pazidewwns ade
USSOYD @Qq || LM sSpaepuBlS YdLym WOLS SIALIBUUIY|E Auo3e|nbau ay)

‘'UOLIIR By} 03 SaALIeUUdIY 2

salbolouyday [ouju0d d(qedt|ddy

"S9ALIRUAIY B Auoje|nBau By Aq

Pald9jje sassadoud d1j1oads

‘SaAL3RUURY R Auoje|nbau
9yl Aq pajdajje Aujsnpug

*S9ALIRUUBY (B Auoje|nbau
8yy Aq pajoasye Apjuestyiu
-bts s|esodoud pue suoirjoe

J43y3jo o3 dirysuotje(ad ayj

*AyLaoyane a0y
-N3e31S 8yj pue saAljeudajie
Auo0yenbau ay3 jo asodund

pue ‘uolidiudsap ‘punoubyoeg ‘1

jusWnd0(Q uoLjewaojul punoubyoeg ay3 uLyliM uoL}Ed07

(61t/€ ¥4 6€) sjuswajels qoedu]
LejuawuoJ LAU] uol3dy Auoje[nbay
buruedaud 4oy saut|apiny Kousby

SNOILYYIAISNOD LIVAWI TYINIWNOYIANI 0L XIONI

"1-89 8lqe]

B-3



(panutijuod)

"uoLyonpaJd siLyl
YLlM BLPSBW SNOLABA 3Y3 UL 4NID0
qeyy sabueyo |eolsAyd ayj pue
paepue}s mau e Aq 3noqe 3ybnouq

2°9 uoL}23S ‘g ua3dey) ul passnOSLp OS|E 3de SUOLSSLWI 3pLM sjuejanjod atj1o8ds Jo S|dAI|
-UOLIBU UO S[3A3[ [043U0D BALJBULBY|E JO $9299443 °Z2°9 U0L3I3S paonpaJ Se yans ‘uoLlde a3yl
‘g 491dey) UL S9IUNOS UOLSSLWA |BNPLALPUL 104 pue sjue|d |apouw 07 AL39341p pe3nqLajje aq ued
40 swaaj ul sjoedut Kaewrad ayy smoys sisAeue qoedul JLy qey3 asoyy aJse sjoedul Auewtdd

qoeduy Adewliad ‘e

"saALjeudal e Auoje|nbad
9y} Jo joedwi |PIUBWUOULLAU] €

"G°L Pue p°/ SUOLIIDS

¢/ J4a3dey) ui punoj aq os|e ued ‘syonpouad JawWNsSuod Ul
saseaddul @dlud wnuwixew pue S34Nso|d qued (erjuajod Bulpnpoul
‘5|aAd| |043U0D dALIBUUBY(R 3Y] JO sqoedwi OlWOUCGII-0LI0S 3Y]
27/ uoL308s ¢/ 433deyy uL punoj aq ues ‘AaysnpuL 8yl o3

s1s0o paziienuue pue [e3ided ayj Buipnidui ‘[dA3| |043UOD
aAL7RUJADY B Yoed JO S3dedwi DLWOuodd 3y} JO uoLqdiuosap
pajLeiap y °9 423dey) ulL punoj 3q ued |0JJUOD JO S|3A3|

SALJRUJIY[® By} JO SID4J8 DLWOUODd pue ‘LeLdos ‘yilesay *aALYRUADY @

¢ |[PJUSWUOLLAUD 9SJUIAPE pue [BLIL43UAQ By} jO Adewuns ¥y °q a|geuosead yoea jJo S$3234j)a
JLwouodad pue ‘|eLdos ‘yieay

*2°G uoL303s ‘g 4a3dey) ul punoj aq ued SUOLSSLUD ¢ |PJUBWUOULAUD 3SUBAPR pue

auazuaq 40} sayoeoudde Auojeinbau dAijeusdl|e SnolJeA {ejoL4auaq ayy jo uoiien

3yl JO uoL3IeN|BA3 dAjjededuod s ,Aouaby ay3 Jo uojssnisip y ‘e -{BAd aAljedrdwod s, Aduaby

(6L¥LE ¥4 6€) siuawalels joeduwy
[ejusBwuouaLAU] uoL}dy Auoje|nbay
quawn20( UoLj}eWL0JU] punoudbyoeg 8yl ULYILM UOLJEIOT Buraedauad a0y sauLiaping Aduaby

panutjuo) 'T-8 @lqeL

B-4



*1°9°9 U0L329S ‘9 udrdeyy ut passnosip ad4e uolyde pasodoud ayz ui
PAA|OAUL 3Q PLNOM YD LYM S3DUN0SDL 3| QeABLUIBAAL PUB 3| (LSUDABAA]

WAy} dZLwiuLw 03 udye3 aq ued Ysiym sdays Aue yjLm Buoje ‘paLjLijuspt
0S|B 8J4B papLOAE 9q J0uUEd yoLym sjoedwl 9S43Ape ISOY| "paLjliuspl
auae sjoedwl asadApe [eLjuajod ayjl JO dWOS SBULWL|D 03 3SLXd

ApeaJ|e YyoLym suao03de4 ‘9 Jdjdey)y ui punoj aq ued 3dedul yoea jo
aoueaLjLubLs ayy Jo uoLSSNIOSLp B pue SaALljeuddiie Auoje|nbad ayjy jo
sjoedwl yj|eay pue [BIUBWUOLLAUD 3SJ4IApe |eLjudjod ayj} jo Adewwns vy

"G'9 uoL329g ‘9 uardey) ul parjljuenb sy
‘S|9AD| |OJ43UOD dALJRUUIY|® BYy3 jJo oedwi uoljdunsuod ABusud ayj

*€'9 UOL}DAS ‘9 Jdjdey) uL patsijuenb aue
‘S|8Ad| |O0J43UO0D BALIRUJBL|R 3y} jJO siyoedu} Jajem Auepuodas ayj

‘9 pue ‘g€°9 ‘g-z'9 suol3das ‘9 udrdey) ut A|aarjejijenb
paLjLIuapt ade SaALIeuudl|e Auoje|nbad ayy 333w 03 pash aqg
ued YoLym S[043UO0D |BNPLALPUL 3y} JO sioedwi [BIUSWUOJLAUD 4dY3(Q

‘pajusws|dwl ag suo

pLnoYs saALleuud}|® Asoje|nboad
94l Y3ilm paA|oAut aq pLhoM
YOLYM S3D4NOSAL JO SIUBWY LWWOI
9 QAR LU4YDUUL PUB J|GLSUINIIU]

‘pajuswajdwi aq SAL}BUJBY (B
Kiorenbad e plnoys paplLoAe aq
Jouued YoLym sjoedul ISAIAPY

‘suoljedaplsuod Jaylig

*4oedul Auepuodas ® aq pLNoM

pue wdjqoud uoLyn|jod asyjoue
$93equddexd qeyy AbBo|ouyosay o4
-uod jo uoljdope ayj ulL 3[nsad
PLNOD pdepUR]S MU B AQ 1hoge
qybnouq sjueyniiod oLjLoads

40 uot3onpad Asojepuew ‘ajduwe
-X9 404 °sjoedwi pasnpui 40
3129J41pul adJe sjoedw)l Auepuodas

1oedut Auepuodas

q

JUBWNI0(Q UOLIRWIOJUT punodbyoeg ayj ULYILM UOLIEIOT

(61¥L€ ¥d 6€) Siuswsleys 3oedug
LejudWwuoJ LAUT uot1dy Auoje|nbay
Buraedauq 40} sauL|apiny Aduaby

pspniouo) '1-§4 3|qe]

B-5



APPENDIX C
EMISSION SOURCE TEST DATA
-BENZENE STORAGE TANKS-



APPENDIX C ~ EMISSION SOURCE TEST DATA

C.1 INTRODUCTION

This appendix describes the emissions source test data obtained
prior to and during the development of the Background Information Docu-
ment (BID). The facilities tested are described, the test methods used
are identified, and the data obtained presented.

C.2 ESTIMATING EMISSIONS FROM FLOATING-ROOF TANKS

The emissions from external and internal floating-roof tanks storing
benzene were estimated in the BID using equations developed for EPA by the
Chicago Bridge and Iron Company (CBI). This section summarizes the test
methods, test results, and conclusions from this study.
C.2.1 Description of Test Facility

The benzene emissions test program was performed in a test tank at
CBI's research facility in Plainfield, I11inois. The test tank was
20 feet in diameter and had a 9-foot shell height (see Figure C-1). The
Tower 5'-3" of the tank shell was provided with a heating/cooling jacket
through which a heated or cooled water/ethylene glycol mixture was
continuously circulated to control the product temperature.

The effect of wind blowing across the open top of a floating-roof
tank was simulated by means of a blower connected to the tank by either a
30-inch or 12~inch diameter duct. An inlet plenum with rectangular
openings was used to distribute the air entering the test tank shell.
This air exited from the tank through a similar plenum into a 30-inch
diameter exit duct. The 12-inch diameter air inlet duct was used for the
internal floating roof simulation tests, and the 30-inch diameter inlet
duct was used for the external floating roof simulation tests (which
required larger air flow rates). While one size of inlet duct was in
use, the other size was always closed.
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€C.2.1.1 Principal Instrumentation. The principal instrumentation
consisted of the following:

1. The air speed in the inlet duct was measured with a Flow Technology,
Inc., air velometer, Model No. FTP-16H2000-GJS-12.

2. The total hydrocarbon concentrations were measured with Beckman
Instruments, Inc., Model 400, total hydrocarbon analyzers. Two
instruments were used, one for the inlet and one for the outlet.

3. The airborne benzene concentration at the test facility was
measured with an HNU Systems, Inc., portable analyzer, Model
PI 101.

4. The local barometric pressure was measured with a Fortin,

Model 453, mercury barometer.

5. During unmanned periods (nights and weekends) the barometric
pressure was measured with a Taylor Instruments, aneroid baro-
meter, Weather-Hawk Stormoscope Barometex No. 6450.

6. The temperatures were measured with copper/constantan thermo-
couples and recorded with a muitipoint potentiometer, Doric
Scientific Corp., Digitrend, Model 210.

C.2.1.1.1 Analyzer calibration. Calibration gas mixtures were

provided by Matheson Gas Products Company for the purpose of calibrating
both the total hydrocarbon analyzers and the portable analyzer. Gas

mixtures of three different benzene concentrations in ultra Zero air were
used:

0.894 ppmv
8.98 ppmv
88.6 ppmv

The inlet air analyzer and the portable analyzer were routinely
calibrated with the 0.894 pPpmv benzene calibration gas. The outlet air
analyzer was calibrated with the gas mixture closest to the concentration
currently being measured by the analyzer. Both total hydrocarbon analyzers
were calibrated at the beginning of each 8-hour shift, and the portable
analyzer was calibrated at least twice a week.

C.2.1.2 Product Description. The benzene used during the testing
program was Nitration Grade Benzene as defined in ASTM-D-835-77.




C.2.2 Test Method

The testing was done in three phases, each using a different type of
floating roof. Phase I used a contact-type internal floating roof.
Phase II used a noncontact-type internal floating roof. Phase III used
a double deck external floating roof.

A total of 29 tests were conducted during the three phases. Conditions
were varied in order to determine the:
Emissions from a tight primary seal.
Emissions from a tight primary seal and secondary seal.
Effect of gaps in the primary and/or the secondary seal.
Contribution of deck fittings (penetrations) to emissions.

) Effect of vapor pressure (temperature) on emissions.

C.2.2.1 Description of Floating Roof and Seals.

C.2.2.1.1 Phase I, contact-type internal floating roof. A
cross-sectional view of the position of the floating roof within the test
tank is shown in Figure C-2.

© O © ©°

A flapper secondary seal was used during some of the tests. This
seal was 15 inches wide, with internal stainless steel reinforcing fingers.
A sketch of its installation on the rim of the contact-type internal
floating roof is shown in Figure C-3.

Description of test conditions--The test conditions for Phase I are
summarized in Table C-1. This table presents a brief overview of the
various temperatures, seal configurations, and deck fitting sealing
conditions for the Phase I emissions tests.

C.2.2.1.2 Phase 11, noncontact-type internal floating roof. The
internal floating roof for the Phase II tests was fitted with shingled,
flapper type primary and secondary seals. A plan view sketch of a portion
of a shingle-type seal is shown in Figure C-4. Also, the dimensions of a
single piece, or shingle, of the seal is shown. Figures C-5 and C-6
describe the details of the shingled, flapper type seal that was installed
in lieu of the single continuous flapper seal used during the propane/octane

tests. Figure C-5 shows a Cross-sectional view of the position of the
noncontact-type internal roof within the emissions test tank.

Description of test conditions--The description of test conditions for
Phase II are summarized in Table C-2. This table presents a brief overview
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of the various temperatures, seal configurations, and deck fitting sealing
condition for the Phase II emissions tests.

€C.2.2.1.3 Phase III, external double deck floating roof. A cross-
sectional view of the position of the double deck roof within the test
tank is shown in Figure C-7. The figure also illustrates the metallic

shoe seal mounted on the double deck external floating roof. When a
secondary seal was required, the flapper type secondary seal from Phase I
was reused. However, in order to fit it to the double deck roof, the
Tength of the secondary seal had to be shortened because of the slightly
smaller diameter of the double deck roof. '

Description of test conditions--The test conditions for Phase III
are summarized in Table C-3. This table presents a brief overview of the
various temperatures, seal configurations, and deck fitting sealing
condition for the Phase III emissions tests.

C.2.3 Emissions Test Data

C.2.3.1 The Effect of Vapor Pressure on Emissions. Several emissions
tests (EPA-5, EPA-9, and EPA-15) were initially conducted to determine
the effect of the product vapor pressure, P, on the emissions rate. This
relationship was evaluated during these tests by varying the product
temperature in the pilot test tank which had been fitted with a contact-type
internal floating roof and a liquid-mounted primary seal. The product
temperatures maintained during the three respective tests were 100°F
(EPA-5), 60°F (EPA-9), and 75°F (EPA-15). Based on these tests, the
emissions are directly related to the vapor pressure function, f(P):

P

14.7

E+ 1_%9 0.5)2

€C.2.3.2 The Effect of Seal Gap Area on Emissions. Several tests

f(P) =

were performed to determine the rates of emission as a function of seal
gap area.

Table C-4 presents the seal gap areas tested and the measured emissions
for the Phase I testing of a contact-type internal floating roof. Several
conclusions are apparent from these tests:

1. A comparison of the emissions measured during tests EPA-5,

EPA-9, and EPA-15 with the emissions measured during tests

C-14
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EPA-11 and EPA-16 clearly demonstrates that increasing gap
areas in the primary seal increases emissions.

A comparison of the emissions measured during tests EPA-5,
EPA-9, and EPA-15 with the emissions measured during test
EPA-12, in addition to a comparison of the emissions measured
during tests EPA-11 and EPA-13, demonstrates that the addition
of a secondary seal reduces emissions.

A comparison of the emissions measured during tests EPA-12 and
EPA-13 shows that, as long as the secondary seal has no gaps,
the emissions rate is generally independent of the amount of
gap in the primary seal.

No relationship between seal gap area and emissions could be
established from the Phase II testing of a noncontact-type internal
floating roof. This was probably a result of the type of primary and
secondary seals used during the tests.

Table C-5 presents the seal gap areas and the measured emissions for
the Phase III testing of a double deck external floating roof. Several
conclusions are apparent from these tests:

1.

A comparison of the emissions measured during tests EPA-23 and
EPA-24 demonstrates that small gap areas in the primary seal do
not increase emissions.

A comparison of the emissions measured during tests EPA-23 and
EPA-27, in addition to a comparison of the emissions measured
during tests EPA-24 and EPA-25, demonstrates that the addition
of a secondary seal reduces emissions.

A comparison between similar cases in Tables C-4 and C-5 demon-
strates that the emissions from an external floating-roof tank
are much higher than the emissions from a contact-type internal
floating-roof tank similarly equipped.

C.2.3.3 The Development of Seal Factors (K_) and Wind Speed
Exponents (n). The emission factors (KS and n) for internal and external

floating roofs with primary seals and primary and secondary seals were

developed from the emissions tests data previously discussed. The emis-

sions factors for contact internal floating roofs and external floating

roofs having primary seals and primary and secondary seals are average

c-18
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seal factors developed from these test data and field tank gap measurement
data. Using a methodology similar to one discussed ir American Petroleum
Institute (API) Publication 2517,1 the test data fror selected EPA Phase I
and Phase III tests were weighted to represent gap measurement data
collected by the California Air Resources Board (CARB) during seal gap
area surveys on external floating roof tanks. Based on engineering
judgment, it is reasonable to assume that they are also representative of
the seal gaps on internal floating-roof tanks.

Consequently, the emission factors for a contact-type internal
floating roof with a primary seal (cIFRps) were estimated based on the
weighted average of tests EPA-15 and EPA-16, which have no measurable
seal gap and 1.3 square inches of seal gap per foot of tank diameter,
respectively. Because 65 percent of the tanks surveyed by CARB had no
measurable gaps, the emissions measured during test EPA-15, the test with
no measurable gap, were weighted at 65 percent. The remaining 35 percent
was assigned to the emissions measured during test EPA-16.

Similarly, the emission factors for a contact-type internal floating
roof with primary and secondary seals (cIFRss), an external floating roof
with a primary seal (EFRps), and an external floating roof with primary
and secondary seals (EFRss) were estimated by applying appropriate weighting
factors to the EPA test data to represent the CARB tank survey data.

Table C-6 summarizes the emission factors for internal and external
floating roofs.

Some of the data collected during the Phase I and Phase III tests
were not used to develop emission factors. Data collected during Phase I
“tests EPA-1 through EPA-4 were not used because these tests were performed
primarly to evaluate the performance of the test facility. Data collected
during test EPA-10 were voided because the secondary seal was not compatible
with benzene. Data collected during test EPA-il were not used because
the seal gap area was unrealistically large.

Data collected during Phase III test EPA-25P were not used because
of a failure of the secondary seal. Data collected during test EPA-28
were not used because the seal gar area was unrealistically large.

Additionally, while the testing did not specifically address the
control effectiveness of placing a fixed roof over an external floating
roof, it is reasonable to assume that the emissions from a tank so modified
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Table C-6. EMISSION FACTORS AND THE BASIS OF ESTIMATIONZ

Primary Secondary Emission
seal gap seal gap Weighting Factcrs
Roof apd EPA  (in2/ft tank (in2/ft tank factors,
seal test(s) diameter) diameter) (¢3) KS n
cIFRps EPA-15 0 no seal 65 12.7 0.4
EPA-16 1.3 no seal 35
cIFRss EPA-13 21 0 90 3.6 0.7
EPA-14 21 21 10
nclFRss EPA-17,18 0, 1.3 | 0, 1.3 NA 10.3 1.0
EFRps EPA-23 0 no seal 10 48.6 0.7
EPA-24 3.4 no seal 85
EPA-29 14.4 no seal 5
EFRss EPA-25 3.4 0 75 57.7 0.2
EPA-26 3.4 1.3 25

acIFRps - contact internal floating roof with a primary seal, cIFRss -

contact internal floating roof with primary and secondary seals,
ncIFRss - noncontact internal floating roof with primary and secondary
seals, EFRps - external floating roof with a primary seal, EFRss -
external floating roof with primary and secondary seals.
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would be equivalent to the emissions from a contact internal floating-roof
tank similarly equipped.

C.3 ESTIMATING EMISSIONS FROM FIXED-ROOF TANKS

As discussed in Chapter 3, the working and breathing loss equations
from AP-42 were used to estimate benzene emissions from fixed-roof tanks
storing benzene. However, breathing losses estimated using these equations
were discounted by a factor of 4, based on recent fixed-roof tank tests
conducted for the Western 011 and Gas Association (WOGA), EPA, and the
German Society for Petroleum Science and Carbon Chemistry (DGMK).
C.3.1 WOGA and EPA Studies

During 1977 and 1978, 56 fixed-roof tanks were tested for WOGA and
EPA. Fifty of these tanks, which were tested for WOGA, were located in
Southern California and contained mostly California crudes, fuel oils,

diesel and jet fuel. These tanks were in typical refinery, pipeline, and
production service. The remaining six tanks, which were tested for EPA,
contained isopropanol, ethanol, acetic acid, ethylbenzene, cyclohexane,
and formaldehyde, respectively.

€C.3.1.1 Test Methods for the WOGA and EPA Studies. The test methods
for the WOGA and EPA studies followed the methods described in the American
Petroleum Institute (API) Bulletin 2512, "Tentative Methods of Measuring
Evaporative Loss from Petroleum Tanks and Transportation Equipment,"

Part II, Sections E and F. This document recommends that the emissions
from a fixed-roof tank be estimated by measuring the hydrocarbon
concentrations and flow rates leaving the tank.

In the WOGA study, the volume of vapors expelled from a tank was
measured using a large and a small positive displacement diaphragm meter
and a turbine meter connected in parallel. Three meters were used so
that the potential range of flow rates could be covered. These meters
were connected to the tank with flexible tubing. Vapor samples, which
were taken from the tank using a heated sample line, were analyzed con-
tinuously with a total hydrocarbon analyzer. With continuous monitoring,
fluctuations in the hydrocarbon concentration could be noted. Periodically,
grab samples were taken and analyzed with a gas chromatograph, providing
details on hydrocarbon speciation.

In the EPA study, the volume of vapor emitted from a tank was measured
by positive displacement meters of either the bellows or rotary-type,
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depending on flow rate. Both meters were mounted so they could be manually
switched for positive and negative flow thrdugh a one-way valve which was
weighted, when applicable, to simulate the action of a pressure-vacuum
valve. Vapors from the tank were sampled using a heated sample 1ine (to
reduce condensation in these lines), and then monitored with a total
hydrocarbon analyzer ca]ibrafed specifically for the chemical in the
tank. For the formaldehyde tank, a thermal conductivity gas chromatograph
was used instead of a flame ionization detection gas chromatograph.

C.3.1.2 Test Data and Conclusions from the WOGA and EPA Studies.
In these studies, 33 tank tests were available for correlation with the

API 2518 breathing loss equation which is the basis for the breathing
loss equation in AP-42. Table C-7 lists the emissions measured during
each of these tests and the emissions calculated using the API equation.
Measured versus calculated emissions for each of these tanks are also
presented in Table C-7. Of the 33 tanks tested, only two had measured
emissions larger than those calculated using the API breathing loss
equation. In general, the API equation overestimated breathing losses by
approximately a factor of 4.

An additional 13 tank tests from the WOGA study were available for
evaluating the emissions from a fixed-roof tank in continuous working
operation. However, because of limited and scattered data and the fact
that breathing losses could not be separated out of the emissions, no
suggestions were made for developing a new correlation for working losses
from fixed-roof tanks.

C.3.2 DGMK Study

During 1974 and 1975, emissions tests were conducted by the Ggrman
Society for Petroleum Science and Carbon Chemistry (DGMK) on a 3,000
cubic meter fixed-roof tank storing gasoline. The tests were designed to
evaluate the effects of climate and method of operation on the emissions
from the tank over a long period of time. '

C.3.2.1 Test Methods for the DGMK Study. A large number of parameters
were measured and recorded during the tests, including volume of vapor

leaving the tank, concentration of hydrocarbons in the emitted vapor, gas
pressure and temperature in the tank, liquid temperature, liquid level,

ambient temperature, air pressure, and solar radiation. In addition,
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Table C-7. MEASURED AND ESTIMATED BREATHING
LOSSES FROM FIXED-ROOF TANKS

Test no. Type of Measured breathing API calculatnd, Measured/calculated
: product loss breathing lcss
(bb1/yr) (bb1/yr)
USEPA # 1  Isopropanol 20 59 0.34
2 Isopropanol 22 59 0.37
3 Ethanol 8 49 0.16
4 Ethanol 4 54 0.07
5 Ethanot 8 46 0.17
6 Acetic acid, 24 75 0.32
glacial
7 Acetic acid, 45 93 0.48
glacial
~ 8 Ethyl benzene 15 - 39 0.38
9 Ethyl benzene 19 44 0.43
10 <Lyclohexane 27 172 0.16
11  Cyclohexane 23 141 0.16
12 Cyclohexane 19 167 0.11
WOGA # 1 Crude 0 17 0.00
2 Crude 0 51 0.00
3 Fuel oil 0 91 ~ 0.00
4 Crude 0 10 £ 0.00
5  Fuel oil 1 101 0.01
6 Diesel U 21 0.00
7 Crude 224 607 0.37
8 Crude 164 257 0.64
9 Crude 222 856 0.26
10 Jet component . 0 . 44 0.00
(continued)
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Table C-7. Concluded

Test no. Type of Measured breathing API calculated Measured/calculated
product loss breathing Toss?
(bb1/yr) (bb1/yr)
WOGA # N Crude 1 26 0.04
12 Crude 6 74 0.08
13 Crude 240 167 1.44
14 Fuel oil 3 17 0.18
15 Crude 84 138 0.61
16 Crude 339 490 0.69
17 Crude 1,086 783 - 1.39
18 Crude 0 61 0.00
19 Crude 9 298 0.03
20 Crude 0 2 0.00
21 Diesel 20 38 0.53
Average 0.29

aaP1 Bulletin 2518, “Evaporation Loss from Fixed-Roof Tanks."
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using discontinuous measurements, vapor samples were analyzed in a laboratory
for speciation and total hydrocarbons.

The flow rates from the tank were measured using three bellows gas
‘counters connected to the breathing valves on the tank. Three gas counters
were used so that extremely high and extremely low volume flows could be
determined. The three bellows gas counters were installed on the roof of
the tank. The pressure drop across the counters was 20 mm water column
at full load. The additional pressure drop caused by the counters was
compensated for by installing a new set of breathing valves.

An electrically-heated sampling line was connected from the outlet
of each of the bellows gas counters to the measurement room. The vapors
were analyzed with a flame ionization detector (FID) for total hydrocarbon
content. Grab samples were also analyzed using two different gas
chromatographic techniques to determine total hydrocarbons and individual
components.

C.3.2.2 Test Data and Conclusions from the DGMK Study. Table C-8
presents the measured breathing and working losses and the losses calcu-

lated using the API 2518 breathing and working loss equations. A comparison
of the measured and calculated losses indicates the measured breathing '
losses are only 24 percent of the estimated breathing losses. In addition,

measured working losses are approximately 96 percent of the working

losses estimated using API 2518.
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Table C-8. COMPARISON OF MEASURED LOSSES WITH
THOSE CALCULATED USING API 2518

Loss and Measured Ca]cu]ated3 Measured/calculated
time period (Mg) - (Mg) (Mg)

Breathing loss?

69 days 2.0 6.6 0.30
46 days 0.6 3.9 0.15
45 days 0.7 3.2 0.22

160 days (total) 3.3 13.2 0.24

Working loss

69 days 12.2 12.2 1.0
46 days 11.3 12.9 0.88
45 days 5.9 ' 5.6 1.05
160 days (total) 29.4 30.7 0.96

aInc’ludes withdrawal loss.
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APPENDIX D — METHODOLOGY FOR ESTIMATING LEUKEMIA MORTALITY
AND MAXIMUM LIFETIME RISK FROM EXPOSURE TO
BENZENE EMISSIONS FROM BENZENE STORAGE TANKS

D.1 INTRODUCTION

The purpose of this appendix is to describe the methodology used in
estimating leukemia mortality and maximum 1ifetime risk attributable to
population exposure to benzene emissions from benzene storage tanks. The
appendix is presented in three parts:

. Section D.2, Summary and Overview of Health Effects, summarizes

and references reported health effects from benzene exposure.
The major reported health effect is leukemia. Mortalities
cited in the BID include only the estimated leukemia deaths
attributable to exposure to benzene emissions from benzene
storage tanks at existing petroleum refineries, chemical
plants, and bulk storage terminals although other, sometimes
fatal, effects are known to result from benzene exposure.

(] Section D.3, Population Density Around Petroleum Refineries,
Chemical Plants and Bulk Storage Terminals, describes the
method used to estimate the population at risk; i.e., persons
residing within 20 km of existing facilities having benzene
storage tanks.

® Section D.4, Population Exposures, Mortalities, and Risks,
describes the methodology for estimating benzene emissions
from model plants, calculating expected population exposures,
and estimating the number of leukemia deaths and maximum
risk of leukemia attributable to benzene emissions from
benzene storage tanks at 143 existing petroleum refineries,
chemical plants, and bulk storage terminals.

D.2 SUMMARY AND OVERVIEW OF HEALTH EFFECTS
D.2.1 Health Effects Associated with Benzene Exposure

A large number of occupational studies over the past 50 years have
provided evidence of severe health effects in humans from prolonged




inhalation exposure to benzene. Some 300 studies1

of the health effects
of benzene have recently been reviewed and analyzed “n terms of application
to low-level ambient benzene exposures that might occur in a population
residing near a source of benzene emissions.

The reviewers concluded that benzene exposure by inhalation is
strongly implicated in three pathological conditions that may be of
public health concern at environmental exposure levels:

() Leukemia (a cancer of the blood-forming system),

® Cytopenia (decreased levels of one or more of the formed
elements in the circulating blood), and

. Chromosomal aberrations.

Leukemia is a neoplastic proliferation and accumulation of white
blood cells in blood and bone marrow. The four main types are acute and
chronic myelogenous leukemia and acute and chronic lymphocytic leukemia.
The causal relationship between benzene exposure and acute myelogenous
lTeukemia and its variants in humans appears established beyond reasonable
doubt. !

The term "pancytopenia" refers to diminution of all formed elements
of the blood and includes the individual cytopenias: anemia, leukopenia,
thrombocytopenia, and aplastic anemia. In mild cases, symptoms of pancyto-
penia are such nonspecific complaints as lassitude, dizziness, malaise,
and shortness of breath. In severe cases, hemorrhage may be observed,
and death may occasionally occur because of hemorrhage or massive infection.
Patients with pancytopenia may subsequently develop fatal, acute leukemia.

Chromosomal aberrations include chromosome breakage and rearrangement
~and the presence of abnormal cells. These aberrations may continue for
long periods in hematopoietic and lymphoid cells. Ample evidence exists
that benzene causes chromosomal aberrations ir. somatic cells of animals
and humans exposed to benzene.2 The health significance of these aberra-
tions is not fully understood. However, aberrant cells have been observed
in individuals exposed to benzene who have later developed leukemia.

Some types of chromosomal aberrations may be heritable. Quantitative
estimates of heritable genetic damage due to benzene cannot be made from



data on the frequency of somatic mutations, although this damage may be
occurring at concentrations as low as 1 ppm in air.

The review1 concluded that man may be the only species yet observed
to be susceptible to benzene-induced leukemia. Evidence for production
of leukemia in animals by benzene injection was considered nonconclusive.
Moreover, benzene exposure by oral dosing, skin painting, or inhalation
has not been shown to produce leukemia or any other type of neoplastic
diseases in test animals, although other effects, including pancytopenia,
have been widely observed.

D.2.2 Benzene Exposure Limits

It should be noted that where the health effects described above
have been associated with benzene exposure, the exposure has been at
occupational levels. That is, the benzene exposure levels associated
with the effects have been high (10 ppm up to hundreds of parts per
million of benzene, except in a few cases of exposure to 2 to 3 ppm
benzene) or they have been unknown.

Benzene exposure was first associated with health effects in occupa-
tional settings, so initial attempts to 1imit benzene exposures were
aimed at occupational exposures. With recognition of the toxic effects
of benzene and its greatly expanded use after 1920, several occupational
exposure limits were established in the United States.3 These limits,
originally in the range of 75 to 100 ppm, were successively lowered as
more information on benzene toxicity became known.

For example, the American Conference of Governmental Industrial
Hygienists (ACGIH) recommended a benzene threshold 1imit value of 100 pPpm
in 1946, 50 ppm in 1947, 35 ppm in 1948, 25 ppm in 1949, and 10 ppm in
1977.3’4 The National Institute for Occupational Safety and Health
(NIOSH) recommended an exposure limit of 10 ppm in 1974 and revised it
downward to 1 ppm in 1976.5 The current Occupational Safety and Health
Administration (OSHA) permissible exposure limit is 10 ppmG.

Occupational exposure limits were initially established to protect
workers from adverse changes in the blood and blood-forming tissues. The
most recently recommended 1imit of 10 ppm is based on the conclusion that

benzene is leukemogenic in man (NIOSH5 and OSHA7) or a suspected carcinogen
in man (ACGIHY).




The EPA Administrator announced in the June 8, 1977, Federal Register
his decision to 1ist benzene as a hazardous air pollutant under Section 112

of the Clean Air Act. A "hazardous air pollutant" is defined as an "air
pollutant to which no ambient air quality standard is applicable and
which . . . may reasonably be anticipated to result in an increase in
mortality or an increase in serious irreversible, or incapacitating
reversible illness."

D.2.3 Health Effects at Environmental Exposure Levels

Little information is available on the health effects of nonoccupa-
tional exposures of the general populace to benzene. Virtually all of
the studies citedl’2 were on the working population (mostly males) exposed
to higher than ambient benzene levels on a work cycle. Applying these
studies to chronic (24 hours per day) low-level exposure to the general
population (including infants, the i11, and the elderly) requires
extrapolation. '

The recent analysis of benzene health effects1 concluded that the
evidence of increased risk of leukemia in humans on exposure to benzene
for various time periods and concentrations was overwhelming but that the
data were not adequate for deriving a dose-response curve.

However, EPA's Carcinogen Assessment Group (CAG), acknowledging the
absence of a clear dose-response relationship, has estimated the risk of
leukemia in the general population from low-level benzene expos_ure.2
Data from three epidemiological studies of leukemia in workers (mostly
adult white males) were used to estimate the risk of developing leukemia.
The annual risk factor derived for benzene-induced leukemia was 0.34
deaths per year per 10® ppb-person years of exposure.

A nonthreshold linear model was used to extrapolate this estimated
risk to the low levels (below 5 to 10 ppb) to which some populations may
be exposed. For example, if 3 million persons are chronically exposed to
1 ppb benzene, the model predicts there will be 1.02 leukemia deaths (3
x 0.34) per year in that population. Use of a "linear" model means that
the model would predict the same number of leukemia deaths among 3 million
people exposed to 1 ppb benzene as among 1 million people exposed to
3 ppb.
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The risk factor (0.34 deaths per year per 10€ ppb-person years) was
used in estimating the number of leukemia déaths attributable to benzene
emissions from benzene storage tanks at petroleum refineries, chemical
plants, and bulk storage terminals. Other effects of benzene exposure
(including deaths from causes other than lTeukemia) were not included in
the estimated number of deaths. The risk factor equated one leukemia
case to one death (that is, each case was presumed fatal).

Several sources of uncertainty exist in applying the risk factor.
First, the retrospective occupational exposure estimates may be inaccurate.
CAG calculated the 95-percent confidence intervals for this risk factor
to be 0.17 to 0.66 deaths per 106 ppb-person years if exposure estimates
in the three studies extrapolated are precisely correct, and 0.13 to 0.90
if exposure estimates are within a factor of 2. Second, the composition
of the exposed populations around petroleum refineries, chemical plants,
and bulk storage terminals may vary from that of the populations used as
a basis for the CAG estimate; the risk factor assumes that the suscepti-
bility to leukemia associated with a cohort of white male workers is the
same as that associated with the general population, which includes
women, children, the aged, nonwhites, and the i1l. Third, the true
dose-response relationship for benzene exposure may not be a linear
nonthreshold relationship at the low concentrations to which the general
population may be exposed. Fourth, the risk factor includes only leukemia
deaths and not other health risks. No quantitative estimate of the
uncertainty in the risk factor due to the latter three factors has been
attempted.

D.3 POPULATION DENSITY AROUND PETROLEUM REFINERIES, CHEMICAL PLANTS,

AND BULK STORAGE TERMINALS

The population "at risk" to benzene exposure was considered to be
persons residing within 20 km of facilities having benzene storage tanks.
There are 143 such facilities in the United States: 28 large benzene
producers, 34 small benzene producers, 77 benzene-consuming plants, and 4
bulk storage terminals. These facilities are referred to as "plants" in
the ensuing discussion. Populations residing within radial distances of
1, 5, 10, and 20 km from each plant were estimated from an existing
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population fi]e.8 This file consists of a grid of l-km2

the continental United States, each with an assicned population. The
population assigned to each cell was the 1975 estim~ted population,
extrapolated from the 1960 and 1970 populations of the census enumeration
district in which each cell occurs, assuming that the population is
uniformly distributed within each of the 256,000 census enumeration dis-
tricts. The population around each plant was determined by summing the

cells covering

populations of all cells occurring in annular areas at radial distances
from the plant center of 0.5 to 1 km, 1 to 5 km, 5 to 10 km, and 10 to

20 km. The estimated total populations exposed as a function of distance
from the plant site are reported in Reference 8, Table A-4.

There are some uncertainties in the above method. First, the
assumption of uniform population distribution, both within enumeration
districts and annular areas, may not be precisely correct. For urban
areas the assumption is probably reasonably valid, but there is some
uncertainty for rural areas 10 to 20 km from the site. Another area of
uncertainty is the use of 1960 and 1970 population data. However, these
are the latest available in the form required. No attempt was made to
quantify the range of variability in the population figures.

D.4 POPULATION EXPOSURES, MORTALITIES, AND RISKS
D.4.1 Summary of Methodology for Calculating Deaths

The locations, descriptions, and capacities of all 143 U.S. plants
known to have benzene storage tanks were compiled. Using these data as
discussed in Chapter 3, four basic "model" plants were then developed to
characterize the benzene storage facilities of large benzene producers,
 small benzene producers, benzene consumers, and bulk storage terminals.
The model plants contain seven, four, two, and two benzene storage tanks,
respectively, of various sizes. The benzene cmissions rates from the
various storage tanks were then estimated for the baseline using the
available data. FEach of the 143 existing plants was assigned the model
most resembling it. All model plants were assumed to be located along
the Texas-Louisiana Gulf Coast.

The omnidirectional annual average benzene concentrations (i.e., the
concentrations estimated assuming that the wind blows equally from all



directions) in ambient air resulting from benzene storage tank emissions
were determined to a distance of 20 km from each model plant, according
to the Industrial Source Complex (ISC) dispersion model, rural mode 1.9
Lake Charles, Louisiana, meteorological data for the 1973-1976 period
were used in the dispersion model. This period was considered
representative of dispersion conditions in the areas where the majority
of benzene plants are located.

The population around each actual plant location was then correlated
with its modeled benzene concentrations to yield a benzene dose to that
population in ppb-person years. The methods for determining populations
are described in Section D.3 of this appendix.

From health effects data, the EPA Carcinogen Assessment Group
derived a leukemia risk estimate of 0.34 deaths per year per 106 ppb-
person years from exposure to benzene. The methodology for estimating
the leukemia risk factor is described in Section D.2.3 of this appendix.

The leukemia deaths per year attributable to exposure to benzene
emissions from benzene storage tanks were estimated by multiplying
0.34 x 10 © deaths per year per ppb-person year exposure times the expo-
sure in "ppb-person years," as described in Section D.4.2. The leukemia
deaths so calculated are summarized in Table D-1 for each plant, with a
total for all plants of 0.31 deaths per year.

2

D.4.2 Estimates of Leukemia Deaths

The general equation for estimating the number of leukemia deaths
attributable to benzene emissions from a particular plant (e.g., Plant X)

is:8
10-20
b= = (R)(1/3.2) ()@ (pN@O,>Z - 0. My/we2) , ()
i=0.5-1.0 2 1
where,
Ex = estimated number of leukemia deaths per year from benzene
emissions from the plant (e.g., Plant X).
R = the ris§ factor (0.34 deaths per year per 10% ppb-person
years).
p -

degsity of population at risk, in area (i) around Plant
X.
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D. and Di distances from plant to outer edge (Di ) and inner
2

edge (D,i ) of area i (e.g., for the area 5-10 km from
1 .

the plant, D. =10 km and D, = 5 km).

12 1
factor converting pg/m3 to ppb, the units in which R
is expressed.

(1/3.2)

a and b = values describing the dispersion pattern of benzene inb

air around Plant X, according to the equation B. = a Di’
in which B. is the benzene concentration at distance D}
from the p1ant. Values of a and b are unique to each

annular area i around each model plant.

i = the particular area in which p, occurs (i progresses
from the area 0.5 to 1.0 km frém the plant to the area
10 to 20 km from the plant).

s = summation of deaths per year from all areas (i).

This equation is a mathematically rigorous method for estimating the
exposure to the population within any area between Dil and Diz km from
the plant, taking into account that with constant population density (pi)
more people reside near the outer edge of the area than near the inner
edge, and that the benzene concentration (Bi) decreases with distance
from the plant. The equation is derived in Reference 8.

Values of a and b were calculated for each annular area associated
with each model plant as follows:

'In(Bi /Bi )
b= 2 11 (2)
1nZDi 7Di 5
2 11
a =8, /(D yP (3)
2 12 '

in which Bil js the benzene concentration at the inner edge of area i
(i.e., at distance Dil), and Biz js the omnidirectional annual average
benzene concentration at the outer edge of area i (i.e., at distance

Diz). Bi values for each distance (Di) from each model plant are listed
in Reference 9.
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Population density (pi) for a particular annular area around a
particular plant is obtained by dividing the total population in that
area (Pi) by the area in square kilometers; i.e.:

Py = Py/IR(D;” = 03] . O

2
Pi values for each plant and annular area are listed in Reference 8.
In summary, for each annular space around a particular plant, the Pi’
Diz, and Dil values are taken from Reference 8. Bi values at all distances
(Di) are taken from Reference 9. Values of b, a, and p; are calculated
from Equations 2, 3, and 4, respectively, for each annular area. Then,
using Equation 1, exposures in pg/m3-person years are calculated for each
annular area, divided by 3.2 to convert pg/m® to ppb, the units in which
R is expressed, and multiplied by R to yield the number of deaths in each
annular area. These deaths are summed to give ﬁx’ the annual leukemia
deaths attributable to benzene emissions from Plant X.
The total estimated number of leukemia deaths per year attributable
to benzene emissions from all plants was determined by the equation:

Total estimated number

of leukemia deaths/yr (ﬁt) =D, +D,+...+D

1+ D, 143 - (5)

The total numbers of estimated leukemia deaths attributable to
benzene emissions from existing benzene storage tanks are given in the
last column of Table D-1 on a plant-by-plant basis, in deaths per year,
assuming the baseline is effective as discussed in Section 3.3.1.1. The
number of deaths expected under each of the control options can also be
derived using the same methodology.

D.4.3 Example of Leukemia Death Calculation

Plant no. 4 from Table D-1 was chosen for an example calculation of
the number of leukemia deaths attributable to benzene emissions from
benzene storage tanks. For a determination of the number of deaths

according to Equation 1, numerical values are needed for R, a, Ps> Diz,

Dil, and b. In turn, for a determination of P; from Equation 4, the

numerical value of Pi for each annular area must be known. For a
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determination of b and a from Equation 2 and Equation 3, respectively,

Bil and Biz must be known for each distance.

numerical values of

Calculations are shown in Table D-2. The value: in the first three
lines of Table D-2 are common to all plants. They show the distances at
which concentrations and populations were measured and the risk factor
(R). Line 4 shows the population (Pi) in each annular ring, obtained
from Table A-4, Reference 8, for Plant 4.

Lines 5 and 6 show the benzene concentrations at various distances
from the plant for the appliicable model. These are found as follows:
Table A-1, Reference 8, indicates that the "large producer" model plant
applies to Plant no. 4. Table B-1, Reference 9, indicates thé omnidirec-
tional annual average benzene concentrations by distance for this model.
Note that concentrat1ons for 1, 5, and 10 km from the plant apply to the
outer edge ( i ) of one ring and the inner edge ( 11) of the adjacent
ring.

Lines 7 through 11 show the calculations. These are shown below for
the outer ring. From Equation 4:

= Pi/[n(Dig - Dii)] = 287,456/[n(20% - 10%)] = 305.0
From Equation 2:
_ . _B. B. D. D. . _ _
b = 1n(%i,/°11)/1n(1,/%4)) = 1n(0.0342/0.0903)/1n(20/10) = -1.401
From Equation 3:
B. ,{p. \P -1.401
a = "i,/|%,) = 0.0342/(20) 1401 = 2. o7

A11 the values needed for using Equation 1 are now available, so:

Deaths for 10- to 20-km ring Dlo _pp = (R/3.2)2np_a( 1b+2 b+2)/(b+2)

DlO ,0 = (0.34 x 107 6/3.2)2r(305. 0) (2. 27)(20%- %9 - 10°-599%)/0. 599, and

ol

10 o0 = 0.001580
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The same calculations are made for ranges 0.1 to 1 km, 1 to 5 km,
and 5 to 10 km, but there is one modification. In the calculation of
population density (po.l-l) and number of deaths (50.1_1), Dil is 0.5 km
(not 0.1 km) because the population is assumed to reside in the area 0.5
to 1 km from the plant. In the calculation of b and a, Dil = 0.1 km.

The total annual leukemia deaths for the plant (Dx) are the sum of
the deaths for each ring; i.e.:

Deaths for Plant 4 (ﬁ#) = 3(D D

0.1-1 ¥ P1-5 * D5 39 + Dyg_pg)

D4 0.000240 + 0.001365 + 0.001058 + 0.001580

ﬁ; 0.004243 deaths/yr

Deaths attributable to benzene emissions from any of the 143 plants
may be calculated in the same manner.

D.4.4 Estimate of Leukemia Risk

The estimated leukemia deaths shown in Table D-1 are based on estimates
of omnidirectional annual average benzene concentrations around benzene
storage tanks. Because atmospheric dispersion patterns are not uniform,
some population groups will receijve above-average benzene exposures and

will, therefore, incur a higher risk (or probability) of developing
leukemia.

Maximum annual benzene concentrations were estimated as follows:

For each model plant, the benzene storage tanks were assumed to be in a
straight line parallel to the most prevalent wind direction, in order to
maximize calculated annual average concentrations. The most prevalent
wind direction in Lake Charles is south and north; thus, the storage
tanks in each model plant were placed in a straight north-south line to
maximize the combined effect of tank emissions on ambient air benzene
concentrations.

Maximum annual risk is the estimated probability that a person who is
constantly exposed to the highest maximum annual average benzene concentra-
tion in the ambient air around a particular source for 1 year will develop
Teukemia because of exposure to benzene emissions from that source.
Maximum lifetime risk is estimated by multiplying the maximum annual risk
by 70 years.

D-22



D.4.4.1 Example of Leukemia Risk Calculation. The maximum lifetime
risk of leukemia was calculated for a persdn, who was assumed to reside

at the point of highest maximum annual average benzene concentration
outside the model plant with the greatest benzene emissions from benzene
storage tanks. The maximum risk of leukemia associated with these emissions
is calculated as follows:

First, the highest maximum annual average (MAA) benzene concentration
associated with benzene storage tank emissions from any of the model
plants is selected from Table 8 in Reference 9. This concentration, 16.8
pg/m3, occurs 0.1 km from the plant boundary of the "large benzene producer
mode1 pJant. This model plant has a benzene production capacity of 224.6
x 108 liters/yr (Table 3-2).

Second, the benzene producer with the largest existing capacity is
selected from Table 7-7. This producer, which is listed as Plant no. 4
in Table D-1, has a capacity of 700 x 108 liters/yr (185 x 10® gal/yr).
The benzene concentration (16.8 pg/md) based on the model plant capacity
of 224.6 x 10° liters/yr was scaled up proportionately to the existing
plant capacity of 700 x 106 liter/yr; i.e.:

actual plant capacity)

Actual MAA benzene conc. = (model benzene conc.) ((model plant capacity) °’

(16.8)(700 x 108/224.6 x 108), or

Actual MAA benzene conc.

Actual MAA benzene conc. = 52.4 ug/ms.

This figure is converted from pg/m® to ppb by dividing by 3.2:
Maximum annual average benzene concentration = 52.4/3.2 = 16.4 ppb.

The result, 16.4 ppb, indicates that the person most exposed to
benzene from any of the 143 plants, assuming he or she resides 0.1 km
from the boundary of Model plant 4, receives an exposure of 16.4 ppb
continuously, or for 1 person-year annually. By applying the risk factor
of 0.34 x 10-6 deaths per year per ppb-person year to this exposure, the
annual risk can be calculated, viz:

2

Maximum annual

-6
risk of leukemia - (0.34 x 10 ” deaths per year/ppb-person year) X

(16.4 ppb-person years), or
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Maximum annual -6
risk of leukemia = 5.58 x 10

Because lifetime risk is expressed as a probability to one person of
dying of leukemia, the units have been deleted for convenience. Techni-
cally, the number represents deaths per year for one person. The lifetime
risk of lTeukemia, assuming a 70-year lifespan, is simply 70 times the
annual risk, or:

Maximum 1ifetime q

- -6 _ .
risk of leukemia — (°-98 % 10 7)(70) = 3.9 x 10

The risk associated with the emissions from any specific plant or model
plant may be calculated in the same manner.

D.4.5 Validity of Estimates
Several uncertainties exist in the estimated number of leukemia

deaths and the maximum leukemia risk. Primary sources of uncertainty are
listed below:

0 Risk factor (R),

® Populations at risk,

) Estimated benzene concentrations around plants, and

e  Benzene exposure calculations.

Uncertainties in the risk factor (R) are discussed in Section D.2.3,
and uncertainties in populations "at risk" (Pi) are discussed in Section D.3.
The other factors are discussed below.

D.4.5.1 Estimated Benzene Concentrations. The estimated benzene
concentrations are derived from several factors which follow:

(] Configuration of the model plant,

) Emission rates from the model plant, and

° Dispersion patterns of the emissions.

Uncertainties associated with these factors could not be quantified,
but their qualitative effects on the estimated number of leukemia deaths
are discussed below.

The configuration of the model plants assume from two to seven
benzene storage tanks in a north-south line, with a center-to-center
spacing of 183 meters. Current benzene emission rates from various type
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and size storage tanks were estimated and uniform emission rates assumed.
Four emission models were used, and each model was matched with an actual
plant. No corrections were made for differences between actual and model
plant capacities (except in calculating maximum leukemia risk).

Several sources of uncertainty occur in the dispersion model.

First, it is unlikely that any plant duplicates its corresponding model
plant precisely, so uncertainties due both to differences in actual and
model plant capacities and to assumed locations of tanks within plant
boundaries may be expected. Second, the model used 1973-1976 weather
data from Lake Charles {a near coastal city) to project dispersion patterns
for all existing plants, and did not incorporate the effects of terrain.
Thus, when applied to hilly, inland areas, the model may introduce
inaccuracies. Third, the model assumes there is no loss of benzene from
atmospheric reactions or ground level absorption. If such losses occur,
the actual concentration of benzene will be less than the estimated
values.

A final source of uncertainty is that the model measures benzene
dispersion only to 20 km. If the linear risk mode]2 is accurate, expo-
sures at distances greater than 20 km, however small, may be important.
If such exposures occur, the estimated number of deaths would be higher
than estimated here.

It is estimated that benzene concentrations predicted by the disper-
sion model are accurate to within a factor of 2,9 barring large inaccur-
acies in estimated benzene emission rates.

D.4.5.2 Benzene Exposure Calculations. Benzene exposure calculations
assume that persons at specific locations are exposed 100 percent of the
time to the benzene concentrations estimated to occur at each location.

The assumption of continuous exposure to residents introduces some uncer-
tainty, both in estimated number of leukemia deaths and in maximum leukemia
risk. No numerical estimates of potential variation are available.
Furthermore, the maximum lifetime risk assumes that a particular plant
operates at full capacity for 70 years. There is necessarily a discrepancy
between the methods used to measure distance from the plant for benzene
concentrations and for populations. Benzene concentrations at the 0.1 km
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distance are measured from the plant boundary. This discrepancy introduces
some imprecision (<2 percent) in the "ppb-person years" benzene exposure
calculations used to estimate the number of leukemia deaths. The maximum
lifetime risk estimate is not affected.
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