| AP42 Section:

5.2

Related:

Title:

Note: This material is related to a section in AP42,
Compilation of Air Pollutant Emission Factors,
Volume I Stationary Point and Area Sources. AP42
is located on the EPA web site at www.epa.gov/ttn/
chief/ap42/

The file name refers to the file number, the AP42
chapter and then the section. The file name
"rel01_c01s02.pdf" would mean the file relates to
AP42 chapter 1 section 2. The document may be
out of date and related to a previous version of the
section. The document has been saved for archival
and historical purposes. The primary source should
always be checked. If current related information
is available, it will be posted on the AP42 webpage
with the current version of the section.

Gasoline Distribution Industry (Stage 1)
Background Information for Proposed
Standards, draft report.

US EPA

September 1992



EPA
Text Box
Note: This material is related to a section in AP42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the file number, the AP42 chapter and then the section.  The file name "rel01_c01s02.pdf" would mean the file relates to AP42 chapter 1 section 2.  The document may be out of date and related to a previous version of the section.  The document has been saved for archival and historical purposes.  The primary source should always be checked.  If current related information is available, it will be posted on the AP42 webpage with the current version of the section.



< EPA

United States Cirice of Alr Quality

Envirortnental Protection Planning and Standards Saptember 1992
Agency Research Triangle Park NC 27711
A

- . L} a ; - E
Gasoline Distiibuition Draft

Industry (Stage I) - EIS
Background Information
for Proposed Standards

DRAFT REFORT

~ Al




N\
¥y

9
D

/01y /o5

77)”0?/&7655' //?0

/

//0¢

§ﬁ§ynamic effects such as liquid/vapor turbulence. (Laing, P.M.
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Work needed on Gasoline speciation:
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SPECIATE gives 2 profiles of vapors above gasocline, one for wintwgr
blend, one for summer. Each was derived from experiments done_ln N
1985 on four commercial gasolines in California. Work done by Bill 3%
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Oliver and Scott Peoples (Radian, Sacramento) for CARB.
("Improvement of the Emission Inventory for ROG and NOx in South
Coast Air Basin, Vol I and II, May 1985) Speciation adds up to
100%, but may have been forced up to equal that. Values for
toluene, xylenes, hexanes, ethylbenzene, etc given. No butadiene.
Benzene wt % in vapor = 1.58 in winter, 0.77 in summer.
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XATEF gives benzene emission factors from L&E document. Values
appear to be based on AP-42 (with a little slop for conversion from
metric?) for total VOC vapor and a benzene % in vapor of 0.6 wt %.
Reference for this is EPA-450/3-84-012a, "Evaluation of Air
Pollution Regulatory Strategies for Gasoline Marketing Industry".
The L&E mentions a more recent study of refueling emissions which
derived a benzene wt % in vapor of 0.79, the difference possibly
ue to the fact that the earlier study did not take into account
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actors Influencing Benzene Emissions from Passenger Car Refueling.
AE Technical Paper Series. Paper No. 861559, Presented at the
International Fuels and Lubricants meeting and Exposition.
Philadelphia, PA. October 6-9, 1986.

Ron Hart of Sprague Energy, Wilmington, NC (919-251-1020) mentioned
EPA 450/2-77-026 as another source for gasoline speciation numbers.

There are no speciations I can find regarding controlled output.
Need thermal oxidizer species as well as condenser and adsorber
outputs. Need to evaluate how significant these 98% controlled
streams would be.

Related Problens

The mass rate for total VOC in AP-42 has been tied to temperature,
with little or no data points. Need % leakage and % saturation
studies.

The SCC assignments for bulk terminals and plants is difficult to
fellow. AP-42 does not yet address the amount of vapors which are
not routed to the vapor processor due to leaks (may be 10 to 30 %,
based on leak certification). There are "average" profiles in ;
SPECIATE (9024, 9025, and 0000) from engineering judgement, which U
might be reviewed for applicability to our purposes. Breathing
losses have been assigned different profile from working losses,
some SCCs have no assignment. Is butadiene present in gasoline?
Page 442 of the 1last printed version of XATEF (and current
electronic version) has 2nd & 3rd lines’ EFs switched. 1

Parties/data sources

OMS should have a large interest in refueling vapors as well as
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liguid speciation. API/WSPA/individual o0il cos. should have
substantial data. DOE group in Bartlesville should have data.
CARB may be looking at reformulateds. Where is AUTO/OIL database?

Methods

grab samplelﬁfbove storage tanks, modeling/raoult’s law.
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1.0 SUMMARY

1.1 STATUTORY AUTHORITY

National emission standards for hazardous air
pollutants (NESHAP) are established in accordance with
Section 112(d) of the Clean Air Act, as amended in 1890.
Emission standards under Section 112 apply to new and
existing sources of a substance that has been listed as a
hazardous air pollutant (Section 112(b)). This study
examines hazardous air pollutant (HAP) emission sources in
the gasoline distribution (Stage I) network of the petrocleum
marketing source category which has been identified under
Section 112(c) of the Act as presenting a threat of adverse
effacts to human health or the environment. The gasoline
distribution network consists of the following facility

types:

Source Catedgory Subcategory

Gasoline Distribution -Pipeline Pumping Stations
{Stage I) -Pipeline Breakout Stations

-Bulk Terminals
-Bulk Plants
-Service Stations

1.2 REGULATORY ALTERNATIVES

Six regulatory alternatives were developed by employing
variocus combinations of the available control techniques
utilized by facilities in the affected network. Reflecting
increasing levels of emission reduction, these control
options range from requiring no new controls to imposing
very stringent standards at some facilities. Chapter 5,




Section 2 pravides a detailed discussion of these
alterﬁatives.

In summary, regulatory Alternative IV describes the
gasoline distribution network controlled under minimum
statutory requirements and represents a 4.3 percent
reduction from baseline emissions. It provides for a leak
detection and repair program (LDAR) for equipment leaks at
new major source bulk terminals and pipeline breakout
stations. Additionally, it provides for installation of
additional equipment at all major socurces of these two
facility types. This alternative provides the basis for
incremental comparison of the other regulatory alternatives.

Regulatory Alternative IV-Q provides for a leak
detection and repair (LDAR) program to be implemented at the
remaining major source bulk terminals and pipeline breakout
stations. These existing major source sites would be
monitored on a quarterly basis. Implementation of this
alternative would result in a 5.0 percent reduction in
emissions from the baseline level,

Implementation of Regulatory Alternative IV-M would
result in a 5.4 percent reduction in emissions by increasing
the frequency of leak detection and repair of equipment
components at existing major source bulk terminals and
pipeline breakout stations. Monthly leak detection and
repair would be required for detection of equipment leaks at
these facilities.

Regulatory Alternative III would increase emission
reduction to 17 percent by requiring a quarterly LDAR
pProgram for some sources and by requiring additional
equipment as well. 1In addition to the controls required by
Alternative IV-Q, Regulatory Alternative III would require a
quarterly LDAR program for fugitive equipment leaks at area
source bulk terminals and pipeline breakout stations and

require additional equipment to be installed at these same
facilities as well.




Implementation of Regulatory Alternative II would
imprové control efficiency to 52 percent by requiring
controls at pipeline pumping stations, bulk plants, and
service stations. Installation of additional edquipment
would be required at service stations and bulk plants along
with the implementation of a quarterly LDAR program for
equipment leaks at bulk plants and pipeline pumping
~stations.

Lastly, Regulatory Alternative I would effect a 53
percent control efficiency by requiring installation of
additional equipment at area source bulk terminals.
Installation of this equipment would be the only change from
controls specified in Alternative II.

1.3 ENVIRONMENTAL IMPACT

Included in the evaluation of environmental impacts
were estimates of air quality, water, noise, and solid waste
impacts. Table 1-1 summarizes the environmental impact
assassments for each requlétory alternative.
1.3.1 Air -Quality Impact

1.3.1.1 Existing Sources. For the existing gasoline
distribution network, approximately 371,000 sources, the
total nationwide HAP emissions are estimated to be 40,280
Mg/yr at baseline. Regulatory Alternative IV would reduce
these emissions 3.9 percent to a total of 38,720 Mg/yr.
Alternative IV-Q would reduce emissions by 4.7 percent, from
40,280 Mg/yr to 38,390 Mg/yr. Alternative IV-M would reduce
emissions to 38,180 Mg/yr, yielding a 5.2 percent reduction.
Alternative III would yield an 18 percent reduction in HAP
emissions to a level of 32,960 Mg/yr. Alternative II would
reduce ehissions by 21,850 Mg/yr, to 18,440 Mg/yr (a 54
percent reduction), and ‘lastly, Alternative I would vield a
55 percent emission reduction to a total of 18,130 Mg/yr.
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1.3.1.2 New Sources. For new sources through 1998,
total nationwide HAP emissions from gasoline distribution
facilities, approximately 232,500 total sources, are
estimated to be about 6,660 Mg/yr at baseline. Regulatory
Alternative IV,IV-Q or IV-M would reduce these emissions to
about 6,625 Mg/yr, a 6.6 percent reduction. Alternative III
would reduce emissions from 6,660 Mg/yr at baseline to about
5,880 Mg/yr, an 11.8 percent reduction. Alternative II
would reduce emissions to about 4,020 Mg/yr, a 40 percent
reduction. Finally, Alternative-I would reduce emissions by
about 2,780 Mg/yr to a total of 3,880 Mg/yr, a 42 percent
reduction through 1998.

1.3.2 Water, Solid Waste, and Fnergy Impacts for New and
ist] () es

Since none of these alternatives would require any
additional water discharges, there would be no negative _
impact on water quality{ There is potential for a positive
benefit to water quality, however, due toc decreased amounts
of organic materials entering drains, sewers, and waste
water discharges because of better leak control.

There would be no significant solid waste or noise
impact as a result of implementing any of the regqulatory
alternatives. Additionally, due ta the fact that it is
estimated that many facilities will use vapor recovery
devices, there will be energy benefits (gasoline that would
have evaporated but is now recovered) gained from
implementation of each of the alternatives. This benefit
would increase with the stringency of the alternative
because each successive alternative requires additional
control measures,

1.4 ECONOMIC IMPACT

The impacts of the proposed standards were analyzed
(see Chapter 8) with regard to their effect on gasoline
price and consumption, facility closures, and employment.
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While Alternatives IV, IV-Q, and IV-M only require
additional controls at bulk gasoline terminals and pipeline
breakout stations, facilities downstream from terminals and
breakout stations are affected by implementation of controls
due to higher gascline wholesale prices and reduced enduse
demand, again due to higher prices. The national avérage
base year increase in the price of retail motor gasoline as
a result of these alternatives is estimated at $0.001 per
gallon. The national base year decline in gasoline
consumption is estimated at less -than 100 million gallons.
There are a limited amount of facility closures estimated to
result from the regulatory alternatives. The base year
facility closure estimate is nearly 650, more than 90
percent of which are projected for the service station
sector. While the number of service station closures is
estimated to be in the hundreds, it should be noted that a
total number of over 380,000 stations are projected in the
base year, so that the number of facilities closed
constitutes less than two tenths of one percent.
Furthermore, due to a consumption-spurred projection of
modest industry growth from 1993 to 1998, closures due to
implementation of controls may be more éccuratély
interpreted as reductions in new facility openings rather
than closures of existing facilities._ Employment reductions.

due to reduced consumption and facility closure are
estimated at just over 1100 jobs, 70 percent of which are
estimated for the service station sector. For the same
reasons given for facility closure, employment reductions
may be more accurately interpreted as reductions in industry
job cpportunities rather than losses of existing jobs.




2.0 INTROQDUCTION

2.1 BACKGROUND AND AUTHORITY FOR STANDARDS

According to industry estimates, more than 2.4 billion
pounds of toxic pollutants were emitted to the atmosphere in
1988 ("Implementation Strategy for the Clean aAir Act
Amendments of 1990," EPA Qffice of Air and Radiation,
January 15, 1991). These emissions may result in a variety
of adverse health effects, including cancer, reproductive
effects, birth defects, and respiratory illnesses.
Title III of the Clean Air Act Amendments of 1990 provides
the tools for controlling emissions of these'pollutants.
Emissions from both large and small facilities that
contribute to air toxics problems in urban and other areas
will be regulated. The primary consideration in |
establishing national emission standards must be
demonstrated technology. Before national emission standards
for hazardous air pollutants (NESHAP) are proposed as
Federal regulations, air pollution prevention and control
methods are examined in detail with respect to their
feasibility, environmmental impacts, and costs. Various
control opticns based on different technologies and degrees
of efficiency are examined, and a determination is made
regarding whether the various control options apply to each
emissions source or if dissimilarities exist between the
sources. In most cases, regulatory alternatives are
subsequently developed that are then studied by the EPA as a
prospective basis for a standard. The alternatives are
investigated in terms of their impacts on the environment,
the economics and well-being of the industry, the national
economy, and energy and other impacts. This document

summarizes the information cobtained through these studies so
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that interested persons will be able to evaluate the
information considered by the EPA in developing the proposed
standards.

National emission standards for hazardous air
pollutants for new and existing sources are established
under Section 112 of the Clean Air Act as amended in 1990
[42 U.S.C. 7401 et seq., as amended by PL 101-549,

November 15, 1990], hereafter referred to as the Act.
Section 112 directs the EPA Administrator to promulgate
standards that "require the maximum degree of reduction in
emissions of the hazardous air pollutants subject to this
section (including a prohibition of such emissions, where
achievable) that the Administrator, taking into
consideration the cost of achieving such emission
reductions, and any non-air quality health and environmental
impacts and energy requireménts, determines is achievable
.+ " The Act allows the Administrator to set standards
that "distinguish among classes, types, and sizes of sources
within a category or subcategory." _

The Act differentiates between major sources and area
sources. A major source is defined as "any stationary
source or group of staticonary sources located within a
‘contiguous area and under-common control that emits or has
the potential to emit considering controls, in the
aggregate, 10 tons per yéér or more of any hazardous air
pollutant or 25 tons per year or more of any combination of
hazardous air pollutants." The Administrator, however, may
establish a lesser quantity cutoff to distinguish between
major and area sources. The level of the cutoff is based on
the potency, persistence, or other characteristics or
factors of the air pollutant. An area source is defined as
"any stationary source of hazardous air pollutants that is
not a major source.” For new scurces, the amendments state
that the "maximum degree of reduction in emissions that is
deemed achievable for new sources in a category or
subcategary shall not be less stringent than the emission
contrel that is achieved in practice by the best controlled

2-2




similar source, as determined by the Administrator.”
Emission standards for existing sources "may be less
stringent than the standards for new sources in the same
category or subcategory but shall not be less stringent, and
may be more stringent than =-- (A) the average emission
limitation achieved by the best performing 12 percent of the
existing sources (for which the Administrator has emissions
information), excluding those sources that have, within

18 months before the emission standard is proposed or within
30 months before such standard is promulgated, whichever is
later, first achieved a level of emission rate or emission
reduction which complies, or would comply if the source is
not subject to such standard, with the lowest achievable
emission rate (as defined by Section 171) applicable to the
source category and prevailing at the time, in the category
or subcategory for categories and subcategories with 30 or
more sources, or (B) the average emission limitation
achieved by the best performing five sources (for which the
Administrator has or could reascnably obtain emissions
information) in the category or subcategory for categories
or subcategeories with fewer than 30 sources."

The Federal standards are also known as "MACT"
standards and are based on the maximum achievable control
technology previocusly discussed. The MACT standards may
apply to both major and area sources, although the existing
source standards may be less stringent than the new source
standards, within the constraints presented above. The MACT
is considered to be the basis for the standard, but the
Administrator may promulgate more stringent standards, which
have several advantages. First, they may help achieve long-
term cost savings by avoiding the need for more expensive
retrofitting to meet possible future residual risk
standards, which may be more stringent (discussed in Section
2.6). Second, Congress was clearly interested in providing
incentives for improving technology. Finally, in the Clean
Air Act Amendments of 1994, Congress gave EPA a clear
mandate to reduce the health and environmental risk of air
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toxics emissions as quickly as possible.

For area sources, the Administrator may "elect to ‘
promulgate standards or requirements applicable to sources
in such categories or subcategories which provide for the
use of generally available cantrol technologies or :
management practices by such sources to reduce emissions of \
hazardous air pollutants." These area source standards are '
also known as “GACT" (generally available control
technology) standards, although MACT may be applied at the '
Administrator’s discretion, as discussed previously.
‘The standards for hazardous air pollutants (HAPs), like the
new source performance standards (NSPS) for criteria
pellutants required by Section 111 ¢of the Act (42 U.S.C.
7411), differ from other regulatory programs reguired by the
Act (such as the new source review program and the
prevention of significant deterioration program) in that
NESHAP and NSPS are national in scope (versus site-
specific). Congress intended for the NESHAP and NSPS
programs to provide a degree of uniformity to State
regulations to avoid situations where some States may
attract industries by relaxing standards relative to ather
States. States are free under Section 116 of the Act to
establish standards more stringent than Section 111 or 112
national standards. . ... e
'~ Although NESHAP are normally structured in terms of
numerical emissions limits, alternative apprcaches are
sometimes necessary. In some cases, physically measuring
emissions from a source may be impossible or at least
impracticable due to technological and economic limitations.
Section 112(h) of the Act allows the Administrator to
promulgate a design, equipment, work practice, or
operational standard, or combination thereof, in those cases
where it is not feasible to prescribe or enforce an
emissions standard. For example, emissions of volatile
organic compounds (many of which may be HAPs, such as
benzene) from storage vessels for volatile organic liquids
are greatest during tank filling. The nature of the
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emissions (i.e, high concentrations for short periods during
filliﬁg and low concentrations for longer periods during
storage) and the configuration of storage tanks make direc;
emission measurement impractical. Therefore, the MACT or
GACT standards may be based on equipment specifications.
Under Section 112(h)(3), the Act also allows the use of
alternative equivalent technological systems: "If, after
notice and opportunity for comment, the owner or operator of
any source establishes to the satisfaction of the
Administrator that an alternative means of emission
limitation" will reduce emissions of any air pollutant at
least as much as would be achieved under the deéign,
equipment, work practice, or operational standard, the
Administrator shall permit the ﬁse of the alternative means..
Efforts te achieve early envirconmental benefits are
'encouraged in Title III. For example, source owners and
operators are encouraged to use the Section 112(1i) (5)
provisions, which allow a 6-year compliance extension of the
MACT standard in exchange for the implementation of an early
emission reduction program. The owner or operator of an
existing source must demonstrate a 90 percent emission
reduction of HAPs (or 95 percent if the HAPs are
particulates) and meet an alternative emission limitation,
established by permit, in lieu of the otherwise applicable
MACT standard. This alternative limitation must reflect the
20 (95) percent reducticn and is in effect for a period of
6 years from the compliance date for the otherwise
applicable standard. The 90 (95) percent early emission
reduction must be achieved before the otherwise applicable
standard is first proposed, although the reduction may be
achieved after the standard’s proposal (but before
January 1, 1994) if the source owner or operator makes an
enforceable commitment before the proposal of the standard
to achieve the reduction. The source must meet several
criteria to qualify for the early reduction standard, and

Section 112(1i)(5)(A) provides that the State may require
additional reductions.




2.2 SELECTION OF POLLUTANTS AND SQURCE CATEGORIES

As amended in 1990, the Act includes a list of
189 HAPs. Petitions to add or delete pollutants from this
list may be submitted to the EPA. Using this list of
pollutants, the EPA will publish a list of source categories
(major and area sources) for which emission standards will
be developed. Within 2 years of enactment (November 1992),
the EPA will publish a schedule establishing dates for
promulgating these standards. Petitions may also be
submitted to the EPA to remove source categories from the
list. The schedule for standards for source categories will
be determined- according to the following criteria:

"(A) the known or anticipated adverse effects of such
pollutants on public health and the environment;

(B} the quantity and location of emissions or
reasonably anticipated emissions of hazardous air pollutants
that each category or subcategory will emit; and

{(C) the efficiency of grouping categories or
subcategories according to the pollutants emitted, or the
preocesses or technologies used."

After the source category has been chosen, the types of
facilities within the source categofy to which the standard
will apply must be determined. A source category may have
several facilities that cause air pellution, and emissions
from these facilities may vary in magnitude and control
cost. Economic studies of the source categery and
applicable control technology may show that air pollution
control is better served by applying standards to the more
severe pollution sources. For this reason, and because
there is no adequately demonstrated system for controlling
emissions from certain facilities, standards often do not
apply to all facilities at a scurce. For the same reasons,
the standards may not apply to all air pollutants emitted.
Thus, although a source category may be selected to be
covered by standards, the standards may not cover all
pollutants or facilities within that source category.
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2.3 PROCEDURE FOR DEVELOPMENT OF NESHAP

Sfandards for major and area sources must (1)
realistically reflect MACT or GACT; (2) adequately consider
the cost, the non-air quality health and environmental
impacts, and the energy requirements of such control:

(3) apply to new and existing sources: and (4) meet these
conditions for all variations of industry operating
conditions anywhere in the country.

The objective of the NESHAP program is to develop
standards to protect the public health by regquiring
facilities to control emissions to the level achievable
according to the MACT or GACT guidelines. The standard-
setting process involves three principal phases of activity:
(1) gathering information, (2) analyzing the information,
and (3) developing the standards.

During the information-gathering phase, industries are
questioned through telephone surveys, letters of inquiry,
and plant visits by EPA representatives. Information is
also gathered from other sources, such as a literature
search. Based on the information acquired about the
industry, the EPA selects certain plants at which emissions
tests are conducted to provide reliable data that
characterize the HAP emissions .from well-controlled existing
facilities.

In the second phase of a project, the information about
the industry, the pollutants emitted, and the control
options are used in analytical studies. Hypothetical "model
plants" are defined to provide a common basis for analysis.
The model plant definitions, national pollutant emissions
data, and existing State regulations governing emissions
from the source category are then used to establish
"regulatory alternatives." These regulatory alternatives
may be different levels of emissions control or different
degrees of applicability or both.

The EPA conducts studies to determine the cost,
economic, environmental, and energy impacts of each
regulatory alternative. From several alternatives, EP3
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selects the single most plausible regulatory alternative as
the basis for the NESHAP for the source category under
study.

In the third phase of a project, the selected
regulatory alternative 1is translated into standards, which,
in turn, are written in the form of a Federal regulation.
The Federal regulation limits emissions to the levels
indicated in the selected regulatory alternative.

As early as is practical in each standard-setting
project, EPA representatives discuss the possibilities of a
standard and the form it might take with members of the
National Air Pollution Control Technigques Advisory
Committee, which is composed of representatives from
industry, environmental groups, and State and local air
peollution control agencies. Other interested parties also
participate in these meetings.

The information acquired in the project is summarized
in the background information document (BID). The BID, the
proposed standards, and a preamble explaining the standards
are widely circulated to the industry being considered for
control; environmental groups, other government agencies,
and offices within the EPA. Through this extensive review
process, the points of vigy_pfﬂgxgért reviewers are taken.

A "proposal package" is assembled and sent through the
offices of EPA Assistant Administrators for concurrence
hefore the proposed standards are officially endorsed by the
EPA Administrator. After o ing approved by the EPA
Administrator, the pream... .nd the proposed requlation are
published in the Feder~. cgister.

The public is invited to participate in the standard-
setting process as part of the Federal Register announcement
of the proposed regulation. The EPA invites written
comments on the proposal and also holds a public hearing to
discuss the proposed standards with interested parties. All
public comments are summarized and incorporated into a
second volume of the BID. All information reviewed and
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generated in studies in support of the standards is
available to the public in a "docket" on file in Washington,
D.C. Comments from the public are evaluated, and the
standards may be altered in response to the comments.

The significant comments and EPA’s position on the
issues raised are included in the preamble of a promulgation
package, which also contains the draft of the final
regqulation. The regulation 1s then subjected to another
round of internal EPA review and refinement until it is
approved by the EPA Administrato¥. After the Administrator
signs the regulation, it is published as a "final rule” in
the Federal Register.

2.4 CONSIDERATION OF COSTS

The requirements and guidelines for the economic
analysis of proposed NESHAP are prescribed by Presidential
Executive Order 12291 (EQO 12291) and the Regulatory
Flexibility Act (RFA). The EO 12291 requires preparation of
a Requlatory Impact Analysis (RIA) for all "major" econonic
impacts. An economic impact 1s considered to be major if it
satisfies any of the following criteria:

1. An annual effect on the economy of $100 million or

more; ‘

2. A major increase in costs or prices for consumers:
individual industries; Federal, State, or local
gaovernment agencies: or geographic regions; or

3. Significant adverse effects on competition,
employment, investment, productivity, innovation,
or on the ability of United States-based
enterprises to compete with foreign-based
enterprises in domestic or export markets.

An RIA describes the potential benefits and costs of
the proposed regulation and explores alternative regulatory
and nonregulatory approaches to achieving the desired
objectives. If the analysis identifies less costly
alternatives, the RIA includes an explanation of the legal
reasons why the less costly alternatives could not be
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adopted. In addition to requiring an analysis of the
potenﬁial costs and benefits, EQ 12291 specifies that EPa,
to the extent allowed by the CAA and court orders,
demonstrate that the benefits of the proposed standards
cutweigh the costs and that the net benefits are maximized.
The RFA requires Federal agencies to give special
consideration to the impact of regulations cn small
businesses, small organizations, and small governmental
units. If the proposed regulation is expected to have a
significant impact on a substantial number of small
entities, a regulatory flexibility analysis must be
prepared. 1In preparing this analysis, EPA takes into
consideration such factors as the availability of capital
for small entities, possible closures among small entities,
the increase in production costs due to compliance, and a
comparison of the relative compliance costs as a percent of
sales for small versus large entities. '

The prime objective of the cost analysis is te identify
the incremental economic impacts associated with compliance
with the standards based on each regulatory alternative
compared to baseline. Other environmental regulatory costs
may be factored into the analysis wherever appropriate. Air
pollutant emiSSions may cause water pollution problems, and
captured potential air pollutants may pose a solid waste
disposal problem. The total environmental impact of an
emission source must, therefore, be analyzed and the costs
determined whenever possible.

A thorough study of the profitability and price-setting
mechanisms of the industry is essential to the analysis so
that an-accurate estimate of potential adverse economic
impacts can be made for proposed standards. It is also
essential to know the capital requirements for pollution
control systems already placed on plants so that the
additional capital requirements necessitated by these
Federal standards can be placed in proper perspective.
Finally, it is necessary to assess the availability of
capital to provide the additiocnal control equipment needed
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to meet the standards.

2.5 CONSIDERATION OF ENVIRONMENTAL IMPACTS

Section 102(2) (C) of the Naticnal Environmental Policy
Act (NEPA) of 1969 requires Federal agencies to prepare
detailed environmental impact statements on proposals for
legislation and other major Federal actions significantly
affecting the gquality of the human environment. The
objective of the NEPA is to build into the decision-making
process of Federal agencies a careful consideration of all
environmental aspects of proposed actions.

In a number of legal challenges to standards for
various industries, the United States Court of Appeals for
the District of Columbia Circuit has held that environmental
impact statements need not be prepared by the EPA for
proposed actions under the Clean Air Act. Essentially, the
Court of Appeals has determined that the bhest system of
emissions reduction requires the Administrator to take inte
account counterproductive environmental effects of proposed
standards as well as economic costs te the industry. On
this basis, therefore, the Courts established a narrow
exemption from the NEPA for EPA determinations.

In addition to these judicial determinations, the
Energy Supply and Environmental Coordination Act (ESECA) of
1874 (PL-93-319) specifically exenpted proposed actions
under the Clean Air Act from NEPA requirements. According
to Section 7(c) (1), "No action taken under the Clean Air Act
shall be deemed a major Federal action significantly
affecting the quality of the human environment within the
meaning of the Natidnal Environmental Policy Act of 1969"
(L5.U.S.C. 793(c) (1)).

Nevertheless, the EPA has concluded that preparing
environmental impact statements could have beneficial
effects on certain regulatory actions. Consequently,
although not legally required to do so by Section 102(2) (C)
of NEPA, the EPA has adopted a policy requiring that
environmental impact statements be preparad for various
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regulatory actions, including NESHAP developed under
Section 112 of the Act. This voluntary preparation of
environmental impact statements, however, in no way legally
subjects the EPA to NEPA requirements.

To implement this policy, a separate section is
included in this document that is devoted sclely to an
analysis of the potential environmental impacts associated
with the proposed standards. Both adverse and beneficial
impacts in such areas as air and water pollution, increased
solid waste disposal, and increased energy consumption are
discussed.

2.6 RESIDUAL RISK STANDARDS

Section 112 of the Act provides that 8 years after MACT
standards are established (except for those standards
established 2 yvears after enactment, which have 9 years),
standards te protect against the residual health and
environmental risks remaining must be promulgated, if
necessary. The standards would he triggered if more than
one source in a category or subcategory exceeds a maximum
individual risk of cancer of 1 in 1 million. These residual
risk regulations would be based on the concept of providing
an "ample margin of safety to-protect public health." The
Administrator may also consider whether a more stringent
standard is necessary to prevent--considering costs, energy,
safety, and other relevant factors--an adverse environmental
effect. In the case of area sources controlled under GACT
standards, the Administrator is not required to conduct a
residual risk review. '




3.0 PROCESSES AND POLLUTANT EMISSIONS

3.1 GENERAL

The gasoline distribution network censists of the
storage and transfer facilities that move gascline from its
producticn to its end consumption. The network includes
tanker ships and barges, pipelines, tank trucks and
railcars, storage tanks, and service stations. Crude
petroleum is shipped to refineries, which manufacture a wide
range of liquid petroleum products. Finished gasoline is
then distributed in a complex system comprised of wholesale
and retail outlets. The focus of this document is to assess
.the impacts of distributing gascline from gasoline storage
and loading operations at refineries to the locading of
‘storage tanks at gasoline dispensing facilities, Other
sources, such as those associated with the production of
gasoline, .vehicle refueling at service stations, and ship
and barge loading, are or will be covered in separate
documents. The main elements in the distribution network
are depicted in Figure 3-1. _

Gasoline is delivered to bulk terminals from refineries
by way of pipeline, ship, or barge. Large transport trucks
(30,000 to 38,000 liter or 8,000 to 10,000 gallon capacity)
deliver the gasoline to service stations or to intermediate
bulk storage facilities known as bulk plants. The situation
also exists where gasoline is loaded into a railcar at one
terminal and transported to another terminal that does not
have access to a pipeline, or a waterway that could support
a ship or barge.




imported or
: - Domestic Crude
Imported Gasaline

Refinery /

Barge/
Pipeline/
Tanker

Y

Bulk Terminat

Service Statien 8ulk Plart f

Tank
] '@ A ' Wagen
~—__ Commercial, Rurat |

Cansumer Accounts

Figure 3-1. Gasoline Distributien Facilities - United States

3=2




A bulk plant typically receives product by truck from a
terminal and has a smaller storage capacity than a terminal.
In addition, daily product throughput at a terminal is much
greater, averaging about 950,000 liters (250,000 galleons),
in contrast to about 19,000 liters (5,000 galleons} for an
average size bulk plant.

Both bulk terminals and bulk plants deliver gasoline to
private, commercial, and retail accounts. Bulk plants,
using 5,700 to 11,000 liter (1,500 te 2,900 gallon) capacity
delivery trucks, service primarily agricultural accounts and
service stations that are either long distances from
terminals or inaccessible to the large transports. The
trend in recent years has been toward more terminal
deliveries at the expense of bulk plant deliveries. Retail
and commercial level dispensing facilities include the
familiar service stations, as well as commercial accounts
such as fleet services (rental car agencies, private
companies, governmental agencies), parking garages, and
buses. Ancther important consumer category consists of
small farms (approximately 2.7 million).

This chapter discusses the sources of emissions at each
segment of the gasoline distribution chain, including
pipeliné pumping stations, pipeline breakout stations, bulk
terminals, bulk plants, and service stations. Section 3.2
discusses the factors influencing emissions, emission
factors, and volatile organic compound (VQC) and HAP
emissions for typical facilities. Section 3.3 then presents
the national 1998 baseline emissions for all industry
sectors. o

3.2 FACILITIES AND THEIR EMISSIONS

The pollutants emitted by each of the gasoline
distribution facilities are essentially the same. However,
the operations that occur at each and the rates of emissions
to the atmosphere differ. The emissions consist of a
mixture of VOC vapors and air. The factors influencing

emissions, including gasoline compasition, temperature,
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vapor pressure, and methods of loading gasoline are
discussed in Section 3.2.1. Sections 3.2.2 through 3.2.5
present separate discussions of the operations at each
industry sector and of the associated emission rates.
3.2.1 Factors Influencindg Emissions

3.2.1.1 Hazardous Air Pollutant Content of Gasoline
Vapor. The 1990 Clean Air Act Amendments (CAAA) contain a

list of 189 HAPs. A comparison of profiles of gasoline
vapor with this HAP list reveals several compounds common to
both. This section discusses the HAPs found in traditiocnal,
or "normal", gasoline vapor and how this is expected to
change in response to requirements contained in Title II of
the Amendments. This section also presents vapor profiles

that will be used in evaluating HAP emissions from gasoline
distribution sources throughout this analysis.

Motor gasoline is a complex organic mixture of varying
amounts of paraffins, olefins, and aromatics. A study
conducted for the EPA which analyzed gasoline samples in the
northeastern United States in the early 1980‘’s (Northeast
Corridor study) reported liquid gasoline paraffin contents
ranging from 37-67 weight percent, olefins ranging from 0-12
weight percent, and aromatics ranging from 28-52 percent.'

~—the C5-C7 range, but gasoline composition can vary widely.

The National Institute for Petroleum and Energy
Research (NIPER) reports gasoline composition trends semi-
annually. For the winter of 1991-92,% the reported aromatic
volume percentage for unleaded gasolines ranged from
approximately three percent to almest 65 percent in the
samples analyzed, with the averages being 25.9 percent for
regular unleaded, 27.9 percent for mid-grade, and 30.3
percent for premium. Olefin content ranged from under one
te almost 69 percent, with the averages reported as 11.6
percent for regular, 9.8 percent for mid-grade, and 6.1
percent for premium.

This variation in liquid composition causes the vabor
composition to vary a great deal. The Northeast Corridor
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Study indicated that paraffins made up from 76 to 98 percent
by weight of the vapors, 0 to 22 weight percent for olefins,
and 0.8 to 3.2 weight percent for aromatics. The small
percentage of aromatics are due to the low volatility of
these compounds. Conversely, the vapor profiles showed a
high percentage of paraffins due to the high volatility of
C4 and CS paraffins.

3.2.1.1.1 Normal gasoline. 1In order to estimate HAP
emissions from sources in the gasoline distribution chain,
an investigation was conducted to identify and quantify the
HAPs in gasoline vapor. A search was initiated to obtain
relevant data regarding gasoline vapor phase composition
during gasoline storage and transfer operations. This
effort revealed that while a great deal of research was
being conducted related to the composition of tailpipe
emissions from automobiles, information related to the
composition of evaporative emissions from gasoline transfer
and storage operations was more limited. .

However, sufficient data were received to establish a
list of HAP compounds commonly present in gasoline vapor and
to provide an estimate of the quantity of these HAPs. The
existence of benzene in gasoline vapors has been recognized
for a long period. In addition, several. other aromatic HAPs
were found in gasoline vapors. These include toluene,
ethylbenzene, naphthalene, cumene, and all three
orientations of xylene (para, meta, and ortho).

As discussed abeve, gasoline vapors are made up largely
of paraffins. Therefore, the existence of n-nexane is not
surprising. Based on the data received, n-hexane is usually
the most prevalent HAP in gasoline vapor. 1In addition,
2,2,4 trimethylpentane, or isé-octane, was found in gasoline
vapors.

In order to quantify the HAP content of gasoline vapor,
the data were analyzed to determine the portion of the vapor
made up of HAPs. For each vapor or liquid sample, the HAP
weight percentage was calculated for individual as well as
total HAPs.




The HAP contents were expressed as ratios by weight of
HAP to total VOC. This was because VOC emissions from
gasoline distribution faéilities have been studied and are
well documented, and HAP emissions from these sources could
be easily estimated by multiplying this HAP to VOC ratio by
the VOC mass emissions.

The minimum, maximum, and arithmetic averages for the
HAP to VOC ratiocs calculated from the data are shown in
Table 3-1. HAP emissions presented in this chapter and the
remainder of the document will be presented as total HAPs,
and not by individual HAP. The arithmetic average ratio of
0.048 will be used throughout this document to represent the
total HAP to VOC ratio for normal gascline. . A description
of the data and the analysis is contained in Appendix C
(Section C.1).

3.2.1.1.2 Reformulated/oxvygenated gaseiine. Title II
of the 1990 CAAA addresses emission standards for mobile
sources. There arxe several elements in Title II that will
affect gasoline composition in the 1998 base year, and thus
HAP emissions' from gasoline storage and transfer operations.

Section 219 of Title II amends the 1977 Clean Air Act
by adding Section 211. Section 211(k) requires the
distribution of réformulated gasoline in those nine areas
having a 1980 population-in excess of 250,000 and having the
highest ozone design values during the 1987-89 period. All
other ozone neonattainment areas can "opt-in" to the program
regardless of 1980 population. Beginning in 1995,
reformulated gasoline with the following limits must be sold
and marketed in these nonattainment areas: 1) benzene
content cannot exceed cne percent; 2) no heavy metals can be

present; and 3) minimum oxygen content must be 2.0 percent.
Additionally, the more stringent of the Formula Standard
concerning aromatics (limit of 25 percent) or the
Performance Standards concerned with VOC or toxic emissions
(13 percent reduction from emissions using a 1990 baseline
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TABLE 3~1. VAPOR PROFILE OF NORMAL GASOLINE

—

HAF TC VOC RATIO
{(percentage by weight)

ARITHMETIC
HAZARDOUS AIR POLLUTANT? MINIMUOM AVERAGE MAXIMUM
Hexane c.3 1.6 4.4
Benzene a.2 0.9 2.2
Teoluene 0.4 . 4
2,2,4 Trimethylpentane 0.03 0.8 2.6
_(1so-octane)
Xy¥lenes Q.05 c.5
Ethylbenzene 0.03 0.1 0.
TOTAL HAPs® 2 4.8 11

——
a

Cumene and Naphthalene were also identified in some of
the data points in small gquantities,
as their addition does not significantly change the

totals.

They are not shown

The total HAP ratios shown in the table are not simply
sums of the individual HAP percentages listed in the
columns, rather, total HAPs were calculated for each
individual sample in the data base. The values
represented in the table reflect the maximum, minimum,
and arithmetic average total HAPs of these samples.




fuel) shall also apply. Concerning these final two
alternatives, it is most likely that in the future aromatic

content of reformulated/oxygenated gasolines will be limited

to 25 percent.

Also, Section 211(m) requires the purchasing and
selling of fuels with higher levels of alcochols or
oxygenates in the winter months in the areas exceeding the
carbon monoxide (CO) standard. Beginning in 1992, these
"oxygenated" fuels must have at least 2.7 percent oxygen.

The reformulated gasocline requirements will cause
reductions in the benzene and aromatic contents of the fuel
sold in those areas in the reformulated fuels program.

Since many cof the HAPs in gasoline vapor are aromatic
compounds, this will reduce the total HAP content of thé
gasoline liquid and vapors. However, the addition of oxygen
containing compounds will cause a significant increase in
the HAP content.

Methyl tert-butyl ether (MTBE), an oxygenate, is one of
several compounds that is expected to be added to gasoline
to increase its oxygen content. Further, it has been
estimated and assumed in this report’s analysis that MTRE
will make up at least 70 percent of the market of compounds
added to gasolines in the reformulated and oxygenated

- programs -inozone nonattiinment areasi. MTBE is also listed

in the CAAA as a HAP. Traditionally, MTBE has been used as
an octane booster in unleaded gasolines. If the octane was
lower than expected, small allotments of MTBE would be added
te reach the desired octane level. MTBE has many advantages
as an octane enhancer. It has a high average blending
octane rating, dissolves easily in the refinery streams, and
will not precipitate out of solution when it comes intao
contact with water. Therefore, the quantity of neormal
gasoline in the nation that contains some MTBE was large
prior to the implementation of Section 211, although the
MTBE was present in only low percentages. None of the data

received for normal gasoline reported measurable levels of
MTBE.




Other possible oxygenates are ethanol 113, ethyl tert-
butyl ether (ETBE), and tertiary amyl methyl ether (TAME).
ETBE has a lower Reid Vapor Pressure (3-5 psi) compared to
MTBE (8 psi), but its blending octane rating is higher.
However, there are limits on ETBE and the other blending
agents. Ethanocl 113 is not econonmical without government
subsidies and ETBE is similarly affected, as ethanol
feedstock is needed to produce ETBE. Therefore, the amount
of ethanol and ETBE available will always be limited by
government subsidies. The lack ¢f iscamylene feedstock will
limit the use of TAME as well. As a consequence, it is
expected that MTBE will be one of the most common oxygenates
used to meet the reformulated and oxygenated fuel oxygen
requirements.

Widespread industry estimates indicate that it will
require approximately 15 volume percent of MTBE in liquid
gasoline to meet the 2.7 weight percent oxygen limit, and 11
volume percent to meet the 2.0 weight percent oxygen limit.
The moderate volatility of MTBE would cause high

concentrations in the vapor phase relative to the less
' volatile aromatics. In the search discussed above for
gasoline containing MTBE, vapor data and the corresponding
liquid compesition were available for some samples. Using
these samples, a relationship of liquid content of MTBE to
vapor content of MTBE was derived. This MTBE ratioc- was
applied to the volume percents discussed to estimate the
MIBE to VOC percentage in the vapor. Results of the
analysis showed that MTBE to VOC ratios were 8.8 weight
percent for the 11 volume percent liguid and 12 weight
percent for the 15 volume percent ligquid. A complete
discussion of this analysis is presented in Appendix C.
Consequently, it is expected that the inclusion of MTBE in
the liquid to meet the oxygen demands will increase the HAP
to VOC ratio in gasoline vapor from approximately 5 weight
percent shown in Table 3-1 to near 16 percent (with the 15
percent MTBE gasoline).




Because of these drastic differences in the HAP content
of gasbline vapor, the estimation of vapor phase composition
(HAP to VOC ratios) for several different fuel types was
considered necessary. There will be four basic types of
fuels in use after full implementation of these programs.
These are 1) normal fuels (to be used in attainment areas
and those ozone nonattainment areas not opting into the
reformulated program), 2) oxygenated fuels {(to be used in CO
nonattainment areas during the winter months), 3)
reformulated fuels (to be used inm ozone nonattainment areas
in the reformulated proqram year round), and 4) reformulated
fuels with 2.7 percent oxygen, or reformulated/oxygenated
fuels (to be used in areas that are nonattainment for both
CO and ozone and require the reformulated fuels year round
and require oxygenated fuels in the winter months).

Therefore, HAP to VOC ratios were developed for each of
these fuel-types. The situation is further complicated
because two different ratios are required for the types
containing oxygenates (reformulated, oxygenated, and
reformulated/oxygenated) to account for MTBE. One ratio
includes MTBE and the other uses one of the other, non~HAP
oxygenates. This results in a total of seven different ]
HAP/vapor profiles. The various proflles are shown in Table
3-2. These profiles are used throughout the analysis.
Following is a brief discussion of the generation of these
profiles. More discussion of the procedures is provided in
Appendix C (Section C.2).

Since these programs are not in effect at this time,
HAP to VOC ratios were theoretically developed using the
arithmetic average vapor profile for normal fuel shown in
Table 3-1. For reformulated and reformulated/oxygenated
fuels, the benzene content in the vapor was calculated using
an equation from earlier EPA analyses® based on a 1.0 weight
percent benzene content in the liquid. The other aromatic
compounds were reduced equally by an amount determined
necessary to reduce total aromatics to a level of 25 percent
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in the liquid. The nonaromatic compounds in the liquid were
also reduced to account for the volume of oxygenate added.
3.2.1.2 Temperature and Vapor Pressure. Volatility
and temperature have major impacts on emissicns from the
evaporation of gascline. Evaporation can be explained by
the kinetic-molecular model. A liquid molecule near the
surface of the liquid can escape to the vapor phase whenever
it gains sufficient kinetic energy to overcome its
attraction to other particles surrounding it in the ligquid.
The weaker the attractive forces, the more readily
vapeorization occurs, and the more "volatile" the liquid.
The rate of vaporization increases with increasing _
temperature, as this increased temperature provides more
kinetic energy to the liquid, causing more molecules to
vaporize.

Reid vapor pressure (RVP) is a standard industry
measure of fuel volatility and represents the vapor pressure
of the fuel at 100°F. Although RVP is a measure of fuel
volatility at 100°F, the empirical emissions equations used
to calculate emissions in this analysis reflect actual
temperature canditions.

The RVP of gasoline is adjusted through blending at the
. refinery to account for temperature and pressure_ -
differentiations across the country. In the summer when
warm temperatures enhance volatilization, gasclines can be
blended with a lower RVP and still provide ample
vaporization for combustion in the vehicle engine. Reducing
RVP in the summer, therefore, reduces emissions from
gasoline transfers without reducing vehicle performance.

Too high an RVP in the summer can create excess
volatilization in the engine causing vapor lock. During.the
winter months when cold temperatures inhibit volatilization,
gasolines can be blended with a higher RVP to ensure
sufficient volatilization for engine start-up and
operations. This increase in RVP when temperatures

decrease, and decrease in RVP when temperatures increase, is

e ——



an attempt to provide a uniform fuel volatility for smooth
enqine‘performance all year.

In order to reduce emissions, the EPA has established
maximum volatility levels for gasoline sold during the
summertime months. On March 22, 1989 (54 FR 11868), the EPA
published a final rule restricting gasoline volatility.

This initial rule is referred to as Phase I. The EPA later
promulgated a second level (phase II) of more stringent
velatility controls on June 11, 1991 (55 FR 23658},
scheduled to take effect in the summer of 1992. The second
Phase of volatility controls set monthly RVP regquirements
for each state based upon many factors including, for
example, meteoroclogical conditioens. Under Phase II the
maximum allowable RVP of gascline sold in northern states
was set at 9.0 psi and the maximum allowable RVP of gasoline
sold in southern states was set at 7.8 psi. The summertime
RVP limitations promulgated are shown inalong
with RVP values for the remainder of the year. '

However, the CAAA of 1990 limited the EPA’s authority
to set gasoline volatility levels below 9.0 psi. The 13990
CAAA specify that the EPA may set RVP limitations below 9.0
only for ozone nonattainment areas and former ozone
nonattainment areas. Therefore, on May 29, 1991 (56 FR
24242), the EPA proposed to change the volatility standards
to eliminate the volatility level requirements (9.0 psi) for
those areas where the EPA no longer had the authority to
adopt such levels. Specifically, the EPA proposed that the
RVP for areas designated attainment for ozone be restricted
to 9.0, even if nonattainment areas in the state are
restricted to 7.8. ‘

. Attempts to locate data on the temperature of gasoline
in aboveground storage tanks were unsuccessful. Therefore,
a temperature of 60°'F was used in all emission factor
calculations for aboveground storage tanks and 60°F for
below ground storage tanks. These are the temperatures used
in previous EPA analyses of gasoline distribution regqulatory
strategies.’
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Using the RVP values in Table 3-3 (taking into account
those southern state attainment areas) and the'state
gasoline throughputs (see Appendix D), a national weighted
average RVP was calculated, as well as weighted average RVPS
for the winter season (November through February) and the
nonwinter season (March through October). The ratiocnale for
calculating RVP for these time periods is discussed in
Sectieon 3.3 ang Appendix D. This annual weighted average
RVP is 11.4 psi, the winter season is 14.0, and the
nonwinter season 10.2. These will be used throughout the
analysis to calculate emission factors.

3.2.1.3 Methods of Ioading Gageline. Many of the
operations under consideration in this study involve the
loading of gasoline into a storage vessel or tank. The
method of locading can affect the emissions generated during
the gascline transfer. There are two basic methods of
loading, splash and submerged £ill. 1In the splash loading
method, the nozzle is inserted into the top of the tank.
éignificant turbulence and vapor/liquid contact occur during
the splash loading operation, resulting in high levels of
vapor generation and loss. If the turbulence is great
enough, liquid droplets will be entrained in the vented
vapors.

The second method of'loading 1s submerged f£ill. This
category is further broken down into the submerged fill pipe
method and the bottom loading method. In the submerged f£ill
pipe method, the fill pipe extends almost to the bottom of
the tank. 1In the bottom loading method, a permanent fill
pipe is attached to the cargo tank bottom. Most of the time
using the submerged £ill pipe method and always using bottom
loading, the fill pipe is below the ligquid surface level.
Liquid turbulence is controlled significantly during
submerged loading, resulting in much lower vaper generation
than encountered during splash loading.

Cargo carriers are sometimes designated to transport
only one product, and in such cases are practicing
"dedicated service". Dedicated gasoline cargo carriers
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return to a loading terminal containing air fully or
partiaily saturated with vapor from the previous load.
Cargo tanks may alsc be "switch loaded” with various
products, such as diesel fuel, so that a nonvolatile product
being loaded may expel the vapors remaining from a previous
load of a volatile product such as gasoline. These
circumstances vary with the type of cargo tank and with the
cwnership of the carrier, the petroleum liquids being
transported, geographic lccation, and season of the year.

One control measure for gasoline tank trucks is called
"vapor balance service", in which the cargo tank of the
truck retrieves the vapors displaced during product
unloading at bulk plants or service stations and transports
the vapors back to the loading terminal. A truck whose
cargo tank is in vapor balance service normally is saturated
with organic vapors. Therefore the presence of these vapors
at the start of submerged loading results in greater loading
losses than encountered during noﬁvapor balance, or |
"normal", service.

Emissions from lcading gasoline were estimated using
the following expression:’
L = 12.46 SPM/T

where:
L, = Loading loss, 1b/10° gal of gascline loaded
M = Molecular weight of vapors , lb/lb-mole
P = True vapor pressure of ligquid loaded, psia
T = Temperature of bulk liquid locaded, °R (°F + 460)
S = A saturation factor '

The saturation factor, S, represents the expelled vapor’s
fracticnal approach to saturation, and it accounts for the
variations observed in emission rates from the different
unloading and loading methods. Table 3-4 lists the
saturation factors as found in AP-42.%




TABLE 3-4. SATURATION (S) FACTORS FOR CALCULATING
GASOLINE LOADING LOSSES

m ————

Cargo Carrier Mode of Operatiocon S Factor
Tank trucks and Submerged loading: dedicated
rail tank cars normal service 0.60

Submerged loading: dedicated
vapor balance service 1.00

Splash loading: dedicated
normal service 1.45

Splash loading: dedicated :
vapor balance service 1.00

SIS e ——— ——— om—

Source: AP-42, page 4.4-6.

An examination of this equation and the saturation
factors in Table 3-4 indicate that the emissions from
submerged locading are approximately 40 percert of those for _
" “$plash filling. Themgaiy variable that differentiates
splash from submerged loading is the saturation factor. The
normal service saturation factors are 0.6 for submerged
loading and 1.45 for splash, which represents a 60 percent
increase.

3.2.2 Emissions from Pipeline Facilities

As discussed in Chapter 38, there are 79,624 miles of
gasoline product pipeline in the United States. Pipelines
transport approximately one half of the gasoline shipped in
the U.S. The pipeline itself is only one component of the
product pipeline system. Other major components of this

system include terminals, pumping stations, and break-out
stations.




Product is carried from refineries to terminals by the
pipelihe, often aver great distances. The pipeline is made
of sections of steel, welded together, and usually buried
underground. At the refinery, a pump sends the refined
‘product towards its destination. Since this pump is not
strong enough to “push" the material the entire distance,
pumping stations are located along the pipeline to keep the
product flowing. Occasiocnally, flow may be interrupted and
the product pumped off of the pipeline into storage tanks.
These "break-out" stations usually occur at pumping
stations.

3.2.2.1 Pumping Stations. Pumps éarry product from
refineries to the pipeline, where a larger pump pushes the
product toward its destination. In route to its
destination, product passes through numerous pumping
stations (approximately one every 30-50 miles)’?, where it is
pumped along its way. )

The centrifugal pump is the most widely used pump.
However, other types, such as the positive-displacement pump
and the reciprocating pump are also used at pipeline pumping
stations. : -

Two generic types of sealing devices, packed and
mechanical are used on pumps in the petroleum industry.
Packed seals can be used on both centrifugal and
reciprocating types of pumps. A packed seal consists of a
cavity in which the pump casing is filled with special
packing material that is compressed with a packing gland to
form a seal around the shaft. To prevent the buildup of
frictional heat between the seal and shaft, lubrication is
required. A sufficient amount of either the gasoline being
pumped or another liquid that is injected must be allaowed to
flow between the packing and the shaft to provide the
necessary lubrication. Deterioration of this packing and/or
the shaft seal face after a period of usage can be expected
to eventually result in leakage of organic compounds to the
atmosphere.




Mechanical seals are limited in application to pumps
with fotating shafts ‘and can be further categorized as
single and dual mechanical seals. There are many variations
to the basic design of mechanical seals, but all have a
lapped seal face between a stationary element and a rotating
seal ring. In a single mechanical seal application, the
rotating-seal ring and stationary element faces are lapped
to a very high degree of flatness to maintain contact
throughout their entire mutual surface area. As with pump
packing, mechanical seal faces mist be lubricated to remove
frictional heat. However, because of the seal’s construc-
tion, much less lubrication is needed. If the seal becomes
imperfect due to wear, the gasoline being pumped can leak
between the seal faces and be emitted to the atmosphere.

In a dual mechanical seal application, two seals can be
arranged back~to-~back or in tandem. In the back-to-back
arrangement the two seals provide a closed cavity between
them. A barrier fluid is circulated through the cavity.
Because the barrier fluid surrounds the dual seal and
lubricates both sets of seal faces, the heat transfer and
seal life characteristics are much better than those of the
‘single seal. In order for the seal to function, the barrier
fluid must be held at a pressure greater than the operating
pressure of the stuffing box. As a result some barrier .- —

""fluid will leak across the seal faces. Liquid leaking
across the inboard face will enter the stuffing box and mix
with the gasoline. Barrier fluid going across the outboard
face will exit to the atmosphere. Therefore, the barrier
fluid must be compatible with the petroleum liquid as well
as with the environment.

In a tandem dual mechanical seal arrangement, the seals
face the same direction. The sedcndary seal provides a
backup for the primary seal. A seal flush is used in the
stuffing box to remove the heat generated by friction. As
with the back-to-back seal arrangement, the cavity between
the two tandem seals is filled with a barrier fluid.

However, the barrier fluid is maintained at a lower pressure
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than the fluid in the stuffing box. Therefore, any leakage
will be from the stuffing box into the seal cavity
containing the barrier fluid. Since this liquid is routed
to a closed reservoir, gasoline that has leaked intoc the
seal cavity will also be transferred to the reservoir. At
the reservoir, the petroleum liguid could vaporize and be
emitted to the atmosphere. To ensure that VOCs do not leak
from the reservoir, the reservoir can be vented to a control
device. _

There are also numerous valves at a pumping station.
The types of valves commonly used are globe, gate, plug,
ball, relief and check valves. All except the relief valve
and check valve are activated by a valve stem, which may
have either a rotational or linear motion, depending on the
specific design. This stem requires a seal to isolate the
process fluid inside the valve from the atmosphere. The
possibility of a leak through this seal makes it a potential
source of VOC and HAP emissions. Since c¢heck valves do not
have an external actuating méchanism'in contact with pfocess
fluids, they are not considered to be potential sources of
emissions.

It is estimateéd that a typical pipeline pumping station
contains approximately 55 valves and 5 pumps. Uncontrolled
emissions from a typical pipeline pumping station are shown
in Table 3-5. These emissions were calculated using AP-42
emission factors developed for light liquid components at
petroleum refineries of 0.26 kg/component/day for valves and
2.7 kg/component/day for pump seals.'” A more recent study
has provided evidence that emission factors for leaking
equipment components may be lower than those reported in the
AP-42; however, at the present time these preliminary
emission factors are still undergoing review.'' If the
conclusions from the review show these factors to be valid,
these values will then be incorporated into the analysis.

3.2.2.2 Breakout Stations. Pipelines often occur in

clusters of two or three pipes that carry product from the
same origin to the same destination. At some point along
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TABLE 3-5. UNCONTROLLED EMISSIONS FROM TYPICAL
' PIPELINE FACILITIES

— — —— e

Annual Emissions

(Mg/yr)
Emission Source vac Emission Emigsion Factor Units b
Fat:tm'a HAP voC

PUMPING STATION®
Valves 0.25 kg vOC/valve/day Q.3 5.2
Pumps ’ 2.7 kg VOC/punp seal/day 0.5 9.8

fotal for Typical Pumping Station 0.8 15.0
BREAKOUT STATION
Storage Tanksd
Standing storage losses 14.5 Mg VOC/yr/tank 2.8 58.0
Withdraust losses a.61 x 1078 Mg VOC/bbl 0.1 0.4
Fugitive Emissions® '
Valves .26 kg vOC/valve/day 1.1 23.7
Punps 2.7 : kg vOC/pump seal/day 0.8 1?7.7

Total for Typical Breakout Station 5.3 109.7

Emission factors for pumps and valves taken from AP-42,
Section 9.1, for light liquid components at petroleum
refineries. Storage tank emission factors taken from
Table 3-6.

Calculated using the arithmetic average HAP to VOC ratio
for normal fuel in Table 3-1.

Assuming a typical pumping station has 55 valves and 5
pumps (2 pump seals per pump) operating 365 days/yr.

Assuming a typical breakout station has four "equivalent
dedicated tanks" that are external floating roof tanks
with primary seals each having a capacity of 8,000 m’
(50,000 bbls) and an annual throughput of 1.2 x 10°
liters (315 x 10° gallon) which represents 150 turnovers
per year.

Assuming a typical breakout station has 250 valves and 9
pumps cperating 365 days/yr.




the path, one, two, or all three of the lines branch off in
different directions. When this oceurs, the throughput to
any one line is altered. Storage tanks at breakout stations
are used in this situation to temporarily store the product
until compensation for the reduced flow can be made. Also,
at times the diameter of a pipeline will be changed ({reduced
or increased). This also causes a change in the flow rates
and break-out stations are needed to store product at these
locations.

There are two major sources of emissions at breakout
stations. These are the storage tanks and the pumps and
valves used to transport the gasoline. Fugitive emissions
frdm pumps and valves are discussed above under pumping
stations.

Many tanks in gasoline service have an external
floating roof to prevent the loss of product due to
evaporation and working losses. Fixed-roof tanks, used in
some areas to store gascline, use pressure-vacuum (P-V)
vents to control breathing losses and may use vapor
balancing or processing equipment to control working losses.
A typical fixed~roof tank consists of a cylindrical steel
shell with a cone~ or dome-shaped roof that 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.

The sources of greatest emissions from fixed-roof tanks
are'breathinq and working losses. Breathing loss is the
expulsion of vapor from a tank vapor space that has expanded
Oor contracted because of daily changes in temperature and
barometric pressure. These emissions occur in the absence
of any liquid level change in the tank. Emptying losses
occur when the air that is drawn into the tank during liquid
removal saturates with hydrocarbon vapor and expands, thus
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exceeding the fixed capacity of the vapor space and
overfiowing through the pressure vacuum valve. Combined
breathing and emptying losses are called "working losses."”

A typical external floating~roocf tank consists of a
cylindrical steel shell equipped with a deck or roof tha=z
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 shell. A seal
attached to the roof touches 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.

An internal floating-roof tank has both a permanently
affixed roof and a roof that fleats inside the tank on the
liquid surface (contact roof), or supported on pontoons
several inches above the liquid surface (noncontact roof).
The internal floating roof rises and falls with the liquid
‘level. . .

Standing-storage losses, which result from causes other
than changes in the liquid level, constitute the greatest
source of emissions from external floating-roof tanks. The
largest potential source of these losses is _an improper fit

‘between the seal and'the tank shell (seal losses). As a
result, some ligquid surface is exposed to the atmosphere.
Air flowing over the tank creates a pressure differential
around the floating roof. As air flows into the annular
vapor space {ring-shaped space between the seal edge and the
tank wall) on the leeward side, an air-vapor mixture flows
cut on the windward side. Another source of standing-
storage loss is associated with roof fittings. Roof
fittings can be a socurce of evaporative loss when they
require openings in the floating roof. Typical roof
fittings include access hatches, unslotted guide-pole wells,
slotted guide-pole/sample wells, gauge-float wells, gauge-

hatch/sample wells, vacuum breakers, roof drains, roof legs,
and rim vents.®
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Withdrawal loss is another source of emissions from a
floating-roof tank. When liquid is withdrawn from a tank,
the floating roof is lowered, and a wet portion of the tank
wall is exposed. Withdrawal loss is the vaporization of
liquid from the wet tank wall.

As the wind flows over the exterior of an internal
floating roof tank, air flows intoc the enclosed space
between the fixed and floating roofs through scme of the
shell vents and out of the enclosed space through others.
Any vapors that have evaporated from exposed liquid surface
and that have not been contained by the floating deck will
be swept out of the enclosed space. The withdrawal less
from an internal fleoating-roof tank is similar to that
discussed for external floating roofs. The other losses,
seal losses, fitting losses and deck seam losses, cccur not
only during the working operations of the tank but also
during free standing periods. A practice that is becoming
more popular is the installation of geodesic dome covers
over external floating rocof tanks. These domes do not allow
air to flow directly over the floating roof and therefore
reduce. emissions.

Tables 3-6 and 3-7 present emission factors for storage
tanks. These emission factors were calculated using the '
emission factor equations contained in Section 4.4 of AP-42
with the national weighted average RVP of 11.4 shown in
Table 3-3 and 60°F.

While a breakout station may contain a large number of
storage tanks, there will only be a select few that are used
for gasoline at any one time. It is estimated that the
typical breakout station has four "equivalent dedicated
storage tanks" for gasoline. That is, at any one time, only
four storage tanks are being filled with and storing
gasoline. The typical station also contains approximately
250 valves and 9 pumps.

Emissions for a typical breakout station are also shown
in Table 3-5. It was assumed that the average throughput
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TABLE 3-6. STORAGE TANK EMISSION FACTORS
FOR BULK TERMINAL STORAGE TANKS?®

r— e
—

Type of Emission Em;§§ion Un;ts
Factor
Fixed Roof Uncontrolled
Breathing losses 10.0 Mg vOoC/yr/tank
Working losses 38.6 Mg VOC/yr/tank
nternal Floating Roof®
Rim Seal losses 0.6 Mg VOC/yr/tank
Fitting losses 1.2 Mg VOC/yr/tank
Deck Séam losses 0.7 Mg VoC/yr/tank
Working losses 7.33 x 10°8 Mg VOC/bbl
throughput
terna oating Roof
Standing Storage losses
Primary seald 14.5 Mg VOC/yr/tank
Secondary seal® 7.0 Mg VOC/yr/tank
Working losses 4.61 x 1078 Mg VOC/bbl
throughput

L

O

Emission-factors calculated with equations. from Secdtion
4.3 of AP-42 using the Nationwide weighted average RVP of
11.4 and temperature.of 60°F as discussed in Section

3.2.1.2.

Assumes storage tanks at bulk terminals have a capacity

of 2,680 m® (16,750 bbl),

a diameter of 15.2 meters (S50

feet), and a height of 14.6 meters (48 feet).

Assumes that internal floating roof is equipped with a
{primary only).

liquid-mounted resilient seal

Assumes that external floating roof is eguipped with a

primary metallic shoe seal.

Assumes that external floating roof tank is equipped with
a4 shoe-mounted secondary seal.




TABLE 3-7. STORAGE TANK EMISSION FACTORS
FOR PIPELINE BREAKOUT STATION
STORAGE TANKS?:®

|

d

Type of Emission Em;ggion ' Units
Factor
Fixed Roof Uncontrglled
Breathing losses 10.0 Mg VOC/yr/tank
Working losses ' 160.2 Mg VOC/yr/tank
Internal Floating Rooff
Rim Seal losses 0.6 Mg vVOC/yr/tank
Fitting losses 1.2 Mg vOC/yr/tank
Deck Seam losses 0.6 Mg VOC/yr/tank
Working losses 7.33x 1078 Mg VoC/bbl
throughput
External Floating Roo
Standing Storagé losses
Primary seald 14.5 Mg VOC/yr/tank
Secondéry seal® 7.0 Mg VOC/yr/tank
Working losses 4.61 x 10°8 Mg VOC/bbl
throughput

Emission factors calculated with equations from Section
4.3 of AP-42 using the Nationwide weighted average RVP of
11.4 and temperature of 60°F as discussed in Section
3.2.1.2.

Assumes storage tanks at pipeline breakout stations have
a capacity of 8,000 m® (50,000 bbl), a diameter of 30
meters (100 feet), and a height of 12 meters (40 feet).

Assumes that internal floating roof is equipped with a
liguid-mounted resilient seal (primary only).

Assumes that external floating roof is equipped with a
primary metallic shoe seal.

Assumes that external floating roof is equipped with a
shoe-mounted secondary seal.




for a breakout station storage tank is approx1mately 1.2 %
10° liters/year (315 x 10° gallons/year).
3.2.3 Bu Terminals

As noted akbove, bulk terminals receive gasoline from
refineries by way of pipeline, ship, or barge. Some
terminals are located at the refinery. The product is
stored and then loaded into transport trucks that carry it
further down the distribution chain. In a few situations,
gasoline is locaded at bulk terminals inteo railcars. This
gasoline is usually carried to other terminals that do not
have access to a pipeline, ship, or barge.

There are three categories of emission sources at bulk
terminals. These are the emissions associated with the
loading of transport trucks or rail cars (leoading rack
emissions), storage tank emissions, and fugitive emissions
from leaking pumps and valves.

3.2.3.1 Loading Rack Emissions. Bulk gascoline terminals
serve as the major distribution point for the gasoline
produced at refineries. Movement of gasoline at a bulk
terminal involves leoading, unloading, and transfer of the
liquid from storage tanks inteo tank trucks and railcars.
Gasoline stored in large aboveground tanks is pumped through
metered loading areas, called leoading racks, and into
dellvery tahkitfucks, which service various wholesale and
retail accounts in the dlstrlbutlon network. Leoading racks
contain the equipment (such as pumps, meters, piping,

grounding, etc.) necessary to £ill delivery tank trucks with
liquid products. Terminals generally utilize two to four
rack positions for gasoline, but there can be as many as
eight to ten rack positions at large throughput terminals.
Each loading rack will typically have from one ts four
loading arms, depending on the products available for
loading at that rack position. Each arm is dedicated to one
product.

Emissions from the tank truck and railcar loading
operations at terminals occur when the product being loaded
displaces the vapors in the delivery tank and forces the
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vapors to the atmosphere. Loading may be performed using
either splash, top submerged, or bottom loading methods.
Top loading involves loading of gasoline inte the tank truck
compartment or railcar through the hatchway located on top
of either the truck tank or railcar using a top loading fill
pipe (splash £ill). Attachment of a fixed or extensible
downspout to the £ill pipe provides a means of introducing
the product near the bottom of the tank (submerged fill).
As discussed in Section 3.2.1.3, top splash loading creates
considerable turbulence during loading and can create a
vapor mist resulting in higher emissions from the truck
loading operation. Submerged loading greatly reduces the
turbulence, and therefore reduces the emissions. Bottom
loading refers simply to the loading of products into the
cargo tank from the bottom. This results in the same
emission reduction as associated with top submerged loading.
A long established trend in the industry is to build new
terminals with bottom loading racks and to convert existing
terminal top loading racks to bottom loading. Some of the
advantages cited for bottom loading include: (1) improved
safety, (2) faster loading, and {3) reduced labor costs.
Emission factors and emissions at bulk terminals are
summarized in Table 3-8.

3.2.3.2 Tank Truck Emissions. Gasoline tank trucks have
been demonstrated to be significant sources of vapor leakage
at the lcading rack. Some vapors may leak uncontrolled to
the atmosphere from dome cover assemblies, P-V vents, and
vapor collection piping and vents. Other sources of vapor
leakage on tank trucks that occur less frequently include
tank shell flaws, liquid and vapor transfer hoses,
improperly installed or loosened overfill protection
sensors, and vapor couplers.”™ This leakage has been
estimated to be as high as 100 percent of the vapers that
should have been captured and has been estimated to average
30 percent.' Since terminal controls usually coincide with
areas where trucks are required to collect vapors after
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TABLE 3-8. UNCONTROLLED EMISSIQNS FROM BULK TERMINALS

Emissions
{Mg/yr)
Emigsion Source vOC Emigsion Emission Factor units HAPD voe
Factor

Loading Racks®

Submerged loading 780 mg VaC/liter 13 270

Splash Fill 1,430 mg VaC/liter 30 &35
Storage Tanksd
Fixed roof

Working losses 8.6 Mg VOC/yr/tank 8 158

8reathing loases 10.0 Mg VOC/yr/tank 2 44
Internal Flaating Roaf .

Working Losses | 7.33x10°8 Mg VOC/bbl throughput <1 <1

Breathing Losses 2.5 Mg QOCIyr/tank 0.5 10
Externat ?(oating Roof

Working Losses 4.61x10°3 Mg VOC/bbl throughput <1 <t

8reathing Losses 21.5 Mg vOC/yr/tank 5 90
Fugitive Emissionge

valves 0.35 kg VOC/valve/day 1 15

Pumps 2.7 kg VOC/ pump seal/day 1 20

= ————— ——— —————— - —— —

® Loading rack emission factors calculated using the
equation from Section 4.4 of AP-42 discussed in Section
3.2.2.2 and the storage tank emission factors taken from
Table 3-6. Fugitive emission factors taken from Section’

9.1 of AP-42 for light ligquid components at refineries.
Naticnwide weighted average RVP of 11.4 and temperature
of €0°F as discussed in Section 3.2.1.2.

Calculated using the arithmetic average HAP to VOC ratio
for normal fuel in Table 3-1.

Assuming a throughput of 950,000 liters/day (250,000
gallons/day) for 340 days/yr with average annual
throughput of 35 x 107 liters.

Assumlng four fixed-roof storage tanks each having a
capacity of 2,680 m® (16,750 bbl) and a throughput of
850,000 llters/day (250,000 gallons/day) for 340
days/yr This represents 13 turnovers per year.

Assuming a typical terminal has 150 valves and 10 pumps
(2 pump seals per pump).




delivery of product to bulk plants or service stations
{balaﬁce service),'the emission factor associated with
uncontrolled truck leakage was assumed to be 30 percent of
the balance service truck loading factor (1,235 mg/liter X
0.30 = 370.6 mg/liter).

3.2.3.3 Sstorage Tanks. A typical terminal has four or
five aboveground storage tanks for gasoline, each with a
capacity ranging from 1,500 to 15,000 m® (9,400 to 94,000
barrels).’® Table 3-8 alsc illustrates the magnitude of
emissions from a typical terminal with four fixed-roof
storage tanks for gasoline, using the emission factors shown
in Table 3-6.

3.2.3.4 Fugitive Emissions. There are also numerous
pumps and valves at bulk terminals that convey liquid
gaseoline and gasoline vapors. As discussed in Section
3.2.2.2 under pipeline pumping stations, these components
can be sources of HAP emissions. Table 3-8 also summarizes
the magnitude of the fugitive emissions from a typical
terminal with 150 valves and 10 pumps. ‘
3.2.4 Bu Plants )

Bulk gasoline piants are typically secondary
distribution facilities that receive gasoline from bulk
terminals by truck transports, store it in aboveground,
fixed-roof storage tanks, and subsequently dispense it via
smaller account trucks to local farms, businesses, and
service stations. A typical bulk plant has-a throughput of
about 19,000 liters (5,000 gallons) of gasoline per day with
storage capacity of about 189,000 liters (50,000 gallons) of
gasoline.'* A bulk plant is defined as having a throughput
of less than 76,000 liters (20,000 gallons) of gasoline per
day averagéd over the work days in one year.

3.2.4.1 Storage Tank Loading Emissions. Gasoline is
delivered to bulk plants in large tank trucks from bulk
terminals. One source of emissions is during the filling of
the storage tank at the bulk plant. The storage tanks at
bulk plants are almost always fixed roof tanks.
Consequently, before the filling of the tank, the space

3-31




available for £fill is completely full of saturated gasoline
vaporé. Emissions are generated when the incoming liquid
forces thesé vapers out the vent. Due to the configuration
of the aboveground tanks, this loading is usually
accomplished using bottom loading. _
3.2.4.2 Loading Rack Emissions. The methods of
loading gascline into tank trucks at bulk plants are the
same as those used at terminals. The first is the splash
filling metheod, which usually results in high levels of
vaper generation and loss. The second method is submerged
filling with either a submerged £ill pipe or bottom filling,
which significantly reduces liquid turbulence and vapor-

liquid contact, resulting in much lower emissions. 1In a 1
1976 survey of bulk plants, 75 percent used either top-
submerged filling or bottom filling and 2S5 percent used top
splash £illing." These bulk plants that use top splash
filling are typically located in areas where no control is
required. Emissions from a typical bulk plant with a daily
throughput of 19,000 liters/day (5,000 gallons/day) are
shown in Table 3-9. | '

3.2.4.3 Storage Tank Fmissions. As discussed in the
previous section, vapors can escape from fixed-roof storage

tanks at bulk plants, even when there is no transfer - -
~activity. ~Température induced pressure differentials can
expel vapor-laden air or induce fresh air into the tank
(breathing loss). Liquid transfers create draining and
filling losses that combined are called "working losses".
Storage tank emissions are also estimated for a typical bulk
plant with three storage tanks in Table 3-9.

3.2.4.4 Fugitive Emissions. As with bulk terminals,
there are numerous pumps and valves at bulk plants that
convey liquid gasoline and gasoline vapors. As discussed in
Section 3.2.2.2 under pipeline pumping stations, these
components can be sources of HAP emissions. The estimated
emissions shown in Table 3-9 are for a typical plant that
has 50 valves and 4 pumps.




TABLE 3-9. UNCONTROLLED EMISSICNS
FROM BULK PLANTS?®

= —
Annual Emigsions
(Mg/yr)
voC Emissbion Emission Factor c

Emission Source factor Units HAP voc
Storaqe Taﬂks.d

wWorking Losses 432 mg VOC/liter 0.1 2.5

Breathing Losses 203 mg voc/titer <0.1 - 1.2
Tank Truck Unloading/

Storage Tank Filling 1,081 mg voc/liter 0.3 6.2
Loading Racks )

Sutmerged lcading 738 mg vac/liter 0.3 4.2
Fugitive Emissions

Valves 0.26 kg vOC/valve/day 0.2 3.9

Pumps 2.7 kg VOC/pump seal/day 0.3 6.5

——— —

2

d

Assuming a typical bulk plant has a throughput of 19,000
liters/day (5,000 gallons/day), 3 storage tanks, S50
valves, 4 pumps, and operates 300 days/yr.

Storage tank filling (working loss) and breathing loss,.
emission factors calculated using equations in Section
4.4 of AP-42. Leoading rack emission factor calculated
using the AP-42 equation from Section 4.4 discussed in
Section 3.2.2.2 of this document. Fugitive emission
factors taken from Section 9.1 of AP-42 for light liquid
components at refineries. Nationwide weighted average
RVP of 11.4 and temperature of 60°F as discussed in
Section 3.2.1.2.

Calculated using the arithmetic average HAP to VOC ratio
for normal fuel in Table 3-1.

Assumes storage tank capacity of 76 m3 {640 bbl).




3.2.5 Service Stations

The discussion on service station operations is divided
into three areas: (1) the f£illing of the underground
storage tank, (2) automobile refueling, and 3) storage tank
emissions. Although terminals and bulk plants also have two
distinct operations (tank filling and truck loading), the
£illing of the underground tank at the service station ends
the wholesale gasoline distribution chain. The automobile
refueling operations interact directly with the public, and
control of these operations can be performed'by putting
control equipment on either the service station or the
automobile. Storage tank emissions occur due to storage
tank breathing during pressure and temperature changes and
the inbreathing and subsequent outbreathing during storage
tank emptying.

3.2.5.1 Sto e Tan 1113 Emissions. Normally,
gasoline is delivered to service stations in large tank
trucks from bulk terminals or smaller account trucks from
bulk plants. Emissions are generated when hydrocarbon
vapors in the underground storage tank are displaced to the
atmosphere by the gasoline being loaded intc the tank. As
with other loading losses, the guantity of the service
station tank loading loss depends on several variables,
including the quantity of liquid transferred, size and
length of the fill pipe, the method of filling, the tank
configuration and the gasoline temperature, vapor pressure,
and composition. Estimated emissions for a typical 190,000
liters/months (50,000 gallons/month) service station are
shown in Table 3-10.

3.2.5.2 Vehjcle Refueling Fmissions. 1In addition to
service station tank loading losses, vehicle refueling
operations are considered to be a source of emissions.
Vehicle refueling emissions are attributable to vapor
displaced from the automobile tank by dispensed gasoline and
to spillage of fuel. The major factors affecting the
quantity of emissions are gasoline temperature, aute tank




TABLE 3-10. UNCONTROLLED EMISSICONS FROM A
TYPICAL SERVICE STATION?®

— — rre—

Annual Emissions

(Mg/yr)
ot Emissbion Emission Factor c

Emigsion Source - Factor Units HAP voc
Tank Truck Unloading/

Storage Tank Filling

Splash fill 1,556 mg vOC/liter 0.2 3.4
Storage Tank Breathing/Emptying 120 mg VOC/liter Q.01 8.3
Vehicle Refueling

Refueling 1,340 mg VOC/Liter 0.1 3.0

Spillage 80 mg VOC/(iter 0.01 0.2

Taotat for a Typical Service Station 0.3 7.3

——

Assuming a typical service station has a gasoline
throughput of 190,000 liters/month (50,000 gallon/month).

Emission factor for storage tank filling calculated using
the AP-42 equation discussed in Section 3.2.2.2 of this
document and the Nationwide weighted average RVP of 11.4
and temperature of 60°'F as discussed in Section 3.2.1.2.

Storage tank breathing emission factor taken from Sectioen
4.4 of AP-42 and discussed in Section 3.2.5.3. Refueling
emission factors calculated using the equation from a
Stage II technical guidance document'” and spillage from
AP-42,

Calculated using the arithmetic average HAP to VOC ratio
for normal fuel in Table 3-1.




temperature, gasoline RVP, and dispensing rates. Table 3-10
illustrates the uncontrolled emissions from a typical
gasoline service station. The refueling emission factors
presented in Table 3-10 are from a Technology Guidance
Document for vehicle refueling centrols.” _
3.2.5.3 Storage Tank Breathing and Emptving Emissions.
Emissions have also been reported at service stations due to
storage tank emptying and breathing losses. Breathing
losses are attributable to gasoline evaporation due to
barometric pressure and temperature changes. Breathing
losses in fixed volume storage tanks are caused by vapor and
liquid expansion and contraction due to diurnal temperature
changes. As temperatures increase, vapor volumé increases,
pushing vapor out of the vent pipe (out-breathing). When
temperatures decrease, vapoer volume decreases and air is
drawn intoc the tank (in-breathing). Breathing loss
emissions have traditionally been minimal at service
stations since storage tanks have generally been located
underground, insulated by the earth, with a very stable
temperature profile. However, breathing losses from service
station storage tanks are becoming more prevalent due to the
popularity of aboveground storage tanks and the installation
of vaulted underground storage tanks. Aboveground storage
tanks are more susceptible to temperature and pressure
changes than underground tanks and thus are more likely to
experience both vapor growth and vapor shrinkage quite-
similar to working and breathing losses for fixed roof tanks
at bulk terminals which were discussed earlier in the
Chapter (see Section 3.2.3.3). Consequently, the emission
factors cited in AP-42 and which appear in Table 3-8 may be
used to calculate emissions from these tanks even though
they are necessarily smaller than bulk terminal fixed roof
Storage tanks. It is also reported that the double wall, or
vaulted underground storage tanks being installed to comply
with underground storage tank (UST) regulations are
susceptible to thermal effect and therefore breathing losses




as well. However, these losses are reported to be
insignificant.%®:?

Emptying losses occur when gasoline is withdrawn from
the tank allowing fresh air to enter. Tlis enhances
evaporation (i.e., vapor growth) and causes vapeors to be
vented from the pipe as the saturated gasoline vapors tend
to occupy a larger volume than air. EPA’s AP~-42 cites an
average breathing emission rate of 120 milligrams per liter
of throughput.?

The original source for this factor was an article in
the Journal of the Air Pollution Control Association
(November 1963) based on a study by the Air Pollution
Control District of Los Angeles County (LAAPCD) and was
entitled "Emissions from Underground Gasoline Storage
Tanks".® This article describes amptying losses as
follows:

When an automobile is fueled, gasoline is
punped from the underground tank, causing air to
be inhaled through the vent pipe, the volume being
approximately equal to the volume of gasoline
withdrawn. The air then becomes saturated with
gasoline vapors, tending to occupy a larger
volume. This, in turn, causes the vapor-air
mixture to exhaust from the underground tank until
a pressure equilibrium is attained.

The mg/l emission factor listed in AP-42 was estimated
in this study by measuring air expelled from the vent pipe
after vehicle fueling. Since the authors concluded that it
wés impractical, in their study, to collect representative
vapor samples for analysis, they assumed a theoretical
gasoline vapor to air ratio of 40 percent. Using these
data, an emission factor of one pound per thousand gallons
of throughput (approximately 120 mg/l) resulted. While an
emission factor was calculated by the authors, they went on
to discuss complexities with estimating emissions. The
study concluded:

Factors affecting the breathing losses are
complex and interrelated, depending on the service
station operation, pumping rate, frequency of
pumping, ratio of liquid surface to vapor volume,
diffusion and mixing of air and gasoline vapors,
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vapor pressure and temperature of the gasoline,
"the volume and configuration of the tank, and the
size and length of the vent pipe. Because of
these many variables involved, much more data from
a number of representative retail stations would
be necessary before an accurate determination of
overall, basin-wide breathing losses could be
made.

Since the time of this original analysis, several
studies have been conducted to attempt to account for many
of these variables. These range from studies that conclude
there are noc VOC emptying losses.to those reporting '
emissions much higher than those predicted by the AP-42
emission factor.

Dr. R.A. Nichols has studied this subject extensively
throughout the 1970s and 1980s. In a 1987 paper on the
subject,? his conclusion was that the model used in the
LAAPCD analysis ignored the effect of the vent line. Dr.
Nichols states:

As can be seen when air enters a nearly flat tank
containing saturated vapors, as it layers, it is
exposed to a large area for diffusion and quickly
saturates....Consequently, as the surface layer
gains vapor, the lighter upper vapor free area is
vented from the tank....if a tank being
continuously defueled is then held gquiescent, the
roughly steady-state but unsaturated profiles in
the vapor_space will slowly but continuously — -
enrichen. As the profiles enrichen, the amount of
vaper in the vapor space will grow and this amount
of vapor will be exhausted into the vent
line....emissions will result. However, since
high turnover tanks subject to appreciable
concentration profiles in the vapor space...are
also subject to higher more uniformly frequent
withdrawals and typically have fuel which is
unsaturated with respect to air to a greater

degree..., little vapor is expected to be vented.
., There is an additional effect which tends to
mitigate venting....as saturated vapor moves up the

vent pipe, it creates a slight pressure on the
remaining vapor space. Until the entire vent pipe +
1.5 gallons of vapor saturation is produced, virtually
no vapors will be vented.

Dr. Nichols indicates that vapor emissions could only
occur during periods of long refueling inactivity. He
concludes that high fueling activity followed by long
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periods of inactivity will lead to the highest (and pessibly
the oﬁly) vapor venting emissions. This paper did not
provide any emission factor for these emissions.

The California Air Resources Board (CARB) conducted a
study to estimate storage tank breathing losses in 1987.%
Emissions were measured at a low throughput (15,000 gallons
per month per tank) station and a high throughput (50,000
gallons per month per tank) station._ The study found
different results for the two stations. The emission factor
calculated for the low throughput station was 0.92 lbs VOC
per 1000 gallon throughput (110 mg/l), and 0.21 pounds per
1000 gallon (25 mg/l) for the high throughput station.
Observations made during the testing indicated that mass
emnissions from the underground storage tanks appeared to
occur during periods when dispensing of product was the
lowest, that emissions were at a minimum during conditions
of near continuous fuelings, and that the highest mass
emissions occurred during intermittent vehicle fuelings
followed by relatively long periods of dispensing
inactivity. The differences in emission factors at the high
and low throughput stations are explained in these
observations.

The National Institute for Petroleum and Energy
Research (NIPER) conducted a study and reached conclusions
partially in agreement with those of both Dr. Nichols and
CARB.¥® NIPER‘s study concluded that no vent losses would
occur if the dispensing frequency were high enough and that
vent losses would be markedly reduced if the height of the
vent was increased. The rationale for the origin of
emissions agreed with the discussion provided in the
original LAAPCD study. This was that emissions were due to
1) air induction through the vent; 2) dilution of the
hydrocarbon vapor in the tank; and 3) saturation of the
diluted vapor by evaporation of the liquid fuel, resulting
in increased pressure in the tank. When this pressure was
greater than that exerted by the column of vapor in the

vent, emissions resulted. The emissions measured for high
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flow stations were 0.85 and 1.05 grams per gallon dispensed
(225 and 277 mg/l, respectively).

A comparison of the CARB and NIPER studies shows that
the NIPER emission factors are much higher than those from
CARB. Recognizing this discrepancy, CARB and NIPER met on
August 24, 1987 to discuss the differences. The conclusion
reached at this meeting was that NIPER’s results should be
adjusted because the dispensing period during NIPER’s tests
was not considered representative of the effective
dispensing period at a high volume station. Adjustments
were made and it was determined that a more appropriate
emission factor for the NIPER data is 0.6 lbs/1000 gallons
(72 mg/1) for a high throughput station.?

In summary, these studies indicate that the emissions
from storage tank emptying are affected by several factors,
most notably the height of the vent pipe and the vehicle
fueling activity. Additionally, for this analysis,
calculations of emissions are based on emission factors for
underground étorage tanks even though it is recognized that
there are above ground tanks in existence (the number of
above ground tanks is very small in compariscon to the number
of underground tanks). Therefore, for the purposes of the

-analysis in—this documént, it is believed that the AP=-42

factor of 120 mg/l for underground tanks represents an

emission factor that may be very conservative, but is not
unrealistic.

3.3 BASELINE EMISSIONS

The baseline is defined as the quantity of emissions
expected in the "base year" in the absence of the
regulation. The purpose of establishing an emission
baseline is to be able to estimate the impacts of reducing
emissions from this baseline through the implementation of
additional control measures. The baseline emissions must
take into account the level of control already in place in

the base year to get an accurate assessment of the impacts
of the control alternatives.

w
i
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The base year for the gascline distribution source
categbry was selected as 1998. This year represents the
fifth year after the expected proposal of the regulation
when the selected regulation would be in full effect. The
general approach for establishing the emission baseline was
basically the same for each sector of the industry.

As discussed in Section 3.2.1.1.2, there are four basic
types of fuels that will be used. These are normal,
reformulated, oxygenated, and reformulated/oxygenated.
During the winter months, all féur types will be used while
only normal and reformulated will be required in the
remainder of the year. The use of each of these fuels
depends on the ozone and CO area attainment designations as
well as area populations. For purpeoses of this analysis, it
is assumed that all nonattainment areas would "opt-in" to
the program. Consequently, it is estimated that these areas
would utilize approximately 42 percent of the total gasoline
consumed nationwide. Due to the different types of fuels,
that will be in use in the base year, the parameters for
calculating emissions (either gasoline throughput or
facility population) were separated according to location.

For each State, data were obtained on the level of
controi already in use. The appropriate requlatory coverage
for each fuel type area in each State was determined and the
parameters for the area attributed to that control level.
Table 3-11 shows the baseline parameters by control level
for all industry sources.

VOC emission factors were selected to represent the
level of contrel in both controlled and uncontrolled
situations. VOC emissions were calculated by multiplying
the VOC emission factors by the corresponding throughput or
facility population. HAP emissions were then estimated by
multiplying the VOC emissions by the appropriate HAP to VOC
ratio.

The HAP and VOC emissions for the base year of 1998 are
presented in Table 3-12. A complete description of the
baseline emissions analysis is provided in Appendix D.
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TABLE 3-11. 1998 BASELINE PARAMETERS USED
IN EMISSIONS ANALYSIS

—_—e e e e e e

Throughput Number of
Source Category/Control Level (10° liters) Sources

PIPELINE FACILITIES
Pipeline Pumping Stations
Fugitive Emissions A
Uncontrolled 1,989
Pipeline Breakout Stations
Fugitive Emissions
Uncontrolled 270
Storage Tanks?
External Floating Roof Tanks

Primary and Secondary Seals 325,000 ' 272

Primary Seals 367,000 476
Fixed Roof Tanks

Internal Floating.Roofs : 105,000 X g8

Uncontrolled . 171,000 143

e——

... These tank populations represent the "equivalent
dedicated™ storage tanks used for the emissions analysis
(see Section 3.2.2.2). The total storage tank populatiocn
at breakout stations is estimated to be 2,227 external
floating roof tanks (808 with primary and secondary seals
and 1,419 with primary seals only) and 1,073 fixed roof
tanks (662 with internal floating roofs and 411
unceontrolled).




TABLE 3-11. 1998 BASELINE PARAMETERS USED
IN EMISSIONS ANALYSIS

(continued)
— — —_—
Annual
Gasoline
Source Category/Control Level Throughput Number of
(10% liters) Sources
BULK TERMINALS
Loading Racks
80 mg/l and 90% Control 115,000 265
35 mg/1 187,000 430
10 mg/1 13,000 29
Submerged Fill 123,000 282
Splash Fill 8,000 18
Storage Tanks
External Flocating Roof Tanks ]
Primary and Secondary Seals 134,000 " 1,802
Primary Seals 130,000 2,426
Fixed Roof Tanks
Internal Fleocating Roofs 95,000 2,732
Uncontrolled 317,000 1,072
Tank Trucks '
Annual Vapor-Tightness
Testing 317,000 31,169
Uncontrolled 129,000 12,731




TABLE 3-11. 1998 BASELINE PARAMETERS USED
IN EMISSIONS ANALYSIS

{concluded)
P — —
Annual
Gasoline
Source Category/Control Level Throughput Number of
(10° liters) Sources
BULK PLANTS
Incoming Loads
Vapor Balance 52,600 5,661
Uncoptrolled 34,700 6,936 .
Qutgoing Loads
Vapor Balance 48,800 4,488
Submerged Fill 29,800 6,375
Splash Fill 8,700 1,734
gagk-T;gcks
Annual Vapor-Tightness
Testing 52,400 22,440
Uncontrolled 34,900 21,360
SERVICE STATIONS
Underground Tank Filling
_Vapor Balance/No Exemption U186, 100 135,146
Vapor Balance/With Exemption 142,700 123,562
Submerged Fill ' 75,800 66,476
Splash Fill 71,400 62,566




TABLE 3-12. 1998 BASELINE EMISSIONS FROM
GASQLINE DISTRIBUTION SOURCES

. —— 1

e— . -
e ————— — —

Annual Emissions {Mg/yr)

Facility/Emission Source HAP VOC
Pipeline Facilities
Pumping Stations 2,370 31,600
Breakout Stations
Storage Tanks 1,280 16,800
Fugitive Emissiocns 860 11,400
4,510 59,800
Bulk Terminals '
Storage Tanks 5,110 84,450
Loading Racks 2,950 48,000
Tank Truck Leakage 3,730 53,950
Fugitive Emissions 4,340 56,500
16,140 ) 242,950
Bu lants
Storage Tank Filling 1,960 35,600
Truck Loading 2,390 41,200
Truck Leakage 390 13,200
Fugitive Emissions 9,&90 130,800
| 14,430 220,800
Service Stations (Stage I) 11,880 214,000
TOTAL ) 46,950 737,800
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4.0 EMISSION CONTROL TECHNIQUES

4.1 CONTRCL TECHNIQUES

This chapter describes available contreol techniques
that can be used to reduce emissions from sources in the
gasoline distribution network. A large portion of the
gasoline distribution industry employs vapor contrel
teéhnology that has been demonstrated, installed, and
ocperated at facilities for many years. The control strategy
for storage tanks has been to reduce emissions by use of
submerged fill and/or floating roofs. The control strategy
for truck loading and unloading areas at bulk terminals,

" bulk plants, and service stations, has been to incorporate
submerged f£ill and to collect and transfer vapors back to
the bulk terminal vapor recovery unit (VRU) or afterburner
for treatment. The control of fugitive emissions from pumps
and valves has been studied extensively for other petrocleum
and chemical process industries but never specifically
'applied to gasoline marketing sources through EPA rules.
Controls for storage tanks, bulk plants, bulk terminals, and
underground tank filling at service stations are commonly
referred to as Stage I. Controlling emissions as a result
of vehicle refueling at service stations is commonly
referred to as Stage II, but is not included in this source
category effort.

This chapter discusses techniques for controlling
emissions from each of the sources in the gasoline marketing
chain. For each source or type of sources, the control
techniques discussion is followed by a section addressing
the technique effectiveness. 1In most instances, this
discussion is in terms of effectiveness for controlling
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VOCs. Since the focus of Title IIY is the control of HAPs,
the effectiveness of controlling HAPs 1is critical. 1In all
instances except bulk gasocline terminal locading racks, the
effectiveness for HAPs should be comparable to that for VOC,
This 1s because all of these technologies involve the simple
capture and/or collection of the vapors (in the case of bulk
plants and service stations), the prevention of vapor
formation (in the case of floating roofs for storage tanks),
or the prevention of vapor leaks from equipment. A
difference would not be expected in these methods for the
control of HAPs. The section on bulk terminal vapor
processors contains a discussion specific to the control of
HAPs. '

4.1.1 Submerged Fill

One basic method of reducing vapors generated during
the loading of gasoline into tank trucks, aboveground
storage tanks, underground storage tanks, or any cdntainer
or vessel is by using submerged fill. Submerged fill is the
intreduction of liquid gasoline into the tank being filled
with the transfer line outlet being below the liquid
surface. Submerged filling minimizes droplet entrainment,
evaporation, and turbulence. This is compared to splash
loading where the transfer line outlet is at the top of the
tank (Figure 4-1a).

Submerged filling of tank trucks at outgoing loading
racks can be either by a submerged f£ill pipe or bottom
loading. In the top submerged fill pipe method, the fill
pipe descends to within 15 centimeters of the bottom of the
tank truck (Figure 4-1b). - In the bottom filling method, the
fixed fill pipe enters the tank truck from the bottom
(Figure 4-1¢).

As discussed in Chapter 3 (Section 3.2.1.3), submerged
filling can reduce emissions by approximately 60 percent
compared to splash filling.
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4.1.2 Loading Racks at Bulk Terminals

4.1.2.1 Location and Applicability. Bulk gasoline
terminals are the first key transfer points from refineries
to tank truck distribution. Loading racks at terminals
allow the metered loading of products from bulk terminal
storage to large transport trucks. Loading rack equipment
does not vary in type from small to large facilities, rather
the number of loading positions increases.

The control techniques described in this section are
applicable to all terminal loading racks. In addition,
these controels have been used at terminals for many years
and the baseline analysis presented in Chapter 3 (see Table
3~10) estimates that approximately 70 percent of the bulk
terminals will have some type of vapor processor in place in
1990.

4.1.2.2 Desc;igtion‘of Control Techniques. Emissions
resulting from outgoing transfer operations at terminals are
controlled by two main elements, a vapor processing system
(or vapor processor) and a vapor collection system. A
simplified example of controls at bulk gascline terminals is
shown in Figure 4-2. The vapor collection system consists
of all the piping and components necessary to transfer the
air-vapor mixture from the loading rack and tank truck or
railcar_ to a vapor processor. A properly designed vapdér
collection system at the terminal should not result in
excessive back pressure at the tank truck or railcar during
loading and should have no vapor leakage during transfer.
It is also necessary that provisions be made in the vapor
collection system to prevent vapor displacement from cne
loading position to another. Check valves are typically
used for this purpose.

There are three major types of vapor processors
commonly used at bulk terminals: (1) carbon adsorbers,

(2) thermal oxidizers, and (3) refrigeration systems. All
can be monitored for correct operation through use of
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temperature monitors in lieu of ceontinuous emission monitors
(CEMs)'that monitor specific pollutants in an emission
stream. However, CEMs are used at industry facilities
similar to bulk gasoline terminals to measure break-through
on carbon adsorbers. Carbon adsorption vapor recovery
systems use beds of activated carbon to remove gasoline
vapors from the air-vapor mixture. These units generally
consist of two vertically positiaoned carbon beds and a
carbon regeneration system. During gasoline tank truck
loading activity, one carbon bed 'is used for adsorption
while the other bed is being regenerated, usually by vacuum
application accompanied by an air purge.

Figure 4-3 illustrates a simplified schematic of a
typical carbon adsorption system. The vapors enter the
active carbon bed through the bottom and are dispersed
upward through the carbon. Hydrocarbons are adsorbed on to
the carbon, and purified air exits toc the atmosphere through
the top vent. As hydrocarbons are being adsorbed in the on-
stream bed, the other carbon bed is being regenerated.
Regeneration occurs by applying a high vacuum to the carbon
bed using a liquid ring vacuum pump. Near the end of the
regeneration cycle, an ambient air purge is introduced into
the carbon bed to enhance regeneration. Hydrocarbon vapors
and condensed hydrocarbon liquids discharge from the vacuum
pump to a separator/absorber vessel. The liquid collected
in the separator is returned toc storage. Non-condensed
vapors, aleong with a small gquantity of air, flow to the base
©f the packed absorber column and rise upward. Ligquid
gasoline from storage is pumped to the top of the column
and, as it cascades downward through the packing into the
separator, absorbs virtually all of the hydrocarbons from
the air/hydrocarbon mixture. The small amount of
hydrocarbon vapor and air exiting the top of the absorber is
recycled to the carbon bed that is con-stream. Two carbon
beds are used for continuous service.
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Manufacturers indicate that most carbon adsorber-
absorbér systems on the market can meet the emission level
of 35 mg of hydrocarbon per liter of product loaded, as
specified in the regulations. One manufacturer estimates
that a carbon adsorption/absorption system can recover
approximately 2 gallons per 1,000 gallons of gasoline loaded
at an average inlet hydrocarbon vapor concentration of 40
percent.'

Manufacturers alsc report that they can provide vapor
recovery units using the same technelogy that will achieve
emission rates under 10 mg/l. These more efficient units
are equipped with more activated carbon and greater vacuum
capacity thus accomplishing a reduction in emission rates.?

Thermal oxidation units are used to control emissions
from bulk terminals without recovering any gasoline. The
gasoline vapor-air mixture generated from transfer
operations at the loading rack can be piped to either a
vapor holder or directly to the oxidizer unit. The vapor
holder stores the air-vapor mixture from the loading rack so
that the system can process gasoline vapors at a relatively
constant concentration and flow. Once ignition has been
initiated in the thermal oxidizer, the air-vapor mixture
serves as the fuel and the combustion process continues —

until all of the vapors have been burned. Typical thermal
oxidation units include elevated flares, enclosed flgres,
and temperature controlled combustors (including those
devices where only the combustion air is controlled).

The elevated flare system typically contains a
combustion unit, special anti-flashback burner(s), automatic
ignition pilot with a continuous monitor, motor operated
vapor block valve(s), flame arrestor(s), an air-assist
blower, a liquid'seal, piping, instrumentation and a master
control panel. Figure 4-4 illustrates a simplified flow
diagram for an elevated flare system. When not in use, the
vapor combustion system is in a standby mode with no pilet
flame, the vapor block valve is clased, and the air-assist
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blower is off. The start-up sequence begins with a short
air pufge using the air-assist blower to purge the air
plenum of any combustibles prior to pilot ignition. This
brief air purge is followed by automatic electronic ignition
of the pilot. Pilot fuel of propane or natural gas is used.

After the pilot ignition, product loading begins at the
loading rack and an air-vapor mixture begins to flow from
the transports being loaded to the vapor combustion systemn.
Flow through the vapor combustion system first consists of
the air-vapor mixture from the loading rack bubbling through
a liquid seal. As scon as sufficient flow is attained, the
pressure monitoring controls automatically open the vapor
block valve allowing the air vapor mixture to flow through
the flame arrestor to the burner, where the combustible
vapors are ignited by the pilot and burned. Only minimai
pilot fuel is needed. The gasoline vapor air mixture
provides sufficient fuel to maintain combustion
temperatures. The air assist blower provides partial
combustion air and mixing energy teo the burner tips to
assure smokeless combustion. As the loading operation is
completed, vapor flow to the combustion unit decreases. The
pressure monitoring system closes the vapor block valve when
..the vapor flow is insufficient to maintain minimum butrier
velocity. 1If no further loading occurs, the combustion unit
will shut down and return to the standby mode to await
automatic re-start as previously described.

The enclosed flare cperates similarly to the elevated
flare but has the advantage that the flame is totally
contained in a refractory-lined cylinder. This can help to
minimize thermal radiation and noise. Figure 4-5
illustrates a typical enclosed flare.

The temperature controlled flare is generally used if
the combustion temperature has to be maintained at a minimum
temperature or if the waste vapor does not have sufficient
combustible content to maintain combustion. This system has
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the same features as the enclosed flare with the addition of
automatic temperature contrcol which is accomplished by the
application of quench air and supplemental fuel. Combustion
air is controlled by dampers to ensure the proper oxygen
content and temperature. This system also automatically
supplenents the waste vapor, as needed, with assist gas
{normally natural gas or propane). Figure 4-6 illustrates a
temperature controlled flare. )

Refrigeration type recovery units recover gasoline
vapors from the loading operation in the form of a liquid
product. In the refrigeration system, the air-vapor mixture
from the loading racks is routed to a condensation chamber
and passed over a series of cooling coils. Temperatures in
the condensation section can be as low as ~119°F (~84°C).
The gasoline vapors condense, with some water vapor in the
air, and are separated in a gasoline/water separator,

In this unit, the vapor mixture is precooled to a water
vapor dew point of approximately 34°F (1°C) to remove most
of the water vapor. From the precooler unit, the vapor
enters the condenser where vapor with heavier molecular
weight is condensed and collected. The design and use of
refrigeration direct expansion condensing coil heat

...__exchangers .permits raising-the refrigeratich compressor

suction pressure. This results in increased capacity of the
unit at a constant condensing temperature. At periodic
intervals, defrosting the finned surfaces may be required.
This is accomplished by circulation of a warm solution which
is stored in a separate reservoir. Defrosting is normally
completed in 30 to 60 minutes, depending upon the amount of
frost collected on the finned surfaces. The warm solution
temperature is maintained by heat reclamation from the
compressor equipment. There are also multi-stage
refrigeration units that allow the vapor to be cooled to
even lower temperatures. In these units, refrigerants are
used to cool other refrigerants that in turn cool the vapor.

|
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Figure 4-7 illustrates a simplified diagram of a
refriqération system.

Controlling emissions from railcar loading racks 1is
very similar to control at truck racks. The vaper
processors discussed above for truck loading racks are
sultable for contrelling emissions from railcar loading.

4.1.2.3 Effectiveness of Control Techniques. Vapor
processors for controlling loading rack emissions at bulk
terminals have been in place for over a decade for the
control of VOC. The CTG level of control for ozone
nonattainment areas was set at 80 mg VOC/liter in 1977.3
Processors have not experienced difficulty meeting this
level. 1In addition, the NSPS level of control for new,
modified, and reconstructed sources was set at 35 mg/liter
in 1983 (40 CFR 60 Subpart XX). Control device
manufacturers have also not experienced difficulty designing
and manufacturing devices to meet this level. In the Bay
Area and Sacramento Air Quality Management Districts of
California, the limit is set at 10 mg/liter. While the
types of control devices that nmeet this level may be
limited, sources are able to comply with these limits for
VOC control. Additionally, afterburners may be retrofitted
these specific emission levels. These combustors are
somewhat different than flares in that they are designed to
destruct an air and hydrocarbon mixture, while flares are
designed to burn only hydrocarbons. Several plants in
California have undergone this retrofitting cperation
(Texaco, Arco, and Santa Fe pipeline) and now meef the
required emissions limitations.*

Table 4-1 contains a summary of test data obtained from
various State agencies including the California Air
Resocurces board and the American Petroleum Institute, as
well as data previously gathered by the EPA. The data are
pPresented in emission limitation order, from lowest to
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TABLE 4-1. SUMMARY OF EMISSION TEST DATA
FOR BULK GASQOLINE TERMINAL VAPOR PROCESSORS

=m==—#_—=_——-—__—-—m

Al lowable Actual Source
Control Date of Emissions Emissions 14

Type Teat (ma/1) tmg/ 1) bata
10 08/22/90 10 0.008 2
CA 06/01/90 10 0.06 2
10 : 09729789 10 0.11 2
CA 09720/99 10 0.6 2
T0/vAY 11/30/89 10 ) 1.1 2
T0 08/30/89 10 1.2 2
CA a7/12/89 10 . 1.4 2
TO/REF 06/29/90 10 1.7 2
CA 03/24/89 10 1.9 2
CA 03/08/89 10 1.9 2
REF 09/06/90 19 2.4 2
CA 08/10/89 10 3.6 2
cA 08/09/89 10 4 1.5522 2
TO/CRA 07726189 35 0.12 2
CA 01/30/90 k4] 0.33 t
cA 10/23/90 35 0.45 1
CA 09/08/89 3s 0.5 1
CA 12/15/89 15 0.7 4

ca 03/13/90 1 0.7% B ——
& 220089 15 - 0.9 4
ca 01/04/90 s 1.1 1
CA 01/04/90 5 1.1 4
CRA 06/20/90 35 1.6 1
CA 11729788 15 1.8 1
ca 06/13/90 3 1.8 1
cA 08/08/81 35 1.97 1
CA ) 12/07/89 35 2.1 4
REF 04712790 35 2.5 2
ca 06/04/89 s 2.8 1
cA 06/15/90 35 2.9 1
veu® 09/19/90 35 2.9 1
ca 10/26/81 35 3 1




TABLE 4-1. Continued
——
Allowable Actual Source
Control Date of Emissiong Emissions of
Type Test {mgsi) {ma/L) Data
A 04/09/87 35 3.1 2
! 03/07/89 35 3.1 1
ca 07/03/90 35 3.2 !
cA 02/28/89 35 3.4 1
CA 07710/ s 3.8 1
cA NA 35 3.5 '
10 09/11/89 35 3.7 1
cA 06/28/90 35 6.3 1
vRu® 06/26/90 35 6.4 1
CA 05/20/87 35 4.8 !
cA 0272701 35 5 1
€A " a3/01/91 33 5.1 1
ca 05/14/91 35 5.2 1
CA 03/10/88 35 5.3 1
CA - 02/12/89 35 5.5 1
cA 10/11/89 35 5.5 !
CA 07/25/90 35 5.7 1
cA 06/25/90 35 5.8 1
vey® 07/25/90 35 6.1 1
J) 93/07/8% 35 7.35 1
CA 06/22/89 35 3.3 2
CA 06/20/90 35 $.3 L
CA 09/15/89 35 9.4 '
0 07/29/87 15 9.5 1
o 03/22/91 35 9.5 1
CA 05/17/91 35 10.8 1
tA 02/07/%0 35 11 2
cA 06/08/90 35 1.4 1
A 12/16/88 35 13.8 1
10 10/24/90 35 13.9 1
CA 05/10/91 35 4.4 1
CA 06/29/90 15 15.2 1
REF 09/21/89 35 15.4 2




TABLE 4-1. Continued
Allowable Actual Sourca
Controtl Date of Emissions Emissions of
Type Test (mgs L) {mgsL) Data

cA 06/21/89 38 18 2
cA 07/11/%0 35 18.2 1
REF 03/28/%0 35 19.7 1
CA 5/05/89 35 0.8 1
REF 06/29/88 35 3.7 t
10 07720789 35 ) 27 1
REF 03702790 35 29.8 1
REF- 03/25/87 35 30 2
REF 05/11/88 35 33.6 2
ca 12/05/89 35 8.575¢ 3% 7.3589 2
CA Q7/20/90 &0 0.22 2
10 12/16/80° ao® 0.2 3
™0 01/20/81 8o0® 0.22 3
A 09/17/80° 8o® 0.45 3
CA 09/22/80° 80® 0.66 3
A 02/04/81 so® 1.2 3
TO/COM 05/14/80° 8o® 1.2 3
cA 01/22/81 80 1.5 3
ca 02/02¢81 8e? 1.6 3
e 02/06/81 ao® 1.6 3
CA 19/01/80° a0® 1.4 3
CA 10/06/80° ac® 2.3 3
cA 12/02/83 ao® 3.5 1
CA 11/14/80° ag® 4.5 3
cA 09/26/80° ao® 4.5 3
cA 11742s80° 20® 4.8 3
ca 10/10/80° 8o® 5 3
CA a2/11/81 8a® 5.2 3
ca 11/713/80° 80? 5.4 3
CA 06/08/79 80® 5.9 3
cA 10/01/30° 8p? 6.3 3
¢A 07/10/30° 80 8.7 3
cA 04/30/80° ag® 8.9 3
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TABLE 4-1. Concluded

Allowable Actyal Source
Central Date of Emissions Emissions : of
iype Tast (mg/L) {mg/i) Data
cA 01/08/31 ap® 7.5 3
ca 12/99/80° 80 7.7 3
Ca 06/28/90 80 7.8 1
cA 05/22/80° 8o® 7.9 3
vau® a7/11/91 30 , 8.4 1
cA 10/03/80° 80® ) 1 3
ca 09/29/80° 80° 15.6 3
oA 10/02/80° 80® 17.9 3
CA 05/26/8% 8 21.2 1
REF 0$/30/80% ao® 21,9 3
REF 03/26/81 20 2.5 3
ca 97/31/90 80 30.9 1
REF 02/20/81 a0 41.8 3
REF 11/07/90 80 46.5 1
T0 _10/31/84 80 60.5 1
REF 12/19/89 29 ' 9.4 4
CRA 04/25/84 a0 ‘ 69.8 1
CA 10/31/89 108 0.18 2
Sources
! Test reports obtained from requests made to State Agencies, Data obtained from
Georgia, Xansas, Kentucky, Maryland, New Jersey, New Mexico, Oklahoma, Tennesses,
Texas, 'Virginia, Washington, and Wisconsin, October 1991,
2 CARB Bulk Gasoiine Terminat Vapor Recovery System Certifications, October 23, 1990,
3 Bulk Gasoline Terminal Background Information Document, Volume 11 (EPA-450/3-80-0388),
August 1983,
4 American Petroleun institute study, "Determining the Benzene Emission Factor of
Existing Marketing Terminal Vapor Recovery Units®, June 1990.
Notes
(a) Arithmetic average emission rate for units subject to 10 mg/l standard.
(b) Vapor recovery unit (VRU) type not specified.
(¢} Arithmetic average emission rate for units subject to 35 mg/l standard.
()  Arithmetic average emission rate for combination of 10 mg/{ and 35 mg/L units.
(e}  Allowable emissions not reported. Assumed allowable emissions equal to 80 o/l since

mast of the fests reported from Source 4 performed prier to the propesat of the NSPS
for bulk terminals (December 1980).

NA a Not available,
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highest. Also provided are the dates the tests were
performed, the vapeor control system types (CA = carbon
adsorber, TO = thermal oxidizex, REF = refrigeration unit,
VRU = vapor recovery unit, CRA = compression/refrigeration/
carbon adsorber unit, COM = compression unit), and the
emission rate determined during the tests. Insufficient
information was available in the test data that was
submitted to determine the type of flare system tested
(elevated, enclosed or temperature cantrolled with or
without a vaper holder, etc.). The test data indicate that
control systems of all three types discussed above easily
meet the appropriate emission limitations and that emission
rates less than 10 mg/liter can be achieved.

As discussed in Appendix D, it is assumed that 94 per-
cent of uncontrolled leoading at terminals occurs by
submerged fill and 6 percent by splash £ill. Using the
submerged f£ill (738 mg/l) and splash fill (1,776 mg/l)
emission factors calculated from the national weighted
average RVP {(11.4 psi) and the selected temperature (60°F),
the weighted average emission factor for uncontrolled
loading at terminals is calculated to be 800 mg/1l.
Therefore, the levels of control discussed above represent

~ control efficiencies of _total VOC of -approximately 90— T
percent at 80 mg/liter, 95 percent at 35 mg/liter, and 99
percent at 10 mg/liter.

The focus of this report is the control of HAPs. It is
possible that these vapor processors could control HAPs at a
different percent reduction than total VOC. Therefore, the
effectiveness of each of the three major types of control
devices is discussed below.

Initially, the effectiveness of controlling HAPs
relative to gasoline vapor can be considered from a
theoretical standpoint. As discussed in Section 3.2.2.1 the
majority of gasoline vapors are made up of alkanes with four
or five carbens. However, most of the HAPs contained in

gasoline vapor are aromatic compounds. There are several
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properties of aromatics that allow their control
effectiveness to be higher than the alkanes.

First, it would be expected that both carbon adsorption
and refrigeration/condensation type control systems would
control these aromatics to a level slightly greater than
that for total VOC. This is because ¢of the higher molecular
weights and lower boiling points and volatilities of the
aromatics. Conversely, due to the increased bond strength
in aromatic compounds, incineration may control the more
volatile and lighter compounds slightly better than the
aromatics.

Specific tests have been conducted to determine the
contreol device efficiency for HAPs. Several test reports
from the late 1970’s and early 1980’s were analyzed tc
estimate benzene emissions from various types of vapor

processors.’

This analysis showed that carbon adsorption
and refrigeration systems significantly reduced VOC and
benzene in the wvapor stream.

In a report entitled "Determining the Benzene Emission
Factor of Existing Marketing Terminal Vapor Recavery
Units"®, dated June 4, 1990, Am Test, Inc. {(for API)
described emissicns testing and liquid and vapor sample
analyses for five terminals in the Pacific Northwest. The
intent of this test program was to make a rapid
determination of the ability of existing vapor recovery
units at bulk terminals to meet the EPA proposed benzene
emission standard (1989) of 0.2 mg/liter. One control
system was a refrigeration system designed to meet the 80
mg/liter VOC standard and the other four were carbon
adsorption systems designed for the 35 mg/liter voC
standard. Hydrocarbon emissions from the adsorption systems
ranged from 0.7 to 2.1 mg/liter, while emissions from the
refrigeration system were 69.6 mg/liter. The average
benzene concentration in both regular (leaded) and unleaded
liquid gasolines was 2.2 percent, while the concentration in

super grade averaged 2.5 percent. The benzene emissions
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averaged less than 0.0l1 mg/liter, and the concentration in
the system outlet vapors was less than 3 ppmn.

The report also summarized test results from an
independent study conducted by an API member company in
southeastern Pennsylvania. This testing was conducted
November 14-17, 1989, on four systems described in the
report as charcoal, refrigeration, lean oil charcoal, and
compression. Hydrocarbon emission rates were 11 to 14
mg/liter for the charcoal systems, and 45 and 152 mg/liter,
respectively, for the refrigeration and compressicn systems.
Control efficiency for benzene was well over 329 percent for
all systems except the compression type, which controlled
benzene at 72 percent.

Inlet and outlet vapor samples were also analyzed for
toluene and xylene content. Toluene control efficiencies
were approximately 99 percent for all systems except the
compression system, which controlled toluene at about 75
percent. Xylene was controlled at 85 to 98 percent for the
three systems and at about 76 percent by the compression
system. .
4.1.3 Storage Tapnks at Terminals and Pipeline Facilities

4.1.3.1 Locations and Applicability. Gasoline storage

_tanks are located at all of the gasoline marketing-

facilities with the exception of pipeline pumping stations.
However, the‘type of storage tank varies considerably among
the gasoline storage and distribution facilities. This
variation ranges from large external floating roof tanks
having capacities of up to 5 million gallons at pipeline
breakout stations and bulk terminals to underground storage
tanks with capacities of around 10,000 gallons at service
stations.

The control techniques discussed in this section are
specifically related to the larger storage tanks at pipeline
breakout stations and bulk terminals. Control techniques
for bulk plant and service station storage tanks are
discussed later in this chapter.
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4.1.2.2 Description of Control Technigues. Storage
tank emissions arise from breathing losses and from filling
and emptying losses (working losses). There are two major
types of storage vessels, fixed-roof tanks and external
floating~-roof tanks. Fixed roof tanks may-have internal
floating roofs as well. Each tank type has its own
associated emission rate.

Storage tank control requirements for gasoline storage
tanks have been made by the EPA through control technigue

documents, '8

As discussed in Appendix D, many States have
promulgated regulations in response to these CTGs for
storage tanks. In addition, the EPA has promulgated NSPS
requlations for petroleum storage tanks (40 CFR 60 Subparts
K, Ka, Kb) that apply to gasoline storage tanks at terminals
and pipeline facilities.

A fixed-roof tank is the original, traditional vessel
used for the storage of gasoline. Working losses (filling
and emptying losses) and breathing losses normally incurred
from the storage of gasoline in fixed-roof tanks can be
reduced in the following ways:

* by the installation of an internal floating roof

with rim seals; or

* by the installation and use of a vapor processing

system (e.g., carbon adsorption, incineration, or
refrigerated condensation): or -

* a vapor balance system.

Fixed-roof tank emissions at bulk terminals and
pipeline breakout stations are most readily controlled by
the installation of internal floating roofs. An internal
floating roof, regardless of design, reduces the area of
exXposed liquid surface to air in the tank. Reducing the
area of exposed ligquid surface, in turn, decreases the
evaporative losses which are the largest source of emissions
for this piece of equipment. The presence of the floating-
roof vapor barrier precludes direct contact between a large
portion of the liquid surface and the atmosphere, thus
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reducing emissions. All internal floating roofs share this
design-benefit. The relative effectiveness of one internal
floating-roof design over another is a function of how well
the floating roof can be sealed.

From an emissions standpoint, the most basic intermal
fleoating-roof design is the bolted, aluminum, internal
floating roof with a single vapor-mounted wiper seal. The
four types of losses from this roof design are: (1) rim or
seal losses, (2) fitting losses, (3) deck seam losses, and
{4) withdrawal losses. Rim or seal losses and fitting
losses constitute the largest percentage contribution to the
total loss from an internal floating roof tank.

External floating-roof tanks do not -experience the
fitting losses or deck seam losses that occur with most
internal floating-roof tanks. External floating-roof tanks
are constructed almost exclusively of welded stesel, thus
assuring the absence of the deck seam losses. Further,
because of the roof design, few if any deck penetrations are
necessary to accommodate fittings.

Rim seal losses and withdrawal losses do occcur with
external floating-roof tanks. The only difference between
external floating-roof tanks and internal floating roofs is
that the external floating-roof seal losses are believed to

~be-dominated by wiRd induded mechanisms.’ Withdrawal losses
in external fleoating-roof tanks, as with intérnal floating-
roof tanks, are entirely a function of the turncver rate and
inherent tank shell characteristics. No control measures
have been identified that are applicable to withdrawal
losses from floating-roof tanks.

4.1.3.3 Effectiveness of Control Technigues.

Available emissions test data'’ suggest that the location of
the seal (i.e., vapor- or liguid-mounted) and the presence
of a secondary seal are the primary factors affecting the
effectiveness of seal systems. A liquid-mounted primary
seal has a lower emissions rate and thus a higher control
efficiency than a vapor-mounted seal. A secondary seal, be
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it in conjunction with a liquid- or a vapor-mounted primary
seal, provides an additional level of control.!" See Table
4.2 for an explanation of these results.

Rim seal losses from external fleating-roof tanks vary
depending on the type of seal system employed. As with
internal floating-roof rim seal systems, the location of the
seal (i.e., vapor- or liquid-mounted) is the most important
factor affecting the effectiveness of resilient seals for
external floating-roof tanks. The relative effectiveness of
the variocus types of seals can be evaluated by analyzing the
seal factors. These seal factors were developed con the
basis of emission tests conducted on a pilot scale tank.
From such an analysis it is clear that ligquid-mounted seals
are more effectiye than vapor-mounted seals at reducing rim
seal losses. Metallic shoe seals, which commeonly are
employed on only external floating-roof tanks, are more
effective than vapor-mounted resilient seals but less
effective than liquid-mounted resilient seals. Table 4.3
enumerates these results. -

4.1.4 Tank Truck Leakage
4.1.4.1 Locations and Agplicabiiitz. Just as there

are several loading methods and types of rack equipment at
terminals and bulk plants to fill tank trucks with gasoline,
there are several compatible truck loading systems. |
Gasoline tank trucks are normally divided into compartments
with a hatchway at the top of each compartment. Top loading
can be accomplished by opening the hatch cover and
dispensing product directly through the hatch by splash or
submerged fill. A top loading vapor system, compatible with
the hatch, permits loading through the hatch while vapors
are collected. A better vapor-tight seal is realized when
bottom loading is used. A 1979 survey'? covering

approximately 1,900 tank vehicles, or about 2 percent of the
gasoline tank truck populaticn at that time, indicated that
22.8 percent of tank trucks had only top locading, while the




TABLE 4-2. GASOLINE STORAGE TANK EMISSIONS®

Tank & Seal Type % Reduction Incremental
From Least % Reduction
Control

Fixed-Roaf Uncontrolled - -
"Least Control”

Internal Floating Roof

Primary -Seal only 93.5% 93.5%
(Vapor-mounted)

Primary Seal only 94.9% 1.4%
(Liquid-mounted)

Primary Seal 95.1% 0.2%

{(Vapor-mounted)
w/Secondary Seal

Primary Seal 95.5% 0.4%
(Liquid-mounted)
w/Secondary Seal

Calculated with equations from Section 4.3 of AP-42 using the Nationwide
weighted average RVP of 11.4 and a temperature of 60°F.




TABLE 4-3. GASOLINE STORAGE TANK EMISSIONS®

%w

Tank & Seal Type % Reduction Incremental %
From Least Reduction
Control

External Floating Roof

Primary Seal oniy - -
(Vapor-mounted)
"least contreol®

Primary Seal 38.7% 38.7%
(Vapor-mounted)
w/weather shieid

Primary Seal 63.8% ' 25.1%
(Vapor-mounted)
w/Rim-mounted secondary

Primary Seal oniy 30.5% 16.7%
(Mechanical) .
Primary Seal 90.6% 10.1%

(Mechanical)
w/Shoe-mounted secondary

Primary Seal onty 9]1.2% o 0.6%
(Liquid-mounted)
Primary Seal 93.1% 1.9%

{Liguid-mounted)
w/weather shield

Primary Seal 94.8% 1.7%
{Mechanical)
w/Rim-mounted secandary

Primary Seai 94.9% 0.1%
(Liquid-mounted)
w/Rim-mounted secondary

——
_—
a

Calculated with equations from Section 4.3 of AP-42 using the Nationwide
weighted average RVP of 11.4 and a temperature of 6Q°F.
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remaining 77.2 percent could be either top or bottom loaded.
Althoﬁgh no mere recent definitive information is available,
the trend is toward more trucks using bottom loading, due to
State vapor recovery regulations and the advantages cited
earlier. _
Tank trucks become a separate source of emissions when
leakage occurs from the truck-mounted vapor collection
systems and truck compartment dome covers. This vapor
leakage has been estimated to be as high as 100 percent,
with an average loss of 30 percert.'
4.1.4.2 Description of Control Technigues. There are
two basic control methods for reducing emissions from tank
truck leakage. Vapor leakage can be minimized by ensuring'
that the tank trucks are vapor-tight or a vacuum can be
generated to draw the vapeors from the tank truck tc the
vapor processor. Figure 4-8 illustrates the tank truck
vapor colleétion-equipment.
There are two methods of ensuring vapor-tightness for
trucks, both involving the periodic leak-testing of the
tanks. The CTG for gasoline tank trucks recommends pressure
limits for an annual test on the tanks and their vapor

collection equipment.'® The CTG recommendations for vapor
.tight tank trucks-are that 1) the-tank truck must-pass an
annual leak-tight test that requires having less than 3" H,0
pressure change under 18" H,0 pressure or 6" H,0 vacuum; 2)
there will be no leaks greater than 100 percent of the lower
explosive limit (LEL) when monitored at any time with a
portable combustible gas analyzer; and 3) vapor collection
systems back pressure not exceed 18" H,0 pressure when
measured at the truck.

In addition to the CTG level, many districts in the
State of California require an annual leak-tight test with
less than 1" or 2" H,0 pressure change rather than the CTG
recommendation of 3". 1In addition to this difference, there
are enforcement programs in California that actively monitor
trucks using portable gas analyzers or equivalent methods.
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The combination of this more stringent test and increased
enforcement, results in a control level slightly more
effective than the CTG level.

Recently, the U.S. Department of Transportation (DOT)
has also required an annual leak tightness test for cargo
tank trucks. According to 49 CFR Part 180 § 407 (c), the
DOT test requires all cargo tanks, except cryogenic tanks,
to have an annual leakage test. The test specifies that the
cargo tank should be pressurized to at least 80% of the
maximum allowable working pressure (MAWP) which is
approximately 2-3 psi for a typical gasoline tank truck.
Once pressurized, the cargc tank must maintain the test
pressure for at least 5 minutes. Any valves or vents set at
a release pressure lower than the test pressure are either
rendered inoperative or capped off prior to testing. Such
valves include the P~V vent under the dome plate assembly
and the vent valve which is connected to the overturn rail.
The DOT leakage test does not include a vacuum test as
specified in EPA’s Method 27. However, the DOT considers
EPA’s Method 27 test an acceptable alternative. The P-V
vents under the dome covers that are capped ocff during the
DOT test are pq;ential,emission—points, thus Methodrzi-f“

tésting is needed to make certain that the tanks are vapor
tight at loading (less than 14 inches of water) and
unloading (less than 6 inches of water) pressures.

Vapor leakage can also be minimized through the use of
a vacuum assist system. The system employs a vacuum source
in the vapor return line and maintains a slight negative
pPressure at the tank truck during loading. The system is
designed, through permissive interlocking, to prevent
loading from occurring unless an adequate vacuum is created
and maintained in the system. Only one bulk terminal has
employed this system on three truck loading racks. At that
terminal, the negative pressure was created at the tank
truck and in the vapor return line by means of a 15 horse
power (hp) blower. This system application for truck
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loading racks is relatively new technolegy and although it
is now employed at only one terminal, apparently others are
planned.’

4.1.4.3 Effectiveness of Techniques. The
effectiveness of vapor control systems at bulk terminals and
bulk plants is dependent upon the absence of leaks in the
vapor-containing equipment on the tank truck. 1In EPA-
sponsored tests, the average vapor loss due to tank truck
leakage was determined to be 30 percent in areas having no
tank truck vapor tightness regulations.' In June 1978 the
EPA conducted a series of vapor leak tests on 27 tank trucks
that were required to undergo an annual leak tightness
test.'” Tests were conducted on the tank trucks before any
maintenance was performed to establish the truck leakage
rate since the last certificatien. Evaluation of this data
indicated that the average leak rate for those tanks tested
prior to maintenance was approximately 10 percent, meaning
that, on the average, approximately 10 percent of the air-
vapor mixture exhausted from a requlated gasoline tank truck
during product lcoading would leak to the atmosphere without
reaching the vapor processar.'®

The design on the vacuum assist system suggests that
tank truck leakage should be reduced to near zero at the
truck. Although leakage at the truck is reduced or
eliminated, the vacuum system introduces additional air into
the vapor collection system requiring additional processing
by the vapor processing system. Test data on this system
are not yet available for effectiveness analysis.
Additionally, these systems could not be used without a
processor, therefore'they would not be appropriate at a bulk
plant where a processor is not in use.
4.1.5 Tank Truck Unloading and lLoading at Bulk Plants

4.1.5.1 Location _and Applicability. Bulk plants are a
secondary facility in the gascline distribution system and
are typically located in more rural areas. Bulk plants have
fixed roof tanks for storing gasoline and have loading racks

4-31




that do the same job as those at terminals, only on a
smaller scale. Control of gasoline working and breathing
losses resulting from storage and handling of gasoline at
bulk plants can be accomplished through submerged £ill and a
vapor balance system. The EPA developed CTG guidelines for
bulk plants in 1977" recommending control alternatives of
1) submerged fill of ocutgoing tank trucks, 2) submerged fill
of outgoing tank trucks and vapor balance for incoming
transfer, and 3) submerged fill and vapor balance for
outgoing transfer and vapor balance for incoming transfer. .
4.1.5.2 Description of Control Technigues. The vapor
balance system consists of a pipeline between the vapor
spaces of the truck and the storage tank which essentially
creates a closed system allowing the vapor spaces of the
storage tank and the truck te balance with each other.
Figure 4-9 shows the balance system at a bulk plant. The
net effect of the system is to transfer vapor displaced by
liquid in the storage tank into the transport truck during
transfer of gasoline into the storage tank. This prevents
the compression and expansion of vapor spaces which would
otherwise occur in a filling operation. If a system is leak
tiéht, very little or no air is drawn into the system, and
venting, due to compression, is also substantially reduced.
Also vapor balancing of storage tanks and outgoing account
trucks reduces account truck filling losses and virtually
eliminates emptying losses from storage tanks (i.e.,
displaced vapors are returned to the storage tank in this
closed balance system).

4.1.5.3 Effectiveness gf Control Techniques. As
discussed earlier, submerged filling of tank trucks can
reduce vapor loss by almost 60 percent when compared to
splash loading.

The balance system has proven to be effective in bulk
plant applicaticons for both the delivery of gasoline by
transport trucks to the bulk plant and for loading account
trucks. Based upon test data, controls on bulk plant
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storage tanks can reduce filling and working/breathing
losses and tank truck loading losses by greater than 95
percent.m'm'22

Based on the uncontrolled emission rates discussed in
Chapter 3 (see Table 3-8), an emission factor of
54.0 mg/liter was used to represent the balance system
control technology for tank filling losses based upon
95 percent control of the uncontrolled emissions
(1,081 mg/liter). Emission factors for storage tank working
losses and tank truck loading losses were assumed to be 21.7
mg/liter and 61.8 mg/liter respectively, based upon 95
percent control of the respective uncontrolled emission
factors (tank working losses - 432 mg/liter, truck loading
losses (balance service) - 1,235 mg/liter). High
efficiencies are achieved by maintaining the integrity of
the storage tanks, tank trucks, and associated vapor
collection systems, and ensuring that proper connections are
made.

4.1.6 Service Stations
4.1.6.1 Location and Applicability. Service stations

are numerocus and located virtually everywhere. Vapor
balance and submerged fill controls for service station
underground storage tanks were recommended in a CTG issued

by the EPA in the mid 1970’s.3

4.1.6.2 Description of Control Technigues. Emissions
from underground tank f£illing operations at service stations
have been demonstrated to be reduced by the use of vapor
balance systems (Stage I control). In the service station
balance system, vapors which would normally be vented to the
atmosphere are routed back to the delivery truck during
unleocading through a vapor collection system. The truck
transfers the vapors to the terminal or bulk plant for
ultimate treatment by the vapor processors at the terminal.

Gasoline is loaded by gravity into the underground
storage tanks via a flexible hose. Liquid gasocline
displaces a nearly equal volume of partially saturated
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gasoline vapors. The vapor is routed through a pipe and
flexible hose connected to a vapor cocllection system (i}e.,
a manifolded pipe) on the transport truck. Liquid transfer
creates a slight pressure in the storage tank and a slight
vacuum in the truck compartment. These pressure differences
effectively cause the transfer of displaced vapor to the
truck. Because of a phenomenon known as vapor growth
(caused by liquid temperature differences) the truck volume
cannot always accommodate all of the vapors. Any excess
vapor is released through the vapor vent line shown in
Figure 4-10. To prevent this excess vapor from escaping
into the atmosphere, a pressure-vacuum (P-V) valve may be
installed on the vapor vent line. Not only would the P-V
valve prevent leakage caused by vapor growth during
underground tank loading, but such a device would also
prevent breathing losses due to diurnal fluctuations in
temperature and barometric pressure.2%%

4.1.6.3 Effectiveness of Control Technigques. The
effectiveness of the Stage I vapor balance system is
adversely affected by leaks. Truck hatches must be closed
and hose connections should be tight during lcading. Tests
demonstrate balance systems to be greater than 95 percent
efficient for reducing underground storage tank filling
losses.??.8 Note that breathing and emptying losses are
not controlled by this method. These two account for
5 percent of total station losses. However, by installing a
P-V vent some of this vapor loss can be stopped. According
to one source, an average 90,000 gallon/month facility will
save 8.3 gallons of gasoline/month by installing P-V valves
"on service station storage vents.¥®

In order for the vapor balance system’s performance to
be maintained at design efficiency levels, the following
objectives must be met:

+ assure that the vapor return line will be connected
during tank f£filling;
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+ assure that there are no significant leakg in the
system or tank truck which reduce vacuum in the
truck or otherwise inhibit vapor transfer:

+ assure that the vapor return line and connectors are
of sufficient size (minimum 3 inch in diameter) and
sufficiently free of restrictions to allow transfer
of vapor to the tank truck and achieve the desired
recovery; and )

*+ assure that gasoline is discharged below the
gasoline surface in the storage tanks (submerged
filling).

4.1.7 Fugitive Emissions

4.1.7.1 Locations and Applicability. Pumps, valves,
and other components capable of leaking and producing

fugitive HAP emissions are present at pipeline pumping
stations, pipeline breakout stations, bulk terminals, and
bulk plants. The control techniques discussed in this
section could be applied at any of these facilities. CTG
recommendations and NSPS and NESHAP regulaticns have been

developed to control fugitive emissions from pumps, valves,

‘and compressors in both liduid and vapor service, but not at

these specific facilities.

4.1.7.2 Description of Control Techniques. There are
basically two approaches to the control of fugitive
emissions from pumps, valves, and other components. The
first entails a leak detection and repair program in which
fugitive sources are located and repaired at certain
intervals. The second is a preventive approach whereby
potential fugitive sources are controlled either by
installing specified controls or leakless equipment.

Leak detection and repair programs use various
monitoring techniques in a leak detection program to
identify leaking equipment. These methods include
individual component surveys, area surveys, and fixed point
monitoring systems.

Each component is surveyed on a periodic basis.. There
are two common methods of conducting this survey. These
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include 1) leak detection by spraying each component with a |
soap solution and observing bubble formation, and 2} leak

detection by measuring VOC concentration with a portable VOC
detector. Another method is to perform visual inspections

of each component to detect the evidence of ligquid leakage.

The area survey entails walking through the area
measuring the ambient VOC concentration within a given
distance of all equipment located on ground and other
accessible levels. This is conducted using a portable VOC
detection instrument utilizing a 'strip chart recorder.

Fixed point automatic hydrocarbon sampling and analysis
monitors can also be placed at various locations. The
instruments may sample the ambient air intermittently or
continucusly. Elevated hydroccarbon concentrations indicate
one or more leaking components.

The detection of a leak is only the first step in
reducing emissions from leaking equipment. The emission
reduction depends on prompt and proper repair of the leak or
replacement of the component.

An alternative approach to controlling fugitive
emissions from these components is to replace them with
leakless equipment. There are various types of so-called
.leakless equipment.. These..include_ dual mechanical seal
pumps, sealless or canned-motor pumps, and closed-vent
systems with control devices.

4.1.7.3 Effectiveness of Control Technigues. The
control efficiency achieved by a leak detection and repair
program is dependent on several factors with the most
critical being the inspection interval. This interval is
related to the type of equipment and service conditions, and
different intervals should be specified for different pieces
of equipment. Monitoring may be scheduled on an annual,
quarterly, monthly, or even weekly basis. Monitoring may
also be scheduled for a skip-period approach where less
frequent monitoring is allowed for components that achieve a
specified level of performance. Estimated control
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effectiveness for leak detection and repair programs for
pumps and valves is shown in Table 4-4.3°

The installation of improved shaft sealing mechanisms
can reduce emissions toc a negligible level, and can be
eliminated entirely by installing sealless pumps. Also, the
installation of closed-vent systems with control devices can
be expected to achieve efficiencies of greater than 90
percent.?’




TABLE 4-4. ESTIMATED CONTROL EFFECTIVENESS FQOR LEAK
DETECTION AND REPAIR PROGRAMS FOR VALVES AND PUMPS
(PERCENT)

Control Effectiveness

Monitoring Interval Valves
Light Liquid Pumps
Monthly 59% 61%
Monthly/Quafterly 46% -
Quarterly 44% 33%
Source: Fugitive Emissions Sources of Organic
Compounds -- Additional Information on

Emissions, Emission Reductions, and Costs.
U.S. Environmental Protection Agency.

Research Triangle Park, NC. Publication No.
EPA-450/3-82,/010. April 1982.
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5.0 MODEL PLANTS AND REGULATORY ALTERNATIVES

This chapter presents a description of the model plants
used in the analysis to represent facility pepulation in the
United States in the 1998 base yéar. These model plants are
used in the estimation of the impacts of implementation of
the regulatory alternatives developed to reduce hazardous
air pollutant emissions. Section 5.1 presents the model
plants for pipeline facilities, bulk terminals, bulk plants,
and service stations. Section 5.2 discusses the regulatory
alternatives for each source category, including a’
discussion of the maximum degree of emission reduction
technology, best and floor control levels for each, and
lesser controls for area sources.

5.1 MODEL PLANTS

This section presents model plants for each of the
gasoline distribution industry sectors. Varying sizes of
facilities within each source category were selected to
represent a cross section of the total industry. For each
source category, model plant characteristics are provided
with a description of the design parameters for each. Also,
a nationwide profile using the model plants is presented by
distributing the total number of facilities across the
various model plants.
5.1.1 Pipeline Facilities

The pipeline facility model plant parameters for
pipeline pumping stations and breakout stations are based on
information collected from industry representatives,' and a
search of the literature?3.4. '




5.1.1.1 Pumping Stations. As discussed in Chapter 3,
pipeline facilities are a major element in the distribution
of gasoline between the refinery and the bulk terminal. The
emissions at pipeline pumping stations are totally
attributed to leaking pumps and valves. The emission
factors (Section 3.2.2.1) and control costs for these
components (Section 7.1.2) are based on the number of
components at the facility and not related to facility
throughput. Therefore, the only parameters necessary to
define for the model plants are the number of pumps and
valves at the facility that are in gasoline service and the
operating schedule. Any pump or valve that will handle
gasoline will be considered in gasoline service. The pump
or valve does not have to handle gascline on a continuous or
dedicated basis to be considered to be in gasoline service.
Therefore any pump or valve at a pumping station that
periodically handles gasoline will be considered in gasoline
service.

Pipelines may occur as single pipes or in clusters of
two or three pipes. The smallest pipeline pumping station
model plant represents a single pipeline facility and has
two pumps and 25 valves. As with all pipeline pumping
stations; the facility operates 24 hoidrs a day, 365 days per
year. The second model plant represents a facility with two
pipelines and has five pumps (two of which operate on one
pipeline and three that operate on the other) and 50 valves.
The largest model plant represents a facility handling three
pipelines and has nine pumps (three per pipeline) and 100
valves. The model plant parameters for pipeline pumping
stations are shown in Table 5-1.

The 1998 baseline estimate for the pipeline pumping
station population is 1,989 facilities (as discussed in
Section 8.2). Data reviewed indicated that it was not
unique to have a facility handling one, two, or three
Pipelines. However, no specific information was available
to determine relative percentages of single, double or
triple pipeline facilities. Therefore, an equal
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TABLE 5-1:

PIPELINE PUMPING STATION MODEL PLANT PARAMETERS

Model Plant Number

Design Value 1 2 3
Number of Pipelines 1 2 3
Number of Pumps? 2 5 5
Number of Valves? 25 50 100
Operating Schedule
hrs/day 24 24 24
days/year 365 365 365
Percentage of Total 33% 33% 33%
Facilities
Number of Facilities 663 663 663

® In gasoline service.




distribution of pumping stations across the three model
plants was assumed.

5.1.1.2 Breakout Stations. As noted above, pipelines
often occur in clusters. At some point aloeng the path, one,
two, or all three of the lines branch off in different
directions. When this occurs, the throughput to any one
line is altered. Breakout stations are used at these points
to temporarily store gasoline or other products until
compensation can be made for the altered flow. As discussed
in Section 8.2, the baseline population of facilities where
lines branch in different directions is estimated at 120
facilities.

At times, the diameter of connected pipes in the
pipeline will be reduced or increased. This causes a change
in product flow rate between the different sized pipes.
Breakout stations are again used to store gasocline in these
situations. The baseline predicted population for this type
of facility is 150. Combining both types of facilities
results in an estimated 270 total breakout stations in the
United States in the base year.

These two situations dictate the sizes of the two model
plants used to develop pipeline breakout stations. The

two or three pipelines split has 15 storage tanks, 35 pumps,
and 400 valves. As discussed above, there are an estimated
120 of this type station, or 45 percent of the total.

The model plant developed to represent breakout
stations where the throughput is affected by changes in
pipeline diameter includes 10 storage tanks, 20 pumps and
250 valves. This model plant represents approximately 150
facilities, or 55 percent of the total.

It is important to note that products other than
gasoline are sent through pipelines and stored at breakout
stations. ' Product is stored temporarily and the tanks may
not have product in them all the time. Therefore, all

tanks, pumps and valves are not in constant gasoline
service.

model plant_to_represent break-out stations-that occur-when



Since the emission factors for storage tanks, pumps and
valves are on a per tank or per component basis in constant
gasoline service, utilizing the numbers of tanks and
components cited above would overstate emissions and
emission reductions attributed to gascline operations.
Consequently, adjustments were made to reflect the number of
tanks that are in gascoline service. This was accomplished
by assuming a certain number of "equivalent dedicated tanks"
for gasoline service. This does not signify that specific
tanks are dedicated to gasoline and never used for other
products. Rather, the "equivalent dedicated tank" reflects
the equivalent number of tanks that would be in constant
year round gasoline service. These equivalent tanks were
determined by multiplying the number of tanks by the percent
of time gasoline is stored.

A fraction of the total number of pumps and valves at a
breakout station is associated with the pipeline itself and
functions in the same manner as those pumps and valves at
pumping stations, i.e., pumping product down the pipeline.
There is also another fraction of pumps and valves
associated with storage tanks. For those associated with
storage tanks, the "equivalent dedicated" concept was again
applied. The bases for the "equivalent" dedicated value
concept were observations made during a site visit to a
facility’ and subsequent conversations with industry
representatives. The parameters for pipeline breakout
station model plants are shown in Table 5-2.

The tanks typically used as breakout facilities are
external fleoating roof tanks with capacities ranging from
1,600 to 16,000 m® (10,000 to 100,000 bbl). The tank size
assumed in the analysis for gasoline storage tanks at
breakout stations was 8,000 m° (50,000 bbl) with a diameter
of 30 meters (100 ft) and a height of 12 meters (40 ft).




TABLE 5-2: PIPELINE BREAKQUT FACILITY
MODEL PLANT PARAMETERS

Model Plant

Number?
Design Value 1 2
Breakout Station Information
Total Number of Storage Tanks 10 15
Total Number of Pumps 20 35
Total Number of Valves 250 400
Number of Storage Tanks 10 15
Storage Tank Volume
m’ 8,000 8,000
bbl 50,000 50,000
Number of Turnovers/tank/year® 150 150
Operating Schedule
hrs/day 24 24
days/year 365 365
Percentage of Total Facilities 55% 45%
Number of Facilities 150 120
Parameters Used to Estimate Emissions
Number of "Equivalent Dedicated
Storage Tanks" in Gasoline Service 4 5
Number of "Equivalent Dedicated
Pumps" for Storage Tanks in__ e
‘Gasoline Service 3 4
Number of Pumps Associated with 5 6
Pipeline
Number of "Equivalent Dedicated
Valves" for Storage Tanks in 160 200
Gasoline Service
Number of Valves Associated with 50 100
Pipeline

® Model Plant 1 represents those stations at pipeline

branches and Model Plant 2 those stations at pipeline
diameter changes.

Turnovers per year based upon assuming three turnovers per
week for S50 weeks per year.




5.1.2 Bulk Terminals

5.1.2.1 Tank Truck Loading. The bulk terminal source
category has been studied for over a decade by the EPA.
Model plants for bulk terminals were originally developed
during preparation of the bulk terminal CTG document and
were further investigated and conclusions documented in the
development of the New Source Performance Standard (NSPS)
for Bulk Terminals (promulgated as 40 CFR Part 60, Subpart
XX). In addition to the NSPS rulemaking, the same model
plant sizes were used in subsequent regulatory development

programs.%7.8

During these regulatory development programs
the EPA received no significant comments citing problems
with these parameters. Therefore, after evaluating the
industry in 1990, this document will continue to use these
historical model plant sizes. However, while the parameters
have remained the same, the population and distribution of
these model plants were modified to reflect 1998 base year
conditions (see Chapter 8, Section 2).

The data base for determination of the original model
plant parameters was derived primarily from operating data
on 40 terminals of various ages. Data presented in reports
of EPA-sponsored terminal source tests, data from plant
visits, data from EPA’s National Emissions Data System
(NEDS), and data from information requests submitted under
authority of Section 114 of the Clean Air Act were used as
further input for the selection of model plant parameters.’

5.1.2.2 Storage Tanks. As discussed in previous bulk
terminal model plant analyses,'® a typical terminal has four
or five aboveground storage tanks for gasoline, each with a
capacity ranging from 1,500 to 15,000 m® (9,400 to 94,000
bbl). Most tanks in gasoline service have a floating roof
to prevent the loss of product from tank "breathing and
working." The fixed-roof tank is the least expensive to
construct and is generally considered as the minimum
acceptable tank for the storage of petroleum products.
Emissions from existing fixed-roof tanks are most readily
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controlled by the installation of an internal floating roof.
A set of model plant parameters was developed to describe
the physical characteristics of a typical fixed-roof tank at
a bulk terminal. This typical storage tank has a volume of
2,680 m® (16,750 bbl), a value based on available EPA data
on fixed-roof tanks at terminals. A diameter of 15.2 meters
(50 feet) and a height of 14.6 meters (48 feet), were
assumed as typical values for a tank of this capacity." iIn
addition, it was assumed that storage tanks at terminals
were subjected to 13 turnovers per year (based on previous
analyses.)'?

The model plant parameters are shown in Table 5-3.

This table also provides the 1998 base year characterization
of the bulk terminal industry as distributed across these
model plant sizes.

5.1.2.3 Railcar loading. Information was sought from
industry representatives, literature, and trade associations
concerning railcar locading of gasoline. Little information
was obtained, however, one facility that locaded gasoline
into railcars was visited.' Consequently, railcar loading
of chemicals was studied to determine the applicability of
filling technology.“ This information was used to develop
a single model plant based-on the parameters—at the single
gasoline loading facility although it is estimated in the
model plant analysis that there will be 20 such facilities
in the base year. The model, or typical, plant parameters
are described in Table 5-4.

It is assumed that a terminal that loads gasoline inte
railcars also has truck loading racks. Therefore, no
separate storage tanks or pumps were attributed to railcar
loading racks which avoided double counting emissions. In
addition, it was assumed that the railcar loading racks were
located at a distance from the truck loading racks and that
separate vapor piping and vapor processing would be
required.
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TABLE 5-4: RAILCAR LOADING BULK GASOLINE TERMINAL
' MODEL PLANT PARAMETERS

Design Value Model Plant

Throughput
(million liters per year) 322
(million gallons per year) 85
Number of Loading Arms : 3
Loading Method ' Submerged

(Top or Bottom)
Pumping Rate/Loading Arm

{1lpm) 3,800
(gpm) 1,000
Railcar Capacity
(liters) ' 110,000
(gallons) ‘ 29,000
Number of Railcars Owned/Leased by 30
Facility?
Maximum Instantaneous Loading Rate
(lpm) 11,350
{gpm) 3,000
Number of Facilities 20

Total Throughput
(billion liters)
~~(billion gallons)

[ a4\

® It is assumed that all railcars are dedicated to gascline

service and owned/leased by their terminal owners.




A very small portion of the total gasoline transported
is moved by rail and this occurs at only a few facilities.
As discussed in Section 8.2, it is estimated that there are
20 terminals in the United States that locad railcars. Due
to the lack of information on additional facilities and the
small number of total estimated facilities, all are assumed
to be represented by the single model plant.

§.1.3 Bulk Plants

As described in Section 3.2.4, bulk gasoline plants are
secondary distribution facilities within the gascline
distribution network. Model bulk plant parameters were
developed and utilized in connection with earlier guidance'®
and environmental impact studies.'®':'® an analysis of the
conditions of the industry in 1990 indicates that these
basic parameters still adequately represent the industry,
with one exception. Bulk plants that store and transport
aviation gasoline were not included in earlier EPA studies.
These facilities are generally located at airports, and
store and move gasoline by truck to aircraft located at
various parts of the air terminal. Information obtained
from the National Air Transportation Association' indicates
that the basic parameters described for gasoline bulk plants
are representative of these aviation gasoline facilities
except that the estimated avérage throughput for an aviation
bulk plant (1,500 liters/day) is considerably less than that
designated for the smallest model bulk plant (11,350
liters/day). Therefore, an additional model plant was added
to represent aviation gasoline bulk plants. All of these
.model bulk plant parameters are shown in Table 5-5.

As delineated in Table 5-5, the typical bulk plant
facility includes tanks for storage of gasoline, loading

racks, and incoming and outgoing tank trucks (account
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trucks). Regardless of throughput, it is assumed that all
bulk plants have the same numbers of tanks, loading racks,

and account trucks.?®

Larger model plants simply load more
trucks per day than the smaller model plants. The typical
bulk plant utilizes two relatively small above-ground
storage tanks ranging in capacity between 50,000 to 75,000
liters for gasoline storage. Usually a plant will have one
loading rack using top filling by either the top-splash
method or a top-entry submerged fill pipe. Since the number
of pumps and valves is usually determined by the number of
storage tanks and lcocading racks, the estimated number of
these components is also constant for all medel plants.
Therefore, the only difference between model plants is the
volume of gasoline handled by the facility.

Transport trucks supply bulk plants with gascline and
are associated with bulk terminals, while account trucks
deliver gasoline to bulk plant customers. Bulk plants
typically average two account trucks. These two trucks are
usually privately owned by the bulk plant owner. While the
basic specifications of the model plants have remained
constant, the distribution of the bulk plant population
across the industry has been updated to reflect 1998 base
year conditions (see Chapter 8, Section 2). This
distribution is also shown in Table 5-5.

5.1.4 Independent Tank Truck Facilities

The trucking industry generally consists of two major
groups, private and for-hire. Private carriers are defined
as those firms that transport their own goods in their own
trucks. An example of a private carrier is an oil company
that uses its own tank trucks to move gasoline from its
terminals or bulk plants. For-hire carriers transport
freight that belongs to others, leasing the hauling services
of their trucks.

As discussed and documented in Secticon 8.2, it is
estimated that 81,300 tank trucks will be used for the
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movement of motor vehicle gasoline in 1998. This estimate
was based on an earlier EPA study of tank trucks® and was
adjusted to reflect the expected 1998 base year population.
While adjustment of the population was necessary, no more
recent information was located concerning the category
distribution of tank trucks, either private or for-hire
(independent ownership). This earlier study assumed that
about 31 percent of the gasoline tank trucks were used at
bulk terminals. The remaining 69 percent were therefore
assumed to be associated with bulk plants. However, there
has been a significant decrease in the percentage of
gasoline handled by bulk plants from the time period of the
tank car study (27 percent) to the 1998 base year (18
percent). To attribute the same fraction of tank trucks to
bulk plants likely greatly overstates this portion.
Therefore, the percentage of tank trucks estimated for the
1998 base year associated with bulk plants was decreased
from the 1970’s study by a proportion equal to the decrease
in throughput for bulk plants (18/27). Consequently, the
updated percentage of bulk plant trucks is estimated to be
46 percent of the total tank truck population.

The remaining 54 percent of the total tank truck
- population is attributed to bulk terminals, which represents -
43,900 vehicles in 1998. This number comprises only tank
trucks of greater than 15,100 liter (4,000 gallon) capacity
in order tao avoid the inclusion of small tank trucks
operating from bulk plants. The remainder, 37,400 vehicles,
are smaller tank trucks used primarily to transport motor
vehicle gasoline from bulk plants.

As shown in Tables 5-3 and 5-5, parameters for the
model bulk terminals and bulk plants are predicated on the
fact that a certain number of tank trucks are owned by the
model plant owners. Based on this information it is
estimated that of the total number of terminal tank trucks,
7,200 are bulk terminal trucks and 18,800 of the total bulk
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plant trucks are owned by the model plant owners. The
remaining 36,700 bulk terminal trucks and 18,600 bulk plant
trucks are assumed to be independents. This information is
summarized in Table 5-6.

In addition, there are account trucks associated with
aviation bulk plants not included in the earlier estimates.
As shown in Table 5-6, it is estimated that there are 6,400
of these vehicles. It is also assumed that all of these
vehicles are privately owned. Therefore, the total 1998
nationwide tank truck population is predicted to be 87,700.
5.1.5 Service Stations

Service stations, as defined in this document, include
motor vehicle refueling operations that receive revenue from
either the sale of gasoline (public retail outlets) or that
service governmental, commercial, and industrial fleet
operations (private outlets), excluding agricultural
refueling operations. As opposed to counts made by the U.S.
Census Bureau that only include those ocutlets that derive 50
'percent or more of their dollar business in petroleum
products, miscellaneous retail outlets that were considered
service stations for this study include convenience stores,
mass merchandiéers, marinas, parking garages, and others
that obtain less than 50 percent of their revenue from
gasoline sales.

In addition to "public" outlets, there are a
significant number of "private" facilities included in this
subcategory. These outlets are maintained by governmental,
commercial, and industrial consumers for their own fleet
operations. Government agencies with central garages
typically consist of regional locations for the postal
service, Federal government agencies, and state and county
agencies. Other miscellaneous facilities include utility
companies, taxi fleets, rental car fleets, school buses and

corporate fleets. As noted previously, the agricultural




TABLE 5-6. CHARACTERIZATION OF NATIONWIDE
TANK TRUCK POPULATION

Type/Owner of Tank Truck Population
Total Nationwide Tank Trucks? 87,700
Bulk Terminal Trucks® 43,900
Private ) 7,200
For-Hire (Independent) 36,700
Bulk Plant Trucks 43,800
Private® 18,800
For-Hire (Independent)® 18,600
Aviation Bulk Plant Trucksd 6,400

All trucks are assumed to have 4 compartmenﬁs.

71 percent of the trucks assumed to have vapor collection
equipment installed. (See Appendix C)

60 percent of the trucks assumed to have vapor collection
equipment installed. (See Appendix C)

-Assumed-no trucks.-have vapor collection or bottom locading
equipment.




sector of private outlets which includes farms, nurseries
and léndscaping firms, etc. was not included in the study.
As for bulk terminals and bulk plants, there have been
model plants developed for service stations in connection
with prior EPA studies.?22 yhile recent data indicate
that facility distributions may be different in metropolitan
areas, the distribution used in previous EPA studies is
believed to be representative of the nationwide facility

25

distribution. These service station model plant category

parameters were originally derived from size ranges used by
the Bureau of Census, total facilities reported for 1977%
and 1982%, and the total consumption of gasoline (excluding
agricultural) for each year.?8

Based on information from Arthur D. Little, Inc. and
the U.S. Census Bureau, it was estimated that approximately
90 percent of "private'" outlets have throughputs of less
than 37,850 liters/month (10,000 gallons/month).%:3® The
remaining 10 percent of private facilities which had
throughputé greater than these amounts were distributed
among model plants 3 through é in proportions representative
of the public service station distribution.

The model plant parameters developed for the 1984 model
plant scenarios were basically well received by industry
during the associated comment period. However, there was
one alteration made in the 1987 document in the service
station model plant section that was based on comments
received from the industry.’' The pertinent comments were
related to the throughput amount of gasoline at private
stations, i.e. that the 5,000 gallons per month average used
in the 1984 document to represent approximately 150,000
private stations in model plant one overestimated the
nationwide throughput that would be exempted by a 10,000
gallon per month cutoff. Therefore, model plant one was

split into two separate model plants with different average




throughputs. These revised model plants and their design
paraméters are retained in this analysis.

Design characteristics for the six model plants are
presented in Table 5-7. The 1998 base year nationwide
distribution discussed in Section 8.2 is also provided in
this table. 1In addition to the private facilities that are
represented by the smallest model plant, this analysis also
includes 1,600 aviation facilities that fit the description
of service stations (i.e. airplanes pull up to a dispenser
and fill their tanks). The montily throughput for these
aviation facilities places them in the model plant 1
category. However, the average monthly throughput for these
aviation facilities is slightly higher than the 7,600 liters
indicated.

5.2 REGULATORY ALTERNATIVES ,

The purpose of this section is to describe and develop
regulatory alternatives from the emission source and control
information presented earlier in Chapters 3 and 4. The
purpose of this development is the establishment of
appropriate alternatives by which to evaluate the
environmental, energy, and cost impacts for the later
decisions on the appropriate _level of control for Section
112 requlatory action. In order to formulate appropriate
alternatives, certain interpretations of the CAA and it’s
amendments are necessary, but the purpose of this discussion
is to form the basis for selecting appropriate alternatives
for analysis, not to form agency policy. The preamble to
the future proposed and promulgated rule, if necessary, will
establish the policy for all decisions on further regulation
of these source categories and the coverage and
appropriateness of the control alternatives so developed.

The 1990 CAAA require the "maximum degree of reduction
in emissions of hazardous air pollutants at new and existing
sources." New source reductions are therefore required to
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be at the "best" control level. However, existing source
reductions may be lower than the "best'" controlled level,
but not lower than the average limitation achieved by the
best performing 12 percent of the existing scurces (i.e.,
the "floor"). Area sources could be required to meet an
alternative standard based on generally available control
technologies (GACT) or management practices instead of a
maximum degree type control. Major sources are defined in
Section 112 (a) of the Act as sources or groups of sources
located within an area (and under common control) that emit
or have the potential to emit, considering baseline
controls, 10 tons/year of any cne HAP or 25 tons/year
collectively of all HAPs. Area sources by definition are
sources that are not major sources. In conclusicn, for the
purposes of ‘establishing appropriate control options, this
section will consider each source’s potential to emit HAPs
and will consider controls that range from maximum to
generally available to major and area sources across the
facility categories described previously.

As noted previously, the definition of major source
includes a group of sources within an area under common
control. This definition is applicable in many instances
througheout the gasoline distribution industry. For the
purposes of this section, the terms "emission source" and
"source category" refer to the entire facility or area. The
emission source subcategories include pipeline facilities,
bulk terminals, bulk plants, and service stations. The
individual sources of emissions within these categories such
as the loading racks, storage tanks, etc. are referred to as
emission points. .

There are several aspects of these requirements and
definitions that are important in the formulation of
regulatory alternatives for the gasoline distribution
industry. Initially, the designation of those facilities
that would be classified as "major" is paramount. Using the
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emission factors and HAP to VQOC ratios discussed and
documented in Chapter 3 (Section 3.2.1.1), the uncontrolled
emissions for normal, average type, and reformulated
gasoline at each model plant were calculated and are
presented in Table 5-8. These uncontrolled annual emissions
as well as MTBE emissions from reformulated and oxygenated
gasoline (presented in Table 5-9) were used to make the
major/area source estimations for each subcategory facility.
These annual emissions were based upon model plant average
throughputs and a range of total HAP contents from normal to
reformulated gasoline (4.8 percent minimum to 16.3 percent
for reformulated and oxygenated gasoline with MTBE) as
described in Tables 3-1 and 3-2. To test for individual HAP
criteria, MTBE was chosen for analysis because it makes up
the greatest individual component portion of the HAP vapor
profile for reformulated and oxygenated gasolines.

As shown in thesge tables (Tables 5-8 and 5-9), only
bulk gascline terminals and pipeline breakout stations would
be classified as encompassing major HAP sources. Therefare, -
the least stringent possible regulatory alternative for bulk
"terminals includes the limitations achieved by the "best
performing 12 percent of existing sources," a limitation
hereafter referred to as "floor". As outlined in these
tables, all of the other subcategories of the gasoline
distribution network would be considered area sources.

As a consequence, the first alternative that was
developed was one that specified control levels at "floor"
for existing sources and "best" for new sources (mandated by
Section 112 of the CAAA) at major subcategory facilities of
the gasoline distribution network only (pipeline breakout
stations and bulk gasoline terminals). This alternative was
designated Alternative IV.

Next, various combinations of control options were

examined ranging from those of Alternative IV to the most
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stringent for each subcategory facility. A cost
effectiveness analysis was then performed to eliminate the
inferior options (those with higher costs for the same or
lesser emission reductions). The alternatives that remain
are termed Alternatives IV-Q, IV-M, III, II, and I.
Alternatives IV-Q and IV-M are variations of Alternative IV.
Alternative IV-Q includes a quarterly monitored leak
detection and repair program (LDAR) for egquipment leaks at
major source pipeline breakout stations and bulk terminals
while Alternative IV-M specifies a more stringent monthly
monitored LDAR program at these same sources.

Alternative III specifies control at area source
facilities for these subcategories. Finally, the remaining
two alternative control levels (II and I) require control of
all subcategory facilities of the network.

Tables 5-10 through 5-16 summarize the regqulatory
alternatives developed for each industry sector. The
following sections describe these alternatives in detail.
5.2.1 Pipeline Facilities

There are two types of facilities in this subcategory.
These are pipeline pumping stations and pipeline breakout
stations. Both facilities have emissions that can be
attributed to leaking components such as pumps and valves.
Pipeline breakout stations also contain storage tanks. The
regulatory alternatives for these emission points are
discussed below. '

5.2.1.1 Pipeline Pumping Stations. The control of
emissions from leaking equipment at pipeline pumping
stations has never been addressed by EPA, either as a
natiocnal requlation or in a CTG guidance document. Based on
information obtained from industry, the assumption is that
many facilities conduct periodic visual inspections to
identify and repair leaking components.3? fTherefore, the
"floor" (or the average level of controls for the best
performing 12 percent of the existing facilities) for the
control of emissions from leaking equipment at pipeline
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pumping stations is assumed to be periodic visual
inspeétions.

The control of emissions of leaking components at other
types of facilities has been studied extensively. Programs
to conduct periodic monitoring of these components are in
effect for many industries including petroleum refineriesi
Since the pump and valve equipment is essentially the same
at both facility types, monitoring programs utilized for
these other source categories are applicable to components
at pipeline pumping stations.

These requlatory alternatives for leaking equipment at
pipeline pumping stations involve the periodic monitoring of
components. Regulatory Alternatives I and II require
monitoring on a quarterly basis for both new and existing
facilities (4 monitorings annually) through implementation
of a leak detection and repair (LDAR) program, and are based
upon CTG”, NSPS (49 FR 22598), and NESHAP (49 FR 23498)
requirements for similar sources. The remaining
alternatives (III, IV, IV-Q, IV-M) would impose no controls
in addition to the ones already réquired at these
facilities.

5.2.1.2 Pipeline Breakout Stations. There are two
sources of emissions at pipeline breakout stations. These
are emissions from leaking equipment, such as pumps and
valves, and emissions from storage tanks. The previous
discussion for equipment leaks at pipeline pumping stations
is also applicable for leaking equipment at pipeline
breakout stations, but the implementation takes place at
different site designations.

All of the regqgulatory alternatives would require
monthly monitoring ("best" control) of equipment at new
major sources, and Alternatives I, II, III, and IV-Q would
require that a quarterly monitoring program (LDAR) be
employed at existing major sources. Alternative IV-M would
require monthly monitoring at both new and existing major
source facilities. Alternative IV would require no
additional controls at existing major source facilities, but
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a monthly LDAR program would be required at new major source
facilities. Alternatives I, II, and III provide more
control in that a quarterly monitoring program is required
at both new and existing area source facilities. The other
three Alternatives would not require the addition of
controls beyond the ones already mandated at these
facilities. '

For storage tanks, NSPS standards have been promulgated
(40 CFR 60 Subpart K, Ka, Kb) that cover new, modified, or
reconstructed gasoline storage tanks, and CTG
recommendations® ¥ have been implemented for existing
gasoline storage tanks in ozone nonattainment areas. These
requirements specify that external floating roof tanks
should be equipped with primary and secondary seals and that
fixed roof tanks should be equipped.with internal floating
roofs. Using the regulatory coverage and baseline emission
assumptions discussed in Section 3.3 and Appendix D, it is
estimated that approximately 76 percent of the storage tanks
at pipeline breakout stations are external floating roof
types and 24 percent are fixed roof tanks. Of the external
floating roof tanks, 64 percent have primary seals and 36
percent have primary and secondary seals. Of the fixed roof

--tanks, it is estimated that 38-percent have internal —-. -

floating roofs and the remaining 62 percent are
uncontrolled. Therefore, more than 12 percent of the
external floating roof storage tanks are assumed to have
primary and secondary seals and more than 12 percent of the
fixed roof tanks are equipped with internal floating roofs
as well. This would indicate that the "floor" is defined as
the NSPS Subpart Kb (40 CFR 60, Subpart Kb) level, that is,
secondary seals for external floating roof tanks and
internal floaters for fixed roof tanks.

All of the proposed regulatory alternatives would
require this level of control at major sources, and
Alternatives I, II, and III would require this level at area
sources (with the option of phasing-in controls as tanks
come out of service) as well. A level of control less
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stringent than the "floor" may be considered for area source
pipeline breakout stations. Alternatives IV, IV-Q, and IV-M
would regquire no further controls in addition to the ones
already in place at new and existing area source facilities
(i.e., primary seals on external floating roof tanks [CTG
level and 40 CFR 60, Subpart K] and would require no
additional controls for fixed roof tanks) .
5.2.2 Bulk Terminals

There are four emission peoints at typical bulk
terminals. These include truck loading racks, storage
tanks, tank truck leakage, and fugitive emissicns from
leaking pumps and valves. In addition, the loading of
railcars is also an emission point associated with only a
few terminals. "Floor" emission levels and regulatory
alternatives were developed separately for each point and
are discussed in the following sections.

5.2.2.1 Truck Loading Racks. As discussed in Section
8.1, there will be approximately 1,024 bulk terminals in the
U.S. in the base year of 1998. A CTG addressing tank truck
loading controls at bulk terminals was published in 1977.%
The CTG recommended that emissions from tank truck loading
be limited to 80 mg VOC/liter. At the present time, most
nonattainment areas already control bulk términals, and in
some cases, regulations have been extended statewide since
many terminals are classified as greater than 100 ton VOC
sources. As discussed in Appendix D, a summary of State i
regulations was conducted to determine baseline control for :
all gasoline distribution. It was found that about 70
percent of terminal gasoline throughput was already
controlled by some sort of vapor collection/processing
system for tank truck loading. In addition, an NSPS for
tank truck loading at bulk gasoline terminals (40 CFR 60,
Subpart XX) limits emissions to 35 mg/liter.

Of the areas where terminal controls are mandated,
several have emission limits lower than the 80 mg/liter
suggested by the CTG. Approximately 3 percent currently




operate under a 10 mg/liter limitation in parts of
california.

Source test data were gathered to determine the
emission reduction and actual emission rates associated with
the various control devices described in Chapter 4. Several
State agencies were contacted to obtain test data, and
results of recent tests were received from 58 facilities.

In addition to recent test data requested from State
agencies, test results were gleaned from an API report, from
testing conducted by CARB, and from the BID for promulgation
of the bulk terminal NSPS standard. Data from over 100
tests were reviewed in the test data base. These data have
been presented previocusly in Table 4-1. .

To determine the floor for existing facilities, the
emissions limitation from the best performing 12 percent of
the facilities must be evaluated. For purposes of this
analysis, it was assumed that the best performing facilities
would be those required to meet the 10 mg/liter standard as
in California (currently the most stringent standard on the
books). Only 11 percent of the facilities in the test data
base were subject to this emission limit. Therefore, the
consideration of only these facilities as the best
performing facilities-.does not meet-the 12 percent criteria
of the CAAA.

The next best performing facilities would be those that
are required to meet the NSPS emission level of 35 mg/liter.
These facilities constituted over 60 percent of the test
data base. Since it was felt that the test data base was a
good cross section of existing facilities, it was surmised
that by including the facilities operating under the 35
mg/liter standard, the 12 percent requirement of the CAAA
would be met. The average emission limitation achieved by
the combined facilities required to meet the 35 mg/liter and
the 10 mg/liter emission limit was 7.4 mg/liter. For
purposes of the development of the requlatory alternatives,

therefore, 10 mg/liter was considered the "floor" control
level.




Because the bulk terminal subcategory encompasses major
sourcés, best control is required for new major facilities
cf this group. To evaluate a more stringent control level,
the facilities meeting the 10 mg/liter standard were again
reviewed. Emission limitations achieved by these facilities
ranged from 0.006 mg/liter to 4 mg/liter. Consequently, an
emission limit of 5 mg/liter was selected for the most
stringent control level ("best" level of control).

The following regulatory alternatives were then
developed. Alternatives IV, IV-Q, and IV-M would require no
additional controls at new and existing area source loading
racks (27 percent of facilities use submerged fill, 2
percent utilize splash £fill). The NSPS standard of 35
mg/liter would be employed by alternatives II and III for
both new and existing area source bulk terminals.
Additionally, these facilities would be allowed to phase-in
this level of control under these alternatives. The "floor"
level of 10 mg/liter would be required as the standard by
Alternative I at new and existing sites. '

All major source bulk terminals would be controlled in
the same manner (i.e., the "floor" level of 10 mg/liter
would be the required standard at existing sources, while
new sources would be required to meet the "best" level of
control of 5 mg/liter).

Due to the general lack of data regarding the actual
location of railcar loading terminals, it is difficult to
determine a "floor" control level. However, the loading
process and emission ceontrol procedures are very similar to
gasoline tank truck loading. Vapor collection during
loading can be achieved and vapor processing equipment
applicable to tank truck loading can be applied. Therefore,
railcar and truck loading racks are assumed to be similar
sources and the same floor (10 mg/l) and regulatory
alternatives selected for tank truck loading have been
assumed for railcar loading.

5.2.2.2 Storage Tanks. As with storage tanks at
pipeline breakout stations, the baseline control level
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includes different types of storage tank control technology.
Based on the analysis in Appendix D, it is estimated that 43
percent of the external floating roof storage tanks at
terminals are controlled by primary and secondary seals, and
72 percent of fixed roof tanks at terminals are controlled
using an internal floating roof fitted with a primary seal
(See Table D-6). This would indicate that the "floor" for
terminal storage tanks is also defined at the NSPS Subpart
Kb level, that is, secondary seals for external floating
roof tanks and internal floaters for fixed roof tanks. This
level of control would be employed at all major source
terminals (new and existing) as well as at area sources
(both new and existing) under Alternatives I, II, and III
(area source facilities would be allowed to phase-in this
level, of contrel as tanks coﬁe out of service).

5.2.2.3 Tank Truck Leakage. The CTG for controlling
emissions from tank trucks recommends that trucks be leak-
tested annually.? The bulk terminal tank truck loading
NSPS cited earlier also requires that tank trucks that are
loaded at terminals be "vapor-tight", that is having passed
the annual vapor tightness test specified by the CTG. As
discussed in Chapter 3 and Appendix D, over 70 percent of
the existing trucks are required to pasé_ﬁhi;méggﬁgiwléak
tightness testing. Another technology does exist, which
controls emissions from tank truck leakage to a greater
degree. However, it is estimated that this scenario does
not affect 12 percent of the total tank truck population.
Therefore, the "floor" is considered to be the annual vapor
tightness testing consistent with the CTG.

The higher control level technology referred to above
for control of emissions from gasoline tank trucks during
loading operations is termed vacuum assist. This technology
is discussed in Chapter 4, Section 4.1.4. A survey of the
industry discovered one facility that has installed this
technology, although the existence of others is reported.3®
Consequently, the requirement of the installation of a
vacuum assist system at all terminals is considered the best
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control and is the required standard at all new major
sources under all the alternatives. Annual vapecr tightness
testing ("floor" CTG level) would be a requirement at all
existing major facilities as well as the standard at both
new and existing area sources under alternatives I, II, and
III. |

5.2.2.4 Leaking Pumps and Valves. As discussed for
pipeline facilities, leak detection and repair programs
specifically designed for leaking components at bulk
terminals have not been required by a CTG or NSPS standard.
However, the refinery NSPS does require the periodic visual
monitoring of this equipment, and it is believed that this
is a general practice within the gasoline distribution
industry. Therefore, periodic visual monitoring is also
considered to be the "floor" for bulk terminals.

The array of regulatory alternative levels of control
for bulk terminals is the same as those previously discussed
for pipeline breakout stations (i.e., a monthly LDAR program
at all new and existing major source facilities under
Alternative IV-M; a quarterly LDAR program at existing major
sources under alternatives I, II, III, and IV-Q and at both
new and existing area source sites under alternatives I, 1II,
and III; no additional mandated controls at existing major
'source and area source sites under alternatives IV, IV-Q, or
IV-M).

5.2.3 Bulk Plants

The emission points at bulk plants include the
unloading of gasoline from tank trucks into storage tanks,
the filling of tank trucks at loading racks, tank truck
leakage at loading racks, and fugitive emissions from
leaking pumps and valves. As discussed in Chapter 4,
control techniques vary between each emission point and
regulatory alternatives are separated by these categories.

5.2.3.1 Storage Tank Filling (Incoming Loads). The
bulk plant CTG*® defined RACT for storage tank filling to be
a vapor balance system designed to capture the vapors being
forced from the fixed roof tank at a bulk plant and route
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them back to the tank truck. Most State regqulations in
ozone nonattainment areas maintain this requirement as an
equipment standard with no specific efficiency limits. The
technology is standard throughout the country. The CTG does
not recommend any exemptions for this equipment requirement.
Therefore, controlling emissions from incoming loads at all
bulk plants, regardless of size, by the installation of
vapor balance is considered to be the industry norm. It is
shown in Table 3-11 that approximately 45 percent of the
bulk plants are currently controlled using this equipment.
More stringent controls, such as internal floating roofs or
vapor processors, are not in widespread use at these
facilities. Small tanks, like those at bulk plants have not
generally installed floating roof tanks as this is not
considered cost-effective when compared to vapor balancing.
Therefore the vapor balance system, tested to be 95 percent
efficient, establishes the "floor". No other options are
included in the analysis since less stringent control
methods have not been demonstrated. Alternatives I and 1II
specify the aforementioned vapor balance procedure while all
the others (IIXI, IV, IV~-Q, IV-M) specify no additional
controls at bulk plant sites. It is to be noted that under
the existing criteria, thef¥e are nd major source bulk
plants.

5.2.3.2 Tank Truck Loading (Outgoing Loads). The bulk
plant CTG recommendations and resulting State regulations
contain similar equipment standards for controlling the
emissions generated from truck locading at bulk plants.
Vapors displaced from the truck are returned to the fixed
roof storage tank. The equipment is basically the same for
all applications and consists mostly of vapor piping routed
to balance these vapors.

However, the application of these requirements varies
from State to State. The CTG allows the exemption of those
bulk plants with throughputs of less than 15,000 liters/day
(4,000 gallons/day). These smaller plants are not required
to install vapor balance equipment on the truck loading
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racks. Some State requlations have this exemption and
others require all bulk plants to install this equipment.

As shown in Table D-10, it is estimated that 35 percent of
the throughput and 26 percent of the bulk'plants in the
United States are in areas that require vapor balance
equipment on all the loading racks. These large fractions
indicate that over 12 percent of the facilities are required
to have vapor balance piping on the outgoing side,
regardless of the size of the plant.

Therefore, the "floor" control level for outgoing tank
truck loading at bulk plants is the utilization of vapor
balance equipment. Since the bulk plant subcategory is
comprised of area sources only, control levels less
stringent than the flocor can be considered. Therefore,
regulatory alternatives I and II specify vapcr balance but
include the CTG exemption for both new and existing sites.

5.2.3.3 Tank Truck Leakage. The CTG for tank trucks
discussed under bulk terminals also applies to bulk plant
tank trucks. The floor is considered to be the annual
vapor-tightness testing recommended in the CTG. Vacuum
assist systems were not con51dered at bulk plants because
the system 1ntroduces excess alr into the vapor collection
system and would require a vapor processor to control these
emissions. Previous analyses have indicated that vapor
processors have not been an economically viable option at
bulk plants.® As a consequence of these analyses, none of
the alternative arrays specify that additional control
devices be installed at area source bulk plants.

5.2.3.4 Leaking Pumps and Valves. Leak detection and

repair programs specifically designed for leaking components
at bulk plants have not been required of the industry, as
has been discussed previously for bulk terminals (See
section 5.2.2.4). It is believed that at bulk plants, as
well as at other gasoline distribution facilities, the
general practice is to periodically visually inspect these
components. Therefore, visual inspections are considered to
be the "floor" for bulk plants.
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-The level of control for leaking pumps and valves at
bulk plants is the same as that discussed previously for
pipeline pumping stations. Alternatives I and II1 require a
guarterly LDAR program to be implemented at both new and
existing facilities. Alternatives IV, IV-Q, and IV-M do not
require LDAR.

5.2.4 Service Station Storage Tank Filling

The conly emission point under consideration in this
document is the filling of storage tanks at service stations
(Stage I). The service station Stage I CTG*' recommends an
equipment standard similar to that for bulk plants. This
technology involves the collection of the vapors being
forced from the underground tank during filling and routing
them back to the tank truck using vapor piping. This
technology has heen tested and dodumented to achieve at
least 95 percent control (see Section 4.1.6). States with
Stage I regulations follow this equipment standard approach
in the CTG.

. However, as with bulk plant locading racks, the
application of these requirements varies from State to
State. Many State regulations allow the exemption of
service stations with throughputs less than 38,000
liters/month (10,000 gallons/month). Other States require
all service stations to install this equipment (except for
agricultural gasoline dispensing facilities and very small
tanks, which are almost always exempted). As shown in Table
D-13, it is estimated that 35 percent of the throughput and
almost 42 percent of the service stations in the United
States are in areas that do not have exemptions based on
throughput. However, it is again safe to conclude that this
large throughput fraction indicates that over 12 percent of
the facilities are required to meet the equipment
requirement.

Therefore, the "floor" level for this standard is
determined to be vapor collection with no throughput exemp-
tions. Since service stations are alsoc all categorized as
area sources, alternatives less stringent than the floor can
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be considered. Therefore, regulatory alternatives I and IT
repreéent an extension of the CTG recommendations nationwide
and require the same equipment standard but with a 38,000
liters/month (10,000 gallons/month) exemption level for both
new and existing service stations. Again, Alternatives III,
IV, IV-Q, and IV-M do not control area sources.
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6.0 ENVIRONMENTAL AND ENERGY IMPACTS

The purpose of this chapter is to discuss the
environmental and energy impacts associated with the
gasoline distribution regulatory'alternatives presented in
Chapter 5, Section 5.2. Although the majority of the
discussion will be spent on the methodology used to generate
the quantiﬁative analysis on air pollution emission impacts,
an analysis of other environmental and energy impacts of the
regulatory strategies is also included.

6.1 AIR POLLUTION EMISSION IMPACTS

Estimates of the HAP and VOC emission reductions that
could be achieved under each of the regulatory strategies
were analyzed and are discussed in this section. The
potential emission reductions achievable in the base year
(1298) were calculated for each industry sector.

6.1.1 Methodology '

Methods used for calculating emission reductions for
all sectors of the industry were basically the same. As
discussed in Chapter 3 (Section 3.3) and Appendix C, the
nationwide gasoline throughput and/or facility population
were apportioned to categories representing the 1998
baseline control level. Nationwide baseline parameters
(throughput or facility population) are presented by control
level for all source categories in Table 3-11. These
parameters were then multiplied by the appropriate emission
factors to estimate baseline VOC emissions. HAP emissions
were calculated by applying HAP to VOC ratios. (Differences
between the HAP percent reduction and the VOC percent
reduction come about due to differences in vapor pressures
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and consedquent evaporation rates in the individual compounds
that make up each chemical population).

In order to estimate the air pollution impacts of the %
regulatory alternatives, the facilities that would be |
affected by each of the alternatives were identified. Then
the control level associated with each alternative was
chosen, and its associated control factor multiplied by
facility throughput was used to estimate the VOC emissions
that would occur under that particular alternative. For
example, the nationwide throughput at bulk terminal locading
racks was divided into six categories: those having controls
at (1) 80 mg/l, (2) 35 mg/1l, (3) 10 mg/l, and (4) 5 mg
VOoC/liter; and uncontrolled loading racks that utilize
(5) splash or (6) submerged loading. The baseline emissions
were calculated by multiplying the throughput for each of
these control levels by the emission factor for that level.
The emission reductions were calculated by subtracting the
emissions calculated for each alternative from the baseline
emissions. Emission reductions would occur from all of the
baseline control level groups except those already at levels
specified by each particular alternative.

Numbers of "new" facilities in each subcategory were

“éstimated based on industry sector growth, facility trends,
and estimated eguipment life as discussed in Section 8.2.5.
Table 8-27 provides a detailed listing of new, replacement,
and existing facilities in the gascline distribution
network. For purposes of this analysis, a replacement
facility is one that will be built or rebuilt during the
period from 1993 to 1998 for replacement of worn-out or
obsolete equipment. Furthermore, it is assumed that one-
half of these replacement facilities will qualify as
"existing" while the other half will be classified as "new"
green field units.

The HAP emission reductions were determined by
multiplying the VOC emission level and resulting emission
reduction by the appropriate HAP to VOC ratio. As discussed
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in Chapter 3 and Appendix C, there are seven area HAP/VOC
scenarios that show varying total HAP vapor contents. This
analysis is discussed in Appendix C, page C-14, and is
summarized in Table 6-1. Gasoline throughput and facility
populations were analyzed separately so that the appropriate
profile could be utilized. This discussion appears in
Appendix D. As an example, the VOC emission reductions
achieved in an area expected to utilize normal gascline were
multiplied by the normal total HAP to VOC ratio, 4.8
percent, while those VOC reductidéns in an area expected to
use reformulated gasoline were multiplied by profiles
representing reformulated gasoline (assuming 70 percent with
MTBE at 12.9 percent, and 30 percent without MTBE at 4.2
percent) .

6.1.2 Emission_ Reductions By Source Category

The air pollution impacts will be discussed for each
source category in the gasoline distribution network in the
following paragraphs. For each category, the baseline
emission level will be defined along with the regulatory
alternatives and their effect on emissions for each type of
area. Baseline emissions and regulatory alternative
emission reductions are shown in Tables 6-2, 6-3, and 6-4.
Table 6-2 shows emission reductions at existing facilities,
Table 6-3 delineates emission reductions at new facilities,
and Table 6-4 provides a summary.

6.1.3 Pipeline Pumping Stations.

Emissions from pumping stations consist entirely of
fugitive emissions from leaking pumps and valves. As shown
in Table 3-11, it was assumed that all emissions at pipeline
pumping stations were uncontrolled at the baseline and that
there are 1,989 facilities. Furthermore, ‘it can be seen
from an examination of Table 8-27 that 27.9 percent of these
stations will be new (555 facilities) and 72.1 percent will
qualify as existing (1,434 facilities). The number of
facilities times the estimated model plant emissions, as




TABLE 6-1. SUMMARY OF HAP VAPOR PROFILES USED IN ANALYSIS®

Description of Fuel Applicable Areas Total HAP
Type for Fuel Types to VOC ratio
(percent by
weight)®
Typical, or "Normal" Ozone and CO 4.8
Gasoline attainment
Reformulated ' QOzone
Gasoline nonattainment
with MTBE | 12.9
without MTBE ‘ 4.2
Oxygenated Gasoline Cco
' nonattainment
with MTBE 16.3
without MTBE 4.4
Reformulated and CO and QOzone
Oxygenated Gasoline nonattainment
with MTBE B 16.0
without MTBE 4.1

Data collected from various sources used to calculate
normal gasoline vapor prefiles which were adjusted to
represent possible compositions of reformulated and
oxygenated gasolines.

As calculated in vapor profiles and shown in Table 3-2.
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discussed in Section 3.2.2, were used to calculate baseline
emissions. The baseline emission levels for leaking pumps
and valves at pipeline pumping stations are shown in Tables
6=2 and 6-3.

Regulatory Alternatives I and II specify a LDAR program
for pipeline pumping stations. As discussed in Chapter 4
(Table 4-2), it is estimated that a quarterly leak detection
and repair program will reduce emissions from leaking valves
by 44 percent and leaking pumps by 33 percent. These
efficiencies were applied to all ‘baseline emissions from
area source pipeline pumping stations to estimate the VOC
emission reductions shown in Tables 6-2 and 6-3.

6.1.4 Pipeline Breakout Stations.

The emissions at pipeline breakout stations occur from
‘tanks used for the stofage of gasoline and fugitive
emissions from pumps and valves. As discussed for pipeline
pumping stations, it is assumed that fugitive emissions are
uncontrolled at the baseline. The baseline emissions and
regulatory alternative emission reductions from fugitive
emissiohs from these equipment leaks were calculated by
multiplying the number of equipment components estimated in
the model plant analysis by the component emission factors
that were shown in Table 3-5. The resulting emission
reductions for Alternatives I, II, and III (gquarterly LDAR
at new and existing area sources and existing major source
facilities, monthly LDAR at new major sources) are 344 Mg
HAP/yr and 4,536 Mg VOC/yr. It was estimated that 7.4
percent of pipeline breakout stations are major source
facilities (92.6 percent will be area source sites) and that
9.3 percent will be classified as being "new" (consequently
90.7 percent will be existing) in the base year of 1998 (see
Table 8-27).

The baseline assumptions for breakout station storage
tanks were 143 uncontrolled fixed roof tanks, 88 fixed roof
tanks with internal floating roofs, 476 external floating
roof tanks with primary seals, and 272 external floating
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roof tanks with primary and secondary seals (see Table 3-
10). Baseline emissions from breakout station storage tanks
were calculated by multiplying the number of dedicated
storage tanks by the throughput estimated in the model plant
analysis. )

Regulatory Alternatives I, II, and III for storage
tanks require that all fixed roof tanks be equipped with an
internal floating roof with primary seals and that all
external floating roof tanks be fitted with secondary seals.
The installation of an internal floating roof on a
previously uncontrolled fixed roof tank would result in VOC
emission reductions of 95 percent, as shown in Table 4-2.
Upgrading external floating roof storage tanks with primary
seals to secondary seals would result in emission reductions
of 50 percent, using factors from the same table.

Therefore, the emission reductions attributable to
Alternatives I, II, and III are the 95 percent reduction
achieved for the installation of an internal fleocating roof
for the 143 uncontrolled fixed roof tanks and the 50 percent
reductions achieved with the addition of a secondary seal

for the 476 storage tanks with only primary seals. This
results in an overall emission reduction from breakout
_.station_storage -tanks-utilizing the-controls-specified-by-
Alternatives I, II, or III of 60 percent.

Regulatory Alternatives IV, IV-Q, and IV-M require that
fixed roof tanks at major sources be equipped with internal
floating roofs and that external floating roof tanks (again
at major sources) be fitted with secondary seals.
Consequently, the emission reductions associated with these
alternatives would be associated with the addition of
internal floating roofs on the estimated 11 uncontrolled
fixed roof tanks and the installation of secondary seals on
the estimated 35 external floating roof tanks associated
with major sources. This results in an overall emission
reduction of 4 percent. Emission reductions at new




facilities will be zero since the storage tank NSPS already
requires the same control levels.

6.1.5 Bulk Terminals

The emission points at bulk terminals consist of truck
or railcar loading racks, storage tanks, tank truck leakage,
and fugitive emissions from leaking pumps and valves. As
can be seen from Table 8-27, 28 percent of the bulk
terminals (287 facilities) will be classified as new in the
base year of 1998 while 72 percent of these sources (737
facilities) will be classified as existing sources. Each is
addressed separately in this section.

6.1.5.1 Loading racks. The levels of contrel at
loading racks range from uncontrolled lecading racks (splash
or submerged £ill) to those loading racks with vapor
processors that meet or surpass emission limitations of 10
milligrams of VOC emitted per liter of gasoline loaded
(mg/l). Using the control levels for the consumption rates
shown in Table 3-11, the base emissions were calculated by
associating each throughput with the number of estimated
facilities.

Regulatory Alternative I requires that new major source
bulk terminal loading racks lower emissions to 5 mg/l and
that area bulk terminal racks and loading racks at existing
major sources lower emissions to 10 mg/l. Therefore, the
uncontrolled emissions from existing truck loading sources
would be reduced from the uncontrolled level to 10 mg/l (a
99 percent reduction for splash and submerged fill
operations) and other existing sources would need to reduce
their emissions an incremental amount as well. This amounts
to an 87 percent reduction for sources operating at 80 mg/1l
and a 29 percent reduction for sources operating at 35 mg/l.
To obtain the emission reduction gained by implementing the
5 mg/l standard at new major source facilities, the entire
baseline throughput (446 billion liters) was multiplied by 5
mg/l to obtain emissions if all facilities were regulated at
5 mg/l. To obtain the emission level at new major sources
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the resulting number was multiplied by the estimated
percehtage of major sources (27 percent) and by the
estimated number of new sources (28 percent). The resulting
emission level for this alternative was estimated to be 292
Mg HAP/yr and 2,642 Mg VOC/yr. This results in an overall
emission reduction from bulk terminal loading racks of about
90 percent.

Similarly, Regulatory Alternatives II and III require
that area source loading racks meet 35 mg/l and major
sources meet the same levels as Alternative I (5 mg/l at new
facilities, 10 mg/l at existing sources). Alternatives IV,
IV-Q, and IV-M propose to regulate major source bulk
terminal loading racks only, and these must meet 5 mg/l for
new facilities and 10 mg/l for existing ones. Emissions for
these alternatives were calculated in a manner similar to
the others. Emission reductions for these alternatives
would be about 25 percent.

6.1.5.2 Storage Tanks. The baseline emissions from
storage tanks at bulk terminals were calculated in basically
the same manner as discussed for breakocut station storage
tanks. Baseline storage tank population was separated by
tank type for the analysis. The storage tank population has
been_characterized previously in-Table 3-1l.

The emission reductions attributable to Alternatives I,
II, and III for the installation of an internal floating
roof on the 1,072 uncontrolled fixed roof tanks and the
reductions achieved with the addition of a secondary seal on
the 2,426 storage tanks with only primary seals are 2,729 Mg
HAP/yr (53 percent reduction) and 50,869 Mg VOC/yr (60
percent reduction). Reductions attributed to only new
sources are 28 percent of these values or approximately 760
Mg HAP and 14,240 Mg VOC. The emission reductions
attributable to Alternatives IV, IV-Q, and IV-M, which all
require (at major source facilities only) installation of
internal floating roofs on fixed roof tanks and addition of




secondary seals on external floating roof tanks with only
primafy seals are approximately 15 percent.

6.1.5.3 Tank Truck Leakage. The baseline regulatory
levels for controlling leakage from tank trucks during
gasoline loading consist of leak tight inspection programs,
usually required annually. The baseline emissions from the
446 billion liters loaded into tank trucks and railcars were
3,732 Mg HAP/yr and 53,954 Mg VOC/yr. The baseline
assumptions were that approximately 317 billion liters were
loaded into trucks regulated by the annual leak-tightness
program and 129 billion liters were loaded uncontrolled.

Regulatory Alternatives I, II, and III require that a
vacuum assist system be installed at each new major source
terminal (existing major sources and all area sources would
be required to implement annual vapor tightness testing).

It is estimated that implementation of vacuum assist loading
would affect approximately 3,300 trucks at new major source
facilities. This number comes from a calculation based on
facility population characteristics (28 percent of bulk
terminals are "new" and 27 percent of those are estimated_to
be major sources). The vacuum assist system, as discussed
in Section 4.1.4 reduces tank truck leakage emissions at the
loading racks by approximately 98 percent. Therefore, the
emission reductions for this regulatory alternative entail
reducing tank truck leakage VOC emissions at new major
source facilities to two percent. Under these alternatives,
trucks loading at all other bulk terminals (approximately
40,600) would have to undergo annual leak tightness testing
as specified by EPA Method 27.

Regulatory Alternatives IV, 1IV-Q, and IV-M require that
the same vacuum assist system be installed at new major
source bulk terminals but would require annual vapor
tightness testing, as specified above, of trucks that load
at existing major source facilities only. It is estimated
that these alternatives will affect approximately 8,500
trucks (72 percent of facilities are classified as existing
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and 27 percent of those will be classified as major
sourcés).

6.1.5.4 Fugitive Emissions. The fugitive emissions at
bulk terminals occur from leaking pumps and valves that are
components of the piping that transfers gasoline and
gasoline vapors. The baseline emissions (4,338 Mg HAP/yr
and 56,457 Mg VOC/yr) were calculated on a per component
basis and as such 330 Mg HAP and 4,290 Mg VOC are attributed
to new major sources, 840 Mg HAP and 10,940 Mg VOC to
existing major sources, 890 Mg HAP and 11,500 Mg VOC to new
area sources, and 2,280 Mg HAP and 29,700 Mg VOC to existing
area sources. The levels of control for the regulatory
alternatives for fugitive emission reductions at bulk
terminals are the same as those discussed for pipeline
breakout facilities.
6.1.6 PBulk Plants

There are four sources of emissions at bulk plants.
Emissions occur during the filling of the storage tank,
during the loading of tank trucks at loading racks, from
tank truck leakage during loading, and from fugitive
emissions from leaking pumps and valves. Under existing

criteria, there are no major source bulk plants, all gualify

as area sources; and-as can be calculated from data in Table

8-27, 14.2 percent (approximately 1,790 facilities) of these
sites qualify as new and 85.8 percent (10,800 facilities)
fall into the existing site category.

6.1.6.1 Storage Tank Filling The current control
method for bulk plant storage tank filling consists of vapor
balance piping that transfers gasoline vapors from the
storage tank to the tank truck unloading gasoline. As
discussed in Section 4.1.5.3 this technology has been
demonstrated to reduce emissions by 95 percent.
Approximately 45 percent of the estimated 25,200 storage
tank loading facilities (approximately 3,600 new and 21,600
existing as calculated using the data in Table 8-27) use
this method. The remaining 55 percent are uncontrolled.
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Baseline emissions were calculated by multiplying throughput
identified in Table 3-11 by these facility populations.

Alternatives I and II would require implementation of
the above mentioned vapor balance system at area source bulk
plants (both new and existing). As a result, emission
reductions under these alternatives are reduced
approximately 85 percent from baseline.

6.1.6.2 Tank Truck Loading Racks. As discussed in
Section 4.1.5 the control technology for loading racks at
bulk plants consists of the installation of vapor balance
piping that transfers gasoline vapors from the tank truck
being loaded back to the storage tank. This technology has
- been demonstrated to achieve a 95 percent reduction in VOC
emissions. The baseline analysis assumes that approximately
49 billion liters is loaded into trucks using vapor balance
methods, 30 billion using submerged fill, and almost 9
billion using splash fill (Table 3-10).

Regulatory Alternatives I and II require that new and
existing area source bulk plants install vapor balance
piping on their loading racks but allow a 15,000 liters/day
(4,000 gallon/day) exemption. Submerged fill is required
for plants with throughputs below this level. Therefore,
emission reductions calculated for these alternatives would
arise from plants with previously uncontroclled throughputs
(an estimated 14 percent of the total of 12,600 facilities
or 1,750 loading sites). Throughputs associated with this
segment of the population were multiplied by the controlled
emission factor to obtain emission quantities. This results
in an overall emission reduction from tank truck loading at
bulk plants of about 65 percent.

6.1.6.3 Tank Truck Leakage. None of the presented

alternatives require additional controls or control
procedures for tank trucks loading at area source bulk
plants. As a result, implementation of none of the
alternatives would yield an emission reduction associated




with this facility. Baseline emissions are 888 Mg HAP/yr
and 13,214 Mg VOC/yr.

6.1.6.4 Fugitive Emissions from Equipment Leaks The
fugitive emissions at bulk plants also occur from leaking
pumps and valves that transport gasoline and gasoline
vapors. Baseline emissions of 9,190 Mg HAP/yr and 130,757
Mg VOC/yr were calculated on a per component basis.
Alternatives I and II specify the implementation of a
quarterly LDAR program at both new and existing facilities.
This level of control is the sameé as that specified for area
source bulk terminals,

6.1.7 Service Stations (Storage Tank Filling)

The emissions from service stations that are part of
this regulatory development result during the filling of the
storage tank, which is typically underground. The control
technique used to reduce emissions from this operation is
vapor collection. The vapors being forced out of the
storage tank by the incoming liquid gasoline are collected
and returned to the tank truck. This has been demonstrated
to reduce VOC emissions by at least 95 percent. The
baseline assumptions for service stations are that
approximately 289 billion liters are loaded into service
‘station storage tanks using vapor collection, about 86~
billion loaded using submerged fill, and the remaining 71
billion loaded using splash fill (Table 3-11). As can be
calculated after an examination of Table 8-27, the majority
of this throughput can be attributed to existing service
stations (97.3 percent). It is estimated that only a minor
amount (2.7 percent) will be attributed to new service
stations in the base year of the analysis.

Regulatory Alternatives I and II require the
installation of vapor collection systems nationwide (all
service stations meet area source criteria), but each
contains an exemption for stations with throughputs less
than 10,000 gallons/month (about 7 percent of the
throughput, see Table 5-7). Submerged fill will be required
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for stations with throughputs below this level. Therefore,
the emission reductions for these alternatives would come
entirely from previously uncontrolled areas (approximately 9
percent of the 387,750 stations or approximately 35,000
service stations). This results in an overall emission
reduction for each of these alternatives of a little more

than 75 percent.

6.2 WATER POLLUTION IMPACTS

The overall impact on water resources is negligible.
None of the emission control technologies create a
significant water discharge. Only if refrigeration systems
are used for bulk terminal. contreol, which cocl and condense
the vapors from the loading operation for liquid recovery,
would a potential water pollution impact be created. 1In a
refrigeration system the vapor-air mixture collected at the
loading rack is cooled to very low temperatures (-110°F).
Along with the qasbline vapors, moisture in the air is
condensed. The amount condensed is dependent upon the
relative humidity of the process stream flow. As a
consequence, a small amount of liquid gasoline-water mixture
is generated. This mixture is then passed through a
gasoline-water separator, with the gasoline returning to
storage and the water being discharged. It is estimated
that this will produce only a negligible impact on water
quality since it is reported that gasocline is insoluble in
water'.

6.3 SOLID WASTE IMPACTS

None of the control devices being evaluated generates a
solid waste as a by-product of its operation. The only
solid waste that may be generated would be spent carbon used
in a bulk terminal vapor recovery system. For this
scenario, the assumption would be that the carbon could not
be reactivated and would have to be discarded after its
useful life. Table 6-5 summarizes calculations of this
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potential solid waste impact. This analysis assumes that
approiimately one-third of the terminals requiring control
would choose carbon adsorption. This estimate 1s slightly
higher than the estimated national average of emissions
processed at bulk terminals using vapor recovery devices (25
percent) but an impact analysis of this type should be
conservative. Consedquently, the average annual solid waste
impact is averaged over the ten year life of the carbon
which results in a total environmental impact of 260 tons
per year or an average of 0.73 tons per terminal. To put
this impact in perspective, the average person generates
almost 2 Mg of solid waste per year’ (10 pounds per day, 365
days per year = 1.6 Mg per year). Therefore this solid
waste impact could be considered negligible.

6.4 ENERGY IMPACTS

Energy impacts for the regulatory alternatives were
estimated in the form of gallons of gasoline saved. Energy
savings were derived by determining the ligquid gasoline
equivalent of the emission reductions presented in Table
6=-5. Liquid gasoline is saved from equipment leaks and
storage tanks since less product is allowed to evaporate and
- eéscape. - Gasoline-is recovered -at terminals when carbon
adsorption or refrigeration systems are used to control
emissions. Gasoline is recovered, or not lost to
evaporation, at bulk plants where vapor recovery is used on
outgoing loads. When gasoline is pumped from storage to
fill the trucks, vapors are returned to the tank, thereby
reducing evaporation and saving gasoline.

Table 6-6 summarizes the liquid gascline saved. For
bulk terminals, it was assumed that 25 percent of the
emission reductions would be processed using recovery
devices (carbon adsorption, refrigeration). Although these
control devices use energy for their operation, the amount
is relatively small and has been subtracted from the gross




TABLE 6~5. ESTIMATED SOLID WASTE IMPACTS FROM
CARBON DISPOSAL AT BULK GASOLINE TERMINALS

Annual
Bulk Terminal Carbon Regulated?® Solid Waste®,
Model Plant Capacity®, Facilities Mg
lbs
1 10,000 123 56
2 14,000 69 44
3 18,000 84 69 -
4 25,000 30 34
Total 306 203

? Regulated facilities determined by assuming 30 percent of
all facilities require control. Number of facilities by

- medel plant determined by using 30 percent of facilities
presented in Table 5-3,.

Annual solid waste impact determined by assuming one
third of all facilities will use carbon adsorption and
carbon must be disposed of after end of useful life (10
years}. Annual solid waste ilmpact averaged over 10 years
life.

¢ Reference 3,
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7.0 CONTROL COSTS

This chapter presents a discussion of the costs of
implementing HAP and VOC emissions control at gasoline
distribution facilities. Using the model plant parameters
previously described in Chapter S5, costs have been developed
for each of the six regulatory alternative arrays. Section
7.1 presents model ‘plant costs for each facility type to be
regulated: pipeline facilities, bulk terminals, bulk plants,
and service stations. Costs associated with storage tanks
and leak detection and repair programs are discussed
separately since they will be incurred at facilities in more
than one category. Section 7.2 presents an analysis of the
‘control costs for each of the regulatory alternatives.
Tabular costs are provided along with a discussion of the
sources of data and the assumptions used in deriving the
costs.

7.1 MODEL PLANT COSTS
7.1.1 Storage Tanks

This section addresses the cost of controls for storage
tanks present at pipeline breakout stations and bulk
terminals. Storage tank control techniques have been
discussed in Section 4.1.3 and include the installation of
internal floating roofs on fixed roof storage tanks and the
addition of secondary seals on external floating roof
storage tanks.

The annual costs associated with installation of an
internal floating roof within an existing fixed roof
structure were derived from costs developed in previous EPA
studies for the third gquarter of 1991.' The capital costs
are based on a model tank with a capacity of 2,680 m® and a
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tank diameter of 15.2 m and are summarized in Table 7-1.

2, degassing and cleaning

According to estimates from vendors
costs for the tank size shown in Table 7-1 and the floating
roof tank shown in Table 7-~2 are approximately $6,000. The
waste disposal cost is approximately $3,000. The roof and
seal costs were based on figures and formulas given in the
draft 1991 floating and fixed roof CTG. The deck fitting
costs also were taken from the CTG. The annualized costs
for maintenance; taxes, insurance, and general and
administrative; and inspections were estimated using the
same percentages in the draft 1991 CTG. A recovery credit
was calculated to reflect the amount of gasoline that would
no longer be lost through evaporation, breathing loss, etc.
after this control measure was implemented. Note that the
price/liter of gasoline used to calculate recovery credits
is different at bulk terminals and pipeline breakout
stations. This is due to the fact that some federal tax is
actually collected at the bulk terminal, thus raising the
price slightly. Additionally, the concept of equivalent
dedicated storage tanks (number in ﬁse as opposed to the
total number at the facility) was used to calculate
emissions as presented in the tables. However, the recovery
_greditsmshould be distributed among the actual number of
tanks at each model plant. Since there are a different
number of storage tanks and dedicated storage tanks at each
model plant, the recovery credits calculated for Tables 7-1
and 7-2 are presented as weighted averages. The combined
annualized "costs" result in a net annual savings (recovery
credit - annualized cost) of $16,090 at bulk terminals and
$1,790 at pipeline breakout stations. Emission feduction
(storage tank emission factors from Table 3-6 times control
efficiencies from Tables 4-2 and

4-3) and overall cost effectiveness (annualized cost divided
by emission reduction) reflect this same trend. As
discussed previously for installation of seals on a fixed
roof tank, the net annual cost to install a secondary seal




TABLE 7-1.

' (THIRD QUARTER 1990 DOLLARS)

COSTS OF INSTALLING A BOLTED INTERNAL
FLOATING ROQF ON AN EXISTING FIXED ROOF TANK

Assumptions: Tank Capacity = 2,680 m°
Tank Diameter = 15.2 m
Tank height =

l4.6 m

Capital Cost & Installation

DPegassing, Cleaning, & Waste Disposal $9,000:
Roof with Liquid-Mounted Seal 319.-900b
Controlled Deck Fittings $200
Total Capital Cost $29,100
Annualized Costs ($/yr)
Maintenance (5%) $1,460
Taxes, Insurance, G&A (4%) $1,160
Inspections (1%) $290
Annual Capital Charges (11.76%, 20
yrs. @ 10%) $3,420
Teotal Annualized Cost $6,330
Product Rec. Credit (Pipeline Breakout $8,120°
Staticn) .
Product Rec. Credit (Bulk Terminal) $22,420
Net Annualized Cost (Pipeline Breakout ($1,790)°
, Station) .
Net Annualized Cost (Bulk Terminal) ($16,090)
Cost Effectiveness ($/Mg)
Pipeline Breakout Stations (S35)
Bulk Terminal ($311)

disposal.’

Reference 1.

breakout stations of $0.285/liter.*

 Based on Vendor estimations of $6,000 - $11,000 for
degassing and cleaning and about $3,000 for waste

Based on a calculation which subtracts losses from
internal floating roof tanks from uncontroclled losses at
fixed roof tanks and a cost of gasoline at pipeline

Based on the same loss calculation as specified in

footnote "c" and $0.290/liter of gasoline at a terminal.’

station.

Net Annualized cost (savings)

7=3

Net Annualized Cost (savings) for the pipeline breakout

for the terminal.




TABLE 7-2. COST OF INSTALLING A SECONDARY SEAL CON AN
' EXTERNAL FLOATING ROQF TANK
(THIRD QUARTER 1990 DOLLARS)

Assumptions: Tank Capacity = 2680 m°
Tank Diameter = 23.8 m
Capital Costs
Degassing, Cleanlng, & Waste Disposal $ 9,000°
Secondary Seal CostP $13,200°
Control Fittings $ 680°
Total Capital Cost ' $22,880

Annualized Costs ($/yr)

Annual Capital Cost (16.3%; 10 yrs, 10%) $ 3,730

Taxes, Insurance & Administration (4%) $ 920

Maintenance (5%) $ 1,140

Inspection (1%) S 230

Recovery Credit (Pipeline Breakout $ 1,370°
Station)

Recovery Credit (Bulk Terminal) $ 3,770°

Total Annual cost (Pipeline Breakout $ 4,650
Station)

Total Annual Cost (Bulk Terminal) $ 2,250

Control Effectiveness (Mg/yr)
Plpellne Breakout Statlons S 612
-Bulk-Terminal - - - : - -8 296 - ——

Based on Vendor estimations of $6,000 - $11,000 for
degassing and cleaning and $3,000 for waste dlsposal

Reference 1.

Based on a calculational difference between losses
occurring from primary and secondary seals and a price of
gasoline of $0.285/liter at pipeline breakout stations.’

Based on the same calculation as specified in footnote "c¢"
and a price of gasoline of $0.290/liter at bulk
terminals.®




on an external floating roof tank (annualized cost -
recovéry credit) at a pipeline breakout station is $4,650
and at a bulk terminal is $2,250. Emission reduction and
cost effectiveness were calculated in the same manner as
noted for fixed roof tanks.

7.1.2 Leak Detection and Repair

As discussed in Chapter 3, leaking pumps and valves are
sources of emissions at pipeline facilities, bulk terminals,
and bulk plants. Leakage from tank trucks will be discussed
later. The basic control technology discussed in Chapter 4,
Section 4.1.7, involves LDAR programs with varying
frequencies of inspections. Tables
7-3 and 7-4 present costs as well as cost effectiveness for
quarterly and monthly LDAR as implemented at pipeline
pumping and breakout stations, bulk terminals, and bulk
plants. Table 7-5 provides costs per monitoring event.
Capital costs do not appear in the tables as there are none
associated with implementation of LDAR (no equipment
purchases, only annual monitoring and maintenance costs are
associated with LDAR).

According to an estimate by a company providing this
service’, a technician can monitor approximately 300-600
components (i.e. pumps and valves) per day. Model plant 2
for pipeline breakout stations has 470 components, therefore
this analysis assumes that all monitoring can be performed
in one day for all model plants. According to another
company’s estimate, the minimum charge for a technician to
perform LDAR is $600/day. The model plants for the pipeline
pumping stations have the fewest number of components,
therefore this analysis assumes that a technician can
monitor two facilities in one day for $600 or monitor one
facility for $300. Extra charges for repair cost are
estimated at $2.50/component. An extra charge for travel is
added to the costs at pipeline pumping stations because of
their remote location. The total cost for monitoring
includes extra repair and travel cost. Since quarterly LDAR
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TABLE 7-5. SUMMARY OF LEAK DETECTION AND REPAIR COSTS

PER MONITORING EVENT

(THIRD QUARTER 1990 DOLLARS)

Model Plant’

Quarterly
LDARY

Costs ($/component)

Monthly
LDAR®

Pipeline Pumping Stations

Model Plant 1
2 pumps?, 25 valves

Model Plant 2
S pumps?, 50 valves

Model Plant 3
9 pumps?®, 100 valves

Pipeline Breakout Stations

Model Plant 1
20 pumps?, 250 valves

Mcodel Plant 2
35 pumps?®, 400 valves

Bulk Terminals

Model Plant 1
10 pumps®, 90 valves

Model Plant 2 o
10 pumps?, 115 valves
Model Plant 3
10 pumps?®, 130 valves

Model Plant ¢
10 pumps?, 160 valves

Bulk Plants

Model Plants 1-5
4 pumps?, 50 valves

(2.84)

(5.62)

(2.94)

(2.92)

(3.78)

(3.85)

(3.88)

(3.93)

1.34

(1.58)

(0.48)

(0.81)

.36

- (.06)

(.25)

(.52)

Assuming two pump seals per pump.
() Indicates a negative cost or net savings.
Model plants and parameters from Chapter S5-1.




occurs four times a year, the "Total Cost" per monitoring is
multiplied by four to obtain the "Annual Total Cost" for
quarterly LDAR in Table 7-3. Similarly, monthly LDAR occurs
12 times a year. As a result, the "Total Cost" per
monitoring is multiplied by twelve to obtain the "Annual
Total Cost" for monthly LDAR.

Annual baseline emissions were calculated for each
model plant by multiplying the leakage rates for pumps and
valves (see Chapter 3, page 3-22) by the number of pumps and
valves at the model plant over the annual operating
schedule. Annual emission reductions were calculated using
the efficiencies associated with quarterly and monthly LDAR
as shown on page 4-39. The emission reductions were used to
calculate a recovery credit to reflect the amount of
gasoline that would no longer be lost through evaporation or
leaking at the pumps or the valves. The "Annual Cost
Effectiveness" was calculated by dividing the difference
between the "Annual Total Cost" and the "Recovery Credit" by
the "Emission Reduction". In several model plants,
implementation of quarterly or monthly LDAR results in a net
savings or negative cost. This occurs primarily at the-
model plants which have the most pumps and valves. Since
these model plants have a greater emission reduction when
LDAR is applied, they also have a greater recovery credit.
7.1.3 Bulk Terminals

7.1.3.1 Truck loading racks. Capital expenditures and
annualized costs for the control of emissions from bulk
gascline terminal loading operations were estimated for the
four model plant sizes presented in Section 5.1.2. Three
types of vapor processing systems have been included in the
analysis: carbon adsorption (CA), thermal oxidation (TO),
and refrigeration (REF) systems. Based on conversations
with terminal operators and control equipment manufacturers,
these are the most common types of systems in use today.
Varying estimates were prepared based on assumed processor
outlet emissions (35 mg/liter, 10 mg/liter, and 5 mg/l) and
whether the installed system was a new unit or, in the case
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of thermal oxidizers, an add-on system. The costs presented
include capital investment, annualized costs, and cost
effectiveness for each type of control device for 4
different throughput levels. Table 7-6 presents the
estimated costs for a new unit designed to meet a 35
mg/liter outlet emission limit; Table 7-7 provides cost
estimates for a control device designed to meet a 10
mg/liter limit; and Table 7-13 gives cost estimates for a
new unit designed to meet a 5 mg/l standard. Tables 7-8
through 7-14 present costs associated with upgrading
existing terminal loading racks to limits imposed by the
alternatives developed in this analysis. Table 7-8 details
costs for upgrade of uncontrolled facilities to a 35 mg/l
standard:; Table 7-9 provides costs for converting existing
80 mg/l units to meet a 35 mg/l standard; Table 7-10 shows
costs of upgrading uncontrolled units to units that will
meet a 10 mg/l emission limit; Table 7-~11 gives costs for
retrofit of 80 mg/l units that will allow them to meet a 10
mg/1l standard; Table 7-12 presents costs for upgrading 35
mg/l units to 10 mg/l; Table 7-13 provides costs for
upgrading 35 mg/l units to meet a 5 mg/l limit; and Table
7-14 shows costs for retrofit of 10 mg/l units such that
they will meet a_5 mg/l_standard. _Finally, Table 7-15 _ _
presents the costs of adding on a thermal oxidizer to an
existing system in order to obtain improved emission
control. Manufacturers were contacted and previous EPA cost
information was consulted to obtain the purchase costs
presented in these tables for carbon adsorption,’'®'' thermal
oxidation,'®" and refrigeration type' vapor control
systems.

For the carbon adsorption system, one manufacturer
stated that the same unit could be designed to handle the
throughputs of the first three model plants. The only
difference in these systems would be the amount of carbon-
needed for each system.15 This same manufacturer estimated
the amount of carbon for a 10 mg/l unit for MP1 at 10,000
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TABLE 7-15. BULK TERMINAL LOADING RACK COSTS - THERMAL
: OXIDIZER ADD-ON

(THOUSANDS OF THIRD QUARTER 1990 DOLLARS)

Model Ptant 1 2 3 4
Vapor Processor : Io_b mh_' LQE _T_O_b
Capital !{nvestment
Unit purchase costd 35 35 35’ 35
Unit instailation Cost® 29.8 29.8 29.8 29.8
Annus| Operating Costs ($/yr)
Electricity 1 1 1 1
pilot gas' 2.0 3.4 6.3 8.3
Carbon re;:»lzu:emen:g
Maintenance” 3.5 3.5 3.5 3.5
Operating Labor ! 6.8 6.8 6.8 6.8
Subtotal (Direct Operating Costs) 13.3 14,7 17.6 19.6
Capital chargesj (16.3%) - 10.4 10.4 10.4 10.4
Taxes and Insurance (4X) 2.6 2.6 2.6 2.6
Gasoline rec. creditk 0.0 0.0 0.0 0.0
Net_Annual ized Cost 26.3 27.7 30.6 32.6
Total VOC Controlled, Mg 1.0 8.0 16.0 32.0
voc/yr™ .
\C’ggt Effectiveness, $/Mg 26,300 3,463 1,912 1,019




FOOTNOTES FOR TABLES 7-6 THROUGH 7-15

b

Carbon Adsorption Unit.
Thermal Oxidation Unit - Enclosed Flame.
Refrigeration Unit.

Costs for MP1, MP2, and MP3 are bdsed on same units fgr CA
system. Differences are due to the amount of carbon in
each system. '

Estimated at 85 percent of contrel unit cost.

Estimated that 50 percent TO units used propane and 50
percent used natural gas; price of propane was $1.03 per
gallon and pilot burner was estimated to burn 2 gallons
per hour. Burning an equivalent amount of natural gas was
estimated at $0.80. Final estimate is the average cost
for propane and natural gas.

Estimated activated carbon replacement period is 10 years,
at $2.09 per pound carbon cost. Estimated carbon in each
unit:

MP1 10,000 lbs.
MP2 - 14,000 1lbs.
MP3 - 18,000 lbs.
MP4 25,000 lbs.

Telecon with John F. Jordan Co. (Reference 22).

Daily system inspections at 1 hour per day. Labor rate
$20/hr.

Total capital investment x (capital recovery factor +
0.04), where interest rate = 10 percent, egquipment
economic life = 10 years (0.163 capital recovery factor).

Amount recovered per year, at $0.342 per liter assuming a
density of 0.67 kg/liter.

Total VOC controlled calculated assuming an uncontrolled
emission factor representative of baseline uncontrolled
loading. That is, 96 percent times the submerged lcading
factor, 738 mg/l, and 6 percent times the splash loading
factor, 1,776 mg/l. These factors were calculated using
an RVP of 11.4 psi and 60 F, as discussed in Chapter 3.
Therefore, the emission reduction was calculated by taking
the difference between this weighted average emission
factor, 800 mg/l, and the controlled level. As an
example, for 10 mg/l control devices, the resulting
emission reduction factor would be 790 mg/l. This
emission reduction factor was then multiplied by the model
plant throughput to determine the emission reduction.

7-21




" Assuming existing control device meets 35 mg/l emission
limit and VOC controlled calculated using emission
reduction factor of 25 mg/1l1 (35 mg/l to 10 mg/l).




lbs., MP2 at 14,000 lbs., and MP3 at 18,000 lbs.'® MP4
would require a larger design to handle the throughput, and
a separate estimate was provided for this system. The price
of carbon is estimated at $2.09 per pound, and the carbon
was assumed to have a working life of 10 years.'” These
sources also indicated that retrofitting a carbon adsorption
system to comply with lower emission limits increases the
capacity of the system by at least 20 percent; and
feasibility studies indicate that in most cases,
installation of a new unit is more cost effective.’
Therefore, retrofit was not considered to be an option for
carbon systems.

Similarly, for thermal oxidation systems, the same unit
could be designed to handle the throughputs of MP2 and MP3
and the unit price estimate for those two systems is the
same. Installation costs were assumed to be 85 percent of
the unit purchase cost, which is consistent with the
findings in earlier EPA studies.'®%

Annual ope:ating costs include electricity to power
compressors, pumps, and blowers, routine maintenance and
operating labor (daily inspections), pilot gas for the
thermal oxidizers, and activated carbon replacement for the
carbon units. Operating labor consists of a routine l-hour
inspection per day at a labaor rate of $20 per hour. For
carbon systems, estimates are at $6,000 per year, including
parts and labor. The annual cost for thermal oxidation
units is $3,500, while refrigeration units are approximately
$11,600 yearly.21 Thermal oxidizers require a pilot fuel
source and, based on conversations with manufacturers, it is
estimated that half use propane and the other half use
natural gas.? The current cost for propane is
approximately $1.03 per gallon.?® Control systems are
assumed to burn about 2 gallons per hour. The cost of
burning a comparable amount of natural gas is about $0.80.
The estimate for the tables is the average of these two
figures.




Other costs include capital charges, administration,
taxesnand insurance, and the gascline recovery credit.
Capital charges are assumed to be 16.3 percent of the
capital investment, while administration, taxes, and insur-
ance charges are 4 percent of capital investment. The gaso-
line recovery credit is the amount recovered per year at
$0.342 per liter (see Chapter 8), assuming a density of
0.67 kg/liter. The total VOC controlled is the difference
between the uncontrolled and the controlled emission level.
The cost effectiveness is defined as the total net
annualized cost divided by the total emissions controlled
per year.

7.1.3.2 Raillcar loading racks. Table 7-16 presents
costs of installation and operation of three vapor control
- systems, all achieving an emission rate of 10 mg/liter for a
rail loading operation. Based on observations of a railcar
loading facility,? it was concluded that railcar loading
occurs at a rack with similar operating characteristics to
that of model plant 2 for tank trucks. The yearly
throughput for the railcar lcading rack model plant is
85 million gal/yr with a maximum instantaneous loading rate
of 3,000 gal/min.

7+1.3+3 Tank Truck leakage. As discussed in Section- T
4.1.4, there are two basic options for controlling vapor
emissions from tank trucks during loading. These are by
installing a vacuum assist system at the loading rack or by
implementing a periodic leak testing program for the trucks.
The total costs to design, purchase, and install a vacuum
assisted system were estimated by Fina 0il and Chemical to
be approximately $320,000.% (These costs may differ
markedly from what another facility would have to spend for
a similar system, due in part to engineering resource
expense involved for site specific parameters and refining

of the system). The estimated break down of costs are as
follows:




TABLE 7-16.

RAILCAR VAPCR CONTROL COSTS
(THIRD QUARTER 1990 DOLLARS)

FOR 10 mg/1l

Carbon
Adsorption
Cost [tem (1,000 $)
Capital Investment
Equip Purchased 246
Equip Instailed 209
Rack Converted 639
Railcar Converted 21
Totat Capital 1,115
Annual Costs ($/yr)
Electricity 12
Propane -
Carbon
Replacement 3
Maintenance 6
Operating Labor 7
Tank Test -
Taxes, Insurance,
and Admin. (4%) 45
Total 73
Recovery Credit 130
Capital Recovery (16.3%) 182
Net Annualized Cost 125
Total VOC Controlled, My 32
vOC/yr
Cost Effectiveness, $/Mg 377
vog

Thermal
Oxidation
1,000 &

106
90
639
21

856

W o

[N N

34
54

13¢
194
332

585

Refrigeration
(1,000 %)

387
329
639

21

1,376

55
a9
130
224
279
332

841




Equipment

blower/motor $25,000
control valves/actuators 40,000
air compressor/drier 15,000
PLC modules 18,000
electrical equipment 15,000
Contractors
design _ 60,000
installation 120,000
facility refinements 27,000

Contacts with various tank truck manufacturers
indicated that, on average, the cost to install vapor
recovery equipment on bottom loading tank trucks is $3,500
per truck.®.?” additionally, the cost of annual vapor
tightness testing is estimated to he $150 per truck per
year.?® This cost is based on an average of $300/truck
required for both pressure and vacuum tests. However, since
the DOT already requires pressure testing of tank trucks and
the costs for each test {(vacuum or pressure) are
approximately the same; it was estimated for this analysis
that the cost of vacuum testing a tank truck would be half
the total cost ($150/truck/year).

7.1.4 Bulk Plants

N In order to obtain up-to-date cost estimates for
retrofitting bulk plants, a wide variety of organizations
was contacted. These included petroleum marketers trade
organizations, oil companies, State environmental agencies
that have recently adopted Stage I regqulations, bulk plant
owners, and installation contractors. Information
received®3%3! showed that the costs of installing controls
at a bulk plant are very close to the costs presented in the
Draft Regulatory Impact Analysis: Proposed Refueling
Emission Requlations for Gasoline-Fueled Motor Vehicles,
July 1987 report. Since the costs from 1987 provided
detailed cost breakdowns, the costs given in Tables 7-17 and
7-18 are from the 1987 report updated to 1990 dollars, using
the CE Index.3®




TABLE 7-16. RAILCAR VAPOR CONTROL COSTS
(THIRD QUARTER 1990 DOLLARS)

FOR 10 mg/l

Cost Item

Capital Investment

Equip Purchased
Equip Installed
Rack Converted
Railear Converted

Total Capital
Annual Costs ($/yr)

Electricity

Propane

Carbon
Replacement

Maintenance

Operating Labor

Tank Test

Taxes, Insurance,
and Admin. {(4%)

Total
Recovery Credit
Capital Recovery (16.3%)
Net Annualized Cost

Total VOC Controlled, Mg
vOoC/yr

Cost Effectiveness, $/Mg
voc

Carban
Adsorption
(1,000 $)

246
209
639

21

1,115

12

YN O N

45

130
182
125
332

377

Thermal
Oxidation
(1,000 $)

106
90
639
21

856

(LR 3

TR

34
54

139
194
332

585

Refrigeration
¢1,000 %)

187
329
639

21

1,376

95
ae
130
224
279
332

841




Egquipment

blower/motor $25,000
control valves/actuators 40,000
air compressor/drier 15,000
PLC modules 18,000
electrical equipment 15,000
Contractors
design 60,000
installation 120,000
facility refinements 27,000

Contacts with various tank truck manufacturers
indicated that, on average, the cost to install vapor
recovery equipment on bottom loading tank trucks is $3,500
per truck.®?’ additionally, the cost of annual vapor
tightness testing is estimated to be $150 per truck per

year.?%®

This cost is based on an average of $300/truck
required for both pressure and vacuuﬁ tests. However, since
the DOT already requires pressure testing of tank trucks and
the costs for each test (vacuum or pressure) are
approximately the same; it was estimated for this analysis
that the cost of vacuum testing a tank truck would be half
the total cost ($150/truck/year).
7.1.4 Bulk Plants

__ In order to obtain up-to-date cost estimates for
retrofitting bulk plants, a wide variety of organizations
was contacted. These included petroleum marketers trade
organizations, oil companies, State environmental agencies
that have recently adopted Stage I regqulations, bulk plant
owners, and installation contractors. Information
received® 33! shnowed that the costs of installing controls
at a bulk plant are very close to the costs presented in the
Draft Regqulatory Impact Analysis: Proposed Refueling
Emission Regulations for Gasoline-Fueled Motor Vehicles,
July 1987 report. Since the costs from 1987 provided
detailed cost breakdowns, the costs given in Tables 7-17 and
7-18 are from the 1987 report updated to 1990 dollars, using
the CE Index.3




TABLE 7-17. AVERAGE CONTROL COSTS FOR BULK PLANTS

(NO EXEMPTIONS)
(THIRD QUARTER 1990 DOLLARS)

Model Plant No.
Throughput (liters/day}

Weighted Average Top & Bottom
Loading Costs

Balance Incoming & Qutgoing
Loads on Uncontrolled Plants®

b,c

Capital Costs
Annual 0 & M (3%)

Capital Charges (13.1%)
Taxes, Ins. (4%)

Recovery Creditd
Net Annualized Cost (3/yr)
Emission Reduction {(Mg/yr)

Cost Effectiveness ($/Mg)

Balance Qutgoing Loads on
Plants with Incoming Load

Balanced

Capital Costsb'c
Annual 0 & M (3%)
Capital Charges (13.1%)
Taxes, Ins. (4%X)
Recovery Creditd
Net Annualized Cost (%/yr)
Emission Reduction (Mg/yr)

Cost Effectiveness (S/Mg)

1,300

31,208
936
4,088
1,243
200
6,073
<1

6,073

23,227
697
3,043
929
200
4,469
<1

4,469

1

3

2

2
1,400

1,208
936
4,088
1,248
1,512
4,761
3
1,587

3,227
697
3,043
929
1,512
3,157
3
1,052

3
24,600

31,208
936
4,088
1,248
3,277
2,996
7

428

23,227
697
3,043
929

3,277

1,392
7
199

47,300

31,208
936
4,088
1,248
6,301
28

14

23,227
697
3,043
929
6,301

(1,632)
14

6_@

64,400

31,208
936
4,088
1,248
8,572
(2,300)

19
e

23,227
697
3,043
929
8,572
(3,904)

19
e

Includes the cost of retrofitting two account trucks for use in vapor balance service.

Top Load Cost - $21,310 (91X), Bottom Load Cost - $42,810 (9%), Incoming Load Cost - $7,981,

References 2 and 19.

Recovery credits are based on a cantrol efficiency of 95 percent on outgoing loads from a balance

system (or storage tank emptying losses), and a product cost of 30.30 per lLiter.

Cost effectiveness not calculated because net annualized cost is a negative quantity (cost

credit).,

27




TABLE 7-18 ESTIMATED CONTROL COSTS FOR BULK PLANTS
: (EXEMPT < 4,000 GAL/DAY)

(THIRD QUARTER 1990 DOLLARS)

Mogel Plant No.
Throughput (liters/day)

Weighted Average Top & Bottom
Loading Costs

8atance Incoming Loads and
Instali Qutgoing Submerged

Fill on Uncontrolled Plants
with < 4, 000 qal day

b,c

Capital Costs
Annual 0 & M (3%)

Capital Charges (13.1%)
Taxes, Ilns. (4%)

Recovery Creditd
Net Annualized Cost (%/yr)
Emission Reduction (Mg/yr)

Cost Effectiveness (3/Mg}

-Balance Qutgoing Submerged

Fill on Plants with [ncoming
Lead Balanced < 4,000

gal/day

Capital Costs

b,e

Annuatl O & M (3%)
Capital charges (13.1%)
Taxes, Ins. (4X)
Recovery Credit
Net Annualized Cost ($/yr)
Emission Reduction (Mg/yr)

Cost Effectiveness ($/Mg)

1,500

o o O & o o o o

[~ = T = N =]

d B

o o o o

11,400

4,270
278
1,214
371
1,3139
550

1,587

1,308

264,600

31,208
936
4,088
1,248
3,277°
2,996

428

23,227
697
3,043
929

3,277
1,392
7
199

47,300

31,208

936

4,088

1,248

6,301°
(28

14

23,227
697
3,043
929
4,358
311

14

22

64,400

23,227
697
3,043
929
5,970

(1,301)
19

Includes the cost of retrofitting two account trucks for use in vapar balance service.

Top Load Cost - $21,310 (91%), Bottom Load Cost - 342,516 (9%), Incoming Load Cost - $7,581.

References 2 and 19.

Recovery credit based on contral efficiency of 58% for canversion from top splash locading to

submerged fill.

Recovery credits are based on a tontroi efficiency of 95 percent on outgoing loads from a balance
system (or storage tank emptying losses), and a product cost of $0.30 per liter,

Cost effectiveness not calculated because ne

eredit).

28

t annualized cost is a negative quantity (cost




7.1.5 Sexrvice Stations

The same organizations contacted about bulk plant
control costs were contacted to obtain current information
regarding service station Stage I costs. In addition,
service station owners were contacted. ,

Additionally, industrial contractors were asked to
provide cost estimates for retrofitting service stations
with Stage I vapor recovery equipment. Several of these
_contractors responded with estimated costs.¥3.3 Based on
these estimates and an analysis of catalogued costs, the
average capital cost given for retrofitting a service
station with a coaxial system is approximately $1,524.%
Also, the contractor estimated cost of a dual point system
ranged from $800 to $3,500 per tank with an average of
$2,323.% since facilities examined in this analysis
typically have three tanks, costs would be $6,969 per
station. More recently acquired information has reinforced
these results.3

Information on the preference of coaxial versus dual
-point systems was not available although each system has its
advantages (coaxial - low cost, dual point - ability to drop
two products at the same time). For purposes of cost
estimation, an average of the dual point and coaxial costs
was used. There is no vapor recovery credit associated with
service stations due to the fact that no vapor recovery
devices are used and if vapor balance piping is used, vapors
are returned to the truck tank for recovery or process at
other subcategory facilities in the network. Table 7-19
provides a comprehensive analysis of the costs associated
with the service station subcategory.

7.2 COST ANALYSIS OF REGULATORY ALTERNATIVES

The costs of control for each facility emission
source’s control option(s) were calculated by multiplying
the facility number or gasoline throughput shown in Tables
3-11 and 8-27 by the appropriate model plant costs. The
model plant costs used in the calculations are those

T-29




TABLE 7-19. SERVICE STATION STAGE I CAPITAL AND
ANNUALIZED COST ESTIMATES®®
(THIRD QUARTER 1990 DOLLARS)

Capital Cost and Installation® $4,250
Annualized Costs ($/vr)
Maintenance (3%) 127
Taxes, Insurance, and G&A (4%) 170
Capital Charges® (0.131) : 557
Annualized Cost 854
Recovery Credit . NA
Net Annualized Cost BS54
Throughput Emission Cost
Reductions Effectiveness
($/Mg VvoC)
MP1 ( 7,600 l/mo.)  0.138 Mg/yr 6,188
MP2 ( 23,000 l/mo.) 0.407 Mg/yr 2,098
MP3 { 76,000 1/mo.) 1.343 Mg/yr 636
MP4 (132,000 1l/mo.) 2.341 Mg/yr 365
MPS (246,000 1l/mo.) 4.347 Mg/yr 196
MP6 (700,000 1l/mo.) 12.370 Mg/yr 69

® Since the number of underground storage tanks at service

—————— stations-does not vary considerably with throughput
(storage capacity would vary more), costs to comply with
Stage 1 at affected facilities were assumed to be
independent of facility size.

Capitalicharges are based on a 10 percent interest rate
and equipment life of 15 years.

€ Avgrage of rounded costs for coaxial ($1,500) and dual
point ($7,000) systems. References 25, 26, 28, 33, 34.




discussed previously in Section 7.1. Cost effectiveness
ratios ($/Mg HAP, $/Mg VOC) were calculated by dividing the
control option annualized cost by the HAP or VOC emission
reductions achieved under each controcl option as discussed
in Chapter 6. The capital and annualized control costs, HAP
and VOC emission reductions, and cost effectiveness
estimated for each control option at both new and existing
pipeline facilities, bulk terminals, bulk plants, and
service stations are presented in the following Tables:
Tables 7-20 and 7-21 for pipeline facilities, Tables 7-22
and 7-23 for bulk terminals, Table 7-24 and 7-25 for bulk
plants, and finally Table 7-26 for service stations.

7.2.1 Pipeline Facilities '

For equipment leaks at pumping and break-out stations,
alternative control techniques are based on EPA’s LDAR model
for monthly and guarterly monitoring. The costs associated
with monitoring pumps and valves in light liquid service are
as have been described in Section 7.1.2 and are assumed to
apply at these facilities. The total component populations
(10,600 pumps and about 116,000 valves for pumping stations
and 67,500 valves and 2,400 pumps for breakout stations)
were multiplied by their appropriate associated costs to
estimate the annual totals.

These component totals can be arrived at through an analysis
of the data presented in Table 5-2. Additionally, further
component breakdowns can be calculated by applying
new/existing and major/area ratios to the above totals.

At pipeline pumping stations, it was estimated from data
in Table 8-27 that 72.1 percent of the facilities would be
classified as "existing" in the base year of 1998 (27.9
percent would therefore be "new") and all pipeline pumping
stations are area sources. Under Alternatives I and II, a
quarterly LDAR program is required at all these facilities.
The remainder of the alternatives do not require LDAR.
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At pipeline breakout stations, 90.7 percent were
estimated to be existing in the base year (9.3 percent would
be classified as ''new" as shown in Table 8-27) and it was
further estimated that 7.4 percent of these sources would be
classified as major sources of HAP emissions (92.6 percent
would be area sources). As a consequence of this analysis,
at pipeline pumping stations, approximately 7,650 pumps and
83,650 valves would be found at existing sources, 2,950
pumps and 32,350 valves would be located at new sources.
Further break downs for valves are as follows: 465 major
source new, 5,810 area source new, 4,530 major source
existing, and 56,700 area source existing. The analysis of
number of pumps follows similarly with the results being:
20 major source new, 210 area source hew, 160 major source
existing, and 2,010 at area source existing sites.
Alternative IV requires a monthly LDAR at new major source
sites (465 valves and 20 pumps). Alternative IV-Q requires
a quarterly LDAR for the equipment at existing major source
sites as well (4,530 valves and 160 pumps). Alternative IV-
M requires a monthly LDAR be implemented at these sites.
Alternative I, II, and III provide for implementation of
area source control in addition to the major source control
as specified in Alternative IV-Q. These alternatives all
require a quarterly LDAR for all area source facilities
(approximately 62,500‘Valves and 2,200 pumps).

Alternatives I, II, and III for storage tanks at
breakout stations require the retrofit of all fixed-roof
tanks with an internal flecating roof and require
installation of secondary seals on internal floating roof
tanks as well. Therefore, under Regulatory Alternatives I,
ITI, and III the cost of retrofitting internal and external
floating decks can be applied to the entire uncontrolled
fixed-roof tank population (143) and internal floating roof
tanks with only primary seals (476).

Alternatives IV, IV-Q, and IV-M require that controls
be implemented at major source facilities only.

~}
|
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Consequently, these controls would apply to 11 fixed-roof
and 35 internal floating roof tanké.
7.2.2 Bulk Terminals

7.2.2.1 Truck Ioading Racks. Alternative I requires
new major source terminal loading racks to meet an emission
limit of 5 mg/liter, all other terminals would be required
to meet a 10 mg/l limit (existing major and area sources
would be allowed to phase-in controls). Of the 1,024
facilities, (see Table 3-10) it is estimated that there are
76 sites that fall into the new major source category
{27 percent of the total number of lcading racks are major
sources and 28 percent of those are classified as new [see
Table 8-27]1). Of these 76, it was further determined that 2
of these new source facilities were designed to meet the 10
mg/l standard and 74 were designed to meet the 35 mg/l NSPS
standard. Therefore, all 76 sources must upgrade to the 5
mg/l limit. Tables 7-13 and 7-14 provide the necessary cost
information for this category.

The remaining 948 sites must all meet the 10 mg/l
emission limit specified by this alternative. Two hundred
of these sources are classified as existing major
(approximately 19 percent of the total number of facilities

(72 percent are-existing, 27 percent-are classified as:
major)), 207:are new area sources (28 percent are new and 73
percent are area), and 541 fall in the existing area
category (approximately 53 percent of the total population).
Using the facility numbers and the percentages from Table
D-3, it was determined that 485 of these facilities must
upgrade their control to meet this standard (194 from 80
mg/l to 10 mg/1l and 291 from 35 mg/l to 10 mg/l) and that
213 of the previously uncontrolled sources must undergo rack
conversions besides. Tables 7-10, 7-11, and 7-12 provide
this cost information. l

Alternatives II and III require the same levels of
control at major sources as under Alternative I (phase-in
controls at existing major sources). However, at both new
and existing area sources; each of these alternatives allows
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an emission rate of 35 mg/l (again with phase-in control).
Since all new sources must meet the NSPS standard of 35
mg/l, none of the new area sources were required to modify
their locading racks. However, of the 541 existing area
sources, 151 will be required to upgrade from 80 mg/l to the
35 mg/1 limit, and 131 previously uncontrolled facilities
must undergo rack conversicn as well. Cost data for these
categories are provided in Tables 7-8 and 7-9.

Alternatives IV, IV-Q and IV-M require control at major
sources only, and at the same levels previously specified
(5 mg/l at new sources, 10 mg/l at existing sources). As
previously stated, the cost data are contained in Tables
7-10, 7-11, 7-12, 7-13, and 7-14.

For railcar leading, it was assumed that none of the
facilities can meet either a 5 mg/l or a 10 mg/l level. As
a consequence, all facilities with railcar loading racks
would need rack conversions. Therefore, the costs in Table
7-14 were applied to all 20 railcar loading racks and added
to the overall cost for terminal lcading racks.

7.2.2.2 Storage Tanks. Alternatives I, II and III for
storage tanks require the conversion of all 1,072
uncontrolled fixed-roof tanks to internal floating roof
tanks with phase-in allowed at area sources (incurring those
costs in Table 7-1). Also all 2,426 external floating roof
tanks with only primary seals would be required to install
secondary seals (phase-in at area sources), incurring the
costs in Table 7-2. Alternatives 1V, IV-Q, and IV-M would
require storage tank control at major source facilities
only. Consequently, the number of fixed-roof and internal
floating roof tanks requiring control would be reduced to
289 and 655 respectively (27 percent of all tanks are
located at major source sites). Table 7-23 shows that there
are no costs associated with implementation of these
controls for new sources. This is due to the fact that the
storage tank NSPS already requires these controls for new
sources.




7.2.2.3 Tank Truck Leakage. For tank truck vapor.
leakage, Alternatives I, II, and III require the
installation of a vacuum assist vapor collection system at
new major sources (estimated to be a total of 76 sources (27
percent major and 28 percent of those are new as has been
calculated from Table 8-27)) and mandate annual vapor
tightness testing at all other facilities. Consequently,
the cost of installation of a vacuum assist system (see
Section 7.1.3.3) involved with these alternatives would be
incurred by 76 bulk terminals, excluding the very few that
already have this system. The estimated cost of annual
truck testing is $150 per truck plus downtime. This cost
was applied to the 12,731 uncontrolled bulk terminal tank
trucks.

Alternatives IV, IV-Q, and IV-M require controls at
major sources only and, as such, the number of tank trucks
requiring annual tightness testing would be reduced to 3,437
(27 percent of the previously uncontrolled tank truck
population).

7.2.2.4 Eguipment Ieaks. The costs for contrelling
equipment leaks were calculated in the same manner as those
discussed for pipeline facilities. The control option
programs (quarterly and monthly LDAR) are the same-and the -
component inspection costs are also the same as have been
discussed for pipeline facilities. It is assumed that there
are approximately 10,000 pumps and 116,000 valves at bulk
terminals (component populations summed across model plant
facility numbers as presented in Table 5-3). Of this
number, it is estimated that approximately 800 pumps and
9,000 valves will be found at new major source terminals (27
percent of the sources are major and 28 percent of those are
estimated to be new [see Table 8-27)) and would therefore
require monthly LDAR. The remaining equipment components
(those found at existing major sources and all area source
terminals) would be subject to a quarterly LDAR program.

All of these components are considered to be uncontrolled at
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the baseline and as a consequence, they would incur the
total costs.
7.2.3 Bulk Plants

For incoming lecads (from tank trucks into storage
tanks), Alternatives I and II require all bulk plants to
install a vapor balance system. Implementing costs for
these alternatives would therefore apply'to the 13,857
facilities that were uncontrolled at the baseline, using the
costs in Table 7-17. The remaining alternatives require no
controls for storage tank filling and bulk plants would
therefore incur no costs under these alternatives.

For outgoing loads, Alternatives I and II again require
all bulk plants to utilize a balance system but with an
exemption. These alternatives require all bulk plants with
a daily gasoline throughput greater than 15,000 liters
(4,000 gallons) to install a vapor balance system and all
bulk plants with a throughput of 15,000 liters (4,000
gallons) per day or less to install submerged fill
equipment. ‘

It was estimated in Table 5-5 that approximately 48
percent of the facilities have daily throughputs less than
15,000 liters (4,000 gallons) per day. Applying this
percentage to the baseline breakdown presented 'in Table
D-10, it was calculated that 1,082 facilities of the 2,256
currently in areas with exemptions would therefore continue
to be exempt. Also, 48 percent of the remaining 3,826 motor
gasocline terminals (1,836) and all 3,200 aviation gasoline
bulk plants would be exempt. Consequently, under these
alternatives, it was estimated that 5,036 of the newly
subject facilities (1,836 + 3,200) would be exempt, and that
1,990 would be required to install vapor balance. The costs
of implementation of these controls were taken from Table
7-18.

Alternatives IXI, IV, IV-Q, and IV-M regquire no
additional controls on outgoing loads. Likewise none of the
alternatives include controls for tank trucks loading at




bulk plants. Consequently, there are no costs associated
with tank trucks for any of these alternatives.

The costs for controlling equipment leaks were
calculated as have been previously described for pipeline
facilities and bulk terminals and were added to the overall
costs of Alternatives I and II. These calculations were
based on the assumption that there are 100,800 pumps and
629,900 valves at bulk plants nationwide. All of these
components were again considered to be uncontrolled at the
baseline and as a result would incur the total control
costs.

7.2.4 gService Stations

Alternatives I and II requirevthe installation of a
vapor balance system for all facilities with throughputs
greater than 38,000 liters (10,000 gallons) per month. As
shown in Table D-13, 123,562 stations are currently in areas
with a 38,000 liter (10,000 gallon) per month exemption.
Also, Table 5-7 indicates that approximafely 58 percent of
all service stations (public and private)} have throughputs
less than 38,000 liters/month (10,000 gallons per month).
Therefore, 71,666 facilities in these areas would continue
to be exempt under this alternative. Of the remaining
129;042 facilities without vapor balance, it is assumed that
58 percent of the motor gasoline stations (74,844) and all
of the aviation gasoline stations (1,620) would have
throughputs less than 38,000 liters/month (10,000 gallons
per month). This leaves a total number of 104,474 stations,
approximately 2,800 new and 101,650 existing (the service
station population is characterized as 2.7 percent new and
97.3 percent existing as shown in Table 8-27), that would
need to install vapor balance systems to comply with
Alternatives I or II. Costs for each of these alternatives

were calculated by multiplying this number by the costs in
Table 7-19.

7.2.5 Summary of National Alternative Impacts

Table 7-27 presents an overall summary for each of the
regulatory alternatives developed and analyzed for this
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study. Note that Alternatives IV, IV-Q, and IV-M are
variations on the same theme in that all these alternatives
propose controls for major sources only. The remaining
alternatives propose controls for area sources as well as
major sites, hence the break line in the center of Table
7-27.

The only two negative increments appearing on the table
both occur in favor of Alternative IV-Q when calculated in
increments from Alternative IV. These increments fall under
the headings of HAP cost effectiveness and VOC cost
effectiveness. 1In this analysis, the smaller the number,
the greater is the cost effectiveness of the alternative.

In this regard, Alternative IV-Q is not only very cost
effective, it provides a net cost benefit over Alternative

IV while providing a greater emission reduction.
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CHAPTER 8
ECONOMIC IMPACT ANALYSIS

8.1 PROFILE OF THE U.S. GASOLINE DISTRIBUTION INDUSTRY

This chapter profiles elements of the U.S. gasoline
distribution industry most affected by the proposed regulation.
This industry includes:

» bulk terminals,

» bulk plants,

» service stations (both public and private),
« railroad tank cars,

+ pipelines, and

+ tank trucks.

Because motor gasoline constitutes approximately 99 percent
of all gasoline consumed in the United States, the vast majority
of available gasoline industry data pertains to motor gasoline-
related operations.

8.1.1 Description Of The U.S. Gascline Distribution Industrv

Gasoline is the major petroleum product produced from crude
oil at refineries. A small quantity, less than one percent in
1987, is produced from natural gas liquids at gas processing
plants.l Finished gasoline accounted for approximately 47
percent ¢f the volume of total finished pétroleum products
supplied. The next largest petroleum product supplied in 19%0
was distillate fuel oil, accounting for 20 percent of the total
volume of petroleum products.2 Table 8-1 displays trends in
U.S5. gasoline production and distribution.

Figure 8-1 depicts the flow and storage of gasoline through
the U.S. distribution system. Gasoline is distributed from
approximately 224 refineries owned by about 115 companies.4
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Domestic Imporced Imported Domescic
Natural Gas Gasoline Crude ¢il Crude Qi1
Gas Plant U.S. Petroleum
Refinery

4—””"”‘\\\‘\

Qther Petroleum

Total Gasoline
Products

{100% of throughput)

Oother Natural
Gas Products

)

Transporcation from

Productlion Level: ®
4 Pipeline
- Tanker/barge 23%
EXports b Truck 10%
{1% of throughput} Railroad <l%
Areas of Proposed
Con:rols?o Whoiiz;ti i:::age {82% of Bulk
D Storage Bulk Terminal ;erz;?llgnhapluc)
Activicy {99% of total throughput)
Trans-
portation Wholesale
Activity wholesale Storage Transportation?
{level two)Bulk
Proposed Plant(18% of Bulk 16% Pipeline
regulation adds Terminal 77% Truck
additional throughput) * 1% Railroad
controls, except
for barge/tanker
;ranspogcacion Recall Motor Fuel outlets 5% Tanker/barge
which is covered & Other Consuming Sectorsf
by a different (e.g., lnduscrial use)
regulation (99% of total throughput)
A
Final Gasoline Distribution
(e.g., gasoline pumped from underground storage tank to automobile gas tank)
_—

& Figures from 1977 Commedicy Transportation Survey for *gasoline and jet fuels,*® only
pipeline shipmencs would be regulared by the proposed sgandard.

Assumed all exports are taken from the refinery-level and chat none go through terminals.

¢ Assuned all refinery shipments other than exports go through a terminal (i.e., there
are no refinery-to bulk-plant shipments).

4 Transportation mode figures from an unpublished Bureau of Census source for shipments
from SIC 5171 (this source's data are used to estimate mode of transport for all
wholesale shipments of gasoline: non-truck transportation apparently results from
terminal-to terminal shipments).

* The percentage has varied over time; the 18 percent figure representa the estimate

for 1998 (see Section 8.2.3 for description of eatimacion procedure).

f For detail on consuming secters, see Table 8-2.

Figure 8-1.

The U.S. Gasoline System

8-3




Most gasoline goes first to one of over 1,000 large bulk
terminals, located generally along a pipeline or on the
coastline of a navigable body of water, where companies can take
barge or tanker delivery. Most of these bulk terminals are
owned by refiners. A significant, but declining, proportion of
gasoline is transported by truck from the bulk terminal to
another storage facility, the bulk plant, which is generally
smaller than the terminal and nearer the final customer. Bulk
plants are located in areas with smaller volume requirements
that do not justify the additiocnal investment required for a
bulk terminal. EPA defines a bulk gasoline terminal as having
gasoline throughput of at least 75,700 liters (20,000 gallons)
per day; bulk plants have an average throughput of less than
75,700 liters per day.

Increasingly, gasoline bypasses the bulk plant and is
shipped directly to service stations because of the construction
of large-volume retail outlets and the use of more efficient
truck carriers.® Gasoline wholesalers often distribute
_ additional petroleum products, especially home heating oil, and
may also operate retail gasoline outlets. Gasoline is
transported through the wholesale distribution chain by railroad

cars, tank trucks, pipelines, and barges and tankers (two forms s
of water transport covered by a separate EPA regulation).

The gascline distribution industry consists of three broad
entities:

* "major* oil companies,
+ independent marketers with refineries, and

* all other entities, which include distributors (jobbers)
and retailers.

Major oil companies, such as Exxon, Shell, and Texaco,
account for a large percentage of total refinery capacity.
Major companies are vertically integrated; that is, besides
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gasoline and other petroleum product production, they own
wholesale distribution facilities and retail outlets.
Independent marketers with refineries are similar to major oil
companies in that they are vertically integrated and have
refinery capacity. However, independent refiners hold a much
smaller percentage of the market. The remainder of the gasoline
industry comprises independent wholesale distributors (jobbers)
and retailers that do not own refinery capacity. Some of these
smaller firms specialize in one phase of the industry such as
providing transportation services. These firms obtain gasoline
from the major and independent oil companies.

8.1.2 Complexities and Problems Affecting the Industry Profile.

Two major problems arise in attempting to profile the
gasoline distribution industry:

» general deficiencies in the available data and

« the complexities involved in defining and characterizing
ownership of industry establishments given the presence
of significant industry vertical and horizontal
integration.

8.1.2.1 Data Deficiencies. Most of the available industry
ﬁata comes from three major sources: previous EPA reports, the
U.S. Department of Commerce's Bureau of the Census, and various
petroleum industry associations such as the American Petroleum
Institute (API). Unfortunately, data from these three sources
are often collected using different definitions. For examplef
the Census Bureau data on public service stations, Standard
Industrial Classification (SIC) 5541--Gasoline Service Stations,
only describe stations that receive at least 50 percent of their
revenue from sales of gasoline and automotive lubricants.

A significant shortcoming of much of the available data is
the lack of specific data for gascoline distribution activities;
most of the data that have been identified are provided for
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total petroleum products. For example, data are only provided
for petroleum product employment; data are not available for
employment in gasoline operations only.

Inconsistent use of terminology in industry data also
causes problems. For example, the term "jobber® may refer to
any petroleum product wholesaler, to wholesalers of fuel oil
exclusively, or to petroleum product wholesalers with bulk
plants, depending on the source.

8.1.2.2 Ipndustry Inteqgration. Many firms in the industry
are also involved in other lines of business; they not only
market other petroleum products, but have diversified into
businesses as dissimilar as real estate and lobster
distribution.® Unfortunately, detailed data for differentiating
gasoline distribution from other activities are not available.

8.1.3 | . he G 1 . buti i
8.1.3.1 gGasgline Production and Consumption. Table 8-1

shows that motor gasoline production peaked in 1978 at over 430

billion liters. In 1982, production reached its lowest level '

since 1974, at nearly 380 billion liters. With increased demand
due to economic growth and falling gasoline prices, the level of

gasoline produced has recently increased to near 1978 levels.

Table 8-2 presents consumption of gasoline by end-use
sector for the years 1982, 1987, and 1989. These data show that
the private and commercial transportation sector accounted for
approximately 95 percent of total gasoline consumed in each
year.

8.1.3.2 Prices and Margins. Table 8-3 presents nominal

and real (in 1990 dollars) retail motor gasoline prices
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TABLE 8-3. TRENDS IN RETAIL MOTOR GASOLINE PRICES
' (IN CENTS PER GALLON, INCLUDING Taxes)i0., 11

Nominal . Real?
Leaded Regular Unleaded Leaded Regular Unleaded
Year Regular Regular
1990 115.0 117.0 115.0 117.0
1989 59.8 102.1 103.9 106.3
1988 89.5 94.6 97.5% 102.6
1987 89.7 94.8 . 100.5 106.2
1986 85.7 92.7 . 98.9 107.0
1985 111.5 120.2 132.2 142.5
1984 112.9 121.2 137.8 148.0
1283 115.7 124.1 146.4 157.1
1982 122.2 129.6 160.7 170.4
1981 131.1 137.8 183.4 192.8
1280 119.1 124.5 182.7 191.0
1279 BS.7 30.3 143.4 151.1
1978 62.6 67.0 114.0 122.0
TRENDS IN RETAIL MOTOR GASOLINE PRICES (IN CENTS
PER LITER, INCLUDING TAXES)
Nominal Real®d
Leaded Regular Unleaded Leaded Regular Unleaded
Year Regular Regular
- 199¢ - 304 R 30+:9 30.4- 30,9
1989 26.4 27.0 27.5 28.1
1988 23.8 25.0 25.7 27.1
1987 23.7 25.0 26.5 28.1
1986 22.6 24.5 26.1 28.3
1985 29.5 31.8 34.9 37.7
1984 29.8 32.0 36.4 39.1
1983 30.8 32.8 38.7 41.5
1982 32.3 34.2 42.5 45.0
1981 34.6 36.4 48.5 0.9
1980 31.5 32.9 48.3 50.5
1979 22.6 23.¢9 37.9 39.9
1978 16.5 17.7 30.1 32.2

w
AIn 1990 prices, (adjusted by GNP implicit price deflator).




S

{including gasoline taxes) for regular leaded and unleaded
gasoline over the period 1978-1989. In real terms, the price of
motor gasoline declined each year during the period 1982-1988.
The Persian Gulf crisis caused much of the large price increase
between 1989 and 1990.

Gasoline producers distribute their products through both
direct and indirect channels. Each channel represents about
half the volume sold in the United States.l? Direct supply
means that the refiner retains ownership of the gasoline
throughout the wholesale distribution process. Directly
supplied gasoline is delivered to retail stations at “dealer
tank wagon* prices. In the indirect method, distributors buy
gasoline from refiners at terminal prices (discounted from the
tank-wagon price}, They may then deliver it to other
distributors and to their own or other retail outlets, hoping to
cover costs and make a profit on the spread between terminal and

- resale prices. Distributors using the indirect method are

referred to as “jobbers.® 2All the major oil companies use both
forms of wholesale distribution depending on whether refiners ..
believe that their costs of distribution would be less than the
jobber discount.

By using both forms of distribution, refiners can reduce
their investment and operating costs, and can compare the costs
of directly supplied and distributor-supplied product. This
serves as a check on the economic efficiency of refiners’
distribution systems.l? Refiners usually choose direct
distribution in densely populated areas where station
representation is good; jobbers are used to distribute gasoline
to areas where the refiners' stations are few and widely
dispersed.13

Table 8-4 presents estimates of average margins at each
point in the gasoline distribution chain. These margins
represent the total dollar value per liter added to the cost of
gasoline by each sector in the distribution chain to cover that
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TABLE 8-4. ESTIMATES OF MARGINS AT VARIOUS POINTS

IN THE GASOLINE DISTRIBUTION CHAIN10.11l

e ey e e e e, e i i e ,ere e, e e g e e e Yy e ————————————————

) Margin Margin
Sector ($/galion) (§/1liter)
Pipeline 0.030 0.008
Bulk Terminal 0.020 0.005
Truck Transportation 0.025 0.007
Bulk Plant 0.020 0.005
Total Whelesale 0.095 0.025
Service Station 0.05 0.013
Total Retail 0.05 0.013
T
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sector’'s costs and profit. Other data compiled by EIA support
these estimates.14-18

8.1.3.3 Margins and Product Differentiation.  Attempts at
product differentiation in retail trade have centered on
extensive advertising campaigns extolling the virtues of various
additive packages to protect engine parts, give better mileage,
or reduce tailpipe emissions. As a result of similar attempts
at differentiation during the years before the Organization of
Petroleum Exporting Countries (OPEC) price hike, a majority of
customers paid 2 or 3 cents a gallon more for major brand
gasolines than for independent brands.l® However, some analysts
in the industry believe that little *"brand loyalty"® now exists
because of the unprecedented price increases resulting from the
gasoline shortages of the last two decades. The theory is that
these increases have convinced consumers that *gasoline is
gascoline* and should be bought on the basis of price rather than
brand.

The market share of *"regular* and *mid-grade®" gasolines,
which have lower retail margins than “premium® high octane
gasoline, has also been affected by price increases. As a
result of precipitous increases in retail gasoline prices during
the Persian Gulf crisis, consumers have recently switched to
cheaper, lower octane gasclines. The percentage of premium
gasoline to total gasoline sold by refineries dropped from 24
percent to 16 percent between October 1989 and October 1990,20
During the 1982-1989 period, the market share of premium-grade
gasolines had increased substantially, despite the difference -
between average retail prices of premium and regular grades,
which averaged approximately $0.04 per liter ($0.15 per
gallon) .21

The stability of prices within any marketing territory has
depended on the presence or absence of aggressive independent
marketers.22 These independent marketers pioneered the building
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of retail outlets with large storage capacity. This enabled
them to bypass bulk plants and resulted in lower costs. They
also lowered margin requirements with direct-operated units, and
further reduced per-gallon operating costs with high-volume
retail outlets.

8.1.3.4 Total Industry Emploviment and Sales . Employment
data for the U.S. gasoline distribution industry in 1989 are
available on the following:

» pipeline transportation of pétroleum products, excluding
natural gas--17,825 employees

» wholesale services for petreoleum products--201, 957
employees

¢ retailing activities at “traditional* gasoline service

stations--622,799 employees.23 (Not included in this
estimate is the number employed at “non-traditional®
service stations such as convenience stores.)

By contrast, 1982 petroleum product employment in these
sectors was approximately 34,842 less than in 1989.
Approximately 20,514 people were employed in product pipelines
and in product wholesaling activities. Service stations

~employed-561,172 in-1982, and-it is the-only sector -that

increased employment in 19889.

The Petroleum Marketers Association of Rmerica's (PMAA's)
1990 Mark Profj estimates 12,500 to 14,000

independent petroleum marketers nationwide in 1990. PMAA's
current estimates represent a decline from an estimated 21,000
at the beginning of the 1980s:

Continued declines in the number of marketers is no
longer attributable to shrinking markets, as was the case
during the early 1980s, when the highest rate of industry
exits occurred. A PMAA long-range study committee
estimated that roughly half of the present total will
make it to the year 2000. In more recent years, factors
external to the market have exerted a greater influence
on competitive conditions; government regulation. in the
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environmental arena has had a particularly marked impact
on the nation's petroleum marketing businesses.24

National Petroleum News (NPN) estimates that the vast majority
of jobbers are small jobbers located in small rural areas away
from the large highly competitive markets that the majors and
large chains fight over:
Two current situations seem to favor those small jobbers
still in business: the contraction of the 1980s has
reduced competition in their small markets, providing in
some cases for higher profit-margins; and the gallonage

potential, generally speaking, is insufficient Eg attract
either major or chain direct-retail operations.

Also, NPN estimates that many small jobber's retail outlets are
debt-free and that some larger but debt-burdened chains could
have difficulty covering the cost of underground storage tank
and vapor recovery regulations.

Only independent petroleum marketers are represented in the
1990 Marketer Profile Survey. Therefore, absolute values from
the survey only apply to that segment of the marketing industry.
However, figures from the survey can be used to illustrate
trends for the industry as a whole. Table 8-5 shows employment
data using PMAA's total independent petroleum marketing
employment estimates for 1985, 1987, and 1989. The 12 percent
increase in employment between 1987 and 1989 is consistent with
an industry trend toward larger businesses. Much of this gain
in employment has been due to an increase in part-time
employment .

The Bureau of Labor Statistics' (BLS) Monthly Labor Review
provides estimates of projected employment for wholesale trade
in petroleum and petroleum products and gasoline service station
retail trade. BLS estimates that wholesale trade will lose
approximately 2,000 workers (or an annual rate of change in
employment of -1.0 percent) in petroleum and petroleum products
over the period 1988-2000. For gasoline service stations, BLS
projects an increase of 74,000 workers over that same time frame
for an annual rate increase of 0.9 percent.26
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Total sales for the gasocline distribution industry were
estimated from 1987 Census data. These data provide a range of
total gasoline sales between $173 and $200 billion. The $173
figure is the sum of gasoline sales by the dominant wholesale
SICs 5171--Petroleum Bulk Stations and Terminals and 5172--
Petroleum and Petroleum Products Wholesalers, except Bulk
Stations and Terminals, and the predominant retail SIC 5541--
Gasoline Service Stations). In 1987, service stations without
payreoll had total sales from all sources of revenue of
approximately $2.8 billion. According to the National
Association of Convenience Stores, gasoline sales at convenience
stores totaled $20.5 billion in 1987. Convenience stores which
have revenues from gasoline sales equaling at least 50 percent
of their total sales, are included in the Census. Determining
how many of these convenience stores are already included in the

Census figures is not possible.

8.1.3.5 Qwnership and Concentration. Table 8-6 presents
concentration ratios for 1970-1987 for total wholesale and
retail gasoline sales. This table shows that concentration in

gasoline sales decreased slightly during this period.

8.1.4 Wholesale Gasoline Distribution

The wholesale gasoline distribution sector involves
intermediate storage and transportation of gasoline.

8.1.4.1 wholesale Distribution and Sales. The U.S.

Department of Commerce's Bureau of the Census collects data on
wholesale petroleum product sales using the SIC system.

According to the Census' 1987 Census of Wholesale Trade--
Commodity Line Sales--United States, 11 different four- chglt

wholesale SICs had sales of petroleum products in 1987.
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TABLE 8-6. CONCENTRATION RATIOS FOR GASOLINE SALES
(PERCENTAGE OF U.S. TOTAL)Z27

= — ————— — —— ————— . — — —— — —— — — — . ——

1987 1986 1985 1980 1975 1970
Top 4 firms 28.9 29.5 29.8 28.5 29.5  30.7
Top 8 firms 48.7 49.6 50.3 49.5 50.3 54.6
Top 15 firms 65.0 66.4 67.7 66.3 68.6 74.9
Top 20 firms 70.2 70.5 71.8 72.1 74.7 80.0
Top 30 firms 76.4 76.6 71.2 77.9 - -

— . . ————————
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However, 96 percent of total petroleum product wholesale sales
were by SICs 5171--Petroleum Bulk Stations and Terminals and
5172--Petroleum and Petroleum Products Wholesalers, except Bulk
Stations and Terminals. SIC 5172 comprises truck jobbers,
packaged and bottled petroleum products distributors, and others
marketing petroleum and its products wholesale, but without bulk
‘liquid storage facilities.

Figure 8-2 and Table 8-7 present generalized sales data for
petroleum products and gasoline available from the Census.
Sales of petroleum products in 1987 were approximately $188
billion dollars, with SICs 5171 and 5172 accounting for
approximately $181 billion of that total. Detailed data
available from the Census in 1987 show that motor gasoline sales
totaled $97.8 billion in these two SICs. Aviation gasoline
sales from these two SICs amounted to approximately $750,000.

8.1.4.2 Emplovment. No figures were identified for
employment in wholesale marketing aétivities specifically for
gasoline. However, the data available for petroleum products
show that 201,957 people were employed in wholesale activities
as of January 1, 1989 (down from approximately 226,000 from
January 1982).29,30

8.1.4.3 Economic Agents and Relationships. Industry
analysts often refer to three categories of firms in the
gasoline production and distribution industry. The "major oil
companies" {(most often referred to as amoco, Atlantic Richfield,
Chevron, Exxon, Mobil, Shell, and Texaceo) and “*semi-major oil
companies*® {(often defined as American Petrofina, Ashland
Petroleum, Citgo, Conoco,Crown Central Petroleum, Diamond
Shamrock, Kerr-McGee Refining, Marathon 0il, Murphy, Phillips
Petroleum, Standard Oil [now BP-America], Sun, Tenneco 0Oil
[acquired by Amoco in 1987], and Union 0il of California) own a
large percentage of refining capacity and have vertically
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Total Petroleum Product Sales = $188 Billion

4.0%

O sic s172
SIC 5172

B ocher sics

Share of Gasocline Sales from SICs 5171 and 5172

B sic 5171

SIC 5172

o . Share of Gasoline Establishments from SICs 5171 and 5172

0 sic s171

SIC 5172

Figure 8-2. SIC 5171 and S172 Characteristics<28

Note: SIC 5171--Petroleum Bulk Stations and Terminals

SIC 5172--Petroleum and Petroleum Products, except Bulk Stations and
Terminals '
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integrated operations from the refinery down to the retail
service station level. Independents, also known as “jobbers,*
can be vertically integrated but often are integrated to a
lesser degree than the majors or semi-majors.

Census data indicate that refining companies have the
largest share of wholesale gasoline sales (approximately 55
percent in 1987), although the majority of establishments
involved in wholesale gascline (80 percent in 1987) are owned by
companies that do not refine gasoline.

These economic entities are related to one another in a .
myriad of ways. For example, refiners typically operate bulk
terminals with salaried personnel. Most bulk plants, however,
are operated by independent wholesalers. Some bulk plants are
operated by cooperative associations or by the refiners
themselves using employees/agents who work on a salary or
commission basis. Cooperative associations own a small number
of bulk plants. These serve mostly farmers, and available data
are limited. '

Historical data are available for bulk plants and terminals
(SIC 5171) describing recent trends in wholesale gasoline
- establishment ownership and sales._ Figure 8-3 reveals that non-
refinery firms' shares of total wholesale gasoline sales and

total wholesale gasoline establishments increased between 1977-
87. '

Establishment and firm size and concentration. Data from

the 198 =3¢ O wholesale Trade--EF ablishmen and L X

on the size of establishments and firms classified in SICs 5171
and 5172 pertain to all company activities, not just gasoline
sales. Because gasoline sales are a large percentage of their
total sales, these data are assumed to be representative of
gasoline wholesalers. Figures 8-4 and 8-5 show that refiner-
owned establishments were substantially larger and more numerous
than non-refiner-owned establishments. On average, refiner-
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Figure 8-3.

Wholesale Gascline Establishment Ownership
and Sales Trends: SIC 517131,32
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owned establishments have substantially greater sales than non-
refiner owned establiéhments. The 1987 Establishment and Firmm
Size data presented on Table 8-8 show concentration by the
largest firms in the two SIC industries. This table shows that
concentration is higher in refiner-owned firms than non-refiner-
owned firms. Table 8-9 provides data characterizing trends in
SIC 5171 concentration between 1977 and 1987. These data show
that overall concentration declined between 1877 and 1987 in the
overall bulk station/terminal market.

Einancial ratios. Financial data and ratios are available
from Dun and Bradstreet's Industrv Norms and Key Business
Ratios. This source presents "common-size" balance sheet and
income statement data along with key business ratios on
solvency, efficiency, and profitability.

Table 8-10 shows three commonly used profitability ratios
for SICs 5171 and 5172 in 1987, 1989, and 1990. Financial
analysts tend to look increasingly to the return on net worth as
an absolute measure of a firm's profitability. The consensus
among financial analysts is that a return of at least 10 percent

1s required to provide dividends plus adequate funds for future

growt:h.?"7

8.1.5 Storage Facilitv-Specific Data

The EPA defines bulk plants and bulk terminals using
gascline throughput. Bulk plants have gasoline throughput of
75,700 liters (20,000 gallons) per day or less; bulk terminals
have throughput of greater than 75,700 liters per day. “Bulk
Station" is a Bureau of the Census term for bulk plant.
Throughput is not the determining factor used by the Census for
separating bulk stations from bulk terminals. Instead, the
Census uses a combination of storage capacity and method of
incoming product transportation to identify these facilities.
Although most other sources use the term bulk plant rather than
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TABLE 8-8. CONCENTRATION BY LARGEST FIRMS: 1987,
SICs 5171, AND 517228

_— e —————— ey

Paid
Employment,
Number of Sales March 12, 1987
Estab- % of Amount $ of %t of

SIC lishments Total ($10%) Total  Number  Total
3171 12,353 100.0 139,655 100.0 135,923 100.0
4 largest firms 341 2.8 23,655 16.9 4,552 3.3
8 largest firms 692 5.6 42,082 30.1 8,487 6.2
20 largest firms 1,327 10.7 72,841 52.2 15, 385 11.3
50 largest firms i,587 12.8 80,329 64.7 21,222 15.6
Non-Refiper~-Qwned 10,400 84.2 62,954 45.1 114,667 84 .4
4 largest firms 31 0.3 6,913 11.0 1,672 1.5
8 largest firms S8 0.6 10,575 l6.8 2,342 2.0
20 largest firms 104 1.0 16,134 25.6 4,231 3.7
50 largest firms 185 1.8 (W) (W) (W) (W)
Refiner-owned 1,781 14.4 75,219 53.9 19,227 14.1
4 largest firms 340 19.1 23,654 31.4 4,581 23.7
8 largest firms 688 38.6 42,035 55.9 8,424 43.8
20 largest firms 1,316 73.9 67,971 80.4 14,108 73.4
50 largest firms 1,715 96.3 74,976 99.7 18,530 96.4

{continued)
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TABLE 8-8. CONCENTRATION BY LARGEST FIRMS: 1987,
. SICs 5171, AND 5172 (CONTINUED)Z8
Paid
_ ' Employment,
Number of Sales March 12, 1987
Estab- % of Amount $ of % of
SIC lishments Total ($106) Total  Number  Total
5172 4,373 100.0 95,219 100.0 39,265 100.0
4 largest firms S8 . 27,224 28.6 1,378 3.5
8 largest firms 112 . 39,600 41.6 1,945 5.0
20 largest firms 289 . 55,380  58.2 3,506 8.9
50 largest firms 429 . 70,227 73.8 5,989 15.3
Non-Refiner-Owned 3,701 g4.6 61,945 65.1 34,106 86.9
4 largest firms 27 0.7 17,251 27.8 830 .
|
|

2.4
8 largest firms 34 0.9 24,901 40.2 1,111 3.3
20 largest firms 57 1.5 35,074 56.6 2,167 6.4
50 largest firms 149 3.8 44,496 71.8 3,813 11.2
Refinex-Owned 438 10.0 17,473 18.4 4,048 10.3
4 lérgest firms 103 23.5 11,510 65.9 952 23.5
8 largest firms 238 54.3 14,589, B83.5 1,716 42.4
20 largest firms 328 74.2 16,803 56.2 3,408 84.2
50 largest firms 431 98.4 17,469 100.0 4,032 89.6

o o —————— ———— — _

{W)~--Withheld to avoid disclosing data for individual companies; data are
included in broader kind-of-business totals.

SIC 5171--Petrocleum Bulk Stations and Terminals.

SIC 5172--Petroleum and Petroleum Products Wholesalers, except Bulk
Stations and Terminals.
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TABLE 8-9. TRENDS IN CONCENTRATION BY LARGEST FIRMS:
1977-1987 (SIC 5171)28.33

e —————————————————————————— e ———————

1977 1987
Percentage of Percentage of 1877 1687
Total Total Percentage Percentage
. Establish- Establish- of Total of Total
SIC ments ments Sales Sales
5171: 100.0 100.0 100.0 100.0
4 largest firms 7.6 2.8 28.7 16.9
8 largest firms 20.1 5.6 45.5 30.1
20 largest firms 27.9 10.7 61.4 52.2
50 largest firms 31.8 12.8 69.1 64.7
Nop-Refiner-Owned: 64.4 84.2 35.7 45.1
4 largest firms 0.5 0.3 8.2 11.0
8 largest firms 0.7 0.6 12.0 16.8
20 largest firms 1.1 1.0 18.9 25.6
50 largest firms 3.1 1.8 25.7 (W)
Refiner-owned; 34.1 14.4 63.9 53.9
4 largest firms 22.2 15.1 44.9 31.4
8 largest firms 8.9 38.6 71.2 55.%
20 largest firms 84.7 73.9 94.0 90.4
50 largest firms 85.3 96.3 9%.0 99.7

(W) --Withheld to avoid disclosing data for individual companies; data are

included in broader kind-of-business totals.
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bulk station, it is prudent to only compare the total number of
facilities between the different sources.

8.1.5.1 PBulk Terminals. Table 8-11 shows that the number
of gasoline bulk terminals operating in 1890 is only three-
gquarters the number operating in 1977. Table 8-12 shows time-
series data on ownership of bulk terminals by major/semi-major

0oil companies versus all other entities.

8.1.5.2 Bulk Plants and Bulk Stations. Bulk plants
receive approximately one-fifth of the total volume of gasoline
that moves through the U.S. gasocline system. Figure 8-6 shows a
S5 percent decline in the percentage of motor gasoline passing
through bulk stations between 1977 and 1987.

Table 8-11, which showed bulk terminal estimates, also
shows the estimated number of bulk plants for several years over
the period 1977-1990. Non-Census sources of bulk plant data
include PMAA's Marketer Profile Survev. Independent marketers
reported to PMAA a 26 percent drop in average storage capacity
from 616,955 liters in 1987 to 454,200 liters in 1989. PMAA
believes that the capacity decline is related to selective
scrapping of older tanks that do not warrant upgrading or
investment, rather than closure of entire facilities. An April
1989 study by the National Petroleum Council found that total
bulk plant storage capacity declined from 65 million to 50
million barrels between 1983 and 1988.47

8.1.6 Gasoline Transportation

Pipelines move the greatest volume of gasoline the greatest
distance through the distribution system. Although, published
data are not available on the total volume of gasoline that
moves by pipeline, related data have been identified. Figure 8-
7 presents data on the relative proportions of petroleum
products moved by various transportation modes in 1974 and 1989.

8-29




TABLE 8-11.

ESTIMATES OF THE TOTAL NUMBER OF WHOLESALE
GASOLINE STORAGE FACILITIES: 1977-1990

Year Bulk Plants Bulk Terminals Total
1990 11,00038 1,33539 12,335
198740 15,000 1,500 16,500
198241 15,000 1,500 16,500
197742 17,850 1,751 19, 601

8-30




TABLE 8-12. FACILITY OWNERSHIP: TERMINALS
(PERCENTAGE OF TOTAL)42-44

e ————— ————— —————— " _—_]
1990 Bulk 1987 Bulk 1982 Bulk
Segment Category? ) " Terminals Terminals Terminals
Major + Semi-Major 70 79 79
Independent/Other ' 30 21 20

84See Section 8.1.4.3 for list of companies that fall under each category.
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Data on the transportation of gasoline through the
marketing chain show that shipments further upstream in the
chain (closer to the refinery) are mostly made by pipeline or
water carrier; shipments further downstream in the chain

predominantly move by truck.

8.1.6.1 Trucking. Gasoline trucking firms can be
separated into three categories: (1) *private carriage," major
0il companies owning gasoline transport vehicles; (2} Ycommon
carriage,* firms providing transportation services to major oil
companies; and (3) *jobber entities," independent firms
transporting petroleum products, but are also involved in some
other aspect of the petroleum marketing business such as owning
bulk plants or service stations. Data on trucking
characteristics are available from the U.S. Census' Truck
Inventory and Use Survev for two relevant categories: petroleum
shipments and tank trucks (liquids or gases). Table 8-13
displays the Census data characterizing the liquid/gas tank -
truck fleet in both 1982 and 1987. The median age of tank
trucks was 8-9 years in 1987, compared to 7-8 years in 1982.

Both the PMAA's Marketer Profile Survey and an unpublished

1983 Census étudy concludéngﬁat the primary means of moving
gasoline from terminal to bulk plant to customer was by truck.
The number of transport trucks owned by independent marketers
rose from 14,593 in 1987 to 19,630 in 1989; the per-marketer
average increased from 1.4 transports in 1987 to 1.8 in 1989.50
PMAA's survey also found that independent marketer use of common
carriers continued to increase in 1989, but that most marketers
continue to transport the bulk of their own sales volume.47

8.1.6.2 Pipelines. Most of the available data for
Pipeline movement includes all petroleum products and crude oil.
The Federal Energy Regulatory Commission (FERC) requires common
carrier, interstate pipelines to file annual reports on total
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TABLE 8-13. LIQUID/GAS TANK TRUCK CHARACTERISTICS
' IN 1982 AND 1987

1987 1982
Total Number 213,000 241,600
Pefcentage of Percentage of
Total Total
Major Use
Retail Trade 24 25
For-hire Transportation . 16 16
Wholesale Trade 15 14
Others 45 44
Range of Opexation
Local 63 65
Short-range (<200 miles} 22 19
off-rocad 8 11
Long-range {(>200 miles) 7 5
Model Year
Approximate median 1978/1979 1974/1975
0 S {fi N
Not for-hire 84 83
For-hire 16 17
Motor carrier 12 14
Owner/operator § 3
Opexator Classification: (continued)
For-hire jurisdiction ‘
Interstate : 46 53
Intrastate 41 30
Local 12 16
Broducts Carried:
Petroleum 6 71
Chemicals 15 20
Others 29 10
Truck Fleet Size:
1 16 18
2 to5s 25 23
6 to 19 34 28
20 or more 26 30

e e —————————————— ____ __ —— 1
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petroleum products deliveries and total product pipeline
mileage. In 1989 these companies comprised 79,624 miles of
products pipeline and 4.85 billion barrels (771 billion liters)
of petroleum product deliveries. These figures represent
declines from 1988, which showed 80,264 miles of products
pipeline and 4.97 billion barrels (790 billion liters) of
products deliveries.

Table 8-14 displays data on the top 10 pipeline companies
in 1988 for two categories: petroléum product deliveries and
products trunkline mileage owned and operated. Pipelines are
joint ventures involving several f{usually large and well-
integrated) companies.

The FERC does collect limited data characterizing
profitability in the overall liquids pipeline industry. In
1989, for only the second time since figures have been
collected, net income as a percentage of operating incomé
declined from the previous year from 36.5 percent in 1988 to
34.2 percent. 1In 1978 net income was 21.9 percent of operating
income.

8.1.{mégggline Distribution Industrv: Bg;gil'gng CQnsuﬁigg
Segtors

8.1.7.1 Industrv Emplovment and Sales. There is no
comprehensive source of employment data for gasoline retailing.
The Bureau of the Census collects data only for payroll gasoline
service stations that receive 50 percent or more of their
revenue from automotive fuels or lubricants. Table 8-15
displays historical Census data.on the number of stations, total
sales, and employment in gasoline service stations that fit the
Census definition. 1In addition to the 701,690 people emploved
by service stations, at least an additional 22,432 were employed
in the non-payroll stations counted by the Census in 1987. The
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TABLE 8-14. RANKINGS OF MAJOR PETROLEUM PRODUCTS
PIPELINE COMPANIES®1

e T ——
The Top 10 Liquid Pipelines in Product Deliveries--1988

Product Product
Deliveries Deliveries

(thousand of (chousand of

Company kbbl) liters)
Ceclonial Pipeline Co. 635,620 101,044,511
Santa Fe Pacific Pipeline Partners LP 315,300 50,123,241
Buckeye Pipeline Co., LP . 284,536 45,232,688
Chevron Pipeline Co. 247,958 39,417,406
Marathon Pipeline Co. 238,129 37,866,367
Phillips Pipeline Co. 222,775 35,414,542
Plantation Pipeline Co. 189, 000 30,045,330
Explorer Pipeline Co. 174,143 27,683,513
Williams Pipeline Co. 173,576 27,593,377
- Mid-America Pipeline Co. 162,509 25,897, 644

The Top 10 Liquid Pipelines in Miles of Products Pipeline Owned/Operated--

1988
Company Mileage
Mid-America Pipeline Co. 8,082
Williams Pipeline Co. 6,775
Colonial Pipeline Co. 5,274
Phillips Pipeline Co. 4,192
Chevron Pipeline Co. 3,385
Texas Eastern Products Pipeline 3,373
Buckeye Pipeline Co. LP 3,28%
Santa Fe Pacific Pipeline Partners LP 3,174
Plantation Pipeline Co. 3,146
ARCO Pipeline Co. 2,831
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U.S. has approximately 70,000 convenience stores, of which about
65 percent of them sell gasoline.52

8.1.7.2 Retail Motor Outlets and End Users. Retailing of

gasoline takes place at traditional gasoline service stations,
car washes, automobile dealers, and convenience grocery and
liquor stores. Retail motor outlets provide a wide array of
product and service mixes to consumers. MPSI Americas, Inc.,
divides the retail motor outlet population into four major
categories: conventional stations, pumpers, convenience stores,
and other. Conventional service stations have service bays for
automobile maintenance and repairs. The other three categories
do not have service bays. Pumpers are large-volume self-service
sellers providing few, if any, of.the traditional service
station services. Convenience stores are differentiated from
the other three types by the larger amount of floor space _
provided for the display of food and other convenience items, -
The “"other* category includes outlets of any type that have
other facilities, such as a car wash, or a quick oil change and

tune-up facility.

Table 8-16 shows the 1987 and 1989 market share breakdowns
of the number of outlets and gasoline volume by retail outlet
type and U.S. region. One obvious trend that the data show is
that average store volumes are increasing, which corroborates
the Census data presented earlier. The data also show that
service stations and “"others* have decreased in market share in
both numbers of stations and volume, while pumpers and
convenience stores have increased in market share in numbers and
volume,

Table 8-17 shows some of the trends in convenience store -
retailing of gasoline. Convenience store gasoline sales have
increased from approximately $20.6 billion in 1987 to $27.1
billion in 1989. Various end users of gasoline, including
industry, commercial and government fleets, agriculture,
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aviation, and marine users, buy from the wholesale gasoline
market. In 1989, less than 3 percent of gasoline was consumed
by these sectors. Except for aviation gasoline facilities, no
recent data are available for these “bulk-users" of gasoline,
other than the data presented in Table 8-2 on the amount of
gasoline consumed.

8.1.7.3 Economic Agents. As with the wholesale sector, a
myriad of participants and relationships exist at the retail
level. Retailers of gasoline may be single-site dealers,
operators of retail chains, jobbers, small refiners, or large,
integrated oil companies.

Combinaticons of ownership may also occur.
For example, a landowner may lease property
to an oil company which then builds a
station and subleases the property to a
dealer. Also, a third party may lease a
station to a wholesaler who in turn
subleases to a dealer or operates the
station directly. These are but a few of
the more common combinations of

ownership.57

Service station operation methods are also diverse. The
operator of a-retail outlet is typically an independent
entrepreneur operating one or more outlets.

The retail outlet operator is usually not
an employee of an oil company; refiners
typically operate terminals with salaried
personnel, but contract with independent
wholesalers and retailers to operate bulk

plants and retail gasoline outlets.>7

Many wholesalers own the land, buildings, and storage tanks
at their bulk plants, and many also own retail outlets, which -
the wholesalers operate directly or lease to dealers.

8.1.7.4 Number of Retail Establishments. Figure 8-8
presents estimates from Lundberg Survey, Inc., of the total
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Figure 8-8. Estimated Number of Retail Gasoline
Outlets--1982, 1985, 199058.59
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number of retail gasoline outlets for selected years. The
Lundberg Letter estimated 210, 900 ocutlets for 1982 and 190,900
outlets for 1985. API and Lundberg Survey, Inc. independently
estimated the current number of retail gasoline outlets to be
175,000. A recent article from NPN estimates the total number
of retail outlets at 210,000.60

A series of gasoline distribution changes have led to the
decline in the number of stations over the past two decades:
» Changing consumer preferences and station cost increases
have altered the economic scale of gascline retailing.

As a result, the market requires fewer gascline stations
to service demand.

» Gasoline demand growth has dropped substantially below
the levels of the 1960s and early 1970s. As a result,
the widespread retail gasoline distribution systems of
many refiners, built in the expectation of strong growth,
no longer seem likely to afford attractive returns on
investment . .

* Refiners have attempted to improve their levels of
profitability and have moved to focus their resources in
their most profitable business activities. As a
consequence, many refiners have sold or closed stations,
sometimes in groups containing all the stations owned by

‘a particular refiner in_a multistate region-§1

8.1.7.5 PEreseptation of Census Data. The 1987 Census of
Retajl Trade's Merchandise Line Sales provides data on sales of

"automotive fuels.® These data show that nearly 93 percent
(over $8l1 billion) of automotive fuel sales at the retail level
are from gasoline service stations. The Census data show eight
other detailed SIC industries that retail gasoline; however,
only one, grocery stores, has more than 2 percent of all
automotive fuel sales. Data available from the National
Association of Convenience Stores 1990 State of the Convenience
Store Industrv show that gasoline sales alone at convenience
stores in 1990 totalled $27.1 billion (total industry sales were
$67.7 billion).>> These 1990 figures show that gasoline sales
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made up 40 percent of total convenience store sales, up from 34
percent in 1987.62

8.1.7.6 Establishment and Firm Size. Table 8-15 shows

total sales per Census-defined service station increasing from
approximately $140,000 in 1972 to over $1 million in 19890.

Other Census data presented in that table show that service
stations owned and operated by oil companies represented a
slightly smaller share of both total sales and total stations in
1990 than in 1972. )

8.1.7.7 Ownership and Concentration. Table 8-18 shows

recent trends in concentration for public service stations with
payroll. These data show increased concentrations between 1982
and 1987 by the largest firms. Because these figures do not
include non-payroll stations, they overrepresent the total
market shares of the largest firms in the industry.

8.1.7.8 Financial Ratios. Financial data and ratios for
gasoline service stations are also available from Dun and -
Bradstreet's Industry Norms and Kev Business Ratios and Robert
Morris Associates' Annual Statement Studies. “Common-size®
balance sheet and income statement data are presented along with
key business ratios on solvency, efficiency, and profitability.
Table 8-19 shows three commonly used financial ratios for SIC
5541. For 1990, the median return on net worth was 15.3, or
about 50 percent higher than the wholesale median firms' return
on net worth.
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TABLE 8-18. CONCENTRATION BY LARGEST FIRMS, 1982-1987:
SIC 5541--PUBLIC SERVICE STATIONS63,64

e —————— ———— — _—_—— — ——

1582 1987
Percentage of Percentage of . 1987
Establish- Establish- 1982 Percentage Percentage of
Category ments ments of Total Sales Total Sales
4 Largest 3.3 3.9 6.4 7.1
Firms
8 Largest 5.4 6.4 . 10.3 11.0
Firms
20 Largest 8.9 11.2 17.5 18.5
Firms
50 Largest 12.8 16.0 . 24.4 25.1
Firms
Total 116,188 114,748 $94,718, 664 $101,997, 440

e e e e e e —————

Note: Data are only for service stations with payroll.
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TABLE £8-19. TRENDS IN FINANCIAL PROFITABILITY RATIOS:
1987, 1989, 199%0 SIC 5541--GASOLINE

SERVICE STATIONG34-36

e e e —————————————%

Return on Return on AssetsP Return on Net Worth¢
Sales®

Quartile 1990 1989 1987 1590 1989 1987 1990 1989 1987

Upper 4.5 4.5 4.9 16.5 15.7 17.6 35.9 2.7 41.1
Median 2.0 1.9 2.4 7.5 -6.8 8.3 15.3 13.3 15.9
Lower 0.5 0.6 0.8 1.7 2.2 2.8 4.1 5.3 5.5

profits earned per dollar of sales.
PIndicates how well a firm has used its assets for making a profit.
CMeasures the rate of return on owner's equity (stockholder's investment). °




8.2 ESTIMATES OF BASELINE YEAR CONDITIONS

The economic impact analysis represents conditions in the
fifth year after promulgation of the regulation, or calendar
vear 1998. To determine the changes due to the regulation,
baseline prices and quantities must first be estimated. The
baseline is defined as those quantities and prices that would be
expected in 1998 in the absence of the regulation.

8.2.1 Baseline Estimate of Gasoline Consumption

Estimating gasoline consumption in the baseline year 1is
difficult because of the instability of crude ¢il supplies and
the many institutional and technical changes occurring during
this decade. The Department of Energy's Energy Information
Administration (EIA) has made long-term forecasts of future
gasoline prices and consumption.85 In its consumption forecast,
EIA allows for both increases and decreases in the demand for
gasoline due to growth in the nation's incomes and population
and to improved fuel efficiency and penetration of the
transportation fuels market by alternatives to gasoline. EIA
calculates gasoline consumption projections for four scenarios:
low oil-price, high economic growth, -high oil price, and. .
"reference.*

Under these scenarios, projections for the annual
percentage growth rate in gasoline consumption between 1989 and
2010 range from approximately 0.1 to 1.1 percent. The
"reference* scenario represents a mid-range estimate of .5
percent per year. Applying the reference case's growth rate to
1989 consumption of 426.7 billion liters (112.7 billion
gallons)? yields an estimate of baseline 1998 gasoline
consumption of 446.3 billion liters (117.9 billion gallons}.
Nearly all of this, approximately 444.7 billion liters, is
motor gasoline; only 1.6 billion liters are aviation gasoline.
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8.2.2 Baseline Fstimates of Gasoline Price and Margins

Gasoline prices at the retail level have varied a great
deal during the 1980s, as previously shown in Table 8-3. EIA
has forecast that over the period 1989-2010, the real price of
gasoline (i.e., price with effect of inflation removed) should
increase 43 percent, an annual percentage growth rate of 1.7
percent. Applying this 1.7 growth rate to the July 1990 price
{adjusted for the 1990 federal tax increase) yields an estimated
price of $.357 per liter (¢1.35/gallon) of gasoline in 1998.

Wholesale and retail pricing margins are volatile and no
forecasts of future wholesale or retail margins have been
located. Most qgualitative discussions of gasoline margins in
the future have predicted tighter margins in the short run due
to the cost of complying with environmental regulations
(especially underground storage tank regulations). Ultimately,
however, the margins must cover all costs of prbduction and will
probably increase in absolute terms. In the absence of
additional quantitative data or estimates, however, the margins
developed in Section 8.1.3.2 are assumed to be representative of
the margins for gasoline in the baseline year.

Table 8-20 displays the estimated 1998 throughput levels
and pricing margins for the key points in the U.S. gasoline
distribution system. Data were not developed for particular
entities in the marketing chain if they were unnecessary for the
impact analysis.

8.2.3 Estimation of Baseline Year (1998) Parameters

Regulatory and economic forces have brought about
significant changes in gasoline distribution and marketing over
the last twenty years. For example, the number of bulk plants
declined 57 percent between 1972 and 1982.66 Therefore,
estimating the number and distribution of facilities within an
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industry sector is challenging. No projections are publicly
available, but historical data illustrate some of the trends.

The general method used to estimate the baseline number and
distribution of facilities involved the following three steps:
1. Estimate the total number of baseline facilities in an

industry sector by regressing historic facility data
against time.

2. Estimate the number of facilities by facility size
category in each industry .sector using historic sales
and capacity data while contreolling to baseline levels
of consumption.

3. Reconcile the differences in estimates of the total
number of facilities made in steps 1 and 2 while
maintaining the relative distribution of facilities by
size estimated in step 2,

The Economic Impact Analysis contains a detailed description of
the data and procedures used to complete steps 1 and 2 above for
each industry sector.67

Tables 8-21, 8-22, and 8-23 present the results of the
initial estimation (step 2) of facility populations and
distribution of model plants within facility categories for the
baseline year. Values in these tables have been rounded because

these numbers are projections.

8.2.4 Fipal Estimates of the Number of Facilities in the
Baseline Year.

Initial estimates of the total number of facilities in 1998
were adjusted to account for the throughput distributions and
for total estimated 1998 consumption. The number of bulk
terminal facilities calculated from the Census-derived model
plant distribution and estimated 1998 throughput is
approximately 1,020. This figure is comparable to the estimate
of 1,174 terminals in 1998 derived from the regression estimate
of Step 1.
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The throughput-derived estimate of the number of public
stations in 1998 is approximately 175,000, while the double-log
regression estimate is approximately 145,000 public stations.
There is a significant difference between the two projections.
The 175,000 throughput-derived figure is used in this analysis
because this represents a conservative estimate of the public
service station population.é7 Use of this estimate will
therefore tend to overestimate the costs of the regulation.

Over the past two decades, theé percentage of terminal
throughput that passes through bulk plants has declined
significantly (see Figure 8-6)}. Because this trend is expected
to continue into the near future, the percentage of terminal
throughput passing through bulk plants in 1998 is estimated
using the Census-derived distribution of model plants and the
number of facilities estimated by the double-log regression of
the number of bulk plants. A percentage of the terminal
throughput figure was selected that most closely approximated
the 9,227 bulk plants calculated from the regression (an 18
percentage throughput figure yields approximately 9,400 bulk
plants in 1998).

Twenty railcar-loading terminals are estimated for the
baseline year based on estimated 1998 throughput. Applying 1983
data representing the percentage of total shipments from SIC
5171 that go by rail (1.4 percent)68 to total estimated terminal
throughput in 1998 (441.9 billion liters), results in an
estimate of 6.2 billion liters of gasoline moved by rail in the
baseline year. The number of railcar-loading terminals was then
estimated based on one identified railcar model plant .69
Throughput for that plant was divided by 1998 estimated total
railcar throughput to estimate 20 railcar loading terminals in
1998. Because only one model railcar plant represents this
small sector of the gasoline marketing system, a model plant
distribution is not required.
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Delivery of gasoline in 1998 is expected to take place
using an estimated 87,700 tank trucks. (Of these, 81,300 trucks
deliver to bulk terminals and motor gascoline bulk plants; only
6,400 trucks deliver aviation gasoline. The 81,300 estimate 1is
derived from a two-stage process. First, data available on the
number of gasoline tank trucks {not including aviation gasoline
trucks used at airports) from a 1979 report’C were updated to
1987 using the 1977 to 1987 ratio of total "liquid/gas tank
trucks® available from the Bureau of the Census
(236,000:213,000) .71 fThis calculation results in an estimated
76,400 tank trucks used in gasoline service in 1987. Next, the
ratio of 1987 gasoline tank trucks to total 1987 gasoline
consumption was calculated and applied to 1998 estimated total
gasoline consumption. This method results in an estimated
81,300 tank trucks used in gasoline delivery in 1998.

The distribution of these 81,300 tank trucks between
private and common carriers and between bulk terminals and bulk
plants is discussed in Section 5.1.4. The 1979 report
characterizing gasoline tank trucks does not account for trucks
used by airports for delivery of aviation gasoline into
_.airplanes. _An_additional. 6,400 tank trucks are estimated to.. .
deliver aviation gasoline into planes at airports based on the
1990 number of aviation gasoline bulk plants (3,200)72 and an
estimate of two tank trucks per aviation bulk plant.73

In addition to tank trucks owned by terminals and bulk
plants, for-hire, or common carrier trucking companies transport
gasoline. Section 5.1.4 discusses how the total number of for-
hire tank trucks transporting gasoline in 1998 is estimated. A
previously developed for-hire model firm characterization was
used to develop the distribution of for-hire trucks between
various size trucking firms.74 This distribution provides a
relationship between the number of trucks owned by firms and the
number of people employed by those firms. The 1987 Census of
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Wholesale Trade contains firm-level data characterizing
employment and sales. The employment data from the Census for
SIC 5172--Petroleum and Petroleum Wholesalers, except Bulk
Stations and Terminals were matched with the data from the
previously developed characterization to provide distributions
of the number of for-hire gasoline trucking firms with
particular fleet sizes and the distribution of throughput by
truck fleet size. For-hire trucks used at terminals were
estimated using Census data for “"manufacturer sales branches,”
and data for *merchant wholesalers“.were used to characterize
trucks at bulk plants. The estimated distribution of for-hire
gasoline trucking firms for 1998 is provided in Table 8-24.

The number of pipeline pumping stations in 1998 is
estimated at 1,990.. This estimate is derived from total
products pipeline mileage (150,000}75 and an estimate that a
pumping station occurs about every 40 miles.’6 The number of
pipeline break-out stations (270, of which 150 are located at
points where the diameter of the pipe changes and 120 are
located at pipeline branching areas) are estimated from a map
displaying U.S. petroleum products' pipelines.’’ Because no
data were available to trend these estimates to 1998, the number
of these facilities is held constant between 1990 and 1998, For
economic impact analysis purposes, pipeline facility throughput
was apportioned across model plants based on the number of pipes
for pumping stations and the number of storage tank "equivalent
dedicated pumps* for break-out stations (see Tables 5-1 and
5-2).

Tables 8-25 and 8-26 display the final model plant
throughput and model plant distributions estimated for each
gasoline distribution entity in 1998.

8.2.5 New. Replacement., and Existing Capacity
The baseline conditions imply that changes in the industry
sectors’ capacity will occur over the period 1993-1998; industry
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growth implies that new capacity and new facilities will be
constructed. At the same time, existing facilities will close
as their equipment wears out and becomes obsolete. EPA has
estimated the number of new, replacement, and existing
facilities for 1998 based on industry sector growth, facility
trends, and estimated equipment 1ife.6%9 A new facility is one
that has been built to handle the increased output required of
the industry over the impact period. A replacement facility is
one that has been built or rebuilt during the period to replace
worn-out or obsolete equipment. An'existing facility is one
that was operating in 1993 and continues to operate in 1968,
The resulting estimates are shown in Table 8-27. These
estimates provide a context for evaluating the economic impacts

discussed in Section 8.3.




TABLE 8-27. ESTIMATED NUMBER OF NEW CAPACITY,
CAPACITY, AND EXISTING FACILITIES

REPLACEMENT

New Replacement
Sector Capacity Capacity Existing Total
o —————————
Pipeline Break-out 10 30 230 270
Stations
Pipeline Pumping 80 960 960 1,980
Stations
Bulk Terminals 40 490 4580 1,020
{loading racks) y
Bulk Terminals 40 110 880 1,020
(storage tanks)
Bulk Terminal Trucks 1,690 14,070 28,140 43,900
Bulk Plants 0 3,580 9,020 12,600
(loading racks)
Bulk Plants 0 570 12,030 12,600
{storage tanks) )
Bulk Plant Trucks 0 12,440 31,360 43,800
Service Stations 9,540 40,740 337,450 387,730

Note: Figures may not add due to rounding.




8.3 ESTIMATION OF ECONOMIC AND FINANCIAL IMPACTS

Gasoline distribution in the United States represents a
vertically integrated system that consists of several individual
markets. Each market is affected by the supply and demand
forces of interlinked markets. For example, refined gasoline
‘combined with pipeline services provides "delivered gasoline" to
the delivered gasoline market.

The cost of the additional equipment and services at
several points in the distribution chain, creates incentives for
producers and consumers in related markets to simultaneously
adjust their production and consumption of gasoline marketing -
services. To evaluate the economic impacts requires &an €COnomic
model that can estimate the price and quantity changes on all
the distribution markets affected directly or indirectly by the
regulation.

8.3.1 - Market Interaction Model Summary

Figure 8-9 illustrates the key markets modeled to represent
the gasoline distribution system. These particular markets are

“key for two reasons: they represent the different stages of the

gasoline marketing system, and they reflect production
activities that were considered for direct regulation during
standard development. Markets in the model were also chosen to
represent the major sectors involved in the marketing of
gasoline in the U.S. The market interaction model assumes that
all refinery gasoline moves by pipeline. This assumption may
overstate market impacts because it prohibits substitution of
other possible modes of transportation. Combining delivered
gasoline and terminal equipment produces terminal storage
services. Terminal storage services can, in turn, either be
combined with terminal transportation services to provide
retail-commercial gasoline for *large volume*® (large throughput)
outlets or gasoline for storage in bulk plants. The gasoline
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from bulk terminals to be stored at bulk plants can be combined
with bulk plant equipment to provide bulk plant storage
services. Combining these services with bulk plant
transportation services provides retail-commercial gasoline for

small volume (small throughput) ou;lets.

These markets are represented mathematically as a system of
thirty six linear equations based on Hicks®' and Muth's work on
specification of theoretically correct systems of demand and
supply equations in linear form.78:79 The coefficients of these
equations represent the responsiveness of key product or service
supply and demand schedules to shifts in the corresponding
demand and supply, respectively. The variables of the model are
proportionate changes in equilibrium prices and quantities of
the markets modeled and the *right hand side* variables are the
proportionate changes in market supply associated with the
additional cost of meeting the requirements of the regulation.
By specifying the supply shifts associated with the regulations,
the model can be solved to find associated changes in price and
quantity in all markets represented by the model. Applying
these changes to baseline levels of price and quantity provides
_estimates of the market impacts of a proposed regulation. A

detailed description of the model's structure and data is

provided in the Economic Impact Analysis report.®7

8.3.1.1 Estimatiou of Baseline Year Values and Model
Parameters. Table 8-28 presents the estimated prices and
quantities for the baseline year of analysis. As discussed in
Section 8.2, baseline estimates of prices and quantities are
forecasts and are subject to the usual forecasting
uncertainties. Baseline year prices for each sector are
estimated from the projected average retail price of gasoline in
1998 in 1990 price terms {$0.357 per liter; see Section 8.2.2
for the derivation of this price). Price margins for each
sector are estimated in Section 8.1.3.2 from industry sources.

8-66



TABLE 8-28. ESTIMATED BASELINE YEAR PRICES AND QUANTITIES

Quantity Price
Commodity (in billions (in
of liters) S/liter)

Refined Gasoline 441.8 0.322
Other Pipeline Inputs 441.8 0.008
Delivered Gasoline 441.8 0.330
Other Inputs at Terminals 441.8 0.005
Terminal Storage Services 441.8 0.335
Terminal Storage Services--Input to

Wholesale Gascline from Terminal 362.3 0.335
Terminal Storage Services--Input to

Gasoline from Terminal to Bulk Plant 79.5 0.335
Transportation Services from the Terminal 441.8 0.007
Transportation Services from the Terminal--

Input to Wholesale Gasoline from Terminal 362.3 0.007
Transportation Services from the Terminal--

Input to Gasoline from Terminal to

Bulk Plant 79.5 0.007
Wheolesale Gasoline from Terminal 362.3 0.342
Gascline from Terminal to Bulk Plant 79.5 0.342
Other Inputs at Bulk Plants 79.5 0.005
Bulk Plant Storage Services 79.5 0.347
Transportation Services from the Bulk Plant 79.5 0.007
Wholesale Gasoline from the Bulk Plant 79.5 0.354
Other Low Volume Service Station Inputs 79.5 0.013
Low Volume Station Gasoline 79.5 0.367
Other High Volume Service Station Inputs 362.3 0.013
High Volume Station Gasoline ' 362.3 0.355

Percentage of

Commodity Market Shares Total Volume
(%)

Terminal Transportation Services--Input to

Wholesale Gasoline from Terminal 82
Terminal Transportation Services--Input to

Gasoline from Terminal to Bulk Plant 18
Terminal Storage Service--Input to Wholesale

Gasoline from Terminal to Bulk Plant 82
Terminal Storage Service--Input to Gascline

from Terminal to Bulk Plant i8

e ee— — ——
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These margins are subtracted from the retail price of gasocline
in 1998 (in 1990 deollars) to compute the price of gascline as it
leaves each sector. Because federal and state gasoline taxes
are assessed at several different points in the system but
primarily at the refinery (typically for federal taxes), no
attempt was made to neﬁ taxes out with the other operating
margins. Industry quantities for 1998 are estimated bhased on
total projected gasoline consumption, calculated in Section
8.2.1, and on historical trends in shares for each of the
industry sectors. The model requirés certain "elasticity*
parameters to represent the conditions and interrelationships in
the U.S. gasoline market. For example, it is necessary to
develop an estimate of how responsive gasoline consumers are to
changes in the price of gascline. That is, for a given price
change, what is the effect on the quantity of gasoline consumed?
This relationship is called the own-price elasticity of demand.
The Economic¢ Impact Analvsis report presents the estimated
values for these parameter.s.67 The parameter'values were
selected to represent nonvolatile economic relationships. For
example, it is assumed that producers are severely limited in
their ability to alter the mix of each préduct's inputs (i.e.,
the elasticities of substitution are very small).

8.3.1.2 Impacts of Requlatorv Supplv Shifts. Shifts in

market supply due to the proposed regulations will initially
take place at three points in the gasoline distribution
industry. These supply shifts are estimated based on the
control costs presented in Chapter 7 for regulatory alternatives
IV, IV Q, and IV M. These are the regulatory alternatives
examined in this economic analysis because they control major‘
emission sources only. The correct control costs to use depends
on the level of control consistent with the regulatory
alternative and the *"marginal" facility being controlled.
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The marginal facility is that establishment whose
production costs (including a "normal* profit) equal the price
that consumers are willing to pay for the last unit of gasoline
consumed. Thus, the marginal facility provides the supply at
the point where the supply and demand schedules intersect. This
is depicted in Figure 8-10 for a hypothetical supply and demand
schedule for the market for Other Inputs at Terminals. Before
regulation, the supply of these services is s0 and the demand is
p0. s0 is a short run supply schedule (existing firms will
produce so long as they cover theirlfixed costs), but it also
reflects the willingness of new firms to enter the market and
provide additional capacity at price P0. The new firms comprise
the marginal firms in this market over this period. If existing
firms attempted to raise the price higher than PO, new firms
will enter the market and bid away the business of existing
firms. Such market conditions are particularly likely in
"transition* industries characterized by technical or
institutiénal changes that affect the long run cost of
production.80 1In this setting, then, the economic impact will
depend on the minimum control cost needed to meet;the regulation

reqgquired of new firms.

The imposition of the regulation will cause facilities’
production costs to rise equal to the additional cost of
complying with the regulation. The market impact of the
regulation is depicted in Figure 8-10 by a new supply curve such
as S1. Holding post-regulatory demand constant, the new price
and quantity for retail gasoline is determined by the
intersection of the post-regulatory supply function, sl, and the
demand function DV. Given the perspective that the marginal
firm is best represented by new firms, this analysis bases the
relevant shift from S0 to Sl in this analysis on the cost of
control at new facilities. To emphasize that this is likely to
be different from the control costs of existing facilities, we
show the downward sloping segment of the new supply schedule as
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Figure 8-10.

ol o0 * Quantity

Hypothetical Bulk Terminal Services
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having a different slope from S0. This highlights the fact that
the costs of regulation imposed on existing firms will vary with
such circumstances as facility size, initial level of control,
etc. A corollary observation is that regulation will impose
distributional impacts (net financial gains or losses) on firms
that are distinct from the market impacts identified in this
section of the analysis.

8.3.1.3 Estimation of Marginal Facility Cost. As
described in the industry profile, there are a wide variety of
plant sizes in the gasoline distribution industry. Theory
indicates that this is due to the fact that demand for wholesale
and retail gasoline distribution varies considerably over space
and/dr that the cost of production varies considerably with
distance. In both cases, this means that the markets for most
gasoline distribution services are "local.* Trends toward
larger production facilities were identified in Section 8.1, but
most markets are still geographically circumscribed, especially
in the later stages of distribution.

Selecting a supply shift for marginal bulk terminal
facilities in the market interaction model should therefore
reflect the diversity of local markets. These range from larger
mecropolitan markets served by large capacity facilities to
small rural markets served by small facilities. Consequently,
EPA estimates the shift in the supply price of new bulk terminal
facilities as the weighted average of the cost of compliance of
all the relevant model plants. The weights are based on the
amount of throughput attributed to each of the bulk terminal
model plant .size categories in the baseline.

Similarly, the supply shift in bulk terminal transportation
inputs due to required monthly truck leak testing and repair at
new plants is based on the weighted average of cost of these
tests to the different model plants. The costs for each model
plant varied in proportion to the number of trucks that served
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that plant (the weights included a 40 percent allowance for new
plants in non-attainment areas where Control Technology Guidance
already specified monthly leak testing of gasoline trucks). The
supply shift for pipeline breakout stations is also based on the
weighted average cost of monthly leak detection and repair at
new model plants. .

Table 8-29 describes each affected sector's marginal
facility and the estimated increased cost per liter of
throughput represented by that marginal fécility, The cost
shift for pipelines is negative because recovery credits
anticipated from leak reduction are greater than the cost of the
monthly inspection and repair.

Costs associated with required control at existing plants
or in sectors where only existing plants are affected by the
regulation are not included in this table because new plénts are
marginal facilities (see the discussion in Section 8.3.1.2). As
discussed below, existing plant costs are reflected in the
economic welfare effects of the regulation but they are not
expected to have any significant influence on the market
impacts.

8.3.2 Market Adjustments

The marginal facility cost increases per liter of output
from Table 8-29 were entered into the model and solved for
estimated market changes in price and quantity. The effects of
the supply shifts for regulatory alternatives IV, IVQ, and IVM
on all markets are shown in Table 8-30 and 8-30A. This table
shows that the estimated market impacts of the proposed
regulation will be relatively small, because the additional
costs imposed are relatively small and buffered as they are
passed through the market in the form of price and quantity
changes. These estimates apply to all the regulatory
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TABLE 8-29.

REGULATORY ALTERNATIVES IV, IVQ, AND IVM:

MARGINAL FACILITY CHARACTERISTICS

Cost

Facility Marginal Facility Per Liter
Type (51}
Pipelines Weighted average cost of

leak detection and repair

at new model plants -9.77818 x 10-72
Bulk Weighted average cost of
Terminals vacuum assist at new model

plants. 4.9047185 x 1074
Bulk Weighted average cost
Terminal of leak detection and
Transpor - repair at new model plants. 7.2 x 10°6
tation
e ——— ——————————————— . ——- ————— —_—— e

2 For pipelines, the credits for detecticn and repair are greater than the
costs resulting in a negative cost per liter.
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alternatives (IV, IVQ, and IVM) since differences among them
only affect controls required of existing plants.

The biggest price change will occur in the cost of other
inputs to bulk terminal storage {9.8 percent). Since these
other inputs constitute only a small share of costs, however,
_bulk terminal storage services are estimated to increase in
price by only one tenth of a percent. While the rounding
convention of the table obscures some differences in the change
in quantity estimated for the proposed regulation, these are all
in the neighborhood of one tenth of one percent for each
industry sector. This amounts to a reduction in consumption of
roughly 300 million liters of gasoline per year. Thus, while
the relative changes in gasoliné distribution markets are
estimated to be small, the market is so large that some of the
absolute market effects are non-trivial.

8.3.3 Emplovment Impacts.

If percentage changes in output due to the regulation are
assumed to be perfectly reflected in percentage changes in
employment, roughly 1,100 jobs will be lost from estimated
baseline employment in-the- gasoline marketing sectors considered
here. These results are put into perspective in Table 8-31.
Nearly 80 percent of the jobs lost will be in the service
station sectors due to the reduction in gasoline consumption
occasioned by the rise in the retail price of gasoline. These
jobs, however, constitute only ﬁixg_gng;hungrgdghs_gi_a_ng;ggn;
of baseline employment in the low volume service station sector
and geven one-hundredths of a percent in the high volume service
station sector. These job losses are also a very small
percentage of the baseline job jincreases projected for most of
these sectors in the five year period following proposal action,
1593-1998: just under 3 percent of increased employment in the
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high volume service station sector and just over 2 percent in
the low volume service station sector.

For bulk terminals, the job losses constitute just under
two percent of anticipated job growth. With the exception of
the bulk plant sectors, where sixteen jobs are expected'to be
lost over the analysis period, the projected job losses due to
the regulation are more accurately interpreted as reductions in
job opportunities rather than terminations of existing jobs.

Loss of jobs also imposes some displacement or transaction
costs on the economy. An examination of these costs showed
that, in a statistical sense, workers would be willing to accept
wage reductions equivalent to roughly $57,000 for an increase in
job security equal to the statistical equivalent of one job.81
Since most of the job reductions estimated here are changes in
job oppeortunities, rather than actual losses in jobs, it is not
clear that the estimated job displacement costs apply to any but
the bulk plant and bulk plant transportation jobs. For these
two sectors, job displacement costs estimated by the imputed
value of job security are less than one million deollars.

8.3.4.1 Facilitv Closure Estimates. Although the
reductions in quantity reflected in the market interaction model
results discussed in Section 8.3.2 are not large in percentage
terms, the scale of activity in the gasoline marketing industry
makes them noteworthy. The quantity changes may reflect changes
in output of existing facilities, closure of facilities, or
both. Assuming in the extreme that all the quantity changes
occur as a result of closing existing facilities or never
opening new facilities, plant closure due to the regulation can
be estimated. Further assuming that the smallest model plants
in each sector are most vulnerable to closure, this analysis
estimates the plant closures listed in Table 8-32.
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TABLE 8-32. ESTIMATED FIRM IMPACTS
w

Total Potential % Reduction
Distribution Facilities Plant in new
Sector 1998 Closures? facilitiesP
Refineries N/A
Pipelines N/A
Bulk Terminals 1020 3 6.57
Bulk Term. Transportation9. 15
Bulk Plants 12600 12 -=C
Bulk Plant Transportationd. . 12
Low Vol. Service Station 279650 440 25.64
High Vol. Service Station 108100 165 2.11
Total €47

e —— " — —— |

Note: Potentjial plant closure figures are not applicable for refineries and
pipelines because it is assumed that these types of facilities do not
close, but rather reduce capacity or capacity utilization or postpeone
addition of new capacity.

a Potential plant closures are the absolute change in quantity of
throughput divided by throughput of the smallest model plant.

b Percentage reduction in new facilitjes is facility closures as a
percentage of anticipated facility growth.

¢ No growth anticipated for bulk plants.

d Assumed for-hire firm for Bulk Terminal Transportation and captive for
Bulk Plant Transportation because they have the smallest thrcughput
{this creates a worst-case scenario).
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The total estimated number of closures is 647. Of all
closures, more than 90 percent are in the service station
sector. In this sector, 72 percent of closures are among Low
Volume Service Stations, while the remaining 28 percent are
among High Volume Service Stations. While the number of
facility closures among service stations 'is in the hundreds, it
should be kept in mind that the total number of stations in the
country is over 380,000 and that the number of facilities closed
constitutes less than one percent. While there are 647 total
plant closures estimated across all-sectors, the projected plant
closures due to the regulation are more accurately interpreted
as reductions in new facility openings rather than closures of
existing facilities. Plant closures for refineries and
pipelines are not applicable because it is assumed that these
types of facilities do not close, but rather reduce capacity or
capacity utilization, or postpone the addition of new capacity.

8.3.4.2 Firm Impacts and Financial Health. The EPA
includes estimates of firm-level financial'impacts in many of
the economic impact analyses of its regulations. Identification
of the firm-level impacts for the “gasoline distribution
industry* involves two aspects: the size of the financial
impacts and whether these impacts threaten the existence of
firms in the industry. Chapter 7 presents cost data at the
facility or establishment level using model plants for selected
regulatory options for the pipeline, bulk terminal, and bulk
terminal transportation sectors of the industry.

These data show that the cost of all the regulatory
alternatives are relatively small when compared to current costs
of production or current prices per liter. These data also show
that small model plants will experience higher costs of control
per unit of throughput than large model plants. These facility
or model plant costs can be combined with firm level
descriptions and financial information to provide estimates of
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the firm level financial impacts of the proposed regulations.
Such impact estimates are reported in the Ecgonomic Impact

Analvsis report.67

Estimating firm financial impact estimates involved the
following sequence of activities:

1. Characterize *model firms* based on available data on
firm size and facility ownership in each industry
sector. This characterization concluded with estimation
of model firm sales.

2. Construct pro-forma balance sheets and income statements
for model firms based on Dun and Bradstreet financial
ratios for each industry sector. Three sets of ratics
were used, each set representative of firms in either
above average, average, or below average financial
health.

3. Compute compliance costs for each model firm based on
the control costs of facilities estimated to be owned by
each of the model firms and the cost of capital based on
industry sector and firm financial health.

4. Revise the model firms pro forma balance sheets and
income statements based upon the estimated compliance
costs for firms. Model firms with below average
financial health were treated as financing purchases
out of cash reserves.

5. Use the revised balance sheets and income statements to
compute new financial ratios for model firms and assess
the impact of the regulation on these ratios. Ratios
used were the liquidity, activity, leverage, and
profitability ratios.

This financial analysis reported in the Economic Impact
Analvsis report was conducted using the most stringent
regulatory alternative, Regulatory Alternative I, as a basis for
estimating firm compliance costs. 1In addition, the analysis
assumed that each model plant would have the highest possible .
control costs i.e., existing plants with the lowest initial
level of control. Under these extreme conditions, small model
firms with below-average financial health still has enough cash
in their pro-forma balance sheet to cover the cost of control.
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At the same time, the financial ratios of model firms were
hardly affected by the compliance costs.

No average or above average firms' ratios fell in the range
of the less financially healthy firms' ratios after the
regulation. Regulatory alternatives IV, IV-Q, and IV-M are
substantially less stringent than Regulatory Alternative I and
would result in considerably lower control costs. Consequently,
even firms in below average financial health are expected to be
able to cover the costs of complying with this regulation and
firms in average or better financial health will not suffer
serious financial affects.

8.3.5 Emmmi:_wgm:unm

The results of the market impact model can be used to
improve estimates of the costs of the regulation so that they
more closely correspond to economic welfare measures. Even
though the impact of the regulation directly affects only
certain gasoline distribution markets, the interaction among the
markets transmits these changes to upétream and downstream

‘markets. The cumulative welfare impact, as well as the

distributional effect 6f this regulation on consumers and - e
producers, can be measured in the two *final" markets: High
Volume Service Stations and Low Velume Service Stations.82

For this analysis, measures of producers and consumers
surplus are used to approximate the theoretically correct
willingness-to-pay measures of welfare change. If the income
effects of the regulation are small, this approximation is gquite
good.83 rThe Ecopomic Impact Analvsis report provides a more
detailed discussion of the theory and procedures used to
estimate these economic welfare and distribution estimatés.b87

Table 8-33 presents estimates of changes in producer and
consumer surplus and economic welfare based on the guantity and




TABLE 8-33. ESTIMATED CHANGES IN ECONOMIC
WELFARE ($10® 1990 DOLLARS)

ALT IV ALT IV-Q ALT IV-M
Transfers
Consumer Surplus
High Volume -134.4 -134.4 -134.4
Low Volume -29.2 -29.2 -29.2
Total -163.6 -163.6 -163.6
Producer Surplus
Total 145.3 145.8 145.4
Net Welfare Change ’
Costs -18.3 -17.8 -18.2




price changes of the market interaction model and the facility
costs estimated in Chapter 7. All consumers lose some surplus
(bear some cost) due to the increase in price and decrease in
quantity of gasoline associated with the regulation. Aalthough
the price and qQuantity changes are themselves relatively small,
the estimated loss amounts to about $163 million a year. The
magnitude substantially exceeds aggregate control cost estimates
because of the huge volume of gasoline across which the price
increases apply. At the same time, some producers lose ({those
with high compliance and production'costs) while others bhenefit
from the higher prices more than they are damaged by the costs
of compliance. On net, producers gain an estimated surplus of
about $145 million per year. These estimates of producer surplus
vary slightly across the three regulatory alternatives because-
the real resource costs borne by existing firms change with the
alternatives. '

The net difference in surplus changes is the economic
welfare cost of the regulation after market adjustments. This
figure is estimated to be roughly $18 million per year and
varies slightly between regulatory alternatives IV, IVQ, and
IVM. Note that this estimate does not reflect the environmental
and health benefits that the regulation yields. Judging the
merit of the regulation on grounds of economic efficiency is
possible only if one weighs these economic welfare costs against
the benefits they produce.

8.3.6 gmall Business Impacts
The Ecopomic Impact Analvsis®7 develops estimates of the

size distribution of firms in different segments of the gasoline
distribution industry based on the number of establishments
owned and assignment of model plant combinations to the firms
owning multiple plants. As shown on Table 8-34, when the Small
Business Administration‘'s definition of small business is
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applied to these firms, the majority of firms are classified as
small businesses in every industry segment examined. The
percentage of firms classified as small ranges from 56 percent
for bulk terminals to 99 percent for public service stations.

This striking result occurs in part because of the way in
which these data were compiled: the firm size categories were
coarse and the data did not allow for vertical or horizontal
integration of firms. Finer, more complete data would probably
result in a substantial reduction in the number of firms
classified as small in each sector of the gasoline distribution
industry. Even so, the evidence compiled in Table 8-34, when
added to the information on industry organization compiled in
Secticn 8.1, suggest that there are a substantial number of
small firms distributing gasoline that will be affected by the
regulation either directly or indirectly through increases in
the cost of gasoline or reductions in gasoline consumption.

At the same time, howevef, there is little to suggest that
any of the regulatory alternatives under consideration would
result in financial impacts that would significantly or
differentially stress the affected small businesses. This

~conclusion is based on three considerations:

« First, the sectors that are being directly regulated are
the same sectors that are characterized by larger firms
and vertical integration back through gasocline
production: pipelines, bulk terminals, and bulk terminal
transportation. Bulk plants, bulk plant transportation,
and service stations are not affected directly by the
regulation because they are not major emissions sources.

* Second, for all but the smallest facilities in directly
affected industry segments, the costs of control
associated with any of these alternatives are a minute
fraction of production costs. More importantly, small
scale facilities are likely to be serving small or
specialized markets. This makes it unlikely that the
differential in unit cost-of control estimated between
the smallest and largest model plants of an industry
sector will seriously affect the competitive position of
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small firms, even assuming that the small firms own small
facilities.

« Finally, the examination of firm financial impacts
performed using pro forma balance sheets showed that even
small firms in poor financial condition could fund
estimated control costs with cash balances and that
financial ratio of small firms were not significantly
impacted by the regulation. The available data, while
admittedly limiting the precision of the analysis,
nevertheless suggest that only firms that are
exceptionally vulnerable financially will be threatened
by the cost of these controls. This threat appears to
depend more on the financial condition of the firm that
on its size.

While EPA expects that this regulation will -slightly slow
growth in facilities and jobs in most sectors and that, in the
bulk plant and bulk plant transportation sectors, the closure of
some existing firms will be hastened, small firms in the
gasoline distribution industry would not be differentially
affected by these regulations because of their size alone.
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APPENDIX A.
EVOLUTION OF THE BACKGROUND INFORMATION DOCUMENT

The purpose of this study was to develop a basis for supporiing proposed
national emission standards for hazardous air pollutants (NESHAP} for the
gasoline distribution (Stage I) network. To accomplish the objectives of this
program, technical data were acquired on the following aspects of the gasoline
distribution (Stage I) network: (1) facility types and emission sources, (2)
the release of HAP and VOC emissions into the atmosphere by these sources, and
(3} the types and costs of demonstrated emission control technologies. The
bulk of the information was gathered from the following sources:

1.

2
3.
4.
5

Technical literature;

State, regional, and local air pollution control agencies:
Plant visits; ' '

Industry representatives; and

Equipment vendors.

Significant events relating to the evolution of the background
information document are recorded in chronological order in Table A-1.
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TABLE A-1.

EVOLUTION OF THE BACKGROUND INFORMATION DOCUMENT

Date

Company, Consultant, or Agency/Location

Nature of Action

1M/1/76 to 6/V/77

6/8/77

10/77

12/77

12/77

6/78

12/78

1978

12/78

U.S. Environmental Protection Agency

U.S5. Environmental Protection Agency

U.5. Envirenmental Protection Agency

U.S. Environmental Protection Agency

U.S. Environmental Protection Agency

U.5. Environmental Protection Agency

U.S. Environmental Pratection Agency

NAPCTAC

U.5. Environmental Protection Agency

Section 114 letters sent to oil
companies regarding specific
terminals.

Benzene is listed as a Hazardous Air
pPollutant (HAP) under Section 112 of
the Clean Air Act.

Terminal Control Techniques Guideline
issued (Control of Hydrocarbons from
Tank Truck Gasoline Loading
Terminals. EPA Publication No. EPA-
450/2-77-026)

Fixed Roof Tank Control Techniques
Guideline issued (Control of
Volatite Organic Eémissions from
storage of Petroleum Liquids in
fixed-Roof Tanks. EPA Publication
No. EPA-450/2-77-036)

Bulk Gasoline Plants Control Technigues
Guideline issued (Control of
Volatile Organic Emissions from Bulk
Gasoline Plants. EPA Publication
No. EPA-450/2-77-035)

Petroleum Refinery Equipment Leaks
Guideline issued (Controt of
Volatile Organic Compound Leaks from
Petroteum Refinery Equipment. EPA
Publication No. EPA-450/2-78-036)

Tank Yruck Control Technigques Guideline
issued (Control of Volatile Organic
Compound Leaks from Gasoline Tenk
Trucks and Vapor Collection Systems.
EPA Publication No, EPA-450/2-78-
051>

Review of Draft Stage | Benzene Package

External Floating Roof Tank Guideline
issued (Control of Volatile Organic
Emissions from Petroleum Liquid
Storage in External Fleating Roof
Tanks. EPA Publication No. EPA-
450/2-78-047)
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TABLE A-1. (continued)

Date

Company, Censultant, or agency/location

Nature of action

12/78

4/4/80

12780

8/18/,83

5730/84

6/B4

6/84

8/8/84

2/7/87
L/B/87

7/87

9714789

U.5. Envirocrmental Protection Agency

U.S, Environmental Protection Agency

U.S. Environmental Protection Agency

U.s. Environmental Protection Agency

U.S. Environmental Protection Agency

U.S. Environmental Protection Agency

U.5. Environmental Protection Agency

U.S. Environmental Protection Agency

National Resources Defense Council

U.S. Enwvirommental Protection Agency

U.S. Environmental Protection Agency

U.S. Environmental Protection Agency

Gaseline Tank Trucks and Vapor
Collection Systems Guideline
issued (Control of volatile
Organic Compound Leaks from
Gasoline Tank Trucks and Vapor
Collection SyStems. EPA-450/2-78-
051)

Promulgated Regulating VOC Emissions
for New Petroleum Liquid Storage
Vessels (40 CFR 60 Subpart Ka)

Draft Bulk Gasoline Terminal New
source Performance Standard lssued
(Bulk GCasoline Terminals -
Background Information for
Proposed Standard.)

Bulk Gasoline Terminal New Source
performance $tandard lssued (Bulk
Gasoline Terminals - Background
information for Promulgated
Standards EPA-450/3-80-038b
Subpart XX).

Promulgated Standards Regulating
Equipment Leaks of VOC at
Petroleum Refineries.

braft For Risk Exposure Issued
(Estimation of the Public Health
Risk from Exposure to Gasoline
vapor via the Gasoiine Marketing
System, )

Floating and Fixed Roof Tank Control
Techniques Issued (Control of
volatile Organic Compound
Emissions from Volatile Organic
Liguid Storage in Floating and
Fixed Roof Tanks).

Issuance of Evaluation of Air
Pollution Strategies for Gasoline
Marketing Industry.
(EPA-450/3-B4-012A)

NRDC Lawsuit.

Promuigated Regulating VOC Emission
for New Petroleum Liguid Storage
Vegsels (40 CFR 60 Subpart Kb).

[ssuance of “Draft Regulatory Impact
Analysis: Proposed Refueling
Emission Regulation for Gasoline
Fueled Meotor Vehicle - Volume 1:
Analysis of Gasoline Marketing
Regulatory Strategies.

Proposed Gasoline Marketing Benzene
Standards.
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TABLE A-1. (continued)

Date Company, Consultent, or Agency/Location Kature of Action
12/20/90 Piedmont Aviation Services, Plant visit to gather background
Minston Salem, NC information concerning airpkane
fueling and gasoline throughput.
3/7/90 U.S. Envirommental Protection Agency Withdrew Gasoline Marketing Benzene
Standards.
11/15/90 U.§. Environmental Protection Agency Additional Compounds in Gasoline
listed as 8 HAP (1990 CAAA).
12718750 fina 0il & Chemical Ce., Plant visit to gather background

Port Arthur, TX information concerning vacuum
assist technology for tank truck
loading at terminals,

1717491 Puget Sound Air Pollution Control Letter requesting performance test

Agency, Seattle, WA for vaper control systems at bulk
gasoline terminals.

New Jersey State Department of Letter requesting performance test

Environmental Protection, Trenton, HJ for vapor control systems at bulk
gasoline terminals.

274791 American Petroleum Institute, Letter requesting information

Washington, DC concerning the composition of
gasoline vapors

2/21/91 Plantation Pipe Line Plant visit to gather background

Gastonia, NC information concerning operations

at pipeline pumping stations.
212/ $ervice Distributing Company, Inc. Letter requesting cost information

Albemarie, NC concerning installing and

retrofitting Stage | vapor
o T . recovery at service stations,
2/25/N Braswell Equipment Co, Letter requesting cost information

Wilson, NC concerning bulk gasoline plant and
service station cost.

2/26/91 Arnold Equipment Co. Letter requesting cost information

Greensboro, NC concerning bulk gasoline piant and
service station cost.

Southern Pump and Tank Co., Raleigh, NC Letter regquesting cost information
concerning bulk gasoline plant and
service station cost,

2/26/9 Braswell Equipment Co, Letter regquesting cost information

Wilson, NC concerning bulk gasoline plant and
service station cost.

4722791 Mobil Oil Corporation, Plant visit to gather background

Albany, NY information concerning rail car
loading operations.

/239 Powell Duffryn Terminals, Inc. Plant visit.

Bayonne, NJ
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TABLE A-1. (continued)

Date

Company, Consultant, or Agency/Location

Nature of Action

6/21/91

9/ 18/

9/30/91

1M/

7/16/92

11/92

U.S. Environmental Protection Agency

Maryland Department of Environment,

Baltimore, MD

U.5. Environmental Protection Agency

Industry members, selected equipment
vendors and consultants

U.S, Environmental Protection Agency

Planned NAPCTAC meeting

Federal Register natice outlining
procedures used to identity a list

of categories of major sources and
area sources as a HAP (56 FR 28548)

Letter requesting cost information
concerning bulk gasoline plant and
service station cost.

Floating and Fixed Roof Tank Control
Technigues Issued (Control of
Volatile Organic Compound Emissions
from Volatile Organic Liquid Storage
in Floating and Fixed Roof Tanks.
Draft.)

Mailed draft BID Chapters 3-8.2 and
Appendices B & C.

Federal Register notice promulgating
HAP tist for major and area sources.

Mailed draft BID for comments.
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APPENDIX B.

INDEX TO ENVIRONMENTAL IMPACT CONSIDERATIONS

This appendix consists of a reference system which is cross-indexed with
the October 21, 1974, Federal Register (39 FR 37419) containing the Agency
guidelines concerning the preparation of environmental impact statements.

This index can be used to identify sections of the document which contain data

and information germane to any portion of the federal Register guidelines.
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TABLE B-1. CROSS-INDEXED REFERENCE SYSTEM TO HIGHLIGHT
' ENVIRONMENTAL IMPACT PORTIONS OF THE DOCUMENT

Agency guidelines for preparing
reguiatory action for environmental
impact statements (39 FR 37418)

Location within the background
information document

1. BACKGROUND AND SUMMARY OF
REGULATORY ALTERNATIVES

Summary of regulatory
alternatives

Statutory basis for proposing
standards

Relationship to other
regulatory agency actions

Industries affected by the
regulatory alternatives

Specific processes affected by
the regulatory alternatives

_nature of the_industry are presented

The regulatory alternatives from
which. standards will be chosen for
proposal are summarized in Chapter 1,
Section 1.2.

The statutory basis for proposing
standards is summarized in Chapter 1,
Section 1.1, :

The relationships between EPA and
other regulatory agency actions are
discussed in Chapters 3, 7, and 8.

A discussion of the industries
affected by the regulatory
alternatives is presented in Chapter
3, Section 3.1. Further details
covering the business and economic

in Chapters 6, 7, & 8.

The specific processes and facilities
affected by the regulatory
alternatives are summarized in
Chapter 1, Section 1.1 .

A detailed technical discussion of
the processes affected by the
regulatory alternatives is present in
Chapter 4, Section 4.1.
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TABLE B-1

(continued)

Agency guidelines for preparing
regulatory action for environmental
impact statements (39 FR 37419)

Location within the background
information document

2. REGULATORY ALTERNATIVES
Control techniques

Regulatory alternatives

3. ENVIRONMENTAL IMPACT OF THE
REGULATORY ALTERNATIVES

Primary impacts directly
attributable to the regulatory
alternatives

Secondary or induced impacts

4. OTHER CONSIDERATIONS

The alternative control techniques
are discussed in Chapter 4.

The various regulatory alternatives
are defined in Chapter 5, Section
5.2. A summary of the major
alternatives considered is included
in Chapter 1, Section 1.2.

The primary impacts on mass emission
and ambient air quality due to the
alternative control systems are
discussed in Chapter 6, Section 6.1.
A matrix summarizing the
environmental impacts is included in
Chapter 1.

Secondary impacts for the various
requlatory alternatives are discussed
in Chapter &, Sections 6.2, 6.3, 6.4,
6.5, and 6.6.

A summary of the potential adverse
environmental impacts associated with
the regulatory alternatives is
inctuded in Chapter 1, Section 1.3,
and Chapter 6. Potential socio-
economic and inflationary impacts are
discussed in Chapter 8, Section 8.3.

|
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APPENDIX C
CALCULATION OF HAP VAPOR PROFILES FOR GASOLINE

The purpose of this appendix is to present the
methodology and results of the analysis to estimate the
hazardous air pollutants (HAPs)} in gasoline vapor. This
appendix consists of two sections. The first section
contains the information resulting from a search conducted
to obtain data related to the composition of gasoline vapor,
that was specific enough to allow the identification and
quantification of those HAPs contained on the 1990 Clean Air
Act Amendments list. Section C.1 discusses the information
obtained from this search as well as the mathematical
prdcedures used to develop a "typical" HAP vapor profile for
normal gasoline. _

Requirements in Title II of the 1990 CAAA will change
the fuel composition in many areas of the country. These
programs are not yet in effect, so it was difficult to
obtain any actual data related to the composition of
gasoline vapors from reformulated or oxygenhated gasoline.
Therefore, adjustments were made to the normal gasoline
profile to attempt to represent vapor compositions of
possible reformulated or oxygenated gasoline. The
methodology used to modify the normal profile forms the
basis for the second section of this appendix and is
discussed in Section C.2.

C.1 NORMAL GASQLINE

To locate information on gasoline vapor composition,
literature searches were conducted and trade organizations,
research organizations, regulatory agencies, and large and
small oil companies were contacted. Overall, over 100
sources were contacted to attempt to obtain information on
this subject. These included the American Petroleum
Institute (API), Western States Petroleum Association
(WSPA), the National Institute for Petroleum and Energy

Cc-1




Research (NIPER), the Coordinating Research Council (CRC),
the Society of Automotive Engineers (SAE), the Motor
Vehicles Manufacturers Association (MVMA), all the major oil
companies, the California Air Resources Board, and many
others.

Information obtained during this search indicated that
a great deal of research was being conducted related to the
composition of tailpipe emissions from automobiles.

However, information related to the composition of
evaporative emissions from gasecline transfer and storage
operations was limited.

A total of forty nine analyses of gasoline vapor were
located that contained speciation of sufficient detail to
identify theé CAAA HAPs. These came from a variety of the
sources listed above. In addition, EPA obtained a number of
compositional analyses of liquid gasoline. Table C-1 ‘
summarizes the sources of the test data received.

For each vapor sample, the individual HAPs'were
identified and their weight percentage relative to the total
VOC weight was noted or calculated (in cases where the
fraction was reported as a volume or mole percent). In
addition, the sum of all of the weight percentages of the
HAPs was determined. - S

For the liquid samples, Raoult's law was used to
estimate the vapor phase composition. Raoult's law
describes the relationship between the partial pressure of a
component in the gas phase and the mole fraction of that
component in the liquid phase. Raocult's law is expressed as
follows:

Pa = YAP = XAPiA (T)
where, p*A is the vapor pressure of pure liquid A at
temperature T and Ya is the mole fraction of A in the gas
phase. Raoult's law is an approximation that is generally
valid when the mole fraction of compound A in the liquid is
approximately close to one and when the mixture is made up
of similar substances, such as straight chain hydrocarbons
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TABLE C-1. SUMMARY OF SOURCES OF DATA
RECEIVED REGARDING GASOLINE COMPOSITION

Data
ID

Number
ot
Source of Test Data Sanples

Form
of
Data

Memorandum, from Knapp, K.T., EPA 2
AEERL, to Durham, J., EPA OAQPFS,

regarding speciation of components in
gasoline with data attached. August

1, 1990.

Furey, R.L. and B.E. Nagel,

Composition of Vapor Emitted from a

Vehicle Gasoline Tank During 2
Refueling. GM Research Laboratories,
Warren, MI. (Presented at SAE

International Congress and

Exposition, Detroit Michigan)

Sisby, J.E., S. Tejada, W. Rau, J.

Lang, and J. Duncan. Volatile

Organic Compound Emissions from 46 2
In-Use Passenger cCars. (Reprinted

from Environmental Science and

Techneology, May 1987)

Letter, from Woodward, P., Natiocnal
Institute for Petroleum and Energy

Research, to Norwooed, P., Pacific 2
Environmental Services, Inc.,

regarding composition of gasoline

with data. January 10, 1991

Halder, C., G. Van Gorp, N. Hatoum,

and T. Warne. Gasoline Vapor

Exposures. Part I. Characterization 4
of Workplace Exposures. American

Industrial Hygiene Association,
47(3):164-172 (1986).

Appendix to Northeast Corridor

Regional Modeling Project -

Determination of Organic Species

Profiles for Gasoline Liquids and 20
Vapors - Sampling and Analysis Data

Sheets, EPA-450/4-80-036b. U.S.
Environmental Protection Agency,

Research Triangle Park, NC. December

1980.

liguid

vapor

- vapor

liquid

vapor

vapor




TABLE C-1, SUMMARY CF SOURCES OF DATA
RECEIVED REGARDING GASOLINE COMPOSITION (continued)

Number Form
Data of of
ID Source of Test Data Samples Data
G Information Obtained From Braddock,
J., EPA AEERL regarding vapor 14 vapor
composition of Refueling emissions.
H Environ Corporation, Arlington, VA.
Summary Report on Individual 1 vapor
Exposures to Gascline. Prepared for :
Gasoline Exposure Workshop Planning
Group. November 28, 1990.
I Passenger Car Hydrocarbon Emissions

Speciation. EPA-600/2-80-085. U.S,. 2 vapor
Environmental Protection Agency,

Research Triangle Park, NC. May

1980.

TOTAL NUMBER OF DATA POINTS 49 -

e e e e




of similar molecular weights. Gasoline was assumed to meet
the second criteria based on general compositional data.

An example of the calculational procedure used to
estimate vapor HAP composition from liguid composition is
shown in Table C-2. All non-HAP components were grouped
according to the number of carbons. All compounds within
each carbon number were assumed to have the vapor pressure
and molecular weight of certain compounds selected as
representative for the carbon number. Those compounds
selected are shown in parenthesis in Table C-2.

The weight fraction for each HAP was identified in the
liguid data, and the weight fractions for each carbon number
(excluding HAPs) totalled. The mole fraction of each HAP
and carbon number group were calculated. The vapor pressure
was then estimated using the Antoine equation (a c¢common
vapor pressure estimation technique) at 25 degrees F for
each HAP or carbon number group. _

Using the ligquid mole fraction and the vapor pressure,
and assuming one atmosphere total pressure the mole fraction
in the vapor phase was calculated using Raoult's law. This
was converted to mass fraction, after which the HAP to total
VOC mass ratio was calculated..

After the individual and total HAP weight fractions
were calculated for each individual sample, the data were
combined and summarized. The results of all of the
individual samples are shown in Table C-3. Also, Table C=~4
presents the summary of the data for normal gascline. The
table shows the maximum and minimum percentage for each HAP
and for total HAPs. The arithmetic average was also taken
for each of these situations.

C.2 REFORMULATED AND OXYGENATED GASOLINE

Title II of the 1990 Clean Air Act Amendments addresses
emission standards for mobile sources. There are several
elements in Title II that will affect gasoline composition




TABLE C-2.

EXAMPLE OF VAPOR COMPOSITION
CALCULATIONS FROM LIQUID DATA

CHEMICAL/CLASS

Hexane

Benzene

Toluene

2,2,4 trimerhylpentane
iylens

Ethyt benzernws
Naphthaiehe

Methano!

MTBE

TOTAL HAPS
c3 (propene)
cé (n-butane)
¢S5 {(iso-pentane)
ch (2 methyl pentane)
c7 (2 methyl hexane)
c8 (iso-octane)
c® {1 meth-3 eth benz}
¢10 n-decane
€11 (n-unaecane)
¢12 (n-codecane)
TOTAL vOC

Wt frac
in lig
1.8
1.5
5.19
3.02
6.33
1.27
0.67
0

Q
20.59
0.02
<.83
14,85
11.45
8.5
6.53
12.45
.74
6.13
0.82
95.91

moles in

{iquid
0.021
0.017
0.067
0.026
0.050
0.012
0.005
0.000
0.000

0.000
0.085
0.212
0.136
0.087
0.058
0.099
0.070
0.040
0.005
1.061

t {quid vapor

moile frac moie frac
B 1] Ya
0.021% 0.0027
0.017 0.0013
0.067 0.001S
0.025 0.0011
0.0560 0.0003
0.012 0.0001
0.005 0.0000
0.000 0.0000
0.000 0.0000
0.208
0.000 0.0033
0.086 0.1513
0.212 0.1347
0.136 0.0251
0.087 0.0043
0.053 0.0023
0.099 0.0p02
0.06¢ 0.0001
0.040 0.0000
0.005 0.0000

wt frat

in vap
0.231
0.103
0.137
0.121
0.030
0.009
0.000
0.C00
0.000

0.145
B.475
9.429
2.105
0.425
0.262
0.025
¢.o08
0.001
0.000
21,508

HAP/VOC
in vap
0.0108
0.0048
0.0064
0.0056
0.0014
0.0004
0.0000
0.0000
¢.0000
0.02%4

other gasoline formulations may contain methanol or MTBE
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TABLE C-4. VAPOR PROFILE OF NORMAL GASOLINE

HAP 'O VOC RATIO
(percentage by weight)

ARITHMETIC
HAZARDOUS ATR POLLUTANT? MINIMUM AVERAGE MAXIMUM
Hexane 0.3 1.6 4.4
Benzene 0.2 0.9 2.2
Toluene 0.4 1.3 4.0
2,2,4 Trimethylpentane 0.03 0.8 2.6
‘(1so-octane)
Xylenes 0.05 0.5 1.5
Ethylbenzene 0.03 0.1
TOTAL HAPSP 2.0 4.8 11.0

Cumene and Napthalene were also identified in some of the
data points in small quantities. They are not shown as
their addition does not significantly change the
analysis.

The total HAP ratios shown in the table are not simply
sums of the individual HAPs. Total HAPs were calculated
for each individual sample in the data base and the
values represented in the table reflect the maximum,
minimum, and arithmetic average total HAPs of these
samples.
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in the 1998 base year, and thus affect HAP emissions from
gasoline storage and transfer operations.

Section 219 of Title II amends the 1977 CAA by adding
Section 211(k). This section requires reformulated gasoline
in nonattainment areas with a 1980 population greater than
250,000 (a total of nine cities with the worst ozone
preblems). All other ozone nonattainment areas can "opt-in"
to the program regardless of 1980 population. Beginning in
1995, "reformulated" gasoline must be sold and marketed in
these nonattainment areas with the following limits:

1) benzene content cannot exceed 1 percent, 2) no heavy
metals présent, 3) minimum oxygen content of 2.0 percent,
4) maximum aromatic content of 25 percent, and 5) a

15 percent reduction in VOC and air toxic emissicons from
those emitted using a 1990 baseline fuel.

Section 211 (m) requires the purchasing and selling of
fuels with higher levels of alcohols or oxygenates in the
winter months in the areas exceeding the CO standard.
Beginning in 1992, these "oxygenated" fuels must have at
least 2.7 percent oxygen.

The reformulated gasoline requirements will cause
reductions in the benzene and aromatic contents of the fuel

'sold in those areas in the program. Since many of the HAPs
in gasoline vapor are aromatic compounds, this alone would
reduce the total HAP content of the gasoline liquid and
vapors. However, the addition of oxygen containing
compounds to both reformulated and oxygenated gasoline will
significantly increase the HAP content, all other things
being equal. Therefore, these measures will alter the HAP
content, but in opposite directions.

Methyl tert butyl ether, or MTBE, is a major source of
oxygen that will be added to gasoline by the petroleum
industry to meet these requirements. MTBE is also listed in
the CAAA as a HAP. Traditionally, MTBE has been used as an
octane booster in unleaded gasolines. If the octane was
lower than expected, small allotments of MTBE would be added
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to reach the desired octane level. MTBE has many advantages
as an octane enhancer. It has a high average blending
octane rating, dissolves easily in the refinery streams, and
will not precipitate out of solution when it comes into
contact with water. Therefore, the quantity of gasoline in
the nation which contains some MTBE is quite large, although
the MTBE content is very low. If fact, none of the data
received for normal gasoline showed measurable levels of
MTBE. There were four samples that contained MTBE but these
were intentionally spiked during "laboratory analyses to
estimate reformulated gasoline percentages.

It is expected that MTBE will be the most common
oxygenate used to meet the oxygen reguirements. Other
octane boosters/ oxygenates in use are ethanol 113, ethyl
tert butyl ether (ETBE), and tertiary amyl methyl ether
(TAME). ETBE has a lower RVP (3 - 5) compared to MTBE (8)
and its blending octane rating is also higher. However,
there are limits on ETBE and the other blending agents which
will keep MTBE in the forefront. Ethanol 113 is not
economical without government subsidies and ETBE is
similarly affected since ethanol feedstock is needed to
produce ETBE. Therefore, the amount of ethanol and ETBE
available will always be limited by government subsidies.
The lack of iscamylene feedstock will limit the use of TAME
as well.

It requires approximately 15 volume percent of MTBE in
liguid gasoline to meet the 2.7 weight percent oxygen limit,
and 11 volume percent to meet the 2.0 weight percent oxygen
limit. The effects of these large percentages in liquid
gasoline are significant. The moderate volatility of MTBE
would cause high concentrations in the vapor phase relative
to the less volatile aromatics. It is therefore expected
that the inclusion of MTBE in these percentages may increase
the HAP/VOC ratio in gasoline vapor from approximately
5 weight percent to near 15 percent, with ligquid
concentrations of MTBE in the 15 percent range.
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The drastic differences in the HAP content of gasoline
vapor'(depending on the type of fuel) necessitate the
estimation of vapor phase composition (HAP toc VOC ratios)
for several different scenarios. There will be four basic
types of fuels in use after full implementation of these
programs. These are 1) normal fuels (ozone and CO
attainment areas and those ozone nonattainment areas not
opting into the reformulated program), 2) oxygenated fuels
(CO nonattainment areas), 3) reformulated fuels (ozone
nonattainment areas in the reformulated program), and
4) reformulated fuels with 2.7 percent oxygen, or
reformulated and oxygenated (CO and ozone nonattainment
areas that are in the reformulated program).

Therefore, HAP to VOC ratios were developed for each of
these fuels. The situation is further complicated by the
fact that two different ratios are required for
reformulated, oxygenated, and reformuiated/oxygenated fuels
to account for MTBE. This results in a total of seven
different HAP vapor profiles as shown in Table C-5. As
discussed in Section 3.3 on baseline emissions, these
profiles are used throughput the analysis.

Since these programs are not in effect at this time,

"HAP to VOC ratios were mathematically developed using the
arithmetic average vapor profile for normal fuel as the
starting point. For reformulated fuel, the benzene content
in the vapor was calculated based on a 1.0 percent content
in the liquid. This was calculated using the equation from
EPA's 1984 study, “"Evaluation of Air Pollution Regqulatory
Strategies for Gasoline Marketing Industry", EPA-450/3-84-
0l2a (page 2-5). This equation coupled with the VOC
emission rate equation predicted that the vapor phase
benzene to total VOC ratio would be 0.44 percent by weight.
This value was used for the vapor phase benzene content of
all reformulated and reformulate/oxygenated gasolines.

As stated above, the total aromatic content must also
be reduced for reformulated gasolines to 25 weight percent
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in the liquid. To determine the extent of reduction
necessary, a baseline aromatic content of liquid data was
calculated using data from the 1990 Motor Vehicle
Manufacturers Association (MVMA) National Fuel Survey. The
arithmetic average aromatic content for all fuels and times
of yvyear was 28.7 percent. Using this as representative of
the average aromatic compound of gasoline, the percent '
reduction needed to meet the 25 percent level was calculated
to be about 13 percent. Therefore, all of the aromatic HAPS
(except benzene) would be reduced by this percentage. These
HAP to VOC weight percentages for toluene (1.1 %) ethyl
benzene (0.1 %) and xylenes (0.4 percent) were held constant
for all reformulated or reformulated/ oxygenated fuels.

As discussed in Chapter 3, data were received in the
for gasoline containing MTBE. For some of these samples,
vapor data were available and the corresponding liquid
composition. Using these samples a ratio of liquid content
to vapor content was derived. This ratio was then applied
to the 11 and 15 percent levels to estimate the MTBE to VOC
percentage in the vapor. These estimated MTBE to VOC ratios
were 8.8 weight percent for the 11 volume percent liquid and
12 weight percent for the 15 volume percent ligquid.

~ The addition of these large amounts of MTBE would force
a reduction in the relative percentages of other compounds
simply due to the volume that would be occupied by the MTBE
in the liquid. Therefore, to account for this fact, the
nonaromatic HAPs (hexane and 2,2,4 trimethylpentane) were
reduced by 11 percent. In order to simplify the analysis,
it was also assumed that these same reductions would also
occur if other oxygenates were used besides MTBE.

The oxygenated fuel profiles were similarly developed.
Approximately 15 percent MTBE (or other oxygenate) was added
and all other components reduced by 15 percent. For those
reformulated/oxygenated, the benzene and aromatic levels
were the same as discussed above, and 15 percent oxygenate
was used instead of 11 percent.
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APPENDIX D

BASELINE EMISSIONS ANALYSIS

The purpose of establishing an emissions baseline is to
be able to estimate the impacts of reducing emissions from
this baseline through the implementation of additional
control measures. The baseline emissions must take into
account the level of control already in place in the base
year to get an accurate assessment of the impacts of the
control alternatives. As noted in Chapter 3, the base year
for the gasoline marketing source category was selected as
1998.

‘ Generally, the approach for establishing the emission
baseline was the same for each sector of the industry. Aan
inmportant factor in the determination of baseline emissions
is the level of contrel that would be in effect in the
absence of any hazardous air pellution regulation.

Due to the various types of gasolines that will be in
use in the 1998 base year, it was necessary to divide the
parameters used to estimate emissions (source population and
gasoline throughput) into groups according to the type of
fuel expected to be used. This breakdown was made using
nonattainment area designations since this is the
determining factor for the type of fuel.

To aid in the presentation of the above mentioned
- factors, this appendix is broken down into three sections.
Section D.1 discusses the baseline regqulatory coverage
assumed for all States. Section D.2 follows with a
description of the separation of gasoline throughput and
source population by nonattainment area, and Section D.3
presents the baseline emission calculations for the various
industry sectors. '




D.1 Regqulatory Coverage

There are two basic control levels in effect in the
United States for gasoline marketing sources. Control
technigues guideline (CTG) documents have been prepared for
bulk terminals, bulk plants, service stations (underground
tank filling), tank trucks, and storage tanks. Also, New
Source Performance Standards are applicable for new or
reconstructed bulk terminal loading racks and large storage
tanks like those at terminals and pipeline breakout
stations.

The purpose of the CTG documents is to cutline what EPA
defines as reasonably available control technology (RACT)
for existing socurces. Some of the recommendations are in
the form of emission limits and others are in the form of
recommended control equipment to be installed. States with
nonattainment areas for ozone are fequired to adopt
regulations consistent with these CTG recommendations to
provide for attainment of the ambient standards. New Source
Performance Standards (NSPS) are national standards
regulating new or reconstructed sources of criteria
pollutants, including volatile organic compounds (VOC).

To estimate how the States implemented these CTG

- recommendations, State regulations were reviewed for Stage I~ —

gasoline marketing sources. The results of this survey were
used to estimate the affected gasoline throughput on a State
by State basis. In instances where regqulations covered an
entire State, it was assumed that all throughput for the
State was covered by the regulation. Base year 1998 State
gasoline throughputs were determined as follows. The State
and national 1990 gasoline throughputs were obtained from
the 1991 National Petroleum News Factbook issue. The ratio
of the 1998 national throughput discussed in Section 8.1 to
the 1990 national throughput from NPN was determined and
multiplied by the 1990 throughputs for each State to obtain
1998 State gasoline throughput.

However, many States have regulations that only cover
ozone nonattainment areas. For these States, the counties
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that were covered were determined and the percentage of
county throughput to State throughput was calculated using
1985 NEDs gasoline consumption. While these throughputs may
not be applicable to the base year 1998, it was assumed that
the relative county to State throughput percentages were
acceptable approximations. Estimates were made regarding
the percentage of the throughput and/or source population
affected by NSPS regulations.

The following paragraphs address the CTG and NSPS
control levels and the penetration of standards throughout
the nation. The areas discussed are bulk terminal loading
racks, storage tanks, bulk plants, tank trucks, and service
stations (storage tank filling). While there are
regulations for 'similar applications for the control of
fugitive emissions from leaking pumps and valves, there are
no regulations that specifically address these components
for pipeline facilities, bulk terminals, and bulk plants,
Therefore, for the purposes of this analysis, it is assumed
that all fugitive emissions at gasoline marketing sources
are uncontrolled. _ '

D.1.1 PBulk Terminal loading Racks

There is both a CTG for locading racks at bulk terminals
and an NSPS regulation. The CTG level of control is
recommended to be 80 mg VOC/liter of gasoline loaded. This
limit is based on submerged fill and vapor recovery/control
systems. It is also recommended that no leaks be allowed in
the vapor collection system during operation. The NSPS
level is similar except the numerical limit is 35 mg
VOC/liter. State regulations were reviewed to determine the
requirements for bulk terminals. Table D-1 lists the States
that have implemented requirements for bulk terminals. The
States listed in the first column require that all terminals
within these boundaries achieve a level of control
consistent with that of the CTG recommendation (80 mg/l).
The second column includes States that require controls
consistent with the CTG only for areas within the States




that do not meet the ambient standard for ozone
{nonattainment areas).

An earlier study indicated that approximately 60
percent of the systems inétalled to meet an 80 mg/l limit
routinely operate at the NSPS level of 35 mg/l. In
conversations with eguipment manufacturers in 1991, it was
indicated that control devices are no longer manufactured to
meet 80 mg/l, that they are typically designed to meet
35 mg/l. Therefore, unless otherwise specified, it was
assumed that 60 percent of the terminals in the controlled
areas listed in Table D-1 are operating at 35 mg/l, with the
remaining operating at 80 mg/l (or 90 percent control in one
instance). This 60 percent includes those new or
reconstructed terminals that are required to meet the NSPS
level. In addition, two districts in california (Bay Area
and Sacramento) have loading rack emission limitations
equivalent to 10 mg/l. |

Therefore, there are four basic control levels. These
are 10 mg/l, 35 mg/l, 80 mg/l, and uncontrolled. The
uncontrelled sources may be.further divided into those
loading with submerged fill and with splash fill. As
discussed in the 1987 Response to Public Comments Document,
‘it is believed that 94 percent of uncontrolled terminals
load using submerged fill and 6 by splash fill. . These
percentages were also used in this analysis. State gasoline
throughput by control level is shown in Table D-2. Also,
Table D-3 presents nationwide parameters by control level
used in the baseline emissions analysis.

It was assumed that the breakdown of the bulk terminal
population would be parallel to throughput. Therefore, the
terminal population by control level shown in Table D-3 was
calculated by multiplying the percentage of throughput in
that control level category by the total nationwide terminal
population.




TABLE D-1.

FOR BULK GASOLINE TERMINALS

STATE REGULATORY COVERAGE

Entire State

CTG Controls?

Consistent with Nonattainment No Control 4
CTG Ceontrols? Areas Only Regulations
Alabama Arkansas Algska
California Colorado Arizona
Connecticut Dalaware Hawail
District of Columbia Florida Idaho
Illinaois Georgia Iowa
Kentucky Indiana Minnesota
Lowisiana Kansas Mississippi
Maine Maryland Montana
Massachusatts Missouri Nebraska
Michigan Nevadal® North Dakota*
New Hampshire New Mexico Soutp Dakota
New Jersay New York Wyoming
Narth Careclina Ohio
Pennsylvania oklahoma®
Rhode Island Oregon
South Carolina Taxas
Tennessee Utah
Wisconsin Virginia

Varmont -

Washington

West Virginia

CTG Controls = 80 mg/liter standard or lower.

Portion of State not covered by CTG controls is covered
by submerged £ill requirements.

North Dakota has no nonattainment areas for ozone but
entire State covered by submerged £ill regqulations.

Approximately 94 percent of total throughput is loaded by

submerged fill.




TABLE D-2.

STATE

e L DL L L L L L S,

ALABANA
ALASKA
ARITIONA
ARKANSAS
CALIFORMLA
COLORADO
CoMmgCTIOUT
OELAUARE
OISTRICT QF cot.
FLORTOA
GEORGIA
HAWALL

toano
ILLinots
INOtANA

10ua

KANEAS
KENTUCXY
LOUTSTAMA
KAIRE
RARYLAND
MASSACHUSETTS
NICKIGAN
MINNESOTA

- -RISRIE3IPPL
nissoms
MONTAMA
NERRASTA
NEVADA

WEN RAaPSHIRE

LOADING RACK CONTROL LEVEL?
(1000 gallons/year)

STATE BULK TERMINAL THROUGHPUT BY

80 m/L 90 X control 35 /L 10 mgst
458,258 o 1,287,387 0 0

0 0 . 159 a 49,652
390,520 0 457,992 0 549,906
9,053 a 139,262 0 1,131,139
6,038,743 Q - 6,058,115 3,385,519 0
113,180 ] 579,290 0 648,179
525, 145 0 arr,m7 ] ]
140,460 0 210,650 0 a
0 71,153 108,733 0 0
1,181,756 0 2,108,203 S0 2,998,412
622,024 e 1,138,935 0 1,898,104
2 0 19,339 9 354,050

0 0 49,751 ] 447,754
2,114,729 ¢ 3,172,093 0 0
490,485 ] 883, 944 9 1,331,945

0 L] 139,287 0 1,23.5m2
111,408 ] 268,854 ] ass 71
749,042 0 1,123,562 a 0
819,404 ¢ 1,229,109 0 0
160,232 ] 262,931 0 194, 878
755,437 ¢ 1,162,573 0 84,777
983,182 0 Vam T 0 0
m, o 8 1,668,187 a 1,777,741
0 0 M, zr 0 1,892,048

12,241 g 7 sg,81t q 1,129,045
512,489 0 994, 106 o 1,218,420

0 0 4, 9463 ] 404,867

q a 80,497 0 726,472

0 ] 465,958 e 593,608

146,401 ] %,871 2 134,728




TABLE D-2. STATE BULK TERMINAL THROUGHPUT BY
LOADING RACK CONTROL LEVEL? (CONTINUED)

(1000 gallons/ year)

STATE 80 m/L 90 X conerot 35 ma/l 10 mg/i  UNCONTROLLED |
..................................... wesasssrvessassnsan s |
NEW JERSEY 1,435,464 a9 2,153,497 ] 0 |
NEW MEXICO ] 0 82,107 )] 738,965 |
NEW TORK 1,664,553 0 2,599,889 9 tLr.538 |
RORTH CAROLINA 1,350,884 0 2,025,298 0 0 |
NORTH DAKOTA 0 ) 15,439 L] 320,747 |
oNlg 1,490,480 0 2,496,532 0 1,M7,300 |
OKLANOMA 110,902 0 3,912 ¢ 310,030 |
OREGON 221,244 0 414,435 0 78,705 |
PENNSTLVANIA 1,916,045 0 2,874,087 0 o |
RNODE  ISLAND 154,234 0 231,351 0 9 |
SOUTH CAROLINA 454,910 0 782,354 0 0 )
SOUTH DAKOTA 0 ¢ 39,358 a 158,720 |
TENNESSEE 1,057,880 9 1,585,820 0 0 |
TEXAS 1,543,407 0 3,000,737 0 4,280,840 |
UTAN 155,837 0 269,103 0 318,131 |,
VERWONT ' o 0 29,410 0 264,686 |
VIRGINIA 1,225,531 ¢ 1,538,296 0 o |
WASHINGTON S &8, TR 0 292,325 o 1,999,501 |
VEST VIRGIMIA T 99,751 0 197,961 0 556,513 |
VISCONSIN 259,352 0 1,289,027 0 o[-
WYENING 0 0 25,523 0 218,705 |

: : |
NATIOMMIDE 30,377,488 71,155 49,513,988 3,345,419 14,549,200 |
6% r = 3x 9z

The control levels represent the emission level. For
example, it is assumed that 49,513,986 thousand gallons
per year of gasoline is through terminals emitting VOCs
at approximately 35 mg/liter of throughput.




TABLE D-3. NATIONWIDE BULK TERMINAL LOADING RACK
BASELINE PARAMETERS BY CONTROL LEVEL

s e e

Annual Percent of !
Throughput Total Number of '
Control Levela (106 liters) Throughput Facilities
10 mg VoC/liter 13,000 3% 29
35 mg VOC/liter 187,000 42% 430
80 mg VOC/liter 115,000 26% 265
and 90 percent control
Submerged filling only 123,000 . 27% 282
Splash filling 8,000 2% 18
D-8




D.1.2 Storage Tanks

There are CTG documents for petroleum liguid storage in
fixed-roof tanks and external fleoating rcof tanks and NSPS
regulations covering fixed roof and. external floating roof
petroleum ligquid storage tanks. The CTGs recommend the
installation of internal floating roofs on fixed roof tanks
and a continuous primary seal on external floating roofs.
There are several NSPS standards (Subparts K, K, and Kg)
for storage tanks with varying control level requirements.
However, in order to simplify this analysis, it was assumed
that the NSPS level of control of storage tanks was internal
floating roofs for fixed roof tanks, and primary and
secondary seals for external floating roof tanks. A review
of State regulations revealed that most States regulate
emissions from storage tanks in their State implementation
plans (SIPs) with CTG recommended controls. Based on
information contained in an earlier tank survey and the
results of this review of State regulations, the following
assumptions were made. '

In attainment areas with no storage tank'regulations,
10 percent of the tanks would be external floating roof
tanks subject to NSPS and have primary and secondary seals,’
with an additional 47 percent having external floating roofs
with primary seals. The remaining 43 percent were assumed
to be fixed roof tanks with 16 percent having internal
floating roofs and the remaining 27 percent fixed roof tanks
with no controls,

Many areas require the CTG level of control for fixed
roof tanks and primary seals on external floating roof
tarikks. In these areas it was assumed that 78 percent of the
tanks were external floating roof tanks with 10 percent
subject to NSPS and having secondary seals in addition to
the primary seals and the remaining 68 percent external
floating roof tanks with primary seals. The remaining
22 percent were assumed to be fixed roof tanks with internal
floating roofs.




Finally, there are areas where both primary and
~secondéry seals are required. For these areas, it was
assumed that 75 percent of these tanks were external
floating roof tanks and 25 percent fixed roof tanks with
internal floating roofs. '

Working losses for both fixed roof and external-
floating roof storage tanks are a function of gasoline
throughput, and not the storage tank population. Storage
tank throughputs were estimated for each of the control
levels. However, these throughputs were arrived at in
different fashions for bulk terminal storage tanks and
pipeline breakout station storage tanks. The following
describes in more detail how the storage tank populations
and throughput were derived.

D.1.2.1 Pipeline Breakout Station Storage Tanks

As discussed in Chapter 8, the total nationwide
population of breakout stations was estimated by counting
observances of pipeline branches and diameter changes across
the country. These branches and diameter changes were noted
by State. The total number of breakout stations by State
was then placed in the appropriate control level as '
discussed above. This is shown in Table D-4. Assuming an
average of 4 "equivalent dedicated storage tanks" (see
Chapter 5) per breakout station, the nationwide breakout
station storage tank total (for emissions purposes) was
calculated by control level. This calculated a total of 748
external floating roof tanks with 476 having primary seals
and 272 having primary and secondary seals. It was also
estimated that there were 231 fixed roof tanks with 88
having internal floating roofs and 143 being uncontrolled.

The throughput by contrel level was calculated assuming
that each tank had a storage capacity of 50,000 bbls with
150 turnovers per year, for an annual throughput of
315,000,000 gallons. This individual tank throughput was
multiplied by the number of tanks in each control level to
give the throughput.
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TABLE D-4. PIPELINE BREAKOUT STATION POPULATION BY STATE
SEPARATED BY STORAGE TANK CONTROL LEVEL?

STORAGE TANK CONTROL LEVEL
Total Mumber Primery Seal Secorxiary Seal

STATE of Stations Areas Arsss Uncontrol ted
ALABAMA 4 4
ALASKA 0
AR I ZONA 10 10
ARKANSAS 3 3
CALIFORMIA 10 10
COLORADO F 2
CONKECTICUT 1 1
DELAMARE 0
DISTRICY OF COL. [ 4
FLORIDA & 3 1
GEORGIA 8 3 5
HAWAL L 1}
1DAKO 3 3
ILL1nols 17 17
INDIANA 1 n
10MA 11 1"
KANSAS 15 1 10
EENTLCXY ¢
LOULSTARA . 13 13
MAIME 0
RARYLAND 3 3
MASSACHRISETTS 3 2 1
NICHIGAN 7 7
NINNESOTA ) " 1 .
MISSISSIPP! 2 2
RISSOUR | 10 10
MONTANA % 4
KERRASKA 4 I
NEVADA 2 2
NEW HAMPSHIRE 0
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TABLE D=4 PIPELINE BREAKOUT STATION POPULATION BY STATE
SEPARATED BY STORAGE TANK CONTROL LEVEL? (CONTINUED)

STORAGE TANK COMTROL LEVEL
Total dumber Primary Sesl  Secondary Sesl
STATE of Stations Arass Areas Uncontrolied

-------------------------------------------------------------------------------

NORTM CAROL INA
NORTH DAKTTA
OH1O
QKL AHOMA
OREGON
PENNSYLVANIA
RHODE 1SLAND
SOUTH CAROLjNA
SOUTH DaKOTA
TEMMESSEE
TEXAS
UTan
VERMONT
VIRGENIA
WASHINGTON
VEST VIRGINIA
WiSCoNSTN
-WTORING

.. -
~N P o~
w
—
w o

17

N qwoe o
~

-

hil—-DhﬂnN
o

NATIONWIDE TOTALS a3 . Y . 132

3

3o.ox 22.4% “7.7%

The storage tank contreol levels shown in the column
aeading are derfined as follcws:

- Primary seal areas are those areas that reguire
primary seals cnly on external floating roof tanks and
internal floating roof on fixed roeof tanks.

- Secondary seal areas are those areas that require
primary and secondary seals on external floating roof’
tanks and internal floating roofs on fixed roof tanks.
- Uncontrolled areas are those areas that do not have
any storage tank regulations.
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D.1.2.2 Bulk Terminal Storage Tanks. The bulk plant

storage tank population and throﬁghput was arrived at in a
different manner from the breakout station parameters
discussed above. The initial step was to divide each
State's gasoline throughput into the various control levels
applicable to the particular State. State gasoline
throﬁghput by control level for bulk terminal storage tanks
is shown in Table D-5. The number of tanks per State was
calculated the same for each control level using the
following relationship:
State capacity (bbl)

State Throughput (bbl)

Number of Turncvers/year

Number of Tanks/State

. State Capacity (bbl}
Storage Tank Capacity (bbl)

Storage tank capacities of 36,000 bbl and 16,750 bbl were
assumed for floating-roof storage tanks and fixed-roof
storage tanks, respectively, and 13 turnovers per year per
tank. Baseline parameters for bulk terminal storage tanks
are presented in Table D-§&.

D.1.3 Bulk Plants _

The CTG for bulk plants contains recommended control
alternatives of 1) Submerged f£ill of outgoing tank trucks,
2) Submerged £i11 of outgoing tank trucks and vapor balance
for incomiﬁg transfer, and 3) Submerged'fill and vapor
balance for outgoing and incoming transfer. The CTG
discusses exemptions from vapor balance on outgoing loads at
bulk plants with daily throughputs less than 4,000 gallons.

A review was also conducted of all State regulations to
determine the regulatory coverage for bulk plants. States
commonly responded to the recommended CTG alternatives by
selecting Alternative 3 as the control level. However, some
State requlations include an exemption from vapor balance
for these plants with daily throughputs less than 4,000
gallons, requiring only submerged fill on outgeing
transfers. Table D-7 shows a summary of State bulk plant
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TABLE D-5. STATE BULK TERMINAL THROUGHPUT
BY STORAGE TANK TYPE!

THROUGHPUT 8Y TANK TYPE BY STATE
(10°3 BsL/yr)

: PRIMARY SECOMDARY  FIXED WITH UNCONTROLLED
STATE SEALS SEALS  [NTERNAL FINED

ALABAMA 34,484 5,109 11,495 0
ALASKA 3,121 450 1,040 1,788
ARSZONA 23,775 4,06k 7,925 §,595
ARKANSAS 0 22,847 7.514 0
CAL1FORMIA 0 240,401 80,134 0
COLORADO 8,042 16,895 7,758 4,595
COMNECT{CUT 23,510 3,488 7,837 0
DELAUARE 5,643 a3s 1,881 0
DISTRICT OF cot. 0 3 1,059 0
FLORIDA 85,476 14,967 28,492 20,731
GEORGIA 47,522 8,608 15,841 14,081
HAUAL 6,322 937 2,107 0
10AKD 7.99 1,188 2,565 0
ILLINOLS : ] 94,408 31,469 0
INDUANA 34,762 6,496 11,587 12,116
1ouA 15,470 3,316 - 5,223 8,954
KANSAS 11,539 6,733 5,277 6,594
KENTUCKY 10,095 4,459 10,632 ]
_ LOUTSIANA o 34,581 12,194 . . _ 0
MAINE 9,943 1,473 3,31 0
MARYLAND 1,172 5,197 10,391 5,211
MASSACHUSETTS 19,582 5,864 13,194 0
MICHIGAN 71,084 10,531 23,695 0
MINNESOTA 33,787 5,008 11,262 0
nIssISSIPPL 14,401 3,048 4,800 8,229
Missouxt 21,87 19,649 12,297 12,498
NONTANA 5,088 1,071 1,686 2,890
NEBRASKA 9,056 1,917 3,019 5173
MEVADA 10,600 1,570 3,533 0
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TABLE D-5. STATE BULK TERMINAL THROUGHPUT
BY STORAGE TANK TYPE? (CONTINUED)

THROUGHPUT 8Y TAMK TYPE BY STATE
(103 BAL/Yr)

PRIMARY SECONDARY  FIXED WITH UNCONTROLLED

STATE SEALS SEALS INTERNAL FIXED
NEW NAMPSHIRE 8,295 1,229 2,785 ¢
MEW JERSEY 57,4643 8,548 19,228 0
NEW WEX1CO 13,196 1,955 4,399 0
MEW YORK 83,412 14,743 27,804 21,469
MNORTH CAROLINA 0 40,307 20,102 0
NORTH DAKOTA 4,009 849 1,336 2,29
oN1O 82,099 13,891 27,366 15,556
OKUAHONA 20,797 ¢,126 6,932 9,403
OREGON 9.317 11,875 6,407 .5,324
PENNSTLVANIA 76,984 11,405 25,661 0
RNODE §SLAND 6,197 918 2,064 1]
SOUTH CAROLINA 0 29,237 9,746 0
SOUTH DAKQTA 4,484 949 1,693 2,562
TENMESSEE 0 47,227 15,742 0
TEXAS 59,901 77,482 41,635 34,229
UTAH 4,849 6,598 3,474 2.m
VERMONT 4,727 a0 1,576 0
VIRGINIA 35,933 7.29% 12,314 16,410
VASHINGTOM 26,895 5,568 8,945 14,253
WEST VIRGINIA 13,584 2,012 4,528 ]
WISCONSIN 34,528 5,115 11,509 0
WTONING 2,984 631 995 1,705
1,135,384 843;320 594,851 233,527
40% 30% 21x 8

The tank types are external flecating roof tanks and
fixed roof tanks. Primary seals refers to external
floating roof tanks with primary seals only. Secondary
seals refers to external floating roof tanks with
primary seals and secondary seals. Fixed with internal
refers to fixed roof tanks with internal floating roof
tanks, and uncontrolled fixed refers to fixed roof
tanks without an internal floating roof.
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TABLE D-6.

BASELINE PARAMETERS FOR BULK
TERMINAL STORAGE TANKS

S s S A —
Annual- Percent Number  Percent
Thruput of of of
Control Level (10° bbls) Thruput Tanks Tanks
2 t] oof T s
with Primary Seals 1,135 40% 2,426 57%
with Primary and 843 30% 1,802 43%
Seconaary Seals
4,228 100%
Fixed Roof Tanks
with Internal 595 21% 2,732 72%
Floating Roofs
Uncontrolled 234 8% 1.072 28%
— 3,804 100%
D-16




TABLE D-7. STATE REGULATORY COVERAGE

FOR BULK PLANTS

Entire State

CTG Controls?

Consistent with Nonattainment No Control
CTG Cantrols? Areas Only Regulations®
Alabama Arkansas - Alaska
California‘ Colorado Arizona
Connecticut Delaware® Florida
District of Georgia Hawaii
Columbia® Indiana® Idaho
Illinois Maryland® Towa
Kentucky*® Missouri® Kansas
Louisiana‘ Nevada Maine
Massachusetts New York® Minnesota
Michigan Ohio Mississippi
New Jersey Oragon Montana
North Carolina‘ Taxas® Nebraska
Pennsylvania‘ Utah® New Hampshire
Rhode Island® Washington New Mexico

South Carolina‘

North Dakota

Tennessee Qklahoma
Virginia“ South Dakecta
Wisconsin Vermont
West Virginia
Wyoming

CTG recommendations include the use of vapor balance,
submerged f£ill and pressure relief settings for storage
tanks, and vapor balance for the loading racks.

Loadings assumed to be 25 percent splash fill and 75
percent submerged fill at loading racks unless otherwise

specified.

Requlations require vapor balance on all outgoing

transfers. All other areas with CTG
_ ¥ throughputs less than 4,000 gallons/day
Zrom installing vapor balance eguipment.

plants with dail
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requlations in a manner similar to the bulk terminal table
shown earlier.

Bulk plants are intermediate storage and distribution
facilities. Therefore, all of the gasoline throughput for
an area does not pass through a bulk plant. 1In order to
estimate emissions from bulk plants, the throughput that
travels through bulk plants was a necessary parameter.
Information contained in the 1987 Census of Wholesale Trade
was used to estimate the bulk plant throughput on an
individual State basis. The State throughput for bulk
stations contained in the census information was divided by
the total State throughput to obtain an estimate of the
percentage for bulk plants. These percentages were applied
to the estimated 1998 State throughput to calculate baseline
bulk plant throughput. This is shown in Table D-8.

This throughput was then separated by State by control
level. The four basic control levels were 1) vapor balance
on incoming and outgoing loading operations with no
exemptions, 2) vapor balance on incoming and outgoing
loading operations with submerged fill requirements for bulk
plants with daily throughputs less than 4,000 gallons per
day, 3) vapor balance on incoming loads with submerged fill
only on outgeing loads, and 4) no controls. The-throughput
by State by control level is shown in Table D-9. The
uncontrolled throughput was further divided into splash and
submerged fill. It was assumed that 75 percent of the
uncontrolled plants load using submerged fill and 25 percent
using splash £ill. Table D-10 presents national parameters
used in the baseline emissions analysis for bulk plants.

The populations in Table D-10 were basically derived
u;ing the throughput breakdowns by contrcl level and
applying those to the bulk plant population provided in
Section 8.2. This was done except in the instance of
aviation bulk plants. All of these were assumed to be
uncontrolled with the percentage loading by submerged fill
the same as for motor gasoline.
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TABLE D-8. BULK PLANT THROUGHPUT BY STATE

1998
TOTAL % THRU  BULK PLANT
STATE THROUGHPUT  PLANTS  THROUGHPUT
ALABAMA 2,165,645 ~ X 495,498
ALASKA 277,39 9% 52,704
ARIZONA 1,698,418 26X 407,520
ARKANSAS 1,219,454 X 422,220
CALIFORNIA 13,462,477 18% 2,423,246
COLORARO 1,565,450 42% 457,573
CONNECTICUT 1,662,862 6% 8z, m
DELAWARE 351,150 48% 238,782
QISTRICT QF COL. 177,888 18% 32,020
FLORIDA 4,285,978 12% 754,317
GEGRGIA 3,814,063 30% 1,084,219
HAMAL ] 393,389 kv 4 11,802
1DANO 497,506 T 184,077
ILLINOLS 5,286,822 18% 951,428
INDTANA 2,728,374 21% 572,959
10UA 1,392,859 36X 501,433
KANSAS 1,245,970 53% 70,964
KENTUCKY 1,872,604 28% 524,329
LOUTSTANA 2,048,515 b ¥ 57,9
MAINE 418, 6460 25% 154, 645
MARTLAND 2,182,783 10% 218,279
MASSACHUSETTS 2,462,380 g% 221,659
MICHIGAN 4,433,002 2% 530,750
MINNESDTA 2,102,272 4% 504,545
MISSISSIPPIL 1,280,097 432 550,442
MISSQURI 2,785,195 3oz 435,559
MONTANA 449,630 182 BG,933
NEBRASXA 304, 949 56X 450,748
NEVADA 459,565 133 26,383
NEW HAMPSNIRE . 516,200 66X 340,592
NEW JERSEY 3,589,161 L} 4 179,458




TABLE D-8. BULK PLANT THROUGHPUT BY STATE (CONTINUED)

1998
TOTAL . X THRU  BULK PUANT
STATE THROMGHPUT  PLANTS  THROUGHPUT
NEW MEXICO 821,073 = ns, ™7
NEW TORK 4,191,919 7= 433,439
NORTH CAROLINA 3,377,186 263 878,063
KORTH DAKQTA 136,386 nx 110,480
oHl10 s, 834,312 BX 456, 745
OKLANOMA 1,732,844 G1X 710,486
OREGON 1,182,787 5% 345,497
PENNSYLVANIA 4,790,112 13% 422,715
RKODE 1SLAND 335,588 x 11,568
SOUTH CARGLINA 1,637,274 18% 294,709
SOUTH DAKOTA 398,577 18% 71,764
TENNESSEE 2,64k, 699 -+ 475,066
TEXAS 8,964,784 7% 1,526,013
UTAH 763,07 18% 133,753
VERMONT 296,095 s 152,929
VIRGINIA 3,043,827 152 398,297
UASKIKGTON 2,338,598 15X 350,790
--—-MEST-VIRGINIA - —BRS,22% - 34X TT287.377
WISCONSIN 2,148,379 21% 451,160 .
JYOMING 265,228 43% 114,048
HAT LONWIDE 117,897,448 20% 23,081,106
b-20




TABLE D~S8. STATE BULK PLANT THROUGHPUT BY CONTROL LEVEL?

VAPOR BALANCE YAPOR SALAKCE VAPOR BALANCE IN
STATE HO EXEMPTIONS  WITH EXEMPTIONS  SUBMERG FILL OUT  UNCONTROLLED
ALABAMA 0 493,498 0 0
ALASKA 0 0 ¢ 52,704
ARIZONA 0 234,312 o 173,308
ARKANSAS 0 7,469 0 414,751
CAL1FORNIA 2,423,246 0 0 0
COLORADQ ) 355,089 0 302,484
CONNECT TCUT 0 87,712 0 0
OELAVARE 238,782 0 0 0
DISTRICT OF COL. 32,020 0 0 o
FLORIDA 0 354,529 0. 399,788
GEORGIA 0 86,518 0 617,701
HAMAL T a 0 0 11,802
1CARQ ) 0 0 184,077
ILLINOIS 0 951,628 0 0
INDIANA 257,506 0 0 315,454
10uA 0 0 0 501,433
LANSAS 0. 147,612 0 523,352
KENTUCKY 524,329 . 0 Q o
LOUSSIANA 757,951 8 0 0
MAINE 0 100,532 0 54,133
MARYL AND 188,859 0 0 29,420
MASSACHUSETTS ] 1] 221,459 0
HICHIGAN . 0 293,728 a 237,032
MIUMESOTA ) 0 0 504,545
MISSISSIPP) o 11,009 9 539,433
NISSOURI _ 429,352 0 0 406,207
MONTANA ) 0 o 80,933
MEBRASKA 0 0 0 450,783
NEVADA 0 ) 0 26,383
NEW HAMPSHIRE 0 241,891 0 98,801




TABLE D-9. STATE BULK PLANT THROUGHPUT BY CONTROL LEVEL?

(CONTINUED)

|
|
VAPOR BALANCE VAPOR BALANCE VAPOR BALANCE !N |
STAIE NO EXEMPTLONS  MITH EXEMPYIONS SUBMEAG FILL OUT  UNCONTRDLLED |
..................................................................................................... |
NEW JERSEY 0 179,458 0 0 |
NEW MEXICD 0 0 0 303,797 |
NEM YORX 2,297 -0 0 142,142 |
NORTH CAROLINA 878,063 0 0 o |
NORTH DAKOTA 0 0 0 110,480 |
on10 ‘ 0 338,096 0 128,649 |
OKLAHOMA 0 113,475 ] 596,792 |
OREGON 0 138,279 0 207,418 |
PEMNSTLVANIA 622,715 a 0 o |
RHOOE [SLAKD 11,5648 0 ] 0o |
SOUTH CAROL INA 295,709 0 0 o |
SQUTH DAKOTA i Q 0 7,7 |
TENNESSEE ] 476,046 0 0 |
TEXAS 715,448 0 0 808,565 |
UTAH 70,127 0 0 63,626 |
VERMONS 0 0 0 152,929 |
VIRGINIA . 398,297 0 0 g |
WASHINGTON 0 17,539 0 333,250 |
WEST VIRGINIA 0 77,138 0 210,238 |
VISCONSIN q 451,140 0 I
WYOMING 0 0 0 114,048 |
_ . I
T watiomoe - 8,134,266 5,536,979 221,659 9,168,201 |

35% 24% 1% 40:,

a VAPOR BALANCE NO EXEMPTIONS refers to those area that

have regulations requiring vapor balance on the
incoming side for all bulk plants, regardless of
throughput. VAPOR BALANCE WITH EXEMPTIONS refers to
those areas that require vapor balance on the incoming
side for all bulk plants, vapor balance on the cutgoing
side for all plants with daily throughputs below this
level. VAPOR BALANCE IN SUBMERG FILL QUT denotes the
areas that require vapor balancing on incoming loads
but only submerged f£ill on outgoing locads, and
UNCONTROLLED refers to those areas without any
regulations covering bulk plants
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TABLE D-10. BASELINE PARAMETERS FOR BULK PLANTS

D—— R —— A
Annual Percent of
Throughput Total Nunpe; pf
Contxol Level (10% liters) Throughput Facilities
Vapor balance incoming
and outgoing load, no 30,791 35% 3,315

exemptions

Vapor balance incoming

and ocutgeing load, 20,960 24% 2,256
submerged fill on

outgoing loads at plants

< 4,000 gal/day

Vapor balance incoming, . 839 1% 90
submerged fill outgoing

Submerged £ill incoming 26,029 30% 5,202
and outgoing
Motor Vehicle gasoline _ 2,802
Aviation gasoline 2,400
Submerged fill incowming 8,676 10% 1,734
and splash £ill ougoing
Motor Vehicle gasoline 934
Aviation gasoline 800
e E——— R M ——
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D.1.4 Tank Trucks

In determining baseline regulatory coverage for tank
trucks, two cases were considered: trucks in "normal"
service and trucks in "collection" service (i.e., truck
equipped with vapor collection equipment). Normal service
pertains to areas where no controls {(or only submerged fill)
are required at the terminal or bulk plant. In this
situation there are no collection systems, therefore there
can be no leakage of vapors from the vapor collection systenm
or the truck tank. "Collection" ‘service pertains to loading
when vapor balance systems are empioyed. For areas where
vapor balance systems are used, the CTG recommendations are
to have vapor tight tank trucks. The CTG recommendations'
for vapor tight tank trucks are that 1) the tank truck must
pass an annual leak-tight test that requires have less than
3" H,0 pressure change under 18" H,0 pressure or 6" Hy0
vacuum, 2) that no leaks greater than 100 percent of the
lower explosive limit (LEL) when monitored at any time with
a portable combustible gas analyzer, and 3) that vapor
collection systems back pressure not exceed 18 H,0 when
measured at the truck.

In addition to the CTG level, many districts in the

State of California require an annual leak-tight test with

less than 1" or 2" H,0 pressure change rather than the CTG

recommendation of 3". In addition to this difference, there
are enforcement programs in California that actively monitor
trucks using portable gas analyzers or equivalent methods.
The combination of this more stringent test and increased
enforcement results in a control level slightly more
effective than the CTG level.

It was assumed in this analysis that all areas
requiring vapor collection and control at terminal loading
racks require that tank trucks be vapor tight. It was also
assumed that all areas requiring vapor balance for the
outgoing truck loading racks at bulk plants require that
bulk tank trucks be vapor tight.
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Emissions from tank truck leakage are calculated using
gasoline throughput. Therefore gasoline throughput was
separated in controlled and uncontrolled at bulk terminals
and bulk plants to calculate tank truck leakage emissions.
For both terminals and plants, the throughput in California
was separated inte an "enhanced" truck tightness category.

As discussed in Chapter 8, Section 8.2, the population
of tank trucks may be divided into two groups within the
overall categories of bulk plant trucks and bulk terminal
trucks. These are private (owned by terminal or plant
owner) and independent. In addition, bulk plant private
trucks may be broken down into motor vehicle gascoline trucks
and aviation gasoline trucks. 1In order to estimate the
number of these trucks that already had controls installed,
the throughput percentages discussed above for bulk
terminals and bulk plants were applied to the populations of
tank trucks to estimate the number controlled and
uncontrolled (except for aviation gasoline trucks, which
were all assumed to be uncontreolled). -

Table D-11 shows the baseline gasoline throughput
percentages and populations by control level for tank
trucks. While this represents the baseline conditions, only
the throughput is used in the emissions analysis.

D.1.5 Sexrvice Stations

The approach for determining the regulatory coverage
for service stations was similar to that for bulk terminal
loading racks and bulk plants. All gasoline, with the
exception of agricultural accounts, was assumed to pass
through service stations (including public and private
outlets). The service station design criteria document
contains emission limits in terms of equipment
specifications. Recommended controls are submerged fill of
storage tanks, vapor balance between truck and tank, and a
leak free truck and vapor transfer system. There are no
exemptions noted in the design criteria document.
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TABLE D-12. STATE SERVICE STATION
THROUGHPUT BY CONTROL LEVEL? (CONTINUED)

STATE NO EXEMPTIONS  WITH EXEMPTIONS SUBMERGED FILL UNCONTROLLED i
----------------------------------------------------- dmevemssecaEtEcm s s asa YAt vttt A l
NEW JERSEY 0 3,589,161 0 0 |
HEW MEXICO 0 - 0 o 821,073 |
NEW YORK ' 4,161,382 0 0 2,030,598 |
NORTH CAROL JNA 3,377,164 0 0 o |
1 0 0 0 356,386 |
otio 4,226,201 0 .0 1,608,112 |
OKLAHCMA 0 217,255 1,455,589 0 |
OREGON 553,115 0 0 829,672 |
PENNSYLVANIA 0 4,790,112 0 0 |
RHODE 1SLAND 185,586 0 0 o |
SOUTH CAROLINA 0 392,946 0 1,264,328 |
SOUTH DAKOTA 0 0 0 398,577 |
TEMNESSEE 0 2,644,699 0 0
TEXAS 4,208,518 0 0 4,756,266 |
UTAH 389,592 o 0 353,479 |
VERMONT ' 0 0 0 296,095 |
VIRGINIA 0 3,063,827 o 0 |
WASHINGTON 0 116,930 0 2,221,668 |
WEST VIRGINIA 0 265,118 0 600,110 |
WISCONSIN 0 2,148,319 0 0
WYOMING a 0 0 265,228 |

|

NAT LONWIDE 41,316,439 38,140,196 1,495,589 38,985,226 |
35¢ 334 a 314

4 NO EXEMPTIONS indicates those areas where the service

statlion regulations do not contain exemptions relatad
‘to throughput (i.e., 38,000 liters or 10,000
gallons/month). WITH EXEMPTIONS refers to those areas
that do not have exemptions based on these throughputs.
SUBMERGED FILL refers to areas that require only
submerged filling of storage tanks, and UNCONTROLLED
indicates those areas without Stage I service station
regulations.




TABLE D-13. BASELINE PARAMETERS FOR SERVICE STATIONS

e ——

Percent of

Total Numper of
Ccontrol Level Throughput Stations
Vapor balance with no 35% 135,146
exemptions
Vapor balance with submerged
£ill for stations with less 12% 123,562
than 10,000 gal/month
throughput ‘
Submerged f£ill . 17% 13,6821
Motor Gasoline 32,821
Aviation Gasoline 800
Splash f£ill 16% 30,970
Motor Gasoline 30,170
Aviation Gasolineﬂ L - - BOO-
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parameters used to calculate VOC emissions discussed in
Section D.l1 must be separated according to fuel type. The
major criteria for this breakdown is the attainment
designation.

Nine ozone nonattainment areas will be required to
utilize reformulated gasoline throughout the year and all
other ozone nonattainment areas may opt in to this program.
Also, all CO nonattainment areas will be required to
distribute oxygenated gasoline during the winter months.

For this baseline emissions ‘analysis, several
assumptions were necessary. First, the areas that will opt
into the reformulated gasoline program are not known at this
time. It was assumed that all moderate and above ozone
nonattainment areas will opt in and utilize raformulated
gasoline. Another separation.was by time of year. The year
was divided into the winter season (November - February) and
the nonwinter season (March - October). The rationale for
this breakdown is that the oxygenated fuel requirements for
CO nonattainment areas apply only in the winter period which
will affect the types of fuels used in this time period
without affecting the remainder of the year.

Exceedences of the ambient CO standard occur during
different months depending on the geographical location.
Therefore, the use of oxygenated fuels in is not always
required during the same months for all CO nonattainment
areas. However, in order to simplify the analysis, it was
assumed that all oxygenated fuel throughput occurs during
the months of November through February. These are the most
commen months for exceedences.

Based on 1990 throughput as reported in the 1991
National Petroleum News Factbook, it is estimated that
approximately 68 percent of the gasoline throughput occurs
in the eight nonwinter months (March - October). Ouring
these months, there will be two types of fuels in use.

These are reformulated and normal gasoline. The areas
assumed to use reformulated fuel in this analysis are
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moderate and above o¢ozone nonattainment areas. All other
areas will utilize normal fuels.

For the winter, there are a greater number of fuels
that will be used. 1In areas that are moderate and above
ozone nonattainment areas and nonattainment for CO, the fuel
used will be reformulated/oxygenated (i.e., reformulated
with the higher oxygen content). Areas nonattainment for
CO, but not also moderate or above for ozcone will utilize
oxygenated fuels. Moderate and above ozone nonattainment
areas not also CO nonattainment areas will utilize
reformulated gasoline.

In response to these situations, the percentage of
gasoline throughput for four nonattainment scenarios was
determined. For the nonwinter period, the only necessary
breakdown was the throughput for moderate and above ozone
nonattainment areas. In the winter, throughput percentages
were determined for moderate and above ozone nonattainment
areas that are also CO nonattainment areas, moderate and
above ozZone nonattainment areas that are not alsc CO
nonattainment areas, and CO nonattainment areas that zre not
also moderate or above ozone nonattainment areas. These
percentages were determined using preliminary estimates of
_nonattainment area designations based on 1987-89 _design..
values and 1988-90 design values for a few areas and the
1985 NEDS gasoline consumption report. Table D-14 shows the
percentages of throughput by State for these nonattainment
area (and resulting fuel type) designations.

The regulatory coverage was then applied by State for
each attainment area designation in the analysis. An
emission factor corresponding to the regqulatory coverage,
loading method, type of storage used, etc., was selected and
VOC emissions were calculated by multiplying the
corresponding throughput by the corresponding emission
factor. The winter RVP, 14.0 psi, and nonwinter RVP,

10.2 psi, as discussed in Chapter 3, were used to calculate
Separate VOC emission factors for each time period. The
resulting VOC emissions were multiplied by the total HAP to
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TABLE D-14.

ARKANSAS
CALIFORNIA
COLORADG
CONMECTIOUT
DELAUARE

DISTRICT OF coL.

FLORIDA
GEORGIA
MAMALTL
10aNO
ILLINOlS
IXD1ANA
loua

RICNIGAN
MINNESOTA
NLSRISSIPPY
NISSOUM |
MONTANA
NEBRASKA
REVADA

NEW WANPSNIRE
NEY JERSEY

PERCENT
>0 OZDNE
ROMATTAIN

- {00%
55X

AR

777
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TABLE D-14. STATE GASOLINE THROUGHPUT BY NONATTAINMENT
AREA CLASSIFICATION (CONTINUED)

PERCENT PERCENT PERCENT |
>0 OZDNE O & >W  CO ONLY !
STATE MOMATTALN  NOMATTAIN  NOMATTALN i
............................................................. I
NEW MEX1CO 0x 0% 8% |
NEM YORK W% 3 2|
NORTH CAROLINA 282 28z |
ORTN DAKDTA 0z ox x|
oK10 sox 20% X
OKLAHOMA ax 0z 0x |
OREGOM ox 0% x|
PENNSYLVANIA w9 0% 0z |
RHODE 1SLAND 1002 ox 0z |
SCUTH CAROLINA 0z 0% x|
SOUTH DAKOTA 0x ox 0z |
TENNESSEE 162 0% oz |
TEXAS 4% = 0x |
UTAK 131 0% 0x |
VERNONT ox 0% ox |
VIRGINIA 13% 0x x|
WASHTNGTON 0x 0% ox |
VEST VIRGINIA . el 0x x|
wiscowsin 15X “ox- ® |
YTOMING ox o7 4 ox |
I
NATIONWIDE 43% 289 3¢ i
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VOC ratio for the appropriate fuel type to obtain the total
HAP emissions. These HAP to VOC ratios and the
corresponding attainment area situation where they were used
is summarized in Table D-15. The following sections
describe the methodology for each of the industry sectors.

D.3 BASELINE EMISSIONS FOR INDIVIDUAL SQURCE CATEGORIES

In this section baseline emissions are presented for
the individual source categories within the gasoline
marketing chain. For each category, the breakdown of
parameters into the different attainment designations 1is
presented by control level. The VOC emission factors used
to calculate VOC emissions are discussed and baseline HAP
and VOC emissions presented.

D.3.1 Pipeline Facilities

D.3.1.1 Pipeline Pumping Stations. Emissions from
pipeline pumping stations are attributed to fugitive
emissions from pumps and valves. The emission factors used
for pumps and valves were taken from AP-42 for light liquid
cemponents at refineries, 0.26 kg/valve/day and
2.7 kg/pump seal/day. All pipeline pumping stations are
assumed to be uncontrolled (i.e, not routinely monitoring
for liquid and vapor leaks) in the 1998 base year. As
discussed in Chapter 8, it is estimated that at the baseline
there are 1,989 pumping stations in the United States.
Using the model plant distribution shown in Table 5-1, this
converts to a total component population of 10,600 pumps and
116,080 valves. The nationwide VOC emissions were
calculated using these component populations.

The types and quantity of gasoline traveling through a
pipeline will mirror the nationwide consumption. Therefore,
the VOC emissions were separated by time of year (68 percent
during nonwinter and 32 percent during winter) and by fuel
type according to the attainment area designations shown in
Table D-14. For example, it was assumed that about
43 percent of the nationwide throughput is in moderate and
above ozone nonattainment areas. Therefore, 43 percent of
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the nonwinter VOC emissions were multiplied by the
reformulated vapor profiles to estimate HAP emissions. The
baseline emissions from pipeline pumping stations are shown
in Table D-16.

D.3.1.2 Pipeline Breakout Stations. There are two
sources of emissions at pipeline breakout stations. These
are fugitive emissions from leaking pumps and valves and
emissions from gasoline storage.

The fugitive emissions were calculated based on the
model plant information discussed in Chapter 5. The smaller
station was assumed to have 8 "equivalent" pumps and 210
"equivalent" valves. The larger model plant was assumed to

-have 10 equivalent pumps, and 300 equivalent valves. Using
the distribution of facilities by model plant in Chapter 5,
a total nationwide component population of 69,389 equivalent
valves and 2,465 pumps was estimated. These were multiplied
by the emission factors discussed above for pipeline pumping
stations to determine nationwide VOC baseline emissions. It
was also assumed that throughput for breakout stations is a .
representation of the nationwide throughput. Therefore, the
VOC emissions were separated by the percentages for the time
of year and attainment area and multiplied by the
correspeonding HAP tc VOC ratios.

Emissions from storage tanks were calculated using the
storage tank populations and throughputs by contral level
discussed in Section D.1.2.1 and multiplying these by the
VOC emission factors. There were separate VOC emission
factors used for the winter and nonwinter periods and these
are shown in Table D-17. The HAP emissions were calculated
using nationwide percentages of throughput as discussed
above. Table D-18 presents baseline emissions from pipeline
breakout stations.

D.3.2 Bulk Terminals

There are three basic sources of emissions at bulk
terminals. These are loading rack emissions (which include
tank truck leakage), storage tank emissions, and fugitive
emissions from leaking pumps and valves. Baseline HAP and
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TABLE D-16. BASELINE EMISSIONS FROM
PIPELINE PUMPING STATIONS

| FUGITIVE
| EMISSIONS
z (Ma/yr)
| HAP - 'vac
.............................. { - - - -
_ I
BASELINE | 3,970 59,800
NONWINTER | 2,610 40,500
WINTER | 1,360 19,100
|
I
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TABLE D-17.

STORAGE TANK EMISSION FACTORS

FOR BULK TERMINAL AND PIPELINE BREAKOUT STATICN

STORAGE TANKS

Type of Emission

Units

Fixed Roof

co ad
Breathing losses
Working losses

o oati

Roof
Rim Seal losses
Fitting losses
Deck Seam losses

Working losses

External Floating
Roof

Standing Storage
losses

Primary seal
Secondary seal

Withdrawal losses

—
vocC
Emission
Factor
Nonwinter®* Winter®
10.2 9.2
39.0 3Js.6
0.6 0.5
1.2 1.1
0.6 0.6

7.33 x 10°®

14.7 13.4
7.0 6.5
4.61 x 1078

Mg VOC/yr/tank
Mg VOC/yr/tank

Mg VOC/yr/tank
Mg VOC/yr/tank
Mg VOC/yr/tank

Mg VOC/bbl
throughput

Mg VOC/yr/tank
Mg VOC/yr/tank

Mg VOC/bbl
throughput

Calculated using RVP of 10.2 psi and 66 F.

® Calculated using RVP of 14.0 psi and 66 F.




TABLE D-18. BASELINE EMISSIONS FROM
PIPELINE BREAKOUT STATIONS

: STORAGE : FUGITIVE :
: TANK EMISSIONS : EMISSIONS :
: (Mg/yr) : (Ma/ye) :
: HAP vee : HAP voc

BASELINE 1,250 13,600 ¢ 760 11,500 ¢
NONWINTER : 720 11,200 : 500 7,800 :
WINTER : 530 7,600 : 260 3,700 :
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VOC emissions from bulk terminals are shown in Table D-19.
Each will be addressed in the following sections.

D.3.2.1 Leoading Rack Emissions

The national baseline control levels shown in Table D-3
were separated according to the nonattainment designgtions
shown in Table D-14. It was assumed that all throughput for
ozone nonattainment areas was controlled at the control
level for that particular State or part of that State. For
example, it was estimated that 67 percent of the gasoline
throughbut occurred at terminals ‘subject to New York's
80 mg/1l standard. It was also estimated that 49 percent of
New York's throughput occurred in moderate or above ozone
nonattainment areas. This 49 percent of the State
throughput was assumed to all be subject to the 80 mg/l
standard and control levels set as discussed in Section D.1l.

Using this approach, throughput was divided into the
various attainment designations according to control level.
Table D-20 shows this breakdown that represents the
baseline. ' '

Emission factors were selected for each control level
and applied to the throughput. The 80, 35, and 10 mg/1l
emission factors did not change from nonwinter to winter.

. The calculated emission factors for submerged fill were

667 mg/l for the nonwinter and 860 mg/l for the winter.
Those for splash fill were 1,611 mg/l for the nonwinter and
2,079 mg/l for the winter. Using these emission factors,
the VOC emissions for each attainment class were calculated
and the HAP emissions estimated using the appropriate
emission factors. ,

Tank truck leakage emissions are also attributed to the
loading rack since they occur during fruck loading. As
noted previously, it was assumed that all throughput
controlled for loading racks was subject te leak-tight tank
truck requirements. The three basic control levels are
annual leak-tight inspections, enhanced leak-tight
inspections, and uncontrolled.
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TARLE D-19.

SUMMER
> mod orone
attainment

WINTER

> mod oxonwe only
CO and > mod ozone
0 onty

sttairwent

NATTONVIDE ANMUAL

:-.c-‘-.-.q---.--a-------.t.----.-o----o---.-.--.------.----------.-

v v as

LOADING &

(Mg/yr)
HAP

480
3,370

140
270
430
130

ol 4

voQ

7,900
70,200

1,600
2,7¢o
4,100
2,800

TANK TRUCK
LEAKAGE
(MQ/ye)

HAP voc
1,200 13,900
1,870 18,900

2aq 3,200
530 5,200
20 2,200
1,030 21,400
3,140 84,800

FUGITIVE
EMISSION
(Mgsyr)

WAP

a0
400

140

50
Fali)

S

yoo

%,600
12,500

1,600
2,900

500
5,300

32,400

BASELINE EMISSIONS FROM BULK TERMINALS

STORAGE TANK
EMISSIONS
(Mg/yr} :
HAP voe
1,440 16,800 :
2,710 54,500 :
220 2,500 :
450 4,400 ;
00 1,006 :
1,690 75,300 :

6,610

116,500 :
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TABLE D-20. BULK TERMINAL BASELINE LOAD;?G RACK
THROUGHPUT BY AREA AND CONTROL LEV

Area/Control Lev (10° liters)

NONWINTER
Moderate an ove OzZone NA Areas
80 mg/l . 49,030
90% control 183
35 mgyz1l 73,819
10 mg/l 8,663
uncontrolled 0
A Qthe eas
80 mg/1 29,164
90% control 0
35 mg/1 . 53,633
10 mg/1 ' _ a o
uncontrolled ' 88,984
WINTER

Moderate or above ozone nanattainment areas not also CO

nonattainment

80 mg/l 8,955
90% control o
35 mg/l 13,433
10 mg/1 | 0
uncontrolled

Moderate a above o e no +ai t a that a
GO _neopnattainment

80 mg/1 14,117
30% control 86
35 mg/1 21,305
10 mg/1 4,077

Q
uncontroeolled —
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TABLE D-20. BULK TERMINAL BASELINE LCADING RACK
THROUGHPUT BY AREA AND CONTROL LEVEL (CONTINUED)

— — — ——— sem—
Area/Control Level . Throughput
(10% liters)
.Co ttaj ent 3 s_that e bove
ozone nonattalnment areag
80 mg/l 1,049
90% control 0
35 mg/l 2,027
10 mg/1 Q
unceontrolled 4,074
Attainment Areas
80 mg/l _ 12,675
90% contrel | 0
35 mg/l . 23,212
B o 10 _mg/1l R o T 0 T
| — uncontroligg 37,800
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For uncontrolled, the emissions would all be attributed
to the loading rack. For the annual leak-tight inspections,
the emission factors were calculated teo be 111 mg/l for the
nonwinter and 143 mg/l for the winter. The enhanced lead-
tightness testing emission factors were 27.8 mg/l for
nonwinter and 35.8 for winter.

D.3.2.2 Storage Tank Fmissions

The baseline bulk terminal storage tank populations and
throughputs shown in Table D-6 were divided according to
attainment area designation in the same fashion as discussed
above for terminal loading racks. This breakdown of bulk
terminal storage tank parameters is shown in Table D-21.

The VOC emissions were then calculated using the emission
factors shown in Table D-17 for each attainment designation
and the proper HAP to VOC ratios applied to estimate HAP
emissions.

D.3.2.3 Fugitive Emissions

Since it was considered. that fugitive emissions from
leaking pumps and valves were uncontrolled at the baseline,
it was not necessary to break down the number of components
by Eontrol level by attainment area. Rather, the total
nationwide number of components was calculated {115,750
valves and 10,240 pumps) and applied by the same emission
factors discussed above under. pipeline pumping stations to
obtain baseline nationwide VOC emissions. These VOC
emissions were assigned to the various attainment areas
using the same proportions as the bulk terminal loading rack
throughput and multiplied by the proper HAP to VOC ratio to
estimated HAP emissions.

D.3.3 Bulk Plants

The baseline bulk piant throughputs and populations
shown in Table D-10 were divided according to attainment
area designation in the same fashion as discussed above for
terminal loading racks. This breakdown of bulk plant
parameters is shown in Table D-22. The VOC emissions were
then calculated for each attainment designation using the
emission factors shown in Table D-23 and the proper HAP to
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TANK
TABLE D-21. BULK TERMINAL BASELINE STORAGE
THROUGHFUT AND POPULATION BY AREA AND CONTROL LEVEL

_———— R
Area/Control Level Population Thrquhput
(# of Tanks) (10° bbl)
NONWINTER
ode e_and_Above Ozone N
Areas
External floater/primary 657 307
seals only
External floater/primary 694 328
and secondary seals :
Fixed roof with internal 899 136
floater
Fixed roof uncontrolled 0 - 0
e eas
External floater/primary 992 464
seals only ' _
External floater/primary $31 249
and secondary seals
Fixed roof with internal 959 209
floater
Fixed rocf uncontrclled oo 729 159
WINTER
erate or above o i t S no sa CO
nenattaipment
External floater/primary 115 54
seals only
Extermal fleater/primary 115 54
and secondary seals
Fixed roof with internal 153 33
floater
Fixed roof uncontrolled 0 0
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TABLE D-21. BULK TERMINAL BASELINE STORAGE TANK
' THROUGHPUT AND POPULATION BY AREA AND
CONTROL LEVEL (CONTINUED)

Area/Control Level Population anipgnput
(# of Tanks) (10° bbl)
=) above o e ttaj tha e
€Q nonattainment
External floater/primary . 194 91
seals only
External floater/primary 212 . 99
and secondary seals
Fixed roof with internal 270 59
floater
Fixed roof uncontrolled 0 0
co ttaipme sas t e no d te or above
gzone _nonattaipnment areas
External floater/primary o 28 13
seals only
External floater/primary 44 21
and secondary seals
Fixed rcof with internal 49 11
floater
Fixed roeof uncontrolled 3 1
Attainment Areas
External floater/primary 439 ) 205
seals only
External floater/primary 206 96
and secondary seals
Fixed roof with internal 403 88
floater
Fixed roof uncontrolled 340 74
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TABLE D-22. BULK PLANT BASELINE THROUGHPUT BY

AREA AND CONTROL LEVEL

g~ — R
Area/Control Level Throughput
(10° liters)
NONWINTER
Moderate and Ahove Ozone NA Areas
vapor balance incoming/vaper 12,584
balance outgoing with no
exemptions
vapor balance incoming/vapor 7,450

balance ocutgoing with 4,000
gallon/day exemption

vapor balance incoming with 571
submerged fill outgoing
uncontralled 0
Qthe eas
vapeor balance incoming/vapor 8,354
balance cutgeing with no
exemptions
vapor balance incoming/vaper 6,802

balance outgoing with 4,000
gallon/day exemption

vapor balance inceming with . — - - 0
*’ submerged £ill outgoing
uncontrolled 23,600
WINTER
e e ove i 2
nenattainment
vapor balance incoming/vapor 3,786
balance ocutgoing with no
aexamptions
vapor balance incoming/vapor 1,927

balance outgoing with 4,000
gallon/day exemption

vapor balance ipcoming with 268
submerged fill outgoing

uncontrolled 0
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TABLE D-22. BULK PLANT BASELINE THROUGHPUT BY
AREA AND CONTROL LEVEL (CONTINUED)

AR E———
Area/Control Level Thgoughput
(10° liters)
a above o i s that a
CQ_nonattainment
vapor balance incoming/vapor 2,136
‘balance outgeoing with no .
exemptions
vapor balance incoming/vapor 1,579

balance outgoing with 4,000
gallon/day exemption

vapor balance incoming with Q
submerged fill outgeoing
uncentrolled 0
CO _no tajinment eas t ode e or above
o e_no taj
vapor balance incoming/vapor : 63
balance ocutgoing with no
exemptions
vapor balance incoming/vapor 423

balance outgoing with 4,000
gallon/day exemption

vapor balance incoming with )
submerged fill outgoing

uncontrolled 1,768

Attainment Areas

vapor balance incoming/vapor 3,868
balance outgoing with no
exenptions

vapor balance inceming/vapor 2,778

balance outgoing with 4,000
gallon/day exemption

vapor balance incoming with 0
submerged £ill outgoing
uncontrolled 9,338

Sy
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TABLE D-23. BULK PLANT EMISSION FACTORS

A . R
VOC Emission
Factor
(mg/liter)

Type of Emission Nonwinter Winter
fank Truck Unloading (Incoming Loads)
Sterage tank f£illing

uncontrolled 977 1,260

vapor balance " 49 63
Iank Truck Loading (Outgoing Loads)
Storage tank draining

uncontrolled o 391 504

vapor balance 20 25
Tank truck filling

splash filling 1,611 2,079
- -submerged- £illing-~ — 667 ' 360

vapor balance 56 72
Storage Tank Breathing 179 259
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VOC ratios applied to estimate HAP emissions. Baseline bulk
plant emissions are shown in Table D-24.
D.3.4 Service Stations

Service station baseline emissions were calculated in a
manner very similar to bulk plants. The baseline service
station throughputs shown in Table D-13 were divided
acéording to attainment area designation in the same fashion
as discussed above for terminal loading racks. This
breakdown of service station throughput is shown in Table
D-25. The VOC emissions were then calculated for each
attainment designation using the emission factors calculated
and the proper HAP to VOC ratios applied to estimate HAP
emissions. The VOC emission factors were 970 mg/l and
1,254 mg/l for nonwinter and winter submerged fill,
respectively. The splash fill factors were 1,526 ng/l and
.1.972 mg/l for neavinter und winter, respectively. Basellue
service station emissioné from stovrage tank filliné'are
shown in Table D-26. _
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TABLE D-25. SERVICE STATION BASELINE THROUGHPUT BY
AREA AND CONTROL LEVEL .

SV
. ——

Area/Control Lavel Throughput
(10° liters)

NONWINTER
Moderate and Above Ozone NA A:éga
vapor ba;ance with no 73,501
exemptions
vapor balance with 10,000 55,681

gallon/month exemption
submerged f£ill

uncontrolled
:‘."" T
vauor'balance{ﬁitn no 32,850
exemptions :
vapor balance with 10,000 42,546
gallon/month exemption
submerged £ill 3,747
uncontrolled 95,181
WINTER -
ode ahove o ona i o_CD
nonattainment
vapor balance with no 23,414
aexemptions
vapor balance with 10,000 : 14,988
gallon/month exemption
submerged fill Y
uncontroiled -0




TABLE D-25. SERVICE STATION BASELINE THROUGEF(T BY
AREA AND CONTROL LEVEL (CONTINUED)

b e e A —

Area/Control Level ‘ Thre .put
(10° _.cers)

vapor balance with no 11,174
exemptions

vapor balance with 10,000 11,213
gallon/month exemption

submerged f£ill 0

uncontrolled 0

Co.nenattzinmenc sreae thay are nut modevace or above
gzone nonattainmnent Areas

vapor bilance with no 273
exemptions
vapor balance with 10,000 2,350
gallon/month exemption
submerged f£ill 0
uncontrolled 6,657
L rean  “ _____ _ -
vapor balance with no 15,186
exemptions
vapor balance with 10,000 17,671
gallon/month exemption -
submerged fill . 1,763
uncontrolled 38,1. .
— .~
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TABLE D=-26.

SUMMER
> md ozone
sttairmment

WINTER

> mod ozone only
€0 and » mod ozone
on sy

attainment

NATIONWIDE ANNUAL

BASELINE EMISSIONS FROM SERVICE STATIONS

STORAGE TANK STORAGE TANK

: FILLING :  BREATHING/EMPYYING : '
(Mg/yr) H (Mg/yr)
H HAP voc : HAP yoc
800 9,300 : 1,330 15,500 :
6,170 128,500 : 1,000 20,500 :
: 290 3 amn 400 4,600 :
: 220 2,200 ' M0 2,700 :
1,150 LAV [+ PR § ) 1,100 :
3,220 67,000 : 420 8,700 :

- e .

11,850 221,500 : 3,530 53,500 :

...............................................
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