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' 1. SUMMARY

ution which may
reasonably be anticipated to endanger public health or welfare This

» which
would controgi emissions of volatile organic compounds (VOCs) from vessels

that store volatile organic liquids (VOLs). oL storage vessels are
Primarily located at chemica] manufacturing facilities and bulk storage
terminals. ‘Thesa vessels are useq for storing a variety of materials,
inc]uding raw materials, final Products, and/or usabie byproducts,‘as

well as waste tars, residues, and nonusable byproducts. \f;«-«~n

1.1 REGULATORY'ALTERNATIVES
» €conomic, and energy. impacts

associated with‘implementation of a standarg for VOL storage vessels,

severa] regulatory

The voL regulatory‘alternatives,
in order of increasing emission contro) Potential, would reguire that

° Regulatory Alternative ¢ - N0 additional control over baseline.

vapor-mounted Primary seal (IFRvm).-

. Regu]atory Alternative IT - an internal floating roof with a
liquid-mounteq pPrimary seal (IFR1m). ‘ '




. Regulatory Alternative Il - an interna) ?]oating roof with a
liquid-maunted Primary seal and controlled deck fittings
(IFle cf)‘ '

) Regulatory Alternative IV - an internal floating roof with a
liquid-mounted primary seal controlled deck fittings, and a
continuous secondary seal (IFR

with 3 liquid-mounted'primary‘seal, controlled deck fittings

and a cantinuous secondary seal (wIFR]m of ss).

1.2 ENVIRONMENTAL IMPACT

None of the alternatives has any adVerse‘environﬁental impacts,"The
environmental impacts are discussed ip detail in Chapter 7.

1.3 EconoMIC IMPACTS .
" The economic impacts are also summarized in Table 1-1. None of the

alternatives have any potential adverse economic impacts. The economic
- impacts are discussed in detail in Chapter 9. ‘ ‘ ‘

1-2
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‘ ‘ . 2. INTRODUCTION

examined in detail. Various levels of control based on differentv
technologies and degrees of efficiency are expressed as‘regulatory
alternatives. Each of these alternatives is studied by EPA as a
Prospective basis for a standarg. The alternatives are investigated in

terms of their impacts on the economics and well-being of the industry,
the impacts on the nationa) economy, and the impacts on the environment.
This document summarizes the information obtained through these studies

hereinafter referred to ag the Act. Section 111 directs the Administrator
to establish standards of performance for any category of new stationary
source of air pollution'which “causes, or contrioutes significantly to,
air pollution which may reasonably be anticipated to andanger the public
‘health or welfare. " o

requirements) the Administrator determines has been adequately

demon:trated for that category of sources. " The standards apply only to |

stationary sources whose construction or modification commences after

" regulations are Proposed by publication in the Federa) Register,




4 years and, if appropriate, revige them.

2. EPA js authorized to Promulgate a standarg based on design,
equipment , work practice, or operationa]l procedures when a standargd
based on emission levels is not feasible,

3. The term "standards of performance" is redefined, and a new
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and may include a low-polluting or nonpoliuting pProcess or operation.
4. The time between the proposal ang Promulgation of a standard
| under Section 111 of the Act may be extended to § months,

y Standards of‘performance,lby themselves, do not guarantee protection
N of health or welfare because they are not designed to achjeve any specific
air quality levels. Rather, they arevdesigned‘tO‘reflect the degree of
‘emission 1imitation achievable through application of thre best adequately
demonstratedltechnologica] system of continqous‘emiséion reduction,

taking into consideration the cost of achieving such emission reddction,
any nonair quality health and environmenta] impacts, and energy
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to other States. Second, stringent standards €nhance the potential for
Tong-term growth. Thirg, stringent standards may help achieve long-term

e
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he‘negd for more expensive retrofitting if
pollution ceilings are reduced in the future, Fourth, certain Lypes of
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standards for coa1-burning sources can adversely affect the coal market
by driving up the price of Tow=sulfur coal or effectively excluding
certain coa]s‘frnm the reserve base because their untreated pollution

o ; ‘ ' Potentials a-e high. Congress does not intend that new source performance
® standards contribute to these probiems. Fifth, the standard setting

2-2




even more stringent emission limits than those establiched under Section 111
or those Necessary to attain or maintain the Nationa) Ambient Ajr Qua]ity
Standards (NAAQS) under Section 110. Thus, new Sources may. in some

- Act.  These Provisions require, among other things, that major emitting

| facilities to be constructed ip such areas pe sub&ect to best availéble
contro] technology. The term “best available contro] techno]ogy" (BACT)
as defined in the Act, means: o

taking <nto account energy, environmental, and economic impacts
and other Costs, determines is achievable for such facility

methods Systems, argd techniques, inc]uding fuel c]eaning or
treatment op innuvative fuel combustion techniques for ‘contro)
of each sych Pollutant. In no event shalj application of ‘
"best available contro] technology" result ip emissions of any
poliutantg which wil] exceed the emissions allowed by any
applicable.standard established Pursuant tqg Sections 111 or

of numerical emission limits where feasible, alternative approaches are
sometimes Necessary. 1p Some cases, Physical Mmeasurement of emissions

of hydrocarbons from Storage vessels for Petroleum liquids are greatest




for short periods during filling and low concentrations for longer
periods during storage) and the configuration of storage tanks make
direct emission measurement impractical. Therefere, a more practical

approach to standards of performance for storage “essels has been equipment

specificatior,.

In addition, Section 111(j) authorizes the Administrator to grant
waivers of compliance to permit a source to use innovative continuous
emission control technology. To grant the waiver, the Administrator
must find (1) a substantial likelihood that the technology will produce
greater emission reductions than the standards require, or an equivalent
reduction at lower economic, energy, or environmental tost, (2) the
proposed system has not been adequately demonstrated, (3) the technology
will not cause or contribute to an unreasonable risk to the public |
health, welfare, or safety, (4) the governor of the State where the
source is located Consents, and (5) the waiver will not prevent the
attainment or maintenance of any ambient standard. A waiver may have

conditions attached to ensure that the source will not prevent attainment

of any NAAQS. Any such condition will have the force of a performance
standard. Finally, waivers have definite end dates and may be terminated
earlier if the conditions are'not met or if the system fails to perform
as expected. In such a'case, tha source may be given up to 3 years to
meet the standards with a mandatory progress schedule. |

2.2 SELECTION OF CATEGORIES OF STATIONARY SOURCES
Section 111 of the Act directs the AdminStrator_to Tist categories

of étationary sources.: The Admihistrator "shall include a category of
sources in such list if in his judgment‘it Causes, or contributes

\significant1y to, air pollution which may reésonably be anticipated to
endanger public health or welfare.”" Proposal and promulgation of standards

of performance are to follow.

Since passage of the‘CIean Air Amendments of 1970, considerable
attention has been given to the development of a system for assigning
priorities to various source categories. The’approach specifies areas

of interes; by considering the broad strategy of the Agency for implementing

the Clean Air Act. Often, these "areas" are actually pollutants emitted
-~ 4




D

by stationary §ources. Source categories that emit these pollutants are
evaluated ang ranked by‘a process involving such factors ac {1) the
levgl of emission control (if any) already required by State regulations,
(2) estimateq levels of control that might be reqhired from sténdards of
Performance for the source category, (3) Projections of growth and

extent to which each such pollutant May reasonably be anticipated to
endanger pup]ic health or welfare, and (3) the mobility and competitive
néture of each such category of sources and the consequent need for
nationally appiicable new Source standards of perfoimance.

techniques, or because techniques for sampling and measuring emissions

, M3y require refinement. Ip deve]oping standards, differences in the

time required to complete the necessary investigation for different .
Source categories must also pe considered. . For example, subséantial]y

more time may be necessary if Numerous pollutantsg must be investigated

from é %ing]e Source category. Furthermore, even late in the development
process, the schedule for compl-ation of 3 standard may change. For
example, inability to obtain emission data from well-controlled sources

in time to pursue the development process systeﬁatica?ly may force 3

change in scheduling. Nevertheless, priority ranking is, and wil1

continue to be, used to establi§h the order in which projects are initiated
and resources assigned. '

-
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After the source category has been chosen, the types of facilities
within the source category to which the standard will apply must be
determ%ned. A source category may have several faci]ities that cause
air Pollution; emissions from these facilities may vary from insignificant
to very expensive to control. Econonic studies of the source category
and of épp]icab]e control technology Mmay show that aijr pollution control
is better served by applying standards to the more severe poliution
Sources. For this reason, and because there is no adequately demon-
strated system for controlling emissions from certain faci]ities, standards

.often do not apply to al] facilities at a source. For the'séme reasons,
the standérds Mmay not apply to al}) air pollutants emitted. Thus, although
a source category may be selected to be covered by a standard of
performance, al} pollutants or facilities within that source category
might not be Covered by the standards.

2.3 PROCEDURE FOR DEVELOPMENT oF STANDARDS OF PERFORMANCE -

Standards of performance must (1) realistically reflect best
demonstrated control practice, (2) adequately consider the cost, the
nonair-quality health and environmental impacts, and the energy requirements
of such control, (3) bpe applicable to existing sources that.are modified
Or reconstructed as well as to new insta71ations, and (4) meet these

conditions for alj variations of operating counditions being considered
anywhere in the country,

been adequately demonstrated. The,standard-setting process involves

three Principal phases of ‘activity: 1) information\gathering, (2) analysis

of the information, and (2) development of the standard of performance. :
During the information~gathering Phase, industries are quéried

through a telephone survey, letters of inquiry, and plant visits by EPA

representatives. Information is also gathered from many other sources,

and a literature search is conducted. From the knowledge acquired about



and the pollutants emitted is ysed in analytical studies, Hypothetical
"model plants” are defined to Provide a common basis for analysis. The
model plant definitions, national pollutant emission data, and exisfing
Sta;e regulations governing emissions from the source category are then

used in establishing "regulatory alternatives. " These regulatory

applicable a]ternatives; EPA selects the single most plausible negu]atony
alternative as the basis for a standard of performance for the source
category under'study.

.In’the third phase of 4 project, the selected regulatory alternative
is translated into a standard of performance, which, in turn, is written
in the form of a Federal regulation. The Federal regulation, when
applied to newly constructed Plants, will limit emissions to the levels
indicated in the selected regulatory a]térnative. '

“As early as is Practical in each standard-setting project, EPA

+ The information acquired in the project is summarized in the background
information document (BID). The BID, the standsrd, and a preamt e
expiaining the standard are widely Circulated to the industry being
considered for contrgl, environmental groups, other government agencies,
and offices within EPA. Through this extensive review process, the
viewpoints of éxpert reviewers are considered as changes are made to the
documentation. . ‘

A “proposal package" is assembled and sent through the offices of
EPA Assistant Administratbrs for concurrence before the proposed standard
is officially endorsed by the Epa Administrator, After being approved
by the EpA Administrator, the preamble ang the proposed regulation are
published in the Federal Register,

2-7

L

- irammemn s, s




| S

¥

e g e Sy

\

|

\

1

TR S - P~ @

PRI PR W e i

{
!

'W A e e

e i
————
- e TS }
- - - —

— . - e - -

- e - T

- m
\

!

As a part of the Federal Register announcement of the proposed
regulation, the public is invited to participate in the standard-

setting
process. EPA invites written comments on the Proposal and also holds a
public hearing to discuss the Proposed standard with interested parties.
: and incorporated into a second volume
of the BID. AN} information reviewed and generated in studies ir, support
of the standard of performance is available to the public in a “docket"

performance may be altered in response to the comments.

The significant comments and EPA's Position on the issues raised
are included in the "preambie”

of a Promulgation Package, which also
The regulation is then
nement until it is ‘approved
e Administrator signs the regulation,
1L is published as a "final rule" in the Federal Register.

2.4 CONSIDERATION oF CoSTS

by the EPA Administrator. After th

the Act. The assessment is required to contain an analysis of (1) the

costs of compliance with the regulation, including the extent to which

the cost of compliance varjes depending on the effective date of the

small business with respect to competition, (4) the effects of the

regulation on consumer costs, and (5) the effects cf the regulation on

énergy use. Section 317 also re
be as extensive as practicable.

quires that the economic impact assessment

The economic impact of a proposed standcrd upon an industry is
usually addressed both in absolute terms and in

costs that would pe incurred as a result ‘of cun

terms of the control
Tiance with typical,
existing State control regulaticns. An increment:

| approach is necessary
because both new and existing plants

would be requireg to comply with f

2-8
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performance and the typizal State standard.
Air pollutant emissions May cause water pollution problems, and
Captured potential air pollutant

S may pose a solid waste disposé] problem.
The tota] environmenta)

impact of an emission source must,\therefore, be
analyzed and the Ccosts determined whe*aver‘possib]e.

al standards can be placed in
it is necessary to assess the availability
tional control equipment needed to meet

proper perspective. Fina]ly,
of capital to pProvide the addij
the standards of performance.

In a number of legal challen
various industries, the United States Court of A

not be prepared by the Agency for Proposed actions under Section 111 of
the Clean Air Act. Essentia]]y, the Court of Appeals ha

s determined
that the best system of emission re

duction requires the Administrator to

take into account counter-productive environmental effects of a proposed

standard, as wel] as economic Eosts t~ the industry. Op this baéis,

therefore, the Court established ‘a narrow eiemption from NEPA for EPA
determination under Section 11].

2-9
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'Environmental Policy Act of 199 " (15 u.s.c. 793(c)(1))

| Nevertheless, the Agency has concluded that the pPreparation of
environmenta) impact statements €auld have beneficial effects on certain
regulatory actions. Consequently, although not legally required to do
50 by Section 102(2)(C) of NEPA, EPA has adopted 3 policy requiring that
environmenta) impact statements pe prepared for various regulatory
actions, inc]uding standards of performance developed under Section 111
of the Act. This voluntary Preparation of environmenta) impact Statements,
however, in no way legally Subjects the Agency to NEPA requirements.

To implement this policy, 4 separate sectijon in this document, i3
devoted solely to an analysis of the pStlentia) environmental impacts
associated with the progused standards. Both arverse ang Lereficial
impacts in such areas ag aIr and water pol?ution, increased solid waste
disposal, and increased energy consumption are discussed.

the proposeq standards are Published in the Federal Register. An existing

source is redefined 45 a new source if “modified” or "reconstructed“ as

defined in amendments tg the generai Provisions of Subpart A of 40 C?R
Ster on December 16, 1975

(40 FR 58416). ‘ |

Any physica) Or operational change to an existing faciiity which

results in an increase jin the emission rate of any Pollutant for which a




Section 111(d) of the Act if the standard for new sources limits emissions
of a designated pollutant (i.e., a pollutant for which ajr quality
Criteria have not been issued under Section 108 or waich has not been
listed as a hazardc s pollutant undar Section 112). ¢ a State does not
act, EPA must establish such standards. Genera] provisions outlining
Procedures for control of existing sources under Section 111(d) were
promulgated sn November 17, 1975, as Subpart 8 of 4g CfR Pa-t 60

(40 FR 53340,

T

fr

E and economically feasible to meet the applicable standards. |]n such
f

3

4
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¥
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2.7 REVISION OF STANDARDS OF PERFORMANCE

Congress was aware that the leve! of air poliution control achievable
by any industry may imnrove wfth technological advances. Accordingly,
Section 111 of the Act provides that the Administrator “shall, at least
évery 4 years, review and, if appropriate, revise" the standards.
Revisions are Made to. ensure that the standards continue to reflect the
best systams that become available in the future. Such revisions wili
not be retroactive but wil] apply to stationary source; constructed or
modified arter the preposal of the revised standards.
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3. VOLATILE ORGANIC LIQuip STORAGE

. transfer terminals. An economic description of these industries is

contained in Section S.1. The storage of voL within these industries is
described below.

Tanks' are ysed for storing a variety of organic liguigs, including
raw materials, fipaj Products, and/or usable byproducts, as well as
waste tars, residues, and 6ther wastes. Available data were analyzed to
determine the number of tanks in the nation éontaining velatile organic
1iquids.1’2’3 The 1977 industrial tank population was found to be 27,540.4
The vapor pressure of the material to be stored is major factor
in choosing the tank type to be used. |[n Practice, fixed roof tanks are
prédominant]y used for storing materials with‘vapor pPressures up to
34.5 kPa; floati~a-pogf tanks are also used to store materials in the
same range; Table 3-31 gives thevdistribution of tanks ﬁationally,

roof tanks. Other factors such as materia] stébi]ity, safety hazardé,
and multiple use also affect the choice of tank type for a particular

A terminal s a nonmanufactur1ng site that stores commodities in
bulk quantity, Only those terminals that store VOL were of’concern to
this study. Telephone directories of selected citieg were searched for

‘terminal listings. As a recult of this survey, it was determined that

data obtained from the Independent Liquid Terminai Association (ILTA)
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Table 3-1. NATIONAL INDUSTRIAL VOL TANK DISTRIBUTION ACCORDING

TO VAPOR PRESSURE (1977)

Vapor pressure,

Number of tanks'nationwide

(kPa) . Fixed-roof Floating-roof Total
0 - 3.5 16,350 - 170 . 16,520
3.5 - 6.9 3,560 100 . "' 3,660
.9 - 10.3 1,950 70 2,020
10.3 - 34.5 3,800 \ , 790, 4,590
34,5 - 586 500 40 540
258.6 190 20 210
Total 26,350 : 1,190 27,540
Peréent of Total 95.7 4.3 ‘ iOOU

Table 3-2. NATIONAL INDUSTRIAL VOL TANK DISTRIBUTION ACCORDING TO
‘ TANK SIZE (1977)
- Number of tanks nationwide
Tank size,
(m3) Fixed-roof Floating-roof Total
0- 75 12,270 20 12,290
75 - 150 3,910 ' 30 3,940
150 - 375 3,770 180 3,950
375 - 3,750 5,840 | . 610 6,450
3,750 - 15,000 520 320 840
215,000 30 - 30 | 70
Total 26,350 | ‘ 1,190 . 27,540
Percen® of Tota] 95.7 4.3 o 100.
-«
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would serve as a sufficient approximation of the national tefmina]
popu]ation.5 Sixty-eight ILTA member companies operate more than 150
terhina]s. Of‘these, 82 termipa]s handle VOLs. It was assumed that any
terminal storing VOL devoted its entire storage volume to VOL. Statistics
for the tanks in the 82 VOL terminals are given in Table 3-3,

3.2 STORAGE TANKS
3.2.1 Types of Storage Tanks

There are three types of vessels of concern in d “2loping standards

of performance for VOL storage vessels:
) fixed roof tanks;

® ' external floating roof tanks; and

(] interna)l flqating roof tanks, "
These tanks are cylindrical in shape with the axis oriented perpendicular
to the foundation.‘ The tanks are almost exclusively above ground.
Below-ground vessels and horizontal vessels (i.e. with the axis parallel
to the foundation) also can be used in vOL service, However, these ,
types of vessels are much less commbn in VOL service than the other tank
types listed above and, for the most part, are less than 100 cubic
meters (26,400 gallons) in capacity. Consequent]y, their contribution
to nationwide vOL storége emissions is minor. Contrals applicable to
horizonta] tanks are limited primarily to closed vent systems and control
devices as discussed in Chapter 4. Since their contribution to nationwide
emissions is minor, no defai]ed equipment description is‘provided for
these types of roofs. For a similar reason, no detailed equipment

description is provided for pressure vessels. This section, therefore,
addresses only fixed roof,‘externa] floating and internal floating roof

3.2.1.1 Fixed Roof Tanks.' Of currently used tank designs, the

fixed roof tank is the least expensive to construct and is generally
considered as the minimum acceptable equipment for the storage of voLs.

A typical fixed roof tank, which is shown in Figure 3-1, consists of a
cylindrical steel shell with a cone- or dome-shaped'roof 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

3-3
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Table 3-3,

VOL TERMINAL STORAGE (1979)

STATISTICS FOR THE NATIONAL TANK POPULATION IN

CAPACITY

Total capacity in data base: 1.390 x 1010 Jiters (3,670 x 108 ga1)
Average Capacity for a terminail: 1.78 x 108 jiters (47 x 108 ga1)
Median Capacity for a terminal: 9.35 x 107 ljters (25 x 10€ ga1)
NUMBER OF TANKS |
" Total number of tanks at terminals in data base: 4,217
_Average number of tanks per ‘terminal: 54
Median number of tanks per termina): 37.5
SMALLEST TANK3 .
Average size of smallest tank: 1.2 x 106 Titers (318.9 x 103 gal)
Median size of smallest tank: 1.59 x 108

iters (42 x 103 ga))

AVERAGE TANK SIZE: 3.3 X 10° 1iters (872 x 102

gal)
LARGEST TANKD

Average size of la}gest tank:

1.36 x 1
Median size of largest tank:

07 liters (3,599 x 103 gal)
9.22 x 10

€ liters (2,436 x 103 gal)

*Volume of the smallest tank at each terminal.
Volume of the largest tank at each terminal.

3-4
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is generally welded steel.

fixed roof tank can be appreciable.

3.2.1.2 External Floating Roof Tanks. A typical external %1oating

roof tank is shown in Figure 2-2.

cylindrical steej shell equipped wi
surface of the stored liquid
The liquid surface is comple

This type of tank consists of a
th a deck or rouf that floats on the
» rising and falling with the liquid Tevel.

tely covered by the floating roof except in
the smal annular space between the roof and the shell.
Lo the roof touches the tank wall

and covers the remaining area.

A seal attached
(except for small gaps -in some cases)

The seal slides against the tank wall as
the roof is raised or Towered,

3.2.1.3 Interna) Floatin‘ Roof Tanks.
tank has both a permanently affixed roof and a roof that ficats inside
the tank on the liquid surface (contact roof), or subported on pontoons
several inches above the Tiquid surface (noncﬁntact roof),

An internal floating roof

The internal
tevel. Typical contact

» floating
and (3) pPan-type stee] roofs, floating in

contact with the liquid with gr without the aid of pontoons. The majority

of coutact. internai floating

type or aluminum sandwich panel type. The RFp roofs are less common,

contact steel roof exist. The
design may include bulkheads, or open compartments

of the roof to minimize and/or Tecalize the effects of liguid that may

leak or spill onto the deck. A]tgrnately, the bulkheads may be covered
to forn sealed compartments (i.e., pontoons),

Covered to form a sealed double deck steel filo

Several variations of the pan-type

» dround the perimeter

or the entire pan may be
ating roof. Construction

roofs currently in voL service are steel-pan

R L
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Figbre 3-2. Ekternal‘ floating roof tank (pontoon type).
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Noncontact-type roofs typically consist of ap aluminum deck on an
aluminym grid framework Supported apove the liquic surface by tubular
aluminum Pontoons. The deck skin for the noncontact-type f)oating roofs
typicai]y is constructed of rolied aluminun sheets (about 1.5 m wide and
0.58 mm thick), The over1apping aluminum sheets are Joined by bolted
aiuminum c?amp1ng bars that ryn Perpendicyiar to the Pontoons tn improve

€ pontoons ang c1amping‘bars form
the Structura) frame of the floatiny roof. The Presence of deck seams

in the noncontact interna) f]oatinq roof design contributes tg emissions

from the interna} floating roof tank. Aluminym sandwich panel contact-type
internai floating roofs share this design'feature. The sandwich panels

are joined with bolted mechanvca} fasteners that are similar jin concept
to the Ntncontact deck skip c]amping bars, Steel-pan contact internal
f?oating‘roofs are constructeq of welded stee] sheets and have ng deck

. seams. Simi]arly, the resin-coated, reinforceqd fiberglass Panel rogfs

have ng apparent deck seams. The Panels are butted and lapped with
resin-impregnated fiberglass fabric Strips. The signifigance of deck
séams to emissions from internal floating roof tanks is addressed jp
Chapter 4. ‘

If should pe recognized that the roof physically OCCupies 3 finite
volume of Space that takes away' from the maximum }iquid‘storage Capacity
of the'tank. When complefe]y full, the floating roof touches or nearly
touches the fixed roof. Consequently, the effective height of the tank
decreases, thus ]imiting the storage‘capacity.‘-The reduction jn the

effective height‘varies from about 1 to 2 feet depending on the type ang

design of the floating roof employed.
A1l types of internaj f]oating roofs, like externg} floating rbofsr
commonly incorporate flexible pPerimeter seals gpr wipers that slide

- against the tang wall as the roof moves Up and down. These seals are

discussed in detail jp Section 3.2.2.2. ‘Circulationvvents and an open

3-9
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known as a "metallic shoe seal" (Figure 3-4p

- roof and is helg tightly

3.2.2 Types of Floating Roof Perimeter Seals
3.2.2.1 External Floating Roof Seals,

a floating roof requires a closyre device to sea] the gap beiween the

tank wa'1 angd the roof Perimeter. A primary seal, the lower seal of a

two-seal system, can be made from various materigls,sqitable Tor organic

liquids service. The basfc:designs available for primary seals are

(1) mechanicaj shoe seals, (2) liquid-filled seals, and (3) (vapor- or |

liquid-mounted) resilient foam log seals. Figure 3-4 depicts these

three general types of seals. ‘
One major difference in seal system design is the way in‘yhich the

seal is mounted with respect to the liquid.

Space between the liquid surface and seal,

Regardless of tank design,

Figure 3-4¢ shows'a vapor

whereas, in Figures 3-4a and
*3-4d, the seals are resting on the liquid .surface. These']iquid-fil?ed

tube and resilient foam seals are Classified as liquid~ or vapor-mounted

seals depending on their location. Mechanical shoe seals are different

in design from liquid-filled or resilient foam log seals and cannct he

characterized as liguid- or vapor-mounted. However, becoise the shea

seal than a vapor-mounted seal. '
3.2.2.1.1 Mechanical shoe seal.

A mectanical shoe seal, otherwise
. is‘characteriied by a

) 75 to 130 cm (30 to 51 in) high held against
The shoe is connectid by braces to the floating

metallic sheet (the "shoe"
the vertical tank wall,

A flexible, Coated fabric (the "envelope"
seal to the floating roof to form a va
between the roof and the primary sea]i

3.2.2.1.2 Liquid-filled seal. A liquid-fi)

[

‘] Y
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: Liquid~fil]ed seals are mounted on the produyct 1iquid surface with no

1

vapor Space below the seal.
3.2.2.1.3 Resiljent foam-filled seal. A resi?ient}foam-fi]]ed
seal is similar to a liquid-filled seal except that a resilient foam log ?
is used in Place of the liquid. - The resiliency of the foam log permits
the seal to adapt itself to some imperfections in tank dimensions and in
the tank shell. The foam log may be mounted above the liquid surface
(vapor-mounted) Or on the liguid surface (liquid-mounted). Typical
vapor-mounted and Tiquid-mounted seals are presented in Figures 3-4c and '
3-4d, respectively.

3.2.2.1.4 Secondary seals on éxternalvfloating roofs. A secondary
seal on an externa] floating roof is ;3 continuous seal mounted on the
rim of the floating roof and extending to the tank wall, covering the
entire primary seal. Secondary seafs are normally constructed of flexible
polvmeric materials and mounted such that they provide a wiping action
against the tank wall as the roof raises and Iowers.'Figure 3-5 depiéts
several primary ang secondary seal systems. An alternative‘secondary
seal design incorporates a steel Jeaf to bridge the gap between the roof
and the tank wall. The leaf acts as a compression plate to hold El
polymeric wiper against the tank wall.

Installed over a primary seal, a secondary seal Provides a barrier
for vOC emissions that éscape from the small vapor space between the
primary seal and the wall and through\any openings or tears in the séal
envelope of a metallic shoe seal (Figure 3-5). Although not shown in
Figure 3-5, 4 secondary seal can pe used in conjunction with a weather
shield as described in the following section,

Another type of éecondary seal is a shbe-mounted secondary seal. A
shoe-mounted sea) extends from the top of the shoe to the tank wall
(Figure 3-5). These seals do not provide protection against vOC leakage
through the envelope, Holes, gaps, tears, or other defects in the
envelope can permit direct communi;ation between the saturated vapor

- under the envelope ang the atmosphere. Wind can enter this Space through

envelope defects, flow around the circumference of the tank, and exijt
with saturated or nearly saturated vVoC vapors,
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3.2.2.1.5 Weather shield. A weather snielg (Figures 3-4a, 3-4c,
and 3-44) may be installeq over the brimary sezi or the primary and
secondary seals, to protect it, or them, from deterioration Caused by
debris ang exposure to the elements, Typical]y, a weatner shield is an
arrangement of overlapping thin metal sheets Pivoted from the flbating
roof fo ride against the tank walj. The weatﬁér shield, by the nature
of its design, is not an éffective vapor barrijer, Fof this reason, it
differs from the Secondary seal Although the two devices are conceptually
similar in design, they are designed for and serve different purposes.
3.2.2.2 Internal Floating-Roof Tank Seals. Internal floating

. roofs typically incorporate one of two types of f]exible,‘nroduct-resistant

pPrimary seals: resilient foam-filleq seals or wiper seals. Similar to
those employed on externa] f]éating roofs, each of these seals closes
the annular vapor Space between the edge of the floating roof and the
tank shel]. They are designed to ccmpenséte for smaly irregularities in
the tank shell, and aliow the rocf to move freely ub and down in the
tank without binding.

3.2.2.2.1 Resilient foam-filled seal. A resilient foam-filled
seal used on an internal floating roof is similar ip desfgn to that
described in Section 3.2.2.1.3 for éxterna] floating roofs. Two types
of resilient foam-filled seals for internal floating roofs are shown in
Figures 3-74 and 3-7b. These seals can either pe mounted in contact
with the liquid surface (quuid-mounted) or several centimeters above
the liquid surface (vapor-mounted). _

Resilient filled seals work on the ﬁrinciple of expansion and
contraction of 4 resilient material to maintain contact with the tank
shell while accommodating varying annular rim space widths. These seals
consist of a core of open-cel] foam encapsulated in a coated fabric.
The elasticity of the foam core pushes the fabric into‘contact with the
tank shel'. The seals are attached to a mounting on the deck perimeter
and are continuous around the circumference. Urethane Coated nylon
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3.2.2.2.2 Primary wiper seals. Wiper seals are commonly used as

Primary seals for internaj floating roof tanks, This type of seal is
depicted in Figure 3-7¢.

flexible material fastened to a mounting on the deck perimeter, spanning’
the annylar rim space, and contacting the tank shell. The mounting is
'Such that the blade is flexed, and its elasticity provides a sealing
Pressure against the tank shelq. A vapor Space exists between the

liquid stock and the bottom of the seal; such seals are vapor-mounted.

For emissicn control, it is. important that ‘the mounting be vapor-tight,
that the seal pe continuous around the‘circumference, and that the blade
be in substantial contact with the tank she]].s ‘

Two types of wipers are commonly used. Qpe type consists of a
ceilular, elastomeric materia) tapered in Cross section with the thicker
portior at the mounting. Buyna-N rubber js 3 commonly-used material.

A1l rac al Joints in the blade are Joined.®,

A second type of wiper seal‘construction uses a foam core wrapped

with a coateg fabric. Urethane on nylon fabric and polyurethane toam,

are cdumon materials. The core provides the flexibi]ity and support

A third type of wiper sea] consists of overlapping segments of seal
Taterial (shingle-type seal). Sing]e-type seals differ from the wiper
seals discussed Previously in that they do not provide a continyohs

control over that achieved by the Primary seal. The secondary seal

would be mounted to an extended vertical rim plate, above the primary

seal, as shown in Figure 3-g8. Secondary seals can be eitﬁer an elastomeric
wiper seal or ; resilient foam-filled seal as described in Sections 3.2.2.2.2
and 3.2.2.2.1, respectively. Ffopr 3 given roof design, the use of'a

secondary sea] further limits the operating Capacity of a tank due to

the need te avoig interference of the seal with the fixed roof rafters

when the tank is filled. Currently, secohdary seals are not commonly
used on interna] floating roof tank56 '
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3.2.3 Txges of Internal Floating Roof Deck Fittings

The majority of Section 3.2.3
Petroleum Institute pubHcatio_n6
June, 1983,

largely is from a draft American
that is expecteq to be publisheq in

~ There are nhumercus fittijn

gs that Penetrate or are attached to an
internal f]oating roof. These

fittings Sérve to accommodate Structural

operational functions.6 A cross section

n be a source of evaporative loss, in
that, they require Penetrations in the deck.

that do not Percirate the deck and are not, th

erefore, sources of
evaporative Joss, The most cp

mmon fittings with relevance to controllable

the following sections.6

3.2.3.1 Access Hatches. an access hatch
\ .

consists of an opening in
the deck with a peripheral‘verti

cal well attached tg the deck ang a
An access hatch is sized to

used to reduce évaporative loss. Bolting

With noncontact
decks, the wel] should extend down into the liquid stock to seal off the

Vapor space helow the deck.6 Figure 3-10a depicts an access hatch that
is suitable for use on a steel contact internal floating roof.

3.2.3.2 Column Wells. The most common fixed roof designs are
— Dl wejls
ide the tank by means of vertical columns,

ions or of structural
The number of columns varies with
tank diameter, from a minimum of one to over 50 for‘very‘large tanks.6
bui]t-up column,

gs with periphera) vertical

wells. with noncontact decks, the well should extend down into the

liquid stock. ‘Generally, aclo
well and the column, Several p
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inc]uding sliding covers and fabric sleeves, .which must accommodate the
movements of the deck relative to the column as the iiquid leveis changé.‘6
A s]idihg cover rests on the upper rim 6f the column wel] (which is
normally fixed tolthe roof) and bridges the gap or space between the
column well and the column. The cover, which has a Cutout or opening
around the column, slides in a vertical directiqn relative to the column
as the roof raises and lowers. At the same time, the cover slides in a
horizonta]‘direction relative to the rim cf the well, which is fixed to
the roof. A gasket around the rim‘of the well reduces emissions from
this fitting. A flexible fabric sleeve seal between the rim of the wel)
.and the column (with a3 cutout or opening to'allow vertical motion of the
seal re}aﬁive to the columns) similarly accommodates limited horizontal
motion of the réof relative to ‘the column. A third design, which is
propriet;ry, is depicted 3a Figure 3-10b. This design, in effect,
combines the advantages of the fiexible fabric sleeve s2al with a well
that excludes anl but a smal) portion of the 1iquid surface from direct
communication with the vapor space above the floating roof.
| 3.2.3.3 Roof Legs or Hanger Wells.’ To prevent damage to fittings
underneath the deck and to allow for tank cleaning or repair, supports
are provided to hold the deck a prg-détermined distance off the tank
bottom. These supports consist of adjustable or fixed Tegs attached to
the floating deck or hangers Suspended from the fixed roof. For adjustable
" legs or hangers. the load-carrying element passes through a well or
"~ sleeve in the deck. With noncontact decks, the well should extend into
the liquid stock.6 Figure 3-10c depicts a roof leg assembly.
3.2.3.4 Samplie Pipes or Wells. A sample well may be provided to
" allow for sampling of the liquid stock. Typically, the well is funnei-
shaped to allow for easy entry of a sample thief. A closure js provided,

frequently consists of a horizontal piece of fabric s]it,radially tn

allow thief entry. The wel] should extend into the 1iquid stock on

noncontact decks.6 Figure 3-10d depicts a sample well assembly.
A]ternately,'a sample well may consist of a siotted pipe extending

into the liquid stock, equipped with an ungasketed or gasketed.s]iding
caver, ‘
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3.2.3.5 Vacuum Breakers.. When the internal floating deck is
either being landed on its legs or floated off its legs, a vacuum breaker
is used to equalize the pressure of the vapor space across the deck.
This is accomplished by opening a deck penetration that usually consists
of a well formed of pipe or framing on which rests a cover. To the
undzrside of the cover is attached a guided leg of such length that it
centacts the tank bottom as the internal f]oatung deck approaches the
tank boitom. When in contact with thz tank bottom, the guided leg
mechanically opens the breaker by 1ifting the cover of f the well. When
‘the leg is not contacting the bottom, the penetration is closed by the

cover resting on the well. The closure may be with or without a gasket
between the cover and neck.

Since the purpose of the vacuum breaker is

to allow the free exchange of air and/or vapor, the wel] does not extend

appreciably bzlow the deck. 6 ngure 3-10e depicts a pressure vacuum

assembly. The gasket on the unders1de of the cover, or converse]y on

the upper rim of the well, provides a small measure of emission control

(~20 percent emissions reduction) during periods when the roof is frae
floating and the breaker is closed.

'3.2.3.6 Automatic Gauge Float Wells. - Gaudge floats are used to
indicate the level of stock within the tank.

They usually consist of a
float residing within a well that Fasses through the floating deck. The

float is connected to an indicator on the exterior of the tank via a

tape passing through a guide system on the fixed roof. The float resté
on the stock surface within the well.
that rests on the well.

The well is closed by a cover ‘
Evaporation loss can be’ reduced by gasketing
and/or bolting the connection between the cover and the rim of the well,
The cable passes through a bushing located at the center of the cover.
As with other similar deck Penetrations, the well extends iniu the
liquid stock on noncontact floating decks.6 Figure 3-10f depicts a

bolted automatic gauge float well assembly.

3.2.3.7 Ladder Wells. Some tanks are equipped with internal
ladders that extend from a manhole in the fixed roof to the tank bottom.
The deck opening through which the ladder passes is constructed with

similar design details and cons1derat1ons as those for column wells, as
discussed in Section 3.2.3. 2 '
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3.2.4 Storage Tank Emissions and Emission Equations

3.2.4.1 Fixed-Roof Tank Emissions. fhe major types of emissions
from fixed-roof tanks are breathing and working Josses. Breathing ioss
is the expulsion of vapor from a tank vapor space that has expanded or

Filling losses are assbciated with an increase of the liquid leve)
in the tank. The vapors are expelled from the tank when the pressure
inside the tank exceeds the reljef pressure as a resylt of filling.
Emptying losses occur when the air that is drawn into the tank during
ligquid remova) saturates with hydrocarbon vapor and expands, thuys exceeding
the fixed capdcity of the vapor space and overflowing thros;gh the préssure
vacuum valve. Combined filling and emptying losses are called "warking
losses. "

Emission equations for breathing and working losses were developed
for EPA Publication No. AP-42.11 The equations used in estimating
emissions rates for fixed roof tanks storing VOL are:

Ly = Lg + L, \ (3-1)

,_
1}

g = 1.02 x 10-5 M, (—F2)0.68 D!.73H0.5170,5f K. (3-2)
14.7-p P

{
1]

1.09 x 10-8MVPVNKnK, ‘ (3-3)

where, LT = total loss (Mg/yr)

Lg = rreathing loss (Mg/yr)
Lw = working loss (Mg/yr)
Mv

= molezular weight of product vapor (1b/1b mole); 80 assumed
as a typical value for VOL liquids

P = true vapor pressure of Product (psia)
D = tank diameter (ft)
H

= average vapor space height (ft): use tank speciffc values
Or an assumed value of one-half the tank height

T = average diurnal temperature change in °F; 20°F assumed as
a typical value :
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Fp paint factor (dimenéionless); 1.0 for_clean white paint
= tank diameter factor (dimensionless):

for diameter 2 30 feet, C =1

for diameter < 30 feet,

€ =0.0771 D - 0.0013(D2) - 0.1334 :

¢ = Product factor (diménsion]ess) = 1.0 for VoL
tank capacity (gal)
= number of turnovers per year (dimensionless)
turnover factor (dimension]ess):

_ 180 + N
for turnovers > 36, Kn e

(@]
|

x B2 < x
oo

for turnovers g ’s, Kn =1

3.2.4.2 External Float.ng-Roof Tank Emissionsl Standing-storage
losSes, which resyilt from c.:ses other than a change in the liquid
3eve], constitute the major source of emissions from external floating .
roof tanks. The largest pi.ential source of these losses is an improper
fit between the seal and the tank shel) (seal losses). As a result,
some liquid surface is exposed to the atmosphere. Air flowing over the
tank creates pressure differentials around the floating roof. Air flows
into the annular vapo: space on the leeward side and an air-vaper mixture
flows out on the win..ard side. ,
Withdrawal loss i. another source of emissions from floating roof
tanks. When liquid is withdrawn from a tank, the floating roof is ‘ f
lowered, and a wet portion of the tank wal] is exposed. Withdrawal loss i
is the vaporization of liquid from the wet tank wall. . :
VOL emissions from external floating roof tanks are estimated using
equations based on a pilot tank study conducted for the EPA by *he
Chicago Bridge and Iron Compan_y.8 Appendix C describes the development
of the emission equations and the associated emissicn factors.
From the equations presented below, it ijs possible to estimate the
total evaporation Joss for exterral floating roof tanks, Lf, which is
the sum of the withdrawal loss, LW' and the external floating roof seal
loss, LSE‘ These equations in 1érge Part are extracted from AP-42.11
However, minor changes have been made to update the equations. (Note:
external floating roof tanks have no appreciable locses from fittings.)
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br= by e - (3-4)
Ly =4.28 x 107 Qew, /0 \ (3-5)
Lep = xsv"p*ouv Kc/2205 (3-6)

where LT = total losg (M3/yr)
Lw = withdrawal loss (Mg’yr)

Lae

C. = Product withdrawai shell clingage factor (bb1/103 ft2); use
0.0015 bb1/103 ft2 for VOL in"a welded steel tank with
Tight rust (0.0075 for dense rust)

VL = density of'pfoduct (1b/gal); 7.4 to 8.0 lb/ga]'assumed as
typical range for VOL liquids

D = tank diameter (ft)
KS = seal factor: obtain from Table 3-4

= average windspeed for the tank site (mph):
0 mph assumed dverage wiqupeed

ceal loss from externa] tloating roof tanks (Mg/yr)
product average throughput (bbi/yr);
tank Capacity (bbl/turnover) X turnovers/yr‘

N = seal windspeed exponent (dimension]ess): obtain from
Table 3-4 - oo

P* = the vVapor pressyre function (dimension]ess);
P*x = 0.068pP/((1 + (1- 0.068P)°-5)2)
P=the t je Vapor pressure of the materials stored (psia)

Mv = molecular weight of Product vapor (lb/lbmole)
Kc = product factor (diménsionless) = 1.0 for voL

3.2.4.3 Internal Floating Roof Tank Emissions. As ambient wind
flows over the exterior of an interaal floating roof tank, air . flows
into the enclosed Space between the fixed ang floating roofs through

have not been contained by the floating deck will be Swept out of the
enclosed space. ‘

Losses of voc vapors from under the floating roof occur in gne of
four ways: ‘

(1) through the annular rip Space around the Perimeter of the
floating roof (rim or seal losses);

(2) through the openings in the deck required for various types of
fittings (fitting losses); ‘
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Table 3-4. sgaL RELATED FACTORSaFOR
EXTERNAL FLOATING ‘ROOF TANKS

b

Seal type (Kg) (N;©
Metallic shoe seal
Primary seal only ‘ 1.2 1.5
With shoe mounted secondary seal 0.8 1.2
With rim Mounted secondary sea) 0.2 1.0
Liquid mounted resilient sea)
“Primary seal only 1.1 1.0
With weather shield 0.8 0.9
With rim mounted secondary sea} 0.7 0.4
Vapor mounted resilient seal
Primary seai only 3.2 2.3
With weather shield 0.9 2.2
With rim mounted secondary seal 0.2 2.6

aBased on emissions f
control devices (roof, seals, etc.
working condition, no visible holes, t
large 93ps. between the seals and the t

KS = seal factor in Equation 3-¢,

N = seal windspeed exponent (dimensionless) in

Equation 3-g.
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(3) through the nonwelded seams formed when Joining sections of

that discussed in the Previous section for externai f1oatihg roofs. The
other losses, seal losses, fitting losses and deck seam losses, occur
not on]y‘during the working operations of the tank but also during free
standing Periods. The mechanisms and loss rates of internal floating.

the tank shell;
° expansion of vapor spaces in the rim area due to temperature i
Or pressure changes;
) varying solubility of gases, such as air, in the rim space
liquid due to temperature,and pressure changes ; ’
° wicking of the rim space liguid up the tank shell; and
() vapor Permeation tﬁrough the sealing material.
For external floating roof tanks, wind-generated air movement across the
roof js the dominant factor affecting rim seal loss. In compafison, for
freely-vented internal f]oating roof tanks, in which the aijr movement ijs
Significant]y reduced, no clearly dominant loss mechanisr can be discerned.6
Vapor Permeability is the only potential rim seal area loss mechanism i
that is readily amenable to independent investigation. Seal fabrics are
generally reported to have very low permeability to typical hydrocarbon _
vapors, such that this source of Joss is not considered to pe significant.
However, if a seal material is used that js highly permeable to the

. .
2

-

o | i
i

»"“‘."é:?’: e B R SRR A U L > o oy P -




g
E& ¥ st 35 b TP

vapor from the stored stock, the rim seal loss could be significantly
higher than that estimated from the rim seal loss equation presented
later in this section.6 Particdlar]y when dealing with voL rather than
petroleum’]iquids, attention must be Paid to the Properties of the
individual compounds being stored. For instance, benzene is suspected‘
of having Permeability losses that equal Or exceed convective and diffusion
losses from the séa1.13 Additiona) Permeability data for VOL/seal
material combinations must pe developed to fully characterize the
significance of permeability lgsses. Permeabi]ity is discussed in more
detail in Appendix C.

" The extent to whfch any or all of these mechanisms contributes to
the total fitting loss is not known. The relative importance of the
various mechanisms Probably depends on'the type of fitting, the design
of the fitting seal, and whether or not the deck is‘in contact with the
stored h’quid.6 ‘ , o

- Floating decks are typically made by joining several sections of
deck material together resulting in seams in the deck. To the extent
that these seams are not comp]etely vapor tight, they become a. source of
1oss. General]y the same loss mechanisms discussed for deck fittings
may apply to deck seams. ® ‘ ‘

Emissions from internal floating roof tanks can be estimated from
the fo]lowing equationsez' (Note that these equatians apply only to
freely vented interné] floating roof tanks. )

here. Ly = L, * L. s Ly | (3-7)
‘ LT = the total 1gss (Mg/yr)
" N_F
L, = &943)00 L <5< )1/2208 | -

where D = tank diameter (ft)
= number of columns (dimensionless)
effective column diameter‘(ft); 1.0 assumed

Ne

c
' ®x
r = the rim seal 1oss (Mg/yr) = (KrD) P "v Kc/2205

-~ -
[ !

x
f = the fitting loss (Mg/yr) = (Ff) P Mv Kc/2205

-
[

*x
d = the deck seam Joss (Mg/yr) = (fd Kd D2) p Mv KC/2205
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Seal system description ‘ Kr (1b mote/ft yr)
Vapor-mounted primary seal only 6.7
Liquid-mounted primary seal only 3.0
Vapor-mounted pPrimary sea) plus

secondary sea) 2.5
Liquid-mounted Primary seal plus :
secondary segal ‘ 1.6

"D = the tank diameter (ft)

*x
P = the vYapor pressuyre function (dimension]ess)
x

P =0.068 P/((1+ (1 - 0.068 P)0-5)2)
P = the true Vapor pressure of the material stored (psia)

Mv = the average molecuylar weight of the product vapor

(1b/1bmole). A typical value for VOL liquids is
80 1b/1bmole. ;

Py
I

¢ = the product factor (dimensionﬂess) =1.0 fdr VoL
2205 = constant (1b/Mg)

11
|

s = the total deck fitting loss factor (1bmole/yr)

n
2 (Ne Ko )=[(N, K )+ (N
=1 3 °f; 171 f

1]

Ke S+l v N, K )]
2 T’ fo Th

where:

NfT.= number of fittings of a particular type
(dimensionless). Nf is determined for the
i

specific tank or estimated from Tables 3-5
and 3-6 -

Kfi = deck fitting loss factor for 3 particular type
fitting (]bmole/yr). Kf is determined for each

j .
fitting type from Table 3-6

N = number of different types of fittings (dimensiqnless)
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Table 3-5, TYPICAL NUMBER OF COLUMNS AS A
FUNCTION OF TANK DIAMETERS®

Tank diameter range

Typical number

D (ft) columns, Nc

0<D< g5 1
85 < D < 100 ' 6
100 < p < 120 7
120 < D < 135 8
135 < D < 150 9
150 < D < 170 16
170 < p < 190 19
190 < p < 220 22
220 < D < 235 31
235 < D < 270 37
270 < D < 275 43
275 < D < 290 49
290 < D < 330 61
330 < D < 360 71
360 < D < 400 81

Note: Thisg table was

columns i

cations,
table sho

on actual tank data.

N a particular ta
depending on

derived from a survey of
users and manufacturers.

The actual number of
nk may vary greatly

age, roof style, Toading specifi-

and manufacturing pPerogatives. This.
uld not Supersede information based
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Table 3-6. SUMMARY OF DEgck FITTING Lo
TYPICAL NUMBER GF FITTINGS (Nf)6

SS FACTORS (Kf) AND

Deck fitting type (1bmole/y;) (Nf)
1. Access Hatch 1
a. Bolted cover, gasketed 1.6
b. Unboilteq cover, gasketed 11
C. Unbolted cover, ungasketed 25
2. Automatic Gauge Float wWel) 1
a. Bolted cover, gasketed 5.1
b. Unbolted cover, gasketed 15
€. Unbolted cover, ungasketed . 28
3. Column Well (see Table 3-5)
a. Built-up‘co]umn-sliding Cover, . ‘
gasketed ' ‘ 33
b. Built-up co]umn-sliding cover,
ungasketed 47
C. Pipe column-flexible fabric
sleeve saa] ‘ 10
d. Pipe column-s]iding cover,
gasketed 19
e. Pipe column-s]iding cover, .
ungasketed ‘ 32
4. Ladder Wel} 1
a. Sliding cover, gasketed 56
b. Sliding cover, ungasketed 76
5. Roof Leg or Hanger wel + 0, _Qf)**
a. Adjustable < 7.9 10 " 600
Fixed 0
6. Sample Pipe or welj . 1
a. Slotted pipe-s]iding cover,
‘ gasketed 44
b. Slotted pipe-s]iding cover,
ungasketed 57
€. Sample well-s1it fabric seal,
10% cpen area 12
D2 xx
7. Stub Orain*, 1-inch diameter 1.2 (Iﬁg)
8. Vacuum Breaker 1
a. Weighted mechanical actuation, ,
 gasketed 0.7
b. Weighted mechanical actuation,
ungasketed o ‘ 0.9
* Not used on welded, contact interna)l floating decks.
** D = tank diameter (ft). ,
3-33
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factor, K

Typical number
of fittings,
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Fq = the deck seam length factor (ft/ft2)

0.15, for a deck constructed from continuous metal sheets
with a 7 ft spacing beiween seams

0.33, for a deck constructed from rectangular panels 5 ft
by 7.5 ft _ - ‘

0.20, an approximate value for use when no construction
details are known

Kd = the deck seam loss factor (lbmole/ft yr)
= 0.34 for non-welded roofs
= 0 for welded decks

3.3 BASELINE CONTROL AND EMISSIONS ESTIMATES

The baseline control level is set by state regulations that affect
VOL storage vessels. The contro] requirements are set forth in the
State implementatica plané (SIP). A typical sIp requires tanks with
Capacities greater than 40,000 gallons (2150 m3) storing material with
Vapor pressures greater than 1.5 psia (=10.5 kPa), but less than ll‘psia

(z76.6 kPa), to have a floating roof. For this group of tanks, baseline

control is assumed to be the noncontact interna] floating roof with a
vapor-mounted primary seal, because it is the least costly means of

complying with the SIPs. A typical SIP requires tanks with Capacities
‘greater than 40,000 gallons (=150 m3) storing liguids wi

ith vapor Pressures
greater than 11 psia (=76.6 kPa) to either have vapor recovery systems

or to be constructed as high pressure vesse]s.

Therefore,'vapor recovery
is assumed to be the baseline control for this group of tanks. ‘

Texas contains an estimated 35 percent of the total national voL
tank population and has an atypical SIP. Texas requires tanks with
capacities greater than 25,000 galions (595‘m3) storing VOL with a vapor
Pressure greater than 0.5 psia (=23.5 kPa)lbut Tess than 11 psia (=276.6 kPa)

3-34
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(=150 m3) ang storing VOL with vVapor pressures between 1.5 and 11 psia

to have a floating roof, Tanks with Capacities greater than 25,000 gallons
(295 m3) storing VOL with vapor pressures greater than 11 psia (276 kPa)
must have g3 vapor recovery system. Texas contains Quch a significant
portion of the tank population thqt this difference in cutoff size must

be considered‘in the baseline control Jeve. ‘Therefore, in addition to

(210.5 and 76.6 kPa), it is assumed that 35 pefcent of the tanks with
Capacities between 25,000 gallons and 40,000 gallons (295 m3 to 150 m3)
storing VOL with vapor pressuyres between 0.5 psia and 11.5 P..a (3.5 to
76 kPa) will pe constructed with noncontact internal floating roofs with

It is further assumed that 35 percent of the tanké that have capacities
between 25,000 gallons and 40,000 gallons (=95 p3 and 150 m3) storing
VOL with vapor pressyres greater than 11 psia (276.6 kPa), will be
Constructed with vapor recovery systems or stored in pressure vessels.

This is in addition to the vapor recovery systems or pressure vessels
for all tanks greater than 40,000yga1]0ns (2150 m3) ang storing VOL with
vapor pressures exceeding 11 psia (76.6 kPa).

The remaining 65 percent of the tanks that have capacities between. [
25,000 gallons (=25 @3) and 40,006 gallons (2150 m3) ang storing materials f
with vapor pressures between 0.5 and 1.5 psia (23.5 and 10.5 kPa) are |
assumed to pe uncontrolied, fixed-rcof tanks. It ig assumed that every ‘!
tank smaller than 25,000 gallons (=95 m3) and every tank storing material o
with a vapor Pressure less than 0.5 psia (z3.5 kPa) will be constructed
as an‘uncontrolled, fixed-roqf tank. - Figure 3-11 summarizes the baseline
contro! assumptions,

Séction 3.1 and the baseline contro} levels. This estimate éssumes that
Currently existing or developing state regulations are fully implemented
on the 1977 tank population. . Included in‘this emissions tota] are an
estimated 34,0C) Mg/yr of voc emitted'from fixed roof tanks and an
estimated 3,800 Mg/yr of VOC from floating roof tanks. The 37,800 Mg/yr
emissions tota] is broken down among the three vapor-pressure/tank-size
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' ’ Emissions
. Mmwar of tamks
r Y fixed roof ° 0
Floeting roof 2,786 3,000
Total 2,786 3,000
1.5
Emissions
Musber of tanks
Fixed roof 1,871 13,100
Floating roof 1,007 _"“sop
Total 2,878 13,900
1.0}
i
0.5
Emissions
Number o7 tanks K
Fixed rog? 21,876 20, %00
Floating reor Q
Total 21,87¢ 20, 900
0 1 1 i 1
20 25 20 35 i}
TANK YOLUME  {10% gai1oms)
Figure 3-12. Baseline emissions totals (mg/yr; 1977 tank population)

and numbers of tanks
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4. CONTROL TECHNIQUES

of volatile organic compounds (VOC) from the storage of volutile organic
liquids (VoL). It should be recognized that the emission sources in

_ this industry are'“un-traditionai“ in the sense'that they do not have

exhaust streams that normally are contral |ed by add-
Consequently, the evaluation o1 control‘techniques is not a straight
process of‘identification, testing and‘direct'comparison of a serijes of

add-on devices, ' Rather, it is the comparison of a]ternétive tank types

used to store VOL: fixeq roof tanks, internal'f]oating roof tanks, and

externa] fToating roof tanks. Ip addition, optional equipment designs

exist within each major tank type (e.g. sea] design, roof fabrication

fittings closure). FEach tank type ang equipment option has jts own

associated emissions rate. Ip effect, there is a spectrum of equipment

options, with a corresponding spectrum of emission rates. The cantro}
techniques to pbe evaluated are these alternative storage vesse] equipment

The major equipment options that affect emissions from the storage
of VoL include:

®  the tank type: fixed roof, internal f]oating roof, or external
floating roof- ’

. the floating roof deck type: welded or bolted (pertinent to
interna)l floating roof tanks only):

——— s e
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] the types of deck fi;ting:: controlled or uncontrclled (pertinens

. to interna) floating roof tanks only);
® the floating roof seal system: Primary seals only or Primary
and secondary seals (pertinent to internal angd externa) floating
roof tanks): ang
() the use gr add-on vapor control tecn-iques: incinerators,
adsorbers, or refrigerated Condensers (pertinent to fixed roof
tanks only).

Considering the optional types of equipment that can be used to
store VOL, a hierarchy of equipment alternatives can be developed based
on emission rate. This hierarchy. in order of decreasing emission
rates, is listed in Table 4-1. The type§ of storage vessel equipment

fixed roof tanks, and external floating =opof tanks with iiquid-mounted
Primary and secondary seals (Options 1, 3-7, and 9 in Table 4-1). For

the mest part, the relationship also holds true over the range of conditionsg
(e.g. vapor Pressure, number of turnovers, etc.) commorily found in the
industry for the vasor recovery or contro) and for the externai floating
roof tank, vapor-mounted prirary and Secondary sea) (Options 2 and 8 in
Table 4-1). The ranking of these two options, however, does vary with

the tank size and the vapor Pressure o¢ the Material storeq. To illustrate
the relative emission rates of the equipment options, the total emission
rates for each option for 4 range of tank sizes (100 to 10,000 m?) has |
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Table 4-3. HIERARCHY OF EQUIPMENT Types BASED ON EMISSIONS RATE®

Control v Abbreviated
Option Equipment description , notation
1 Fixed roof tank (baselinej ’ Fixed roof tank
Zb External flcating roof tank, vapor-mounted ‘ EFRvm ss
pPrimary and‘secondary seals ‘ i
3 Interna) floating roof tank, bolted construc- bIFRvm

tion (centact Or noncontact), vapor-mounted
Primary seaj only, with uncontrolled deck

fittings
4 Interna)l floating roof tank, bolteqd construc- ‘ bIFle
tion (contact Or noncontact), 1j uid-mounted
primary seal only, with uncontroiled deck
' fitlings
5 Interna) floating roof tank, bolted constryc- bIFle of
tion (contact or noncontact), liquid~mounted !
primary seal only, with controlled deck
fittings
6 Interna) floating roof tank, bolted construc- bIFR

tion (contact Or noncontact), liquid-mounted
primary and secondary seals, with controlled
deck fittings

7 Internal floating roof tank, welded construc- wIFle cf . ss
tion (stee) pan or FRp deck), liquid-mounted ‘ v
Primary and secondary seals, with controlled

deck fittings

8 Fixed roof tank with thermal‘oxidation, ‘ Vapor recovery
carbon adsorption or refrigerated condenser or control
21d- on vapor recovery equipment ‘ ‘

9 Externa) floating roof tank, dack types are EFR

we lded construction, 1j uid-mounted rimar ‘ jm,ss
and secondar seals, controlied deck fittings
are not applicable ‘

Im,cf,ss

aListed ir order of decreasing emission rates; Control Option 1

possessing the largest emission rate and Contro} Option 9 Possessing
the smallest emission rate.

°The rank based on emissions rate for this option varjes depending on

the specific Parameters (e.g., number of turnovers, tank size) of
-he tank being considered,

4-3
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been calculated and plotted in Figures 4-1 and 4-2. Figures 4-1 ang 4-2
are for tanks with 50 and 10 turnovers per year, respectively. The
Plotted emission rates are for a stored VOL with a vapor pressure (in

liquid and condensed vapor Phase) of 34.5 kpa (5 psia). ($ee Figures 4-1
and 4-2.)

Apart from the intrinsic emission-affecting characteristics of each
tank type and equipment option, the emission rate from all storage
vessel types is affected by the .vapor pressure of the material stored
and the frequency of tank turnivers. The impact of the vapor pressure

— and the turnover rate on the emission rate, however, varies among. the

three major tank types: Consequent]y, the hierarchy of eqqipment-types,

or the relative emission rates of the various equipment types,. can be
aifected by these variahles. Comparison of Figures 4-1 ang 442‘i11ustrates
the effects of turnovers. The tank‘scenarios, for whicn emission rates

are plotted, are identical in these figures 2xcept for the turnover

o rate. Figure 4-1 jis for tanks experiencing 50 turnovers Per year and

| Figure 4-2 s for tanks experigncfng 10 turnovers Per year. It can be

recovery or control systemé;‘conversely, the turnover rate has véry
little effect on internal and external floating roof tank emission
rates: consequently, the higher the turrover rate, the larger the
difference between fixed roof and floating roof tank emission rates.

~ The rank or re]ative'effectiveness of fixed roof tanks equiﬁped with ‘
vapor recovery or controlydevicés is'adversely affected by an increase
in the turnover rate (i.e., the relative effectiveness as a control
technique decreases).

emission rates from both fixeq and floating roof tanks increase. However,
the vapor Pressure functions in the equations used to estimate losses
: ‘ from fixed and floating roof tanks differ, and, therefore, the percent
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increase in fixed roof tank emissions for a similar increment in vapor

. Pressure. (Note that this trend may reverse above 8.5 psia depending on

between fixed and floating roof tank emission rates. This is opposite
to the effect of the turnover rate. Within the range of conditions
commonly found in VOL storage vessels, however, neither the effect of
the vapor pressure nor the turnover rate changes the rank of the fixed:
roof: tank and floating roof tank equipment options. '
Because the emissian rate from all types of tanks is affected by a
number of tank variables (i.e., vapor pressure, tank size, turnovers,
the nature of\the VOL), & single hode] tank is used as a common basis
for evaluating effectiveness. The model tank has the following
characteristics:
o tank diameter - 9.1 m (30 ft);
tank height - 9.1 m (30 ft);
tank capaczity - 606 m3 (160,000 gallons); ,
vapor pressure of the V0L stored - 6.9 kPa (1 psia);
density of VOL stored - 7.4 1b/gallon;
molecular weight of the product vapor - 80 1b/1bmole; and

turnover rate - 50 per year. ‘

The emissions associated with the model tank under each equipment‘
option have been estimated with the equations presented in Chapter 3 and
listed for Comparison in Table 4-2. The significance of these emission
estimates are discussed in the fo]1owﬁn§ sactions.

4.2 FIXED ROOF TANKS S
A fixed roof tank is the minimum acceptabie equipment currently

employed for the storage of VOL. The discussion of contro] techniques,
therefore, will relate the effectiveness of alternative storage equipment

" types to the effectiveness of fixed roof tanks. Working and breathing

losses normally incurred from the storage of VOL in fixed roof tanks can
be reduced in any of the following ways: ‘ -
(1) by the installation of an internal fliating roof with rim
- seals; :

A A 4., B ) et a——
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. (2) by the construction of an external floating roof tank with

liquid~mounted primary and secondary seals in lieu of a fixed
roof tanc; and ‘

(3) by the installation ang use of a vapor recovery system (e.g.,
carbor, adsorption or refrigerated condensation) or a vapor
control system (e.g., incineration).

This 1ist defines only the major types of control techniques applicable

to the storage of VoL, Optional equipment designs that influence the
effectiveness ofp minimizing VoL emissions exist within each major type
of control technique. The following sections discuss the relative
effectiveness of these equipmeht options.

4.3 INTERNAL FLOATING ROOF TANKS ‘ A

~ Internal floating roof tanks with rim seal Systems emit less VOC
per unit of Storagg than fixed roof tanks. In new and replacement tank
situations, internal floating roof tanks can be constructed in liey of
fixed roof tanks. In this sense they are a control technology for fixed
roof tanks. Internal floating roofs aiso can be used directly as a
control device for existing fixed roof tanks. This requires minor
modifications to the tank sheli (e.g., cutting roof vents).

Depending on the type of roof and seal system selected, an internal
floating roof in the model fixed roof tank will reduce the emission rate
by 93.4 to 97.3 percent. An interna] floating roof, regardless of
design, reduces the area of exposed liquid surface in the tank. Reducing
the area of exposed liquid surface, in turn, decreases the evaporative
losses. The largest emissions reduction avajlable from the control

liquid surface and the atmosphere. A17 internal floating roofs share
this design benefit. The relatijve effectiveness of one internal floating
roof design over another, therefore, is a function of how well the
floating roof can be sealed. - :

From an emissions standpoint, the most basic internal floating roof
design is the noicontact, bolted, aluminum, internal floating roof with
a single vapor-mounted wiper seal. Ag discussed in Section 3.2.4.3,
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loss from the model tank are as follows:

(1) rim or sea) losses; 32%
(2) fitting losses; 51%
(3) deck seam losses; and 10%
(4) withdrawal losses. T%

With the exception of withdfawa] losses, which are inherent in all
internal floating rcof designs, the losses listed above can pe reduced
by employing roofs with alternative design features. Table 4-3 1ists

alternative floating roof €quipment designs and the model tank emission
rate associated with each type of equipment. Table 4-3 is calculated

roofs. The discussion is arranged according to the major emissions
categories. ‘ ‘
4.3.1 Controls for Fitting Losses

Same purpose. Table 4-4 lists the fitting types that are pertinent to ‘ ‘
emissions and an abbreviated‘description of the equipment that is considered
to be representative of "uncontrolleg® fittings and “controlled" fittings.

. Certain fitting types are not amenable to control. These are not listed

in Table 4-4. Section 3.2.3 provides a more detailed description of the
various fitting types and the "contro) techniques"” that can be applied.

The effectiveness of fitting “controls" at reducing‘the overall
emission rate is a function of the number of fittings of each type that
are employed on 3 given tank. 0Qp the model tank, which is representative
of a typical medium sized tahk, fitting "controls" reduce the total

4-10
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Table 4-3
FLOATING ROOF TANKS ¢

CFFECTIVENESS of INTERNAL AND EXTERNAL 1
OMPARED TO A FIXED ROOF TANK FOR THE MODEL TaNKk

Internal or external floating
roof tank

Fixed roof tank Case Equipment typez rate (Mg/yr)

Total emissiog

Reduction over
fixed roof tank
emission rate

Total emission rate 1 bIFRvm 0.408
6.22 Mg/yr
(Working loss = 5.34) 2 bIFRv f 0. 308
(Breathing loss = 0.88) m, :
‘ 3 bIFRvm,cf,ss 0.228‘
4 bIFRIm 0.338.
5 bIFR1mgcf 0.238
6 bIFR]m,cf,ss - 0.211
7 wIFRIm,cf,ss 0.171
P
‘8 EFRvm . 4.62
4
9 EFRvm,ss 1.55
4 .
10 EI-'R.“n 0.24
4
11 EFR]m,ss 0.064
4 .
12 EFR"ls 0.76
4
13 EFRms,ss 0.068

93.4%
95. 0%
| 96. 3%
94.6%
96. 2%
96. 6%
97.3%
25.7%
75.1%
96.1% f
99.0% ?
87.8% j
98.9% o

1Mo§e1 tank is 160,000 gallone capacity; 30 feet in diameter, 3¢ feet in

height, 1 psia Vapor pressure, g9 b/

Nomenclatyre explanation -

subscript cf indicates controlied fittings as described in

Sum of seal loss, fitting loss, deck loss and working loss from Table 4-2.
External floating roofs are 211 welded construction and do not incur

4-11
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bIFR - The subscript b or w indicates a
bolted or welded roof deck; IFRVTnSfcéies an internal floating roof type; EFR
indicates an external f]oating roof tank type; the subscript vm, Im, or ms
indicates a Vapor-mounted, 1iquid-mounted or metallic shoe Primary seal; the

fittings: the

1bmole molecular weight of Product and




. Table 4-4, "CONTROLLED™" AND "UNCONTROL LEp
INTERNAL FLOATING RooF DECK FITTINGS

. .
Egu1gment descr1gt1nns ‘
Deck fittihg type Uncontrol]ed Controljed
1. Access hatech Unbo]ted, ungasketed—cover*; Bo]ted, gasketed cover
. _ Or unbolted, gasketed

cover
2. Automatic gauge Unbo]ted, Ungasketed Coverx, Bolted, gasketed cover
float wel) or unbolt d, gasketed
. Cover '
3. Column wel] Built-yp column-s]iding Pipe column-flexiple
cover, Ungasketed* . fabric sleeve sea]

built-yp co]umn-s]iding
Cover, gasketed

pipe co]umn-sliding Cover,
Ungasketed; op

pipe column-s]iding Cover,

gasketed
4. Ladder wel] Ungasketed sliding cover* Gasketed s]fding Cover
o 5. Sample pipe or Slotted pipe-sliding Cover, Sample wei] with s]it
: wel) : U'Ngasketed; or fabric seal, 10% open
slotted pipe-sTiding Cover, area*
gasketed . ‘
6. Vacuum breaker Weighted mechanica) | Weighted mechanical
actuation, ungasketed* actuation, gasketed

- 4-12
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fitting loss by about 48 percent. Since fitting losses are about 51 perrent
of the total interna) floating roof tank 1oss (i.e., for an‘IFRvm case), |
the fitting "controls" reduce the overall interna] floating roof tank
emission rate by about 25 percent ovér the IFRvm without fitting controls.
The additiona) emission reduction obtained by controlling fitting emissions
increases the control efficiency of the IFR from 93.4 percent to

95.0 percent over a fixed roof tank as the base case.

4.3.2 Controls for Seal Losses

Internal floating roof seal losses can be minimized in either of
two ways or their combination:

(1) by employing liquid-mounted primary seals instead of vapor-mounted

seals; ‘

(2) by employing secondary wiber seals in addition to primary

seals. o |

A1l seal systems should be designed, installed and maintained to
minimize the gap between the seals and the tank shell. The test data
discussed in Appendix ¢ support the general conclusion that seal losses
increase rapidly when the seal 8ap exceeds 63.5 square centimeters per
meter of tank diameter (3 in2/ft djameter). Below this levei, the
effect of sea) 9ap on seal loss is much less proncunced.

The effectiveness of alternate internal floating roof seal systems
can be evaluated through inspection of the rim seal loss factors (Kr)
that have been developed based gn test data (summarized in Appendix C)
for estimating losses for various seal systems. These factors are
listed in Table 4-5. (Note these factors are for seals with average
gaps.) Also listed in Table 4-5 are control efficiency and incremental
control efficiency estimates. The conirol efficiency estimates (column 3
in Table 4-5) indicate the effectiveness of the various seal systems at
reducing émissions over the level achijeved by a vapor-mounted primary
seal. (Note that the vapor-mounted primary seal is assumed‘to be the
baseline controgl Tevel to provide a common basis of comparison.) The

the 2ffectiveness of each seal system relative to the next less stringent

seal system (i.e., the next higher‘emitting seal system). These
efficiencies are calculated directly from the Kr values.

4-13
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Table 4-5, INTERNAL FLOATING ROOF RIM SEAL SYSTEMS
SEAL LOSS FACTORS AND CONTRNL EFFICIENCIES

Seal system

Seal loss control
K efficiency related
(1b-mol£/ft-yr) to baseline

Incremental
control efficiency

Vapor-mounted
Primary seal only

Liquid-mounted
Primary seal only

‘Vapor-mounted
Primary and
secondary seals

Liquid-mounted
primary and
Seconadary sealsg

6.7 IFR baseline (0%)

3.0 55%
2.5 ' 63%
1.6 } 76%

55%

17%

36%

4-14
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Application of a quuid-mounted Primary and secondacy seal systenm
in place of @ vapor-mountegq Primary sea) would reduce seal losses an
estimated 76 percent. ¢p the mode 1 tank, where these sea] lossas represant
roughly One-third of the total 1gsg from the tank (i.e., bIFRvm case),

~this 76% reduction in seal losses transiateg to a 24% reduction ip the

total loss frop the floating roof tank. Relative to fixed roof tank
emissions, the additiona] control provided by the liquid-mounted pPrimary
and secondary sea] System over the Vapor-mounted Primary seaj system

increases the effectiveness of the internal f]oating roof from 95 ¢ percent.

to 96.2 Percent. (see Case 2 vs. Case 5 jp Table 4-3.)

The currently available emissions test data Suggest that the location
of the sea) (i.e., vapor- or quuid-mounted) and the Presence of 4
secondary sea) are the pfimary factors affecting seal losses. A Tliquid- '
mounted Primary ses) hes a lower emissions rate and thys a higher control
efficiency, than a vapor-mcunted seal, A'secondary seal, be it jin
COnjunction with a liquid- or a vapor-mounted Primary seal, provideg an

© additiona} level of conirol. The emission test data (addressed in

Appendi x C) and the corresponding equations forp estimating emissiong
(presenteq in Chapter 3) indicate that the type of sea) employed (i.e.,
resilient type seal, 1iquid-fi1led seal, etc.) Plays a less significant
rcle in determining the emissions rate. The type of seal is'important
only.to the extent that the seal must pe suitable for the Particular
application to which it jg applied. For instance, a b]ade-type,

|

‘ e]astomeric, wiper sea) is comﬁon1y employed as 3 vapor-mounted‘primary

seal or as 3 s2condary seal for an internal floating roof. Because of
its shape apgd materials of construction, this seal may not Le suitable
for use as , liquid-mounted primary sea]. Resilient foam-fited tube

point to be made here, however, js that the sea) type has a small impact
on seal losses relative tg the impact of the location of the seal and

the presence of a secondary seal, - Aopendix ¢ addresses the test data
pertinent to this conclusion. '
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4.3.3 Deck Seam Losses

(i.e., bIerm)’ deck seam losses are 10% of the tota) loss. When seal
losses and fitting losses are controlled, the relative contributior to
toe total loss from deck seams increases. In the case of 3 bolted,
nancontact, internal floating roof w:th liquid-mounted primary seals,
Controlled deck fitting losses, and setondary seals (bIFle,cf,ss)'
Jeck seam losses contribute about 20 percent of the total loss. .

Deck seam 1 sses are inherent in severa] flcating reof types. Any
roof constructed of sheets or panels fastened by mechanical fasteners
(bolted) is expected to expefience deck seam losses. Two roof types
were testec to determine deck seam losses (see Apperdix C). The first
was a bolted,'aiuninum, noncontact roof and the second was a bolted,
aluminum Panel-tyie, contact roof. The design of the mechanical fasteners
- employed on these two roof tyoes varies significantly. In addition,
one roo’ type floats above the liguid surface while the othe~ floats in
~contact with the liquid surface. Despite thece differences, the seams
on these two rodf types were found to emit at roughly the same rate per
noter of seam. Deck seam losses, tﬁerefore, are considered to pe a -
runction of tte length of the seams only and not the type of the seam or
its position relative to the liquid surface. J

The cntrel for deck seém losses is achieved by selection of a roof
type with vapor-tight Jdeck seams. The‘welded deck seams on stee1’pén
roufs are vapor tight. Also, it is Tikely that the fiuerg]éss lapped
seams of a glass fiper rc nforced polyester roof (FRP) are vapor tight
as 1ang as the rermeability of +he liquid through the seam lapping
materials ;s negligible. Some manufacturers provide gaskets for bolted
metal deck seams. Deck seam gasiets é]so May retard deck seam losscs by
providing an additional barrier to diffusion and other possible yezk
seam 1oss‘mech=nisns. The permeabi]fty of the liquid through the gasketing
material also would be a factur, 'No test data are available to evaluate
the effects of gaskets on deck seam Tosses.




Selection of a welded roof rather than a bolted roof will eliminate
deck seam losses. The elimination of deck seam losses improves the
overall effectiveness relative to a fixed roof tank of an internal

floating roof with liquid-mounted Primary seals, secondary seals and
controlled fittirg losses from a 96.6 to 97.3 percent control efficiency
- (see Case 6 vs. Case 7 ip Table 4-3).

4.4 EXTERNAL FLOATING ROOF TANKS ‘
External tloating roof tanks emit less VOC per unit of storage !
capacity than fixed roof tanks. Depending on the rim seal system employed,

they also can emit less VOC per unit of storage capacity than interna)
floating roof tanks. In the sense that externa) floating roof taﬁks may
be used in Place of fixed or floating roof tanks in new or replacement
tank situations; they represent a control technology for the storage of
voL. : '

N e e e

welded steel. This accounts for the absence of deck seam losses.
Further, because of the roof design, few if any deck penetrations are
necessary to‘accommodate fittings. »

Penetrations in an external floating roof tank generally are needed
‘on]y for some types of antirotatfon guides and emergency liquid drains.
These fitting types are not employed on all external f]bating roofs.

No e.ission test data, however, are available to verify this assumption.’
Rim seal losses and withdrawal losses thaf are similar in nature to
those experienced by internal floating roof tanks, do occur with external
floating roof tanks. The only difference in this respect between exterhal
floating roofs and internal floating roofs is that the external floating
roof seal losses are be]ieveq to be dominated by‘wind induced mechanisms.1
Withdrawil losses in external floating roof taﬁks, as vith internal
floating roof tanks, are entirely a function of the turnover rate and

i
1




Rim seal Josses from external floating roof tanks vary depending on
the type of sea) system employed. As with interna) floating roof rim
seal systems, the Tocation of the seal (i.e., vapor- or‘liquid-mounted)
is the most important factor affecting the effectiveness of resilient

seals for externa) floating roof tanks. Liquid-mounted seals are more
effective than vapor-mounted seals at reducing rim seal losses. Metallic
shoe seals, which commonly are employed on only externa] floating roof
tanks, are more effective than vapor-mounted resilient sea]s but less
effective than liquid-mounted resilient seals. |

The relztive effectiveness of the various types of seals can be
evalgated by analyzing the seal factors (Ks factor and vinq veiocity
éxponent, N) contained in Table 3-4 of the Previous chapter. These sea)
factors were developed on the basis of emission tests conducted on a
pilot scale tank. The results of the emission tes.s are published in an
American Petrojeum Institute bu]letin.3 To compare the relative
effectiveness of the alternate seal systems, the seal factors were used
with an assumed wind velocity (10 MPH) to generate directly tomparable
emission factors. These factors, which Fave meaning only in comparison

In addition, the table contains control efficiéncies (re]atiye to the

least effective seal system) and incrementaj control efficiencies (relative
to the next higher emitting seal system) calculated directly from the
emission factors. From the information in Table 4-o, it is clear that
vapor-mounted Primary seals on external floating roof tanks are’
significantly less effective than liquid-mounted or ﬁeta]lic shoe brimary
seals, Further, secondary seals provide an additional measure of control.

losses (see Case 10 vs, Case 5 in Table»4-3). An external floating roof

4-18
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Table 4-6.

EXTERNAL FLOATING RUOF IANK ,
SEAL SYSTEM CONTROL EFFICIENCIES '

Seal system description

Emissiogs

Incremental seal

loss contro
efficiency

4

Vapor-mounted resilient
primary seal only

Vapor-mounted resilient
primarv seal and
secondary seal

Metallic shoe primary
seal oniy

Metallic shoe primafy
seal with a shoe-
mounted wiper seal

Liquid-mounted resiljent
primary seal only

Metallic shoe primary
seal with rim-mounted
secondary seal

Liquid-mounted resilient
Primary seal with rim-
mounted secondary seal

Seal loss
factor N contro)
KS (10) efficiency

239 FFR assumed

baseline seal

technology

80 66X
38 84%
13 95%
11 - 95%
2.0 © 99%
1.8 99%

66%

53%

66%

Negligible
difference

82%

Negligible

difference

IFor well designed seal systems with "average" gaps between the seal and

the tank shell. Calculated from the KS and N values listed in

Table 3-4.

bR*‘m seal loss control efficiency relative to the least effective sea]

alternative.

Rim seal loss control} efficiency relative to the next less effective

seal alternative.
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level of control achievable with the floating roof tank technology. A

An external floating roof tank with liquid-mounted primary and secondary
sedls exceeds this controj level and achieves anp estimated 99.0 percent

materiaj stored). The external f]oating roof with Tiquid-mounteq primary
and secondary seals, however, remains the Rost effectijve floating roof
tank.technology from an emissions reduction standpoint.‘ It must be
recognized that this conclusion, as with all the canclusions in this
chapter about the relative effectiveness of f]oating roof designs, is

4.5 VAPOR CONTROL OR RECOVERY SYSTEMS ON FIXED ROOF TANKS
Losses from fixed roof tanks can be reduced by co]iecting the

buildup in the tank, then activates blowers to coliect ang transfer the
vapors through a closed vent system. A redundant tlower system js
Provided in thig service to ensure that no vebors will be released to
the atmosphere in the event of a Primary blower malfunction, The closed

To prevent flasihbacks from the control ¢quipment,, the vapors in the

closed vent system from the tank Mmay be saturated above the upper explosive
limit ia a saturator. QOthar safety Precautions also are exercised such

4-20,



Precautions einployed vary widely depending on the design of individual
Systems and the bperating Preference of individual companies.
4.5.1 Carbon Adsor tion ’ ‘

Although there ig little commercia) operating experience for VoL
applicationg of carbon adsorotion, Carbon adsorption for recovéry of
other organic vapors nas been demonstrated, and the application of this
technology to voL recovery shoylq not be difficu]t.4 The general Principle
of adsorption is described below to facilitate the descriptior, of a

airstream is referred to as the adsorbate. The VOC Vapor is adsorbed by
4 physical Process at the surface of the adsorbent. The proposed voc
carbon adsorption unit consists of a minimum of two carbon beds plus a
regeneration system. Two op more beds are Necessary tgo ensure that

is performed by pullfng a high vacuum On the carbon peq. The voc vapor
desorbed by this Process i condensed and' returned tq storage.

Thermal ang catalytic oxidizers have been used Successfully to
dispose of VOC vapors in other industries. Thermal oxidation ijs the
most direct means of vQ(C vapor disposal, uses the fewest moving barts
and is the simplest to operate. The Vapor mixture jis injected via a
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burner manifolqg into the combustion area of the incinerator. Pilot
burners provide the ignition source, and supp]ementa]ly fueled burners
add heat when requiréd. The amount of combustion aijr néeded is regulateq
by temperatuve-controlled dampers, Figure 4-4 shows a typical thermal
oxidation unit. }

upper explosive limit, In addition, two watér seal flame arrestors can
be used to ensure that f]asﬁbacks do not Propagate from the burner to
the rest of the closed vent system. As Jentioned, safety practices and
equipment vary widely depending .on system design and the Cperating
preference of individual companies. A significantvadvantage of thefma]
oxidizers is that they can dispose of a wide range of VOLs. Fuel
consumption and catalyst repacement are’the major cost factors in
considering thermal and catalytic oxidation.

4.5.3 Refrigerated Vent Condensers

A refrigerated vent condenser collects the VOL vapors exiting
through the vents and condenses them. The vents open and close as the
pressure within the tank increaseé and decreases. Pressure changes -
occur when the tank is being filled or emptied, or when the temperature
changes. Condensers are designed to handle the maximum flow rate expected
at any given time, which usually occurs during filling. Freezing of
moisture or VOL is handled by a defrost-separation-recovery systen. The
efficiency of vent condensers depends bpon the vapor concentration and
the condensing temperature. \

4.5.4 Contro] Efficiencies of Vapor Recovery or Control Systems

The carbon adsorption vapor control system is estfmated to reduce
emissions from the VOL storage vesse] by approximatgly 98 percent.  This
efficiency is based on a measured carbon adsorptiqn unit efficiency of
98 percent during gasoline loading operations.5

The therma) oxidation vaper control system is estimated to reduce

9€ percent during a wide variety of operations.6’7 At very low flow

rates, or at low vOC inlet concentrations, somewhat less than 98 percent
of the VOC vapors leaving the storage vessel may be incinerated.
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Figure 4-4, Thermal oxidation um’t.4
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5. MODIFIéATIONS AND RECONSTRUCTION

After the new source oerformance standards (NSPS) have been promulgated
in accordanca with Section 1717 of the Clean Air Act, as amended, al} ,
affected ficilities will inclode those facilities constru-ted, modified, g
Or reconstructeq after the date 4f Promulgation. The NSPS could also
apply to an existing facility as defined in 49 CFR 60. 2. An existing
féciiity would become an affected facility if ¢ were determined to be
modified or reconstructed. This chapter describes the conditions under
which an existing facility would become subject to the standards of
performance. The enforcement division of the appropriate EPA regional

5.1 PROVISIONS FoR MODIFICATIONS AND RECONSTRUCTION
5.1.1 Definition of Modification

It is important,that these provisions pe understood before,considering

éxamples of potentiai modifications. Section 60.14 defines modification
as follows:

"Except as Provided under Paragraphs (e) and (f) of this
section, any Physical or operational change to an existing
facility which results in an increase in the emissign rate to
the atmosphere of any pollutant to which a standard applies
shall pe considered a3 modification within the meaning of

Section 111 of the Act. Upon modification, an existing facility
shall become an affected facility for each pollutant to which

4 standard applies and for which there is an increase in the
emission rate to the atmosphere.

Paragraph (e) lists certain physical or operational changes that
are not considered modifications, regardless of any changes in the
emission rates. These changes are:

YT ST




that alternate fuel or raw materiaj, éxcept for conversion to
coal required for energy consideration,

5.  The addition or yse of any system or device whose primary
- function s the i~eduction of ‘air pollutants, except when an
emission control system is removed Gr replaced by a system
considered to be less efficient.

6. The relocation or change in ownership of an existing facility,

inc]uding the use of emission factors, materijal balances, continuous
mdnitoring systems, and manual emission tests. Paragraph (c) affirms

performance. Paragraph (f) simply provides for Superseding any
conflicting provisions.

components exceeds 50 percent of the fixed capital cost that
would be required tp construct a comparable entirely new
facility, he shall notify the Administrator of the proposed
replacements. The notice Must be postmarked 60 days (or as

oper:. .or from continuously replacing an Operating Process, except for
support structu.es, frames, housing, etc. in an attempt to avoid
- compli-nce with NSPS.
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5.2 APPLICABiLITY TO VOLATILE ORGANIC

LIQUID STORAGE

This section outlines the applicability of the modification provisions
to existing plants and describes the app?icabi]ity of reconstruction to

this industev. This is only a gereral

Case-by-case basis. '
5.2.1 Modification Examples

Few, if any, modifications can be

made to g storage vesse], Because

replacement of frame, housings, and supporting structures would not
increase émissions from a storage vessel, such 4 replacement would not
constitute a modification. For the purposes of applicability of these
CAA pfovisions to a storage vessel, a change in the stored liguid from a
reactivé voC non-ehitting liquid to a reactive VOC emitting liquid does

not constitute an operational change; t
identical for a3 liquids. A change of
constitute a modification.

5.2.2 Reconstruction Examples

The reconstruction provision of th
straightforward in that, regardless of
facility may become an affected faciiit
hew components exceeds 50 percent of th
entirely new facility. 1t is expected
circumstances (e.g., total destruction
explosion, collapse of an externa] floa
roof) would a facility be affected by t
Because associated structures (frémes,
tank, replacement of such a structure w

he vesse] operation would be
liquids, therefore, does not

e regulation js relatively

the VO emission rate, an existing

y if the fixed capital cost of

e fixed capital cost of a3 comparable,
that only under catastrophic

of the storage vesse] by fire or
ting roof or collapse of a fixed

he NSPS reconstruction provision.
housing, etc.) are not part of a
otld not constitute 4 reconstruction.
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6. REGULATORY ALTERNATIVES AND MCDEL PLANTS

This chapter defines control options that are to be evaiuated as
regulatory alternatives in deveioping standards of performance for the
storage of volatile organic Tiquids (voL). The technologies that constitute
the control options are applicable to specific storage vessel types. 7
regulatory alternative refers to a potential requirement that a particular

, control technology or an array of technologies (a control option) be

applied to al) new, modified, and reconstructed storage vessels. In
evaluating the economic impacts of the regulatory a]ternatiwes, mode]
plants are employed. PBoth the regulatory alternatives and the mode]
plants are Presented in this chapter.

6.1 REGULATORY ALTERNATIVES

for vo[ starage vessels focuses on the impacts and Ccosts of épplying
control opticns to specific tank types. Discussions of this nethodelogy
and the sejection of BDT are containeq in the preamble. The nationwide

as regulatory alternatives. They are:

1. Potentia) emission reduction;

2. Cost;‘and

3. Applicability.
In Chapter 4 the potential control technologies that may reasonably
Constitute BDT are identified. Table 4-2 Presents the potentia] emission
reduction obtained Oy various equipment types on varijous emission sources,




T e s

and Table 4-3 presents the ewission reduction obtained over a fixed roof

tank baseline. In Chapter 8, Tables 8-20 through 8-24 present the
individual tank cost effectiveness analysis of potentia) contro)
technologies for BOT. '
To analyze the impacts of regulatory alternatives, the emissjons _
from the baseline (no additional Federal regulation) must be calculated. 5-“

emissions and Costs of subsequent regulatory alternatives are analyzed
relative to the baseline data.

to be ccastructed in certain size and vapor pressure ranges. Because

BDT could ihvolve irternal floating roof tanks, it was decided to examine -

the impacts of requiring that fixed roof tanks be constructed as internal

floating roof‘tanks.‘ As the tables in Chapter 4 deuonstrate, building '

required by the NSPS for petroleum liquid storage vessels. fhis equipment

. (internpa) floating roof, vapor-mounted Primary seal, and uncontrolled

Interna) floating roof tanks have four emission sources. These

1. Rim seal losses;

2. Fitting losses;

3. Deck seam losses; and _ ’

4, Working losses. ‘ ‘ ‘ | -

6-2



Alternative 1] would require each tank to be equipped with an internal
floating roof with a liquidjnounted pPrimary sea) but would allow

uncontrolled fittings. This alternative would reduce fixed roof tank
emissions by 95 percent.

reduction from the fittings on interna) floating roof tanks. ‘To examine
the impacts of this eﬁuipuent. Regulatory Alternative III is formulated
by requiring that the internal floating roof be equipped with a liquid
mounted pfinary seal and controlled fittings. This alternative would

emission sources of the interna) floating roof with the exception of
working losses and' deck seams have been controlled. There are no equipment
controls for working losses, so no regulatory alternative to examine the
impacts of controlling these losses could be developed. In examining
controls for deck Seams, the information presented in Tables 8-21 and 8-22

| . demonstrates that it is more cost effective to require a further emission

reduction from the rim seal area than from deck seams. To examine this,
Regulatory Alternative IV was formulated by requiring that an internal

floating roof be equipped with a liquid-mounted primary seal and a
secondary seal and with control]ed‘fittings.. This group of control

‘technologies reduces the fixed roof tank emissions by about 97 percent.

Regulatory Alternative v requires that deck seam emissions be
reduced through the use of welded decks in addition to the equipment
required by Alternative Iv. This array of equipment reduces fixed roof
tank emissions by about 97 percent. _

At this point fn the development of regulatory alternatives alllof
the emissions sources from interna] floating roof tanks'have been‘reduced
to the greatest possible extent. Therefore, other control options that
do not involve interna] floating roofs were examined.

Tanks could be equipped with vapor contro) recovery §ystems. Such
a system would be expected to provide about 95 percent emission re&uction.

This system is not as efficient‘as the control equipment required by

Regulatory Alternatives IV and V and is much more costly. Thebefore,

e et i e e




Externa) floating roof tanks with Tiquid-mounted or mechanica)
shoes pPrimary seals and a'secondary seal were examined a4s a possible
regulatory'alternative. External floating roof tanks are only available
insize ranges that are generally‘larger*than the size range of most voL

In summary, the regulatory alternatives would require that each

vessel storing a VOL be equipped with the control technology described
as follows:

() Regulatory Alternative g - no additional control over baseline.

* Regulatory Alternative I — an internal floating roof with a

vapor-mounted pPrimary seal (IFRV.).

® Regulatory Alternative I - an internpal floating roof with o

Tiqud-mounted prl-ary seal (IFR, ).

] Regulatory Alternative III - an internal floating roof with a
liquid-mounted pPrimary seal and controlled deck fittings
,(IFR].’Cf). ‘

) Regulatory Alternative Iv - an interna) floating roof with a
Tiquid-mounted primary seal controlleq deck fittings, and a

continuous secondary sea) (IFR.'"cf ss).

° Regulatory Alternative v - a welded internallfloating roof
with a liquid-nounted primary seal, controled deck fittings
and a continuoys secondary sea) (VIFR

ln,cf,ss)‘
6.2 MODEL PLANTS

plants descrlbed in this chapter are used to evaluate potential adverse
economic impacts on individual Plants. (The economic impact analyses
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adverse economic impact upon sma’] facilities, small plants or facilities
are selected as worse-case examples. The model plants consist of a

. model terminal and a mode} producer/consumer. These model plants are
based on actua) facilities that have barameters suitable for use in the
economic impact analysis,

6.2.1 Model Terminal :

The model termina) data are presented in Table 6-1. Thése data are
formatted to facilitate comparison with the naiionwid:\VOL storage
terminal statistics Presented in Chapter 3 (see Table 3-3); The.model
has roughly as nany vessels as the dverage terminal. However, for the
most part, tne vessels in the mode) terminal are smaller in size than
the vessels in the average‘terminal. In general, small vessels are more

teriinal is smalj. Because of this, the additional costs that resylt
from the implementation of regulatory alternatives are higher on a
‘per-volune-throughput basis.‘ Finally, as a general rule, any small
tusiness faces higher costs of capital than a large corporation. ‘It is

would, therefore, face these higher costs of capital.
6.2.2 Model Producer/Consumer

The model producer/consumer represents a smaljl chemical manufacturing
facility, It is assumed that a small facility is. 1ikely to be more

of controls. ‘

The model Producer/consumer data are presented in Table 6-2. The
mode ] faéi!ity Produces fewer than 4.54 x.10® kilograms per year (107 pounds
per year) of a prdduct that sells for $0.35 per kilogram ($0.16 per
pound). Both the production Capacity and product price for the model
Producer/consumer are smaller than the average capacity and price for
organic chemicals estimated from the Organic Chemical Producters Data
Base (seg Chapter 9).

6-5
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Table 6-1. MODEL TERMINAL

| Yolume of largest tank

Terminal capacity 14,000 m® (3.6 x 106 gal)
Number of tanks - 48 ‘

3.8 m® (21,000 gal)

Volume of smallest tank
Average tank volume = 300 m3 (=80 x 102 gal)
= 2,300 m® (=600 x 103 gal)

Average number of annual
turnovers per tank - 2.9

Terminal througkput

39,000 m® (=10,000 x 103 gal)

Table 6-2. MODEL PRODUCER/CONSUMER

Average tank volume

Plant production capacity - <4.5 x 10® kg/year

(<107 /yr) T
Plant tank capacity - 2,000 m® (530 x 103 ga)
Number of tanks -1

190 m® (250 x 10% gal)
330 n3 (=88 x 10° gal)
Volume of smallest tank - 14 w3 (24,000 gal)

Volume of largest tank




7. ENVIRONMENTAL IMPACTS

7.1 INTRODUCTION

This chapter discusses the fifth-year environmental impacts of each
regulatory alternative Presented in Chapter 6. The fifth-year impacts
, are the impacts that would be incurreq by the new, modified; aﬁd
' reconstructed facilities constructed during the five years following

implementation of the regulatory alternatives.
base year of 1933 is assumed (i.e.
in force starting in 1983).

ihc1ude:

In these anaiyses, a
, the regulatary alternatives would be .
The nationwide impacts that are evaluated

° air pollution impacts;
. water pollution impacts;
‘e enefgy impacts; and
° other environmentai concerns.
~ The nationwide impacts are developed from the number of affected
facilities (i.e., vaL storage vessels) projected to be constructed ‘
durihg the five years following the baseline dite. Chapter 9 explains
the derivation of a bivariate distribution, by tank si
pPressure of the VOL stored, of the numbers of affected facilities that
are projected to be constructed between 1983 and 1938. The potential
environmental impacts of the regulatory alternatijves are estimated with

7.2 AIR POLLUTION IMPACTS

Adoption of any of the regulatory alternatives will reduce voC

emissions in the years following the imp]eméntatiqn.‘ The magnitude




Predicting emissions from the various VOL storage vessel equipment types

(presented in Section 3.2). An average emission rate for tanks in each

tank size/vapor pressure interval in the distribution is calculated by
using the average capacity of the interval, the average vapor pressure
of‘the interval, and the average number of tank turnovers for the tank '
size range. The emissions per tank in the interval are then multiplied

by the number of tanks in the tank size/vapor Pressure interval. The
total emissions rate for a given regulatory alternative is determined by
summing across the tank size/vapor pressure intervals. This procedure

is repeated for the baseline contro] level and each regulatory alternative.

respectively, associated with each regulatory alternative. The emission

‘values in the tables are in megagrams per year, reflecting the annual

projected to be, constructed during the five years following the baseline

date (1983-1988). Each table provides estimates for ten alternate tank
size/vapor pressure cutoff lévels. For example, row. two oF“Table 7-1

by the regulation is 75 m3 (20,000 gallons) and the minimum vapor pressure

affected by the regulation is 3.5 kPa (0.5 p3ia). A projected 3,749 tanks
will be constructed in the five years following 1983 that are above

7-2

e e e

e e U

e
A e

ey o



B et et g A

o g e e

LRI meesen ke e g e

, S . .
’ R

‘ ‘ SR Py
"(€°€ uopysag sas) Sujaseq paxiw yuey joou pax(j pue s>=u~a‘a

'SdALjeudal e A40%e [ nBay 3Yyy Aq pajoayje aq u_:ox‘.ugouosocu ‘pue
BL4a1442 50300 anIdadsau ayy 1990 qey) S13ss3A abeuogs P2312nu3suodag Pue ‘patjipow ‘may 40 Jaqunu ayj o

(S LE6 090°1 9EP'T 29L'1 29.°1 - 829°'T S S'T/00 € 01/181

818 (v0'1 E6T'T 1091 196°T 019G 8ET‘2 - 0°1/0¢ 6°9/161

6€6 - ST oog'tr (S0°1 112 4 ov2‘e S¥6°2 $°0/0¢ S €/181

68L - zz6 660°'T S6Y‘T-  ze8°1 2L0°2 92L't S 1/0€ E°0L/¥T1

(88 g6go‘y oge't €L9't 90‘2 €66°'s 822 -0°1/0¢ 6°9/¢11 -

586 102't vSE'T 81 1 244 589°6 L91°f S'0/0¢ S E/PTT N

568 “940'T 1121 0£9°'T 2€0°2 ~ 0962 £20'2 S'1/02 €°01/5¢ -

166 S02°t (SE°T 172: 3 SE 77 1 600°¢ 9892 - 0°1/02 6°9/6¢ -

0tI‘1 EEE'T 86b°‘T §90°2 - -z05'z <v8°'01 evL'e . §'0/02 S'€/S¢L

v0'2 B0E‘2 0vs°2 659°'¢ o'y | VA K74 980°9t " 0/0 0/0

A M ol - pll 51 q°Ut1asey ~WNWNWth”u n_mq«_ma 0001 ‘ugx\ns

. ] 30 Jdaquny e ] N

- . (14A/By) ajjeudady |y >uou~_=ao¢ Yyoey uoy suoissqwy adnssauy dodep/azys yuej

13487 43030y

i mm>~h<zruha< AYOLYINGIY IHL Wou4 INLLINSIY SNOISSINI YVIA-HLALY ‘1 9lqey

, . : e e et e —
. s e il s o BN e e e P

N T T




A S e e

et g e ey e s -

e g . T M s

c e oL — e T T U ————

- *(€°¢ uogyoag 995) 3u||aseq paxiw Juey joou paxij pue s>xu~n

. Saaljeudarie Auoje|nBou ayy Aq pa3dajse aq PLhom ‘au0jaua3yy .u:m
BLIBYLAD Jj03nD 3ALydadsau 9y} 93w jey) s|3ssaA abeuoys P331on43suodad pue ‘pajyipow *mau 40 Jaqunu ay, e

QUUO‘-U’

S00°T 528 - 20L 9%2e o0 -0 829°1 S 1/0t €°0T/1S1
29L'y €95 22’y 600'y 6V9°E 0 ) 8E1'2 - © o 0°'1/08 - 6°9/1ST.
10¢e‘s ~  880's 0v6'L €8s 260°L 0 - §¥6°2 5°0/0b S €/1ST
] €82°1 00T't €6 L5 0ve c 92L'1 , S°1/0¢ €°01/¥11
901°S v06‘t €9L"t 02E‘¥ Lv6'e 0 1822 0°'t/0e 6°9/¢11 -
00,°8 vob's 1€€‘8 v8*L ovv's - | 91'e - S°0/0¢ ~ STEMTT ~
520'2 988°1 6bL‘T 062°1 826 0 L20'2 ©S'1/02 €°01/5¢L
2109 v08°g 259's BET'S  9gL‘y 0 9892 - 0'T/02 6°9/5¢
SEL'6 - 21S'6 - (bE'6 08L‘s Eve's 0 8vL'E $'0/02 S'€/SL
vZT°0Z  €98°6T  TE9'6T  2I§'ST 668°L1 0 98097 0/0 - . 0/0 \
gh M oI11 plI o1 q?UHose8 eSpiatLi2ed. wisd/ies goor Bq1/gu
‘ 40 Jaquny
_ (44/Bn) : ; 3.nssasd uodep/azys yue)
3ALIeUdRdl Y Adoje|nbay yoe3z Aq pauyeiqp uoL3onpay suoyssiw] , 19A97 yjy03n)

SIALLYNY¥ILTY AYOLYINOIY IHL WOY4 INILINSIY SNOILONGIY SNOISSIWI HVIA-HLJI4 C-L dqey - - )

) Ll - T T e ST T TR M e e -




A WA o e

e o

. compliance with the requirem

major inspections and/or repai
degassed. The concern is that

Cleaning and degassing general)

1. Removing residual product

2. Lossening rust scale,
removing debris;

3. Washing the tank with high pressure wa

4. Rinsing the tank with water, .

. The residua] product const
nature of the voL stored in

Y involves the,fol]owing stepslz
with a vacuum truck;

1f present, with high pressure water and

ter and detergents; and

itutes a waste that, depe'nding on the
the tank, may have to pe disposed of with

Act' (RCRA). The washwater,

terior of the vessel for 3 sufficient
pPeriod tg evaporate al] residual product.

involves no wastewater gr hazardouys solid w
emissions do resyijt. ‘

This‘technique generally
aste disposal. However, ajr

atory alternatives. On the average,

about a 10-year cycle.
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7.4 ENERGY IMPACT

do not increase the power Or other energy requirements of the VoL storage
vessels, ‘Therefore, No energy impacts are attributable’to the regulatory
alternatives. ' '

7.5 OTHER ENVIRONMENTAL CONCERNS
7.5.1 Irreversible and Irretrievable Commitment of Resources -

future control'options nor would they-curtai] any beneficial use of the
environment. No long-term environmenta) lbsses would result from the
regulatory a!terﬁatives. _ o ' |
7.5.2 Environmental Impact of Delayed Standards

The only environmental impact associated with a délay in Proposing
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8. CosT ANALYSIS

floating roof tanks ang vapor contro] equipment ) that are considered in
Chapter 6 but that are not selected ag regulatory a]ternatives. In

combinations, the aggregate cost impa-ts from applying the regulatory
alternatives to the modei Plants are estimated. Sections 8.3 through 8.4
present estimates of the capita] costs, anntilized costs, and cost
effectivéﬁess for model terminal ang model Producer/consumer facilities.
Model plants are discussed in detai] in Chapter g. ‘
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insurance. The total annualized cost, excluding product recovery Credits,
attributable to each regulatory alternative is estimated by adding
opérating costs to the annualized capita) cost. The total annualized
cost, inciuding product‘recovery credits, is estimated by subtracting

the value of the recovered Product from the annualized costs. Cost
‘effectiveness js the total annualized cost divided by the emission

8.1 CAPITAL COsSTS , ,

The capital costs for the regulatory alternatives are based on cost
‘estimates obtained from industry vendors and EPA reports.1’2’3 Venders,
‘were contacted and asked to provide estimates of the costs to construct
fixed roof tanks, external floating roof tanks, and secondary seals, as
well as the cost to install interna} floating roofs in fixed roof ‘tanks.
(See Tables 8-1, 8-2, 8-3, and 8-4.) Interna) floatfng‘roof cost data
are based on 3 fourth-quarter 1982 Survey of equipment manufacturer's
‘prices. Other cost estimates are based on data collected in a similar
manner in late 1979 and early 1980. These estimates have been scaled
based on Chemica] Engineering general cost indexes4 to reflect second-

quarter 1982 dollar estimates. A1l capital costs are at leas: equivalent

to study estimates (*30 percent accuracy).

The capital cost of an internal floating rocf depends mainly upon
the liquid surface area. Therefore, the capital costs for these devices
are given only as a function of the tank diameter, which is directly
related to surface area. . The cost of a fixed roof tank, however, is 3

function of the volume Capacity of the tank*. Tank and' roof costs
x

Tank capacity (v) " Tank height (H) Tank diameter (p)
in cubic meters in meters in meters
0-45 - g 2.62
46-9] 5.25 D = (¥
92-307 : ‘ 7.87 n
308-1,136 ; 10.5
1,137-11,590 13.1
>11,590 15.7
8-2
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Table 8-1. ESTIMATED,INSTALLEDSCQPITAL cosT
CF A FIXED ROOF TANK™
(second-quarter 1982 dollars)

Tank | ‘ ‘ ) Tank : JTagkb
volume, diameter, cost™’
(m3) (m) (s)
75 43 ‘ 13,300
150 o 4.9 | 19,300
250 6.4 26,700
500 7.8 | 39,800
1,000 11.c | 59,400 -
5,000 22.0 ' 150,400
10,000 o 31.2 - - 224,300

aEstimated from the equation: (ost (%$1000) = 0.883 V0'577;
where, V = tank volume in cubic meters; with correlation
coefficient 2 >0.99. This equation yi¢ids first-quarter
1980 cost estimates that were scaleg by a factor of 1.25 to
reflect second-quarter 1982 prices.”

bExc]uding the cost of the foundation, land, etc. that are
not affected by the regulatory alternatives. '
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Table 8-3. ESTIMATED INSTALLED COST OF A WELDED SONTACT INTERNAL
‘ FLOATING ROOF WITH SECONDARY SEALS
(fourth-quarter 1982 dollars)

_Tank | Roofa
diameter \ cost
(m) ' ‘ (%)
s \ ‘ 15,900
10 A . 30,000
.15 | : | - 44,000
20 | , 58,100
5 - 72,100
30 S | 86,100

%The basic .cost of the roof and primary seal is-estimated from the
equation: cost ($1000) = 1.91 + 2.54D; where D equals the tank diameter

. 1n meters with the correlation coefficient r2 = (. gg3 The additional

cost of a secondary seal is estimated based on the factor, $85 per linear
. meter of circumference. The secondary seal cost is the average price of
13 seals from 8 different vendors.

8-5
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| Table 8-4. ESTIMATED INSTALLED CAPITAL cosT 567 5
OF EXTERNAL FLOATING ROOF TANKS WITH SECONDARY SgA(sS:6,
(second-quarter 1982 dollars) ‘
I}
Tank Tank ‘ Tan§ b
volume, diameter, , ‘ cost®’ ’
(m3) (m) : ($) !
75 4.3 | | 22,100 f "
150 4.9 | " 32,300 } "
250 64 42,300 P
500 ‘ 7.8 61,900
1,000 | 11.0 | . 89,900
5,000 22,0 . 218,000
10,000 | , 31.2 319,000

aCost of tank 2stimated from the equation: Cost ($1000) = 1.54 V0‘552;
where. Vv = tank volume in cybic meters; with the correlation coefficient
r2 = 0.9g. This equation yields first-quarter 1980 cost estimates that
were scaled by. 3 1.25 factor to reflect second-quarter 1982 dollars,

bThe additional cost of the secondarg seal ijs estimated to pe $85 per
Tinear meter of roof Circumference. '
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slotted sample Pipe ($100 to $300)
not expected to significantly increase operating costs of internal

are not related to the vapor- pressure of the material stored in the
range of products potehtia]]y affected by a voL storage regulation (i.e.
<11 psia). For each type of eqdipment (i.e., internal floating roof,
fixed roof tank, etc.) an equétion of predicted capital costs was derived
from the available data (vendor quotes). These equations are useﬁ in
all subsequent cost analyses, _ '

Table 8-1 Presents costs for fixed Eoof‘tanks. These are installed

' capital costs including the cost of materia]s; trénsportation. labor,

testing, and other vendor-incurred costs associated with erection of the
tank. The estimates assume that a suitable location and foundation are

Iand,'providing utilities to the site, and a concrete foundation. Such
Custs are fixed and constant 1rrespectivé of possible regulations fb}
VOL storage vessels. Since they do not affect the regulaﬁory decisions,
they are not considered in the cost analysis,

Tebie 8-2 presents installed cost estimates for internal floating
reofs with successively more stringent (i.e. iower emitting ) alternative

equipment. As discussed in Chapter 4, noncontact roofs are constructed

-of primarily aluminum materials. The basic roof costed in the table‘is

equipped with a single, vapor-mounteu, wiper type, deck perimeter seal
(primary seal). The next Costed alternative is a liquid-mounted, resilient
tube, Primary seal in place of the vapor-mounted wiper type seal. The
third\a]ternative includes ¢he liquid-mounted primary seal, but adds

" "controls" to certain deck fittings. Deck fittings and the "controis

for deck fittings are described in Chapter 3 and Chapter 4, respectively.
Briefly, “controls" for deck fittings are gaskets for covers, sleeve
seals for support columns and the yse of a sample well with a split
fabric seal in Place of a slotted sample pipe. The installation and use
of "controlied"” fittings has a negligible effect on ‘the cost of the
floating roof. The smal) additional cost of gaskets and seals (~$200)
is offset by the savfngs from installing a sample well instead of a

.8 Also, "controlled" fittings are

floating roofs. The final alternative costed in Table £-2 combines al)}
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' the prétedingAalternatives. It includes 2 liquid-mounted primary seal,

"controlleg® deck fittings and a wiper type secondéry deck perimeter
seal (secondary seal).

internal f]oating roofs (stee] Pan) with secondary seals, The primary
seal included in these cost estimates is 2 metallic shoe seal, a liquid-
mounted reSiJient tube seal, or 3 wiper type seal. Vendor quotes for
steel pan roofs with ~ach of these sea] types were correlated to produce
an “average" or “typical" roof cost function (see Table 8-3). The roof
is constructed of steel. Larger roof sizes include auxiliary pontoon
flotation. |

Table 8-4 Presents estimates of the installed capital cost of
external floatiig roof tanks. It js important to realize that these
Costs include the tank shell in addition to the roof. The‘cost of

cost (Table 8-1) for equivalent tank sizes. The tanks coSted in Table 8-4
include primary and secondary seal costs. The Primary seals are either
liquid-mounted or vVapor-mounted resilient tube seals. For external
floating roof tanks, the lTocation of the Primary seal (i.e.'vapor- or
liquid-mounted) does not significant]y affect the roof cost.

from the estimates contained in Tables 8-1 through 8-4. The comparison
of contro} alternative Costs, however, myst be made for tanks of equivalent
diametey or volume. Care Mmust also be taken to ensire that comparisons
are made between equivalent types of equipment , i.e., roof cogt versus
roof cost or tank cost versus tank cost. ‘ '
Tables 8-5 through 8-13 Present the costs of applying Reguiatory

' Alternatives I-V, the external floating roof control options, ahd the

vapor control alternatives to the model terminal and the mode?
Producer/consumer facilities. The model plants are diécussed in Chapter &
and described in Appendix D. Although the model plants contain a'number
of tanks (terminal, 48 tanks; producer/consumer, 11 tanks), the regulatory
alternatives affect only fraction of the respective tank Populations.
The majority of tanks are exenpted on the basis of size and vapor
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Table 8-5. COST oF REGULATORY ALTERNATIVE j*
‘ (fourth-quarter 1982 dollars)

‘ Model
Model producer/
. Cost Parameters terminal . consumer
Capital €os¢ 56,000 15,800
Annualized Capital charges : 6;580 1,860
Annual taxes, insurance and
administration ‘ 2,240 630
Operating costs . ,
Maintenance L 2,800 790
Inspection ‘ 560 160
Total annualized cost without
product recovery credits . + 12,180 3,440
Total annualized cost with
product recovery credits
@ $460/Mg , 7,530 ) 2,090
Cost éffectiveness in dollars per .
megagram VOC emssions reduction : 744 ‘ 714

*Noncontact internal floating roof with a vapor-mounted Primary seal.

b
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8-6. COST OF REGULATORY ALTERNATIVE II*
(fourth-quarter 1982 dollars) !

?

 Mode
Mode] producer/
Cost parameters terminal consumer
Capital cost 56,600 16,000
Annualized cabital charges 6,670 1,890
Annual taxes, insurance and
administration ‘ 2,260 640
Operating costs |
Maintenance 2,830 800
Inspection - ' : 570 ' 160
Total annua]izéd cost without ,
Product recovery credits 12,330 3,490
Total annualized cost with ' '
product recovery credits
€ $460/M3 : 7,480 1,610
Cost effectiveness in dollars per ‘ ,
- Wegagram of VOC emissions reduction 710 395

*Noncontact internal

floating roof with a 'liquid-mountad primary seal.
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Téble 8-7. COST oF REGULATORY ALTERNATIVE
(fourth-quarter 1982 dollars)

Mode]
‘ ‘ Mode1 producer/
Cost parameters : ‘ terminal consumer
Capital cost 56,600 16,000
Annualized capital charges | 6,670 1,890
Annual taxes, insurance and
administration 2,260 640
- Operating cests
Maintenance '_ | 2,830 800
Inspection - L 570 160
Total annua]ized Cost without
pProduct recovery creditg 12,330 3,490
Total annualized cost with
Product recovery credits ‘
@ $460/Mg ‘ 7,190 533
Cost effectivaness in dollars per Co
megagram o/ vQC emissions reduction . 644

87

*Noncontact internal
gasketed dack fittings.

floating roof with liauid-mounteq Primary seal ang

For N .
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; Table 8-8. COST OF REGULATORY ALTERNATIVE Ivx
f \ ‘ (fourth-quarter 1982 do]]ars)
4 , Mode1
t Model producer/
s Cost parameters , terminal consumer
!
| Capital cost 71,830 23,210
f Annualized capital charges ' 9,130 | 3,050
Annual taxes, insurance and
administration v . 2,870 930
Operating costs
Maintenance ‘ 3,590 1,160
Inspectibn ' - ‘720 239
i | Total annualized cost without ‘
! product recovery credits , 16,310 5,370
§? Total annualized cost with
: product recovery credits ,
. @ $460/Mg B , 11,010 2,230
v Cost;effectiveness in dollars per
4 megagram of VQC emissions reduction 957 ’ 326
4 ‘
&
5

Bt N P

- secondary seal and gasketed deck fittings.
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Table 8-9.

COST of REGULATORY ALTERNATIVE
(fourth-quarter 1982 dollars)

<

x

‘ Mode1
Mode1 Frocucer/
Cost Parameters terminal consumer
' Capital cost 184,800 90,800
Annualized capital charge; 22,400 11,000
'Annual taxes, insurance and -
administration , ' . 7,390 3,630
Operating costs
Maintenance | " 9,240 4,540
Inspection o | ‘ 1,850 ' 910
Total annualized cost without
' product recovery credits , 40,880 20,080
Total annualized cost with
pProduct recovery credits
@ $46G/Mg ; 35,500 16,770
Cost effectiveness in dollars per '
megagram of vQoC emissions reductin 3,040 2,330

*We lded contact internaj floating roof with ]iquib-

Secondary seal ang gasketed deck fittings.

8-13
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Table 8-10. cosT OF EX
PRIMARY SEA

TERNAL FLOATING
L AND SECONDARY

ROOF TANKS WITH
SEAL

(second-quarter 1982 dollars)

, ~ Model
, Model producer/

Cost*parameters terminal consumer
Capital cost 156,920° 47,2108
Annualized capital charges 18,420 © 5,300
_Annual taxes, insurance and

administration 6,040 1,890
Operating Costs

Maintenance 7,550 2,360

Inébection 1,500 470
Total annualized cost without ,

product recovery credits 33,510 10,620
Total annualized cost with

product recovery credit;

@ $460/Mg b b
Cost 2ffectiveness in dollars per

megagram of vOC emissions reduction b b

aCosts above the baseline control cost.
External floating roofs ¢

b

————————— e

8-14

T e oy e L

..........
'

Bl e et e manit e ear

e e e



At . et

Table 8-1],

COST oF EXTERNAL FLOATIN
LIQUID-MOUNTED PRIMARY SEAL AND

(second-quarter 1982 dollars)

G ROOF TANKS wITH
SECONDARY SEAL

Model
Mocel producer,
., Cost parameters terminal ' consumer
Capital cost 150,920* 47,210%
Annualized Capital charges 18,420 ' 5,900
' Annual taxes, insurance and '
administration 6,040 1,890
Operating costs |
Maintenance 7,550 2,360
Inspection . 1,500 470
Total annualized cost without , «
product recovery credits 33,510 10,620
Total adnua]ized cost with
product recovery creditg ;
e $460/Mg 29,350 10,400
Cost efféctiveness in dollars per‘ .
ton of voC emissions reduction 3,250 21,990

*Costs above the baseline control cost.

8-15
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Table 6-12. cgsy OF VAPOR CONTROL BY INCINERATION TECHNIQUES
(second-quarter 1982 dollars) ,

‘ » ' L WP O R i e g T
hﬁ.ma«nmmw N N R T TR A I O - SN

Model
: ' Model producer/
Cost Parameters terminal consumer
Capital cost | 631,000%:P 1631,0002:P
Annualized capita] charges 114,000 114,000
Annuai taxes, insurance and ‘
administration ' 4,100 4,100
Operating costs
Maintenance 31,600 , 31,600
Labor 27,200 27,200
Energy ‘ ' 4,900 " 4,900
Total annualized cost without :
‘ productyrecovery credits 181,800 181,800
Total annualized cost with: '
product recovery credits ' .
@ $460/Mg ‘ c , . c
Cost effectiﬁeness in dallars per ‘
megagram of vVOC emissions reduction 15,500 ‘ 20,700

ICost estimates assume one incineration unit and saturator per facility

Based on a first-quarter 19§0 estimate scaled by a 1.25 factor to reflect
second-quarterv1982 Prices. :

cBecause there are no réecovery credits, the cost is equal to the total
annualized cost without product recovery credits.

8-16
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Table 8-13. COST OF vAPQOR RECOVERY BY CARBON ADSORPTION TECHNIQUES
‘ (second-quarter 1982 dollars) - ‘ '
' )

Mode1
, Mode} ‘ producer/
Cost parameters , terminal ‘ consumer
Capital cost | 631,000%°P 631,0002+2
Annualized capital charges 114,000 : 114,000
Annual taxes, insurance and
Administration 4,100 4,100
Operating costs
Ma{ntenance‘ ‘ 31,600 31,600
Labor 45,000 - 45,000
Energy 60,000 \ 60,000
Total annualized cost without |
product recovery credits ‘ 255,000 255,000
Total annualized cost with
product recovery credits
@ $460/Mg 249,600 250,970
Cost effectiveness in dollars per ‘ | -
meégagrams of VOC emissions reduction 21,280 - 28,650

aAssumes on: unit per facility sized for 0.142 standard3m3/s of saturated
vapor diluted to 25% LE| for a total of 8.0 standard m7/s.

bBased on a first-quarter 1980 estimgte scaled by a factor of 1.25 to
reflect second-quarter 1982 pPrices. :

- ;/
&




Pressure. Four tanks {2 fixed roof and 2 floating roof tanks) are
affected by the regul-tory alternatives in the model producer/consumer
Plants. The model terminal has five affected tanks (4 fixed roof angd

1 floating roof tank). The-e tanks can be identified by inspection of
Appendix D with an understanding of the baseline contro] level described

costs, land costs or other costs that are not affected by the regulatory

The cost of 'a vapor control system is a function of the vapor flow
rate to the system. This flow rate is'cbntrolled by the rate at which
liquids are Pumped into the tank and not by tank diameter or volume. No

(0.142 standarq m3/s). Because of the large size of the vapor control
systems, it is assumed that only one system is needed for each mode]
facility. However, because of product compatibility or operating problems

assuming the usefy] equipment Tifetimes listed in Table 8-14. In estimating
the annualized capital cost for the equipment, it ig assumed the capita)
is borrowed at a 10 percent real interest rate. Based on the estimated

- equipment lifetimes and the assumed interest rate, annualized capital

T e

e



Table 8-14. LIFETIMES OF CONTROL

———— e T

EQUIPMENT‘
Capital
Recovegy
Device Lifetime (yrs) Factor

Tank and floating rsof 20 0.11746

Secondary ‘seals ‘ 10 Q.16275

Carbon adsorber ' 10 0.16275

Thermal oxidizer ' ' 10 0.16275

aCapital recovery factor determined by the equation:

' ORE =01+ )Y+ ) - g,
where i = the annual interest rate and
N = the equipment lifetime.
Table 8-15. (CoOST ANNUALIZING ASSUMPTIONS
Item ' Charge

Tax, insurance.‘and administration
Maintenance

Inspecfioh

Interest rate

Labor

Natural gas

Electricity

Energy other than natural gas or e]ectricity

4% of capital cost
5% of capital cost
X of capital cost
10x

$16/hr

'$3.00/10° §
$0.04/kwWh
$2.50/109 4




8.3 ANNUALIZED COsTS

(5 percent) are based on operating experience of the Hydroscience Company.9
In respect to vapor control systems, utility expenses are estimated

" using electricity costs of $0.04 per ki]owatt-hour, natural gas costs of

a flame ionization hydrocarbon detector at $4,500, for a flow measnrement
device at $2,500, and for bott]ed gas to operate the flame ionization
detector at‘$2,625 per year. ' These monitoring costs were annualized for
a charge of $3,750 per year, Additionally, it is assumed that 500 hours
of operating Jabor at $16 per hour will be required to operate and
maintain the emission monitoring system.

by accounting for the value of any récovered product. The recovered
Product was costed based on a weighted average product valye of roughly

' 100'synthetic organic chemicals. A price of $450/megagram represents

the weighted average product value (1978 average scaled to 1982 dollars
with a factor of 1.55 based on the Chemicail Engineering Journail Industrial
Chemical Producgr's Price Index). The amount of recovered product was
assumed equal to the emissions difference between the baseline emissions
and each regulatory alternative, except for thermal oxidation. Because
the thermal oxidation unit destroys VOC vapor:,, no recovery credits were
assumed. |

8;4 COST EFFECTIVENESS
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recovered product that would be lost under the baseline conditions. The
cost effectiveness values presented in Table 8-5 through 8-13 are in
units of dollars per megagram of VOC determined by dividing the total
annualized cost by the emission reduction achjeved by a regulatory
alternative or control technigue. |

8.5 COST OF OTHER FEDERAL REGULATIONS ’
There are a wide variety of Federal statutes that affect the
manufacture and storage of volatile organic liquids. Tapie 8-16 1ists
12 Federal statutes that control human and environmenta) exposure to ‘
toxic chemica]s.10 The same statutes will aiso apply to volatje organic
lfquids {VoLs). Regulatory action required by these statutes controls
the chemicals in products and wastes, ambient ang occupational environments,
chemical ideniification,~chemical sources, and the handling, discharge,'
and ultimate disposal of chemicals. These regulations will cause an
outlay of capita)l by the chemical manufacturing industry. Total spending
for‘pollution control by the chemical industry in 1979 was expected to
be $639 million. 11 Costs to specific segments of the industry, however,
are difficult to distinguish on the basis of published data. The costs
of the proposed regulations are difficult to estimate because of the
lack of available information regarding the content of the final
regulations. This séction summarizes the available data on costs imposed
upon the chemical hanufacturing and storage industries by Federal" ,
regulations and discusses the, impact of these costs on their operations.
Regulatory statutes that apply to manufacturers and users of VOLs
~are listed in Table 8-17. This 1ist includes the statutes from Table 8-16,"
in addition to several others, and briefly describes the provisions,
requirements, ang regulatory concerns of eéch statute.12 The last
column lists and describes the approximate costs of the statutes. 1Ip
some cases, this column is blank because relevant cost data could not be

Table 8-17 does show that thése costs are Considerable. Other indirect
costs, such as the “abandonment” of new chemicals, and decreases ip

b )
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Table 8-16. FEDERAL LAWS REGULATING TOXIC CHEMICALS

Title

Toxic Substance Control Act of 197

Food, Drug, and Cosmetic‘Act, as amended
in 1976

Occupational Safety and Health Act of 1980
‘Consumer Product Safety Act of 1970

Marine Protection; Research and Sanctuaries
Act of 1972 ‘

FederéT Pesticide Act of 1978
Clean Aijr Act, as am:nded in 1977

Federai water Follution Control Act,
amended as Clean Water Act of 1977

Séfe Drinking Water Act of 1974
Resource Conservation and Recovery Ac. f 1976
Hazardous Materials Transportation Act of 1970

National Environmentai Policy Act of 1969

Abbreviation Public Law No.
TSCA 94-469
FDCA 94-295
OSHA 91-596
CPsSA - 92-573.
Ocean‘Dunping 92-532
FPA 95-396
CAA 95-95
FWPCA © 92-500
CwA 95-217
SDWA 93-523
RCRA 94-580
HMTA 91-458

NEPA 91-190
_ §Ps
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Table 8-17.

'

STATUTES THAT May BE APPLICABLE To THE MANUFACTURE

AND STORAGE oF VOLATILE ORGANIC LIQuIDS

Applicadle Provision, regulation, or

requiresent of statute

Approximate Costs incurred

Statute
Toxie Substances Control Act .
.
.
.
Feod, Orug, ang Cosmetic Act )
Occupational, Safety, and .
Health Act L]
.
.
.
.
°
3
.
.
Consumer Product Safety Act [
Marine Fm.ction, Research anc -
Sanctuaries Act [
Federa) Pesticide Act .
Clean Air Act and Amencments .
°
°
[
°

Presanufacture notification
Lunnﬂng. Fecordkeeping
l!‘portinq requirements
Toxicity testing

Consumer use of chemicals

chdng--orking surface standarns
Means of *gress standardas
Occupationa) health and
envircraental contre) standards
Hazardous materia] standards
Personal protectivy equipment
standards
General environsental control
standards
Medical and first aid standargs
Fire protection Standards

ressed gas and compressed air
*quipment
Welding, brazing, and Cutting
standards .

Consumer yse of chericals

Ocean dumping permits
lhcomn;-ing and reporting

Consumer yse of chemicals

Stats Implementation Plans
Nationa) Emission Standards For
Hazardous Afp Pollutants

New source performance standards:
Afr oxidation

Yolatite organic liquid storage
pep construction permits
Nonattainment Construction permits

General reporting rule (Section 8(a))
is expected to 1n1thlly cost
cheaical Sanufacturers about

$6 aillion. gpa estimates the cost
will be $420 for each fpemical o
Mnufacturer produces.

Costs for entire chemical industry
projected to pe $100-200 »t11jon per
year, Puinventory notification
cost:  $1,200~1,500 per chemical.

$220/year per worker 18

About 3256 aillton lost due to
uncﬂhtiohor suspension of,
pesticides. ' !

About 5249 w1111 spent by entire
chc-iulllndustry for air poliution
contro),

(continucd H

2
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Table 8-17. Concluded

Statute

Applicable provision, regulation or

requirement of statute

Approxisate costs incurred

Clean Water Act

Safe Orinking water Act

Resource Conservation and
Recovery Act

Mazardoys Materials
T jon Act

National Environmenta) Poltcy
Act

Coastal Zone Management Act

Power Plant and Industria)
Fuel Use Act

° D'llcﬁam peraits

® Effluent laitations guidelfnes

®  New Ps~formance standards

® Contro) o of) spills and
discharges

¢ Pretreataent requi

® Monftoring ang reperting

.

that impinge on wetlands or
public waters
® Environmenta) 1mact stataments

¢ Requires unZerground injectic;,
control permits

® Permits for tmt.nt. storage,
and disposal of hazardoys
s.

o Establishes system to track
hazardous wastes

® Establiishes recordkesping,

labelling, ang ®onitoring

system for hazardous wastas

Supertund

) ires envi 1 fmpact
:cw ronmenta

¢ Allows states to veto Federa} ’
permits for plants to pe sited
2ones

® Pronidits new, major, industrial
powar plants, which utilize fue}
ot} or natursl gas

Permitting of tndus.rig) projects

Increased annua) COSts 10 pesticide

Banufacturers, caused by regule-
tions, under Sections 301 ang 304,
would range between 0.2 and 2

parcent of the revenues fros pesti-’
Profitanily

clde chemicals.
would be M:” for some
fanufactyrers.

ty

to comply wiﬂ EPA hazardous waste
regulations.

Another source
$414 milljon tota) xpanditure by
entire chemical inﬁ:try for water
Poliution contro .

Only one Ut 'of the sore than 500
surface dumps an¢ lanarililg would
Beet RCRA standards. Over:

$1 bt114gn to worade the
othon.é".zm

Proposed that $400 wi111on of :
$6 billon suwperfund come from

Part of fund wouid
Come from fee, not to exceed $5
per ton on chemicals. Ffung applies
only to past disposal practices.

Waste disposal COsts are expectad
1o rise from $1.50-35.00 per t-o,.
to over $50 per ton under RCRA.
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innovation, Productivity, Jjob Opportunities, ang "incentive for
entrepreneuria} initietive," are not easily quantified and are
exc]uded.13’14 In addition, heafth and economic benefits of the regulatiosns
are not considered.15
The economic impact of these regulations on the chemica] industry
is not fully quantified. The Council on Envirensental Quality reported
in 1979 that the economic health of this industry is befter than most
and that few plant closings are éxpected solely because of the costs of
compliance with standards and regulations.25 A 1978 study by EPA's
. Office of Solid Waste Management‘found, with regard to regulations

percent said that EPA rules could cause a change of owhership. The

Survey stressed that the greatest difficulty Ccaused by the regulations’
would be increased operating costs, followed by redorting and recordkeeping
fequirements and increased capital ccsts.l3 Part of this discrepancy in
the perceived impact of Federal regulations inay be reduced through the
efforts of the Interagency Regulatory Liajson Group (IRLG). The IRLG

developed by member groups and will also emphasize the economic analysis
of the proposed regulations. Agencies partfcipating in the IRLG include
. EPA, the Occupational Safety and Health AdminiStration, the Consumer
Product Safety Commission, the Food and Orug Adminiétration, and the
Food Safety and. Quality Service.27 ‘

A list of currently progposed regulations that will affect the ‘
chemical‘industry is given in Table 8-18.28 The economic impgct of
these regulations will be unclear until their fina) forms are determined
from a number of regulatory alternatives. Studies of the economic
effects of many of these regulations are underway at this time.

l
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Table 8-18. PROPOSED REGULATIONS THAT WILL AFFECT THE CHEMICAL
MANUFCTURING INDUSTRY
(as listed in the Calendar of Federal Regulations)

Agency Title of regulation | ' Page No. in calendar
'DOL-OSHA ' Chemical Warning Systems | 68278
DOL-0SHA ~ Safety standard for walking and working 68283
surfaces ‘
EPA-OANR National Emission Standards for : . 68239

Hazardous Air Pollutants - Benzene

EPA-QANR PeTicy and Procedures for Idehtifying, 68292
, Assessing, and Regulating Airborne .
Substances Posing a Risk of Cancer

EPA-0ANR Regulations for the prevention of ‘ 68244
‘ significant deterioration resulting :
from hyurocarbons for carbon monoxide,
nitrogen oxides, ozone, and lead

EPA-OPTS Rules and notice forms for premand- ' 68294
facture notification of new chemical '
substances; . o

EPA-OPTS ' Standards and Rules for Tésting of 68297

Chemical Substances and Mixtures

EPA-OWwM Hazardous waste regulations: Core . 68299
, regulations to control hazardous solig ‘
waste from generation to final disposal

-+ 8-26
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an individua] tank. The tank selected for analysis is the model tank
presented ip Chapter 4, Section 1. Emissions from the possible
configurations of the mode] tank are Presented in Taple 4-2, The capita)
and annha]ized Cist (without product recovery Credits) of‘controls are
Presented 'in Table 8-19. Both the absolyte Cost effectiveness and the
incrementad cost efrectiveness will be discussedq.

control option. . Incrementa) Cost effectiveness is defined as the difference

in net’ annualized Cost between two contro] options, divided by the

the cost effectiveness of these controls is, therefore, Zero. Based on
the above information, Table 8-23 Ppresents the incrementa) cost .
effectiveness between the regulatory alternatives. Because it is possible

8-27
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Table 8-19, CAPITAL AND ANNUALIZED COsTS FOR BASELINE AND CONTROL
EQUIPMENT FOR THZ MODEL VOL TANK C

T

T e

Capital Cost Annualized Cost ,,
Item : . () ' %) . f
i
1. Fixed roof tank 35,600 7,750 '
2. Externa} floating rcof tank - '52,900 11,500 ‘
' with mechanical shoe primary !
seal only .
3. Bolted deck ' 10,700 2,330
4. Welded de-k 25,100 5,460
5. Secondary sea) for internal or 2,440 640
external floating roof tank ‘
6. Liquid-mounted prfnary seal 75 17
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Table 8-20. ABSOLUTE cosT EFFECTIVENESS oF CONT
TANK EMISSIONS FROM THE MODEL TAN

ROLLING FIxXep ROOF
K

o Emissions Cost‘Effectiveness
Tank Type/Equipment (Mg/yr) ($/Mg)
I. Fixed roof tank 6.22 ‘ -1

!
{ ) I1.  Interna) floating roof tank
; ‘

A. Bolted deck, vapor- 0.41 ' 4]
‘ mounted primary seal, o
; uncontroiled fittings

B. Bolted deck, liquid- 0.34 39
mounted primary seal, -
uncontrn)iegd fittings

C. Bolted deck, liquig- 0.24 ' 32
mounted primary seal, ,
controiled fittings

0. Bolted deck, liquid- - . 0.21 - 137
mounted primary seal
and secondary seal,
controlled fittings

E. Welded deck, liquig- 0.17
mounted Primary sea)
and secondary seal
controlled fittings

650

II1. External floating roof tank ‘ 0.053 390
with mechanical shoe '

Primary sea) and secendary
seal ‘

1Not abplicabie,
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Table‘8-22. INCREMENTAL cosT EFFECTIVENESS oF CONTROLLING
‘ DECK SEAM EMISSIONS IN THE MODEL TANK

Incremental
, ‘ Cost Effectiveness
Base Case End Case ($/Mg)
Bolted deck Welded de-k ’ 77,900

B s
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Table 8-24, INCREMENTAL cOsT EFFECTIVENESS BETWEEN EQUIPMENT
| SPECIFIED BY EACH REGULATORY ALTERNATI

Regu]atory alternstive
as base case

w Im,ss,cf

1 Emission reduction Cost effectizeness

Number Equipment* (Mg) ($/Mg)
0 FR . 6.15 390
I bIFRVm 0.34 5,700
II‘ : bIFalm | 0.27 7,210
II1 bIFle,cf ' 0.17 .-11'700
Iv bIFle,ss,cf T 0.14 9,660
v IFR 0.10 Na3

1Notation is as follows:

FR = fixed roof tank

IFR = internal floating roof tank
EFR = externa] floating roof tank
b = bolted deck

w = welded deck

m = liquid-mounted primary seal
VR = vapor-mounted Primary seal
Mms = mechanical shoe primary sea!?
$S = secondary seal]

cf = controlled fittings

2Thevannuah‘zed cost without product recovery
follows: .

Annualized cost = (cost of external floating
‘ secondary seal) - (cost of
of controls),

3Regulatory Alternative V is more expensive th

Therefore, cost effectiveness is undefined.
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credit is calculated as

roof tank + cost of
fixed rooft tank + cost

an the EFRms;ss control option.
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9. ECONOMIC IMPACT

9.1 INDUSTRY PROFILE

9.1.1 Introductiaon
—="Pduction

industries of interest: those involved in VOL Production, voL consumption;
and V0L storage at merchant terminais. Historic information on the basic
supply and demand conditions of these industries, including production and
sales levels and inputs intg their production aCtivities,.is presented in the

basic conditions subsection. -Three subsections are devoted to 3 discussion of '

the structure,’conduct, and performance of firms in the three industry
Segments of interest. * The profije concludes with a Presentation of the meth-
odology and resylts for Projecting the nationwide VoL storage tank population
for the 1984 to 1983 periog. - ‘ | :
9.1.2 Identification and Description of VOL-Storing Industries

9.1.2.1 MQL‘Producersi Figure 9-1 s 3 flow chart of the organic chen-
icals industry from raw feedstocks to end Products. Many industry segments
identified in Figure 9-1 store VOLs or Contract. for vQL storage: primary
organic chemical manufacturers may handle VOL inputs and outputs, and many

important companent of the manutacturing process; €.4., solvents used in the
manufacture of textiles. This industry is complex because many chemicals it
manufactures subsequently are used within the industry to pProduce other
organic chemicals. Hegman, for example, estimates thét intraindustry ship-
ments constitute as much as two-thirds of total sales in the organic chemica?
industry.2 This phenomenon frequently results in double counting of the

_— ,
XFor a.definition ang discussion of these terms and their role in economic
1. .

analysis, see Reference
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of production ang sales,
Manufacturers of voLs are classified in the three-digit standard indus-
trial classification (SIC) code 286, Industrial Organic Chemicals. This

category alsc includes establishments primarily engaged in the manufactyre of 4’

Some nonvolatile ang solid chemicals. For example, SIC 286 inc]ﬂdeS‘estab-

lishments primarily engaged in the manufacture of fabricated rubber ang
explosives. ’

organic chemicals are classified in SIC 286, establishments classified in
other SIC industries prod.ce these chemicals as secondary products. Apprex-
imately 20 percent of al] industrial organic chemicals are prcduced in estab-
lishments not classifieq in SIC 286.3 ,
9.1.2.2 VOL Consumers. Industries in SIC 28, Chemicals and Allied
Products, consume the largest amount of ‘VOLs. The largest consuming industry
is also the producing indqstry: SIC 286, Industrial Organic Chemicals. Other
important consuming industries are SIC 282, Plastics Materials and Synthetics;
SIC 283, Drugs; SIC 284, Soaps, Cleaners, and Toilet Goods; and SIC 287,
Agriculturail Chemicals. Booz, Allen, and Hamilton, Inc., tonducted a survey
of organic emissions to identify which consuming industries store significant
amounts of VOLs. Tre survey indicates that industrial organic chemical pro-
ducers, who in most cases are also VOL consumers, accounted for 64 percent of
VOL emissions from storage tanks.* It also indicates that an additional 20
percent of all VOL emissions from storage’tanks within the chemica]'fndustfy
‘originated in SIC 282, Plastics Materials and Synthetics. Other consuming

industries each generate less than 5 percent of storage tank emissions and. ara

not considered further here.

inaustrial organic chemicals are included in two input/output commodity
grouns: TInduzérigd drganic and Inorganic Chemicals, and Gum and Wood
Chemicals. The commodfty-by-commodity inpu@/output table lists the percen-

nciuded in the 1372 Cen..s of Manufactures under the
appropriate industry roup.  Data on consumption of industria organic
chemicals appear in the input/output table on materials consumed by kind.
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not included in SIC 28 are SIC 22, Textile Mil3 Products; SIC 30, Rubber ang'
Miscellaneous Plastics Products; and SIC 24, Lumber and Wood Products. The
major types of chemicals providéd to these users are dyes, lakes, toners,
creosote oil, rubber-processing chemicals, and plasticizers. Shfpments of
these products amounted to $701 million in 1972, or about 6.1 percent of tota]
industry s’ ipments from SIC 286.% Because the amount is so small, storage of
chemicals outside of SIC 28 has been disregarded. ' ‘
Ariother user of industrial organic chemicals is. SIC Sle, Who]esa]e Trade
of Chemicals and Allied Products, whose establishments purchase chemicals for
repackaging and reselling. Industry contacts fndicate that the storage‘tanks

usea by these distributors typically have less than 75 g3 capacity.? Because

this capacity is Jess than the cutoffs considered under each regulatory alter-
native, this profile does not include wholesale distributors.

- 9.1.2.3 voL Storage Terminals. Data on storage services are difficult
to collect for three reasons. First, most of the small private-merchant

other commodities, making it impossible to assess the financial and econonic
performance of VL storage enterprises. Third, government publications do not
present data on scorage in a specific SIC code. Data on chemical storage
services are included in SIC 4226, Special Warehousing and Storage Not Else-
where Classified, along with data on merchant warehousing of other commodities
such as petroleum, whiskey, and furs. Thus, data reported for this category
in the 1972 Census of Business Services do not represent chemical storage
services as such. Furthermore, because establishments are classified by their

industry categories other than SIC 4226, Proprietary or captive terminals, if
used as stnrage points rather than as wholesale distribution centers, are
classified as auxiliary establishments for which no revenues or other statis-
tics are reported. ' | '

For this report, information on bulk chemical storage was obtained from a
L. ade association, the Independent Liquid Terminals Association (ILTA). Mem-
ters of this organization range from a merchant terminal operator with 1
terminal comprised of 7 tanks to an operator with 14 terminals and a total of

9-4
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1,489 tanks. Few terminal operators meport revenues or other statistics and,
of those who do, statistics for chemical storage are combined with statistics
for othep Operations.® specific information, nine liquid terminal oper-
ators were contacted. No statistics were collected on Proprietary terminals,
3.1.3 Basic Conditioens

This section addresses supply conditions, which are determined largely by
technologica] considerations, and demand conditions, which depend primarily on
product attributes,

9.1.3.1 Supply Conditions. Employment, assets, and costs of materials

for industria) organic chemical Production (SIC 286) between 1972 and 1977 are

Provided in Tapie 9-1. Tota]l employment in the industrial‘organic chemical
industry increased about 12 Percent over this S5-year period. Assets 2lso have
increasad since 1972, Expendityres on materials have tripled, largely because
of the increased,cost of Petroleum-based raw materials.

ically, by over 130 percent, primarily because of increased fuel and feedstock‘

Prices. ,
Capital expenditures ang operating rates for the VOL-producing and'

VOL-consuming industries are Presented in Table 9-3, in both turrent and
constant doliars, for the years 19s5g to 1978. Expenditures by voL pnoduoers
declined for some years prigp to 1972.  wWhen 011 prices increased sharply in
1973, expenditures started tg grow again in reaj terms, rising,by almost 200
percent over 5 years., 4 trade Survey incicated that these New expenditures
were for improvements in old plants and process efficiency gains rather than
for new capite] assets.® Capital éxpenditures in sic 282, Plastics Materials
and Synthetics, have increased steadily since 1958 as demand for Plastics has

grown. The most dramatic growth occurred after 1973, when Plastics and resins

companies began large‘expansion pPrograms, after which expenditures declined as
companries invested in process improvements.

9-5
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TABLE 9-1. RESOURCE use gy PRODUCERS OF
INDUSTRIAL ORGANIC CHEMICALS (sIC 286)10

Pfoductidn Cost.of ab k ‘ a‘b
Employment workers materiajg9: Assets®

Year (10%) (103) (310¢) ($105)

1972 136.5 87.9 5,514.4 12,490.9 '
1973 137.8 . 892 6,488.4 13,258. 9 '
1974 135.2 8.2 10,608.¢ - 14,068.3 ;
1975 - 7.3 8.4 11,765.7 16,360. 3 ;
1976 | 142.8 | 9.3 14,713.9 . 18,972.9 E
1977 | 152.8 . g4 17,607.7 N/A |

aCurrent dollars,

The adjective “current" gn “rominai" describes the measurément of ap economic
magnitude in Current prices;'1.e., Prices Pertaining to the year in questign,

“real” op "constant" refers to attempts to Measure economic magnitudes by
the quantity of pea) goods and services_they Ccommand; i.e., with the genera]
rate of inflation deducted tg record the rea] command over resources.
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_TABLE 9-2.  RESOURCE USE By PRODUCERS OF i
PLASTICS MATERIALS AND SYNTHETICS (SIC 282)1¢ :
Production Cost cof 1 a ?
Employment workers materials Assets ;
Year - (10%) - . (103) ($108) ($108) g
1972 161.9  116.0 4,854.9 9,468.5
1973 164.1 118.6 5,310.6 10,090.6 |
1974 169.8' 121.8 8,521.9 11,258.3
1975 150. 3 ‘ 104.¢0 8,591.7 12,220.3
1976 152.8 107.0 . 10,687.5 13,047.7
.
1977 157.1 111.1 11,552.6 N/A <
ICurrent dollars. g é
E i
|
!
J
i
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9.1.3.2 Demand Conditions.‘ 1

9.1.3.2.1 voL producers ang consumers. Demand for VoL storage services
depends updn demand for voL chemicals and upon the inventory and distribution
Practices of voL producers and consumers. vQL producers and consumers cnoose
to hold inventories, onsite or‘in terminals, to facilitate production and
sales; i.e., they accept the cost of holding some voL inventory in exchange
for improved operating Productivity and sales. For both producers and con-

Sumers, inventories are held in bulk due to economies of scaje in storage.

Table 9-4 presents data gn production and sales of industrial organic
Chemicals for the period 1955 tg 13981. Prdduction of industrial organic chem-
icals increased at an average annual rate of 6 percent from 1955 to 1974,
However, fo]lowing the sharp rise in 0il prices in 1974 and the decreaéing

percent of the Previous year's output. Production declined again slightly in
1976‘as producers and consumers both tried to reduce inventories. With eco-
nomic recovery, production of industria] chemicals increased, rising to 90
Percent of the 1974 output in 1978 and surpassing the 1974 Jevel thereafter,

at a 6 percent dverage annual growth rate from 1955 to 1973, However, rapidly
increasing feedstock prices in 1974 resulted in higher chemicai prices. In
1975, the volume of sales in physical units dropped to 80 percent of 1973
levels, as the impact of higner real prices was compounded by the 1975 re-
cession. Sales in physical units further declined in 1976 to 77 percent of
their 1973 level, began to grow again in 1977, and rose in 1978 ‘to 83 percent
of the 1973 peak. The 1973 peak was matched in 1979, but sales in physical
units weakened again in 1980 and 19s3. Sales in Physical units of industrial
oréanic chemicals consistently have represented about 50 Percent of production
over the period 1955 tg 1978. The other 50 percent is captively consumed.

than did output and volumes of sales in physical units. In some Years, dollar
sales increased as chemical prices rose even though production and volumes of
sales in physical units decreased. Dollar sales increased over 50 percent in
1974, while the volume of sales in Physical units felq 3.7 percent. Revenues

changed very little as the volume of sales ip Physical units fel] sharply
between 1974 ang 1975. 1In 1976, dollar sales began to grow again.




____——-n-“-_-_"-_———-———

TABLE 9-4, HISTORICAL PRODUCTION: AND SALES OF a
INDUSTRIAL ORGANIC CHEMICALS, 1955 to 198114

Ratio of
Sales in sales in
b physicsl physical DollaE c
Production units . uniis to sales™? ;
Year (108 Mq) (108 Mq) production (3$108) !
1955 23.5 11.9 5G.6 2,811 i
1956 27.8 12.6 45.3 3,008 ;
1957 : 26.7 12.7 47.6 3,097 ;
1958 24.9 11.9 47.8 3,039 ;
1959 25.0 12.3 49.2 3,498
1960 27.1 12.9 47.6 3,672
1961 27.6 13.4 48.6 4,040
1962 30.1 14.2 47.2. 4,082
1963 32.5 15.1 4G.5 4,210
1964 36.3 17.5 48.2 4,697
1965 40.1 19.0 47.4 5,182
1966 44 3 20.8 46.9 5,762
1967 45.7 21.7 47.5 6,359
1968 + 51.4 24.7 48.0 7,047
1969 56.8 27.4 48.6 7,277
1970 57.8 28.1 47.5 7,381
1971 57.7 28.6 46.3 7,592
1972 65.6 '33.3 50.8 8,558
1973 69.9 36. 51.8 10,049
1974 71.8 34.9 48.5 15,245
1975 61.0 ) 29.0 47.5 15,355
1976 61.9 27.9 45.1 16,455
1977 61.2 29.1 47.5 17,945
1978 64.6 30.0 46.4 19,397
1979 82.1 36.3 44 .2 26,007
1380 77.8 34.9 44 .9 29,057
1981 ' 77.5 33.8 43.6 30,995

aThese data reflect some double counting due to the intraindustry trade
ba]ready noted.

These figures are developed by aggregating data in the fc]]owing
Internationa) Trade Commission industriaj] Categories: tar, tar Crudes,
cyclic intermediates, dyes, lakes and toners, flavor and per*yme materiais,
rubber-processing Chemicals, p]asticizers, Pesticides, miscellaneoys end-yse
chemica]s, and misce?]aneous cyclic and acyclic chemicals. Prior to 1975, '
data on chemicals ip the latter Category were reported as Miscallanegus
Synthetic Organic Chemicais. Figures for 1976 through 197g are not strictly

R

cHication. The original classification was restored in 1979,
Dollar sales are in current dollars.
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- continued to grow in 1977 and exceeded the previous (1974) peak level from
1978 through 1581, B

A 2

Table 9-5 contains production and sales data for Plastics and resin
materials, the 1argest‘VOL consumer. From 1955lto 1973, Production and sales
in physical units grew at an annual average of over 10 Percent. Ip 1974,
sharply rising prices for raw maferials reduced output by 15 percent although .
the volume of sales in physica] units grew by over 11 percent. Ip 1975, sales
in physical units fel) by 30 percent as price increases and the 1975 recession
sharply reduced demand’for Plastics and resins. Manufacturers reduced 1975

economic activity in the United‘States began to rise. Sales in Physical unijts

Dollar sales of plastics ang resins grew 14.3 Percent annually between
1975 and 1978 as producers of automobiles and other duraple goods, respondfng
to rising energy prices, sought to replace heavier materials (e.g., steel and
glass) with lighter weight plastics. Although prices of Plastics and resins‘
also increased, Potentially adversé impacts of those price increases on demand
for these materials were offset by sharply rising prices for substitute com-
modities, stee] and glass, which are also manufactured by energy~intensive
Production Processes. The combined effect of the increased volume of sales in

Physical units and rising prices substantia]ly increased dollar sales between
1974 and 19g3. ‘

Specific data on import and export of VOLs are not available. The fo]]owihg
discussion therefore presents international‘trade data for Industrial Organic
Chémica]s (SIC 286) and Plastics Materizls and Synthetics (SIC 282). Inter-
national trade data on tank storage services are also unavailable.

Table 9-¢ Presents data on 8Xports and imports of industrial organic
chemicals for the years 1972 to 198]. Comparing these data to dollar sajes
data indicates that a-substantia} and, over this time period
of sales is for éxport. Imports of industrial organic chemicals have beeq

-
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TABLE 9-5, HISTORICAL PRODUCTION AND SALES OF PLASTIgS AND RESIN
‘ MATERIALS, AND ELASTOMERS, 1955 to 198714
: Ratio of
Sales in sales in

b physicg] physical Do]]ag c

Production units units to sales™?

Year (108 Mg (108 Mqg) Production ($10¢)
1955 2.6 2.4 92 1,651
1956 2.9 2.6 90 1,730
1957 3.0 2.7 90 1,811
1958 3.1 2.8 90 1,819
1959 3.9 3.5 90 2,333
1960 4.1 3.6 88 2,351
1961 - 4.3 3.9 - 91 2,427
1962 5.0 4.5 90 2,658
1963 5.5 4.7 85 2,770
1964 6.1 5.3 87 2,930
1965 6.9 5.9 86 3,346
1966 7.9 6.8 86 3,658
1967 8.0 6.9 86 3,547
1968 9.4 8.2 87 3,880
1969 10.7 9.0 84 4.235
1970 10.7 9.5 89 4,298
1971 11.7 10.2 87 4,541
1972 14.0 12.3 88 5,353
1973 16.4 14.5 89 6,644
1974 13.9 16.3 117 9,416
1975 13.4 " 11.3 84 2,461
1976 15.9 81 10,148
1977 18.3 15.4 84 12,822
1978 20.2 16.9 84 14,224
1979 21.7 . 18.5 ‘85 17,705
1980 19.5 16.7 86 18,291
1981 20.5 17.9 87 19,597

aThese data reflect some doubie counting due to the intraindustry trade

already noted.

These figures are based on summation of two International Trade
Commission categories: Plastics and resin materials, and elastomers
(synthetic rubber), - ‘ '

cDol]ar sales are inp current dollars.
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TABLE'Q‘S. EXPORT AND IMPORT VALUES oF INDUSTRIAL‘ORGANIC CHEMICALS (SIC 286)
EXCLUDING GuM ANG w00D CHEMICALS (sIC 2861)
FOR SELECTED YEARS BETWEEN 1972 AND 193115

Exports? Imports?

Yezr ($108) ($108)

1972 ‘ 1,073.1 448.¢6

1977 | 2,879.4 1,094.8

1978 3,812.9 1,484 2 .
| 1979 5,493.9 1,784.7 I
| 1980 6,292.1 | '2,008.7 [

1981 6,500. gP 2,050.90 !

aCurrent dollars. ‘
Estimated. U.S. Department of Commerce, Bureau of Industrial Economics.

l

TABLE 9-7. EXPORT AND IMPORT VALUES OF PLASTICS MATERIALS
AND SYNTHETICS (SIC 282) FoR SELECTED YEARS BETWEEN 1972 AND 198116

Exports? Imports? | |
Year ' ($108) ($108) :
1972 766.9 273.2
1977 | 1,751.6 “ 385.6
1978 1,973.5 | ' 509.6 | |
1979 3,812 513.8 x
1980 | 3,973.5 521.2 |
1981 3,861.2°  597.8P

aCurrent dollars.
Estimated, U.s. Department of Commerce, Bureau of Industrial Economics.

| 513 !
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the value of both exports and imports has just kept pace with the value of
industry shipment. International competition in Plastics Materials and Resins
(SIC 2821), however, is expected to erode the favorable trade balances that
sector currently maintains. 16 ‘

8.1.3.2.2 voL storage terminals. Chemicals are stored in terminals for
short periads Partly because of the need for transshipment: changes in the
mode of trahsportation between origin and final destination. Chemicals often
are moved in bulk shipments to a distrih tion center by barge or rail car.
These large shipments are then partitioned into smaller lots for transport by .
truck to areas not served by barge or raijl. The amount of transshipment
undertaken depends. upon locctions (origin and destination), afternative trans-
portation costs, product‘stabi]ity, and storage costs.

Terminals are operated on a Proprietary hasis and by independent com-
Panies. Proprietary terminals are owned and operated exclusively by chemical _
producer; as part of their distribution systems. Independeﬁt]y operated )
facilities, often called merchant terminals, provide storage services on a
contract basis. The merchant terminals lease capacfty to chemical producers
for storage near markets not served by appropriate proprietary terminals and
at points where transshipment occurs. They also méy be used Sy producers when
extra storage Capacity is required on a short-term basis. ‘ '

Most terminal operations store other 1iquid ang dry bulk commodities in
addition to VOLs. Liquids like petroieum, fats, ferti]izers, and dry goods of
many types commonly are stored at terminals. Jenending on the termiﬁal‘s

v

but requires purging of the tank, an expensive and time-consuming process
undertc*en only about once every 5 to 10 years. Therafore, most tanks are
believed to be in dedicated service as far as voL storage is concerned.
8.1.4 Market Structure |

include vertica? integration, market concentration, geographic distribution of
plants, angd barriers tg entry. ‘

9.1.4.1 Vertical Integration. A firm that produces raw materials or !
fabricated inputs used in production of its primary output or that engages '




vertically integrated. Vertical integration §; apparent among firms that
produte, consume, and store VOLs.

‘9.1.4.1.1 YOL producer and consumer firms, The re]ationship between a
firm's production cost and output price is affected, among other things, by
the extent to which the industry is vertically integrated. Within. voL produc-
tion and Consumption, vertica] integratiod is extensive. Captive consumption
of VOLs avéraged about 52 percent of total output during the period 1955 to

non~VoL products,'proprietary terminals also Provide storage for other chem-
ical and Petroleum products (e.qg., fuels). When Proprietary storage capacity
is not available, merchant termfna]s are leased to store these chemica]s.;
9.1.4.122 Merchant términals.‘ Many merchant terminal companies are
proprietorships Or partnerships, some with only a single terminal, and many

are vertically integrated into distribution or repackaging services. Petro-
leum distributors are the most typical type of merchants providing chemical

‘stofage. A few opera*ors are large, international corporations with many

terminals in the United States and abroad.‘ Typically, these large firms are’
integratéd vertically into distribution and other transportation services.
9.1.4.2 Market Concentration. Market Concentration addresses the issue
of whether individual market participants exercise economic power. Typical1y,
market concentration measures the share of business held by leading firms in

an industry. Concentfation ratios based on the four largest producers in an
industry are cited most frequently. | '

Hundreds of voL chemicals exist, covering a wide variety of production
characteristics, output 1eve]s, applications and, Consequently, market con-
ditions. Many voL chemicals (e.g., formaldehyde and alcohols) are manu-

be used. These markets therefore tend to be highly Competitive. Other voL
chemicals (e.g., succinonitrile and isoamylene) are manufactured by a smal]
number of Producers (in some Cases, only one) and have no c]qSe substitutes in

9-15
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However, 4 generaj assessment of the industry*wide situation may be made based
On capacity share data Presented in Table 9-8. These data suggest tnat no one
Company or group of companies dominates the industry. In 1976, the top 4 com-
Panies owneq only 18 percent of total voL Capacity and the top 20 firms owned
45.39 Percent of tota) VoL Capacity.

9.1.4.3 Geographic Distribution of Plants.

9.1.4.3.1 VOL producers. The location of VoL storage is crucial io its
commercial vajye. Table 9-9 contains 1972 ang 1977 data on geographic distri-
bution of productign sites of industrial organic chemicals, * VOLs are ‘
Produced ip almost every region of the country (see Tablek9-9). Most of the
Plants are small, employing fewer than 20 workers. The largest plants are

The 1977 statistics Suggest that three changes may- have taken place in
the VOL-producing and VOL-consuning industries. First, a shift in the loca-
tion of plants is apparent among different regions of the country. These data
indicate that the number of Plants in ‘the Middile Atlantic angd West North

being constructed in the East North Central and West South Centra) States.

Second, plant size»‘as measured by the number of employees, abpears to be
increasing. In each of the three sectors comprising SIC 286, Industriat ,
Organic Chemica]s, the Percentage of large plants increased. Third, a shift
in resources away from SIC 2861, Gum and Wood Chemica]s, to SIC 2869, Indus-

trial Organic Chemicals Not Elsewhere Classified, is apparent. The former

9.1.4.3.2 VOL consumers. The geographic distribution of VoL consumers
—=0fsumers
is presented in Table 9-10. 1In general, plants in this industry (sIC 282,
Plastics Materials and Synthetics) are larger than VOL-producing plants are;

chemicals Tndustry ysed by the Internationai Trade Commission. Thus, data

Presented in Taple 9-9 are not strictly comparable with data presented in
Table 9-4, ‘

- ' 9-16
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TABLE 9-g, INDUSTRY-WIpE MARKET CONCENTRATION 8ASED ON
‘ CAPACITY SHARE OATA, 197617

Number Percent Estimated ' Percent of
of firms of firms Capacity (Mg) industry capacity
Top 4 0.72 . se,751.8 18.3
Top 8 1.43 . 91,820.6 . 28.6
Top 20 . . 358 145,752, 34 45. 39
Top 40 ' 7.17 186,681. 62 ‘ 58.14
9-17
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Middle Atlantic, South Atlantic, and East North Central States.

9.1.4.3.3 Terminals. Data on capacity of merchant storage terminals, by
State, are presented in Table 9-11. Approximately half (51 percent) of ILTA
mémbers are located in Texas, Louisiana, and New Jersay. These data must be
interpréted cautiously with respect to VOL storage, however, because capacity
estimates include many large petroleum storage tanks.

Although data on proprietary storage are not available, major oil firms
that also produce VOLs often use their petroleum distribution terminals to
handle chemicals. Many of these terminals, along with a number of terminals

‘owned by chemica! producers, are located along the inland waterway system that

covers the North Central and Southern States. , S
9.1.4.4 Barriers to Entry. Although entry into and departure from the

principal industries storing VOL could not be measured directly, some general
comments are appropriate about conditions facing firms considering entry into
the industry. A chemical producer or consumer can enter by acquiring tanks
for proprietary storage or vertical integration.. These firms face apparently
surmountabie barriers of capital formation, expertise, and local laws and
standards. A stofage facility requires expenditures for tanks, land, and
concrete pads. Support services, labor, and maintenance must be provided.

- Federal, State, and local Government agencies, and‘construction usually must
conform to standards set by private organizations. A1l of these bafriers can
be overcome if the internal réte of return on the investment is sufficiently
attractive. If a firm can raise the capital for a relatively expensive
manufacturing facility, it almost certainly can raise the capital for an
associated storage facility. ‘

| Potential merchant terminal operators face similar bafriers. Capital
formation, in particular, is often more difficult for a smal] business than
“for a larger business or for new terminal operators than for existing oper-
ators wishing to expand their operations. Even .so, the cost of a terminai is
simply not large enough to prevent entry into the industry.

9-20
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TABLE 9-17. TOTAL 1982 MERCHANT LIQUID BuLk CAPACITY, gy STATES
Share of tota]
Total Capacity . U.S. capacity
State (m3) %

- Alabama 337,269 1.22
Arizona 24,009 .- 0.69
Arkansas 72,989 0.26
Califurnia 1,428,962 5.17
Colorado 12,100 0.04
Conrecticyt 550,459 1.99
Delaware 184 758 0.67
Florida 294,198 1.06
Gecrgia 663,932 12.40
Ilinois 1,866,126 6.76
Indiana 135,180 0.49
Towa 781,948 2.83
Kansas 291,471 1.06
Kentucky 4,055 0.01
Louisiana 4,001, 388 14,51
Maryland 260,190 0.94
Michigan 39,988 0.14
Minnesota 581,719 2.11
Mississippi 154 548 0.56
Missouri 239,763 0.87
Nebraska 273,035 0.99
Nevada 8,268 0.03
New Jersey 4,230,975 15.32
New York 1,454 065 5.30
North Carolina 409,807 1.48
North Dakota 126,271 0.46
Ohio 257,501 0.93
Orlahoma 440,876 1.60
Oregon 429,917 1.56
Pennsylvania 416,862 5.13
South Dakotg 156,186 0.57
Tennessee 133,823 0.48
Texas 5,%44 659 21.53
Virginia 20,218 - 0.07
Washington 187,886 0.68
West Virginia 120,840 0.4
Wisconsin 64,939 0.24
Total 27,617,231 100. 00
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. 9.1.5 Market Conduct

8.1.5.1 Chemical Pricing. VoL produ
Chemicals embracing a wide variety of char
tution and/or intermediate Compet
chemicai. Ip general, te away from a

specific voL when its price increases is diminished by the fact that good
substitutes are frequent?y also VOLs. The Substitutes are therefore also

ed to a storage standard or other

acteristics. Potential for substi-

ition varies considerably frop chemical to
though, the incentive tg substity

Table 9-12 Fresents price data for industria

1 organic chemicals ang plas-
tics, resin materijals

, and e]aStome's from 1955 ¢, 1981. These data indicate
lTow-energy Prices from 1955 ¢, 1973, chemical

ice of organic chemicals rose sharply .and

continued to increase between 1975 and 1981]. However, constant priceg

However, the sharp
percent increase in
- The industry's

current prices increased slowed, and real prices
remained staple between 1975 and 1977. Between 1977 and 1981, the real price
of‘p]astics, resin materials, ang elastomers fell.
9.1.5.2 Merchant‘Termina1 Storage Pricing.
vey of nine merchant termina)}
are practiced.

called a throughput fee) for each unit
storage tanks.* Individual terminals a

-
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TABLE 9-12. HISTORICAL PRICE DATA FOR INDUSTRIAL ORGANIC CHEMICALS
AND PLASTICS

B S di FL AP S o v

N e eamn L,

» RESIN MATERIALS, AND ELASTOMERS, 1955 tq 1981

\ -
Industirial organic Plastics, resins, and
chemicals elastomers v
Average unit prwcesb Average unit price b; Producer price
Current? Constant Current? Constant index for alg

Year (¢/kg) (¢/kg) ‘ (¢/kg) (¢/kg) manufactures
1955 24 27 69 79 * 86.6
1956 , 24 27 67 74 90.0
1957 24 ‘ 26 67 72 92.8
1958 26 27 65 69 93.8
1959 28 30 67 70 9.6
1960 ‘ 28 30 65 69 94.7
1361 " 30 C 32 62 66 94.4
1962 29 30 59 63 94.5
1963 28 30 59 62 . 94.3
1964 27 28 55 58 94.8 .
1965 C 27 28 57 59 96.3
1966 28 28 54 54 99.0
1967 ‘ 29 29 51 51 100.0
1968 29 28 47 46 102.6
-1969 27 25 47 44 106.2
1970 ‘ 26 ‘ "+ 24 45 . 4] 110.2
1971 27 23 45 39 113.8
1972 26 - 22 44 37 117.9
1973 28 21 45 35 129.2
1974 44 28 58 37 154.1
1975 53 31 75 44 171.1
1976 ‘ 59 33 79 44 179.0
1977 62 32 83 44 190.1

. 1978 65 32 84 41 204.2
1979 72 31 96 42 228.8
1980 83 32 . ‘ 110 42 © 261.5
1881 92 32 109 38 286.0

aAverage unit price was calculated from Tables 9-4 and 9~
value divided by total sales quantity, Rounding may mak
appear inconsistent.

5 as total sales
e converted values

Constant Prices, measured by 1967 dollars, were calculated by dividing the
average constant unit price of the chemicals by the producer price index

for alj manufactured goods.
CReferences 11, 22,

§-23
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cars, or barges intg the storage tank and the remainder js collected as the
Chemicals leave storage. The basic fee is collecteq while the tank is used.

\ ) i
*Usually the minimum throughput represents four complete turnovers of the
rented storage tanks' volume. If 3 - 11 i
the customer will be able to store up to 4 million 2 in the tank in any given
year before incu-ring additional charges. ,

TAn example of the second Pricing scheme is as follows. The annual rental fee
for storing methyl alcohol in a 250,000~2 tank might be $30,000. ‘

If annual throughput éxceeds 1 miltion ¢ (i.e., the Chemicals ip the tank

are turned over more than four times), a surcharge of 2¢/g of chemicals

might be levied for the next 500,000 2 of throughput. The surcharge might

be Towered tg 1.5¢/2 for a1 annual throughpyt exceeding 1.5 mi17ion 2.
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Fina]]y, it should be noted that virtually every storage contract is
unicue because of the large number of seryices offered by terminals to
customers. Variables that affect basic rates and throughput surcharges
include options that may te added to g tank (e.g., floating roofs, nitrogen
blankets, refrigeration, insulation, steam heating, special linings, auxiliary
pumps, vapor recovery systems, and other pollution contirol devices), modes of
transportation, length of:contracts,* age of tanks,t ang corrosivity and

toxicity ot Chemicals. % Additional services add to storage costs, which are

9.1.6.1 voL Producers' ang Consumers ! Financia)l Characteristics. Two
recent CPA reports presented data and‘resuits of an analysis on fiscal year
(FY) 1977 vinancial data for a sample of 100 chemica] firms.23 24 4 was
estimated that the average after-tax cost of capital measured in current
dc lar terms for Chemical firms Qas 10.81 percent. If capital costs are
distributed normally, 95 percent of the industry fipms face after-tax capital
costs ranging from 8.95 to 12.67 percent. L ‘ '

9.1.6.2 Merchant Terminals' Financial Characteristics. A financial pro-
fiie of termina] services could not be developed because (1) financial data
are not providegd by uany firms and (2) data on the terminal Operations of vep-
tically integrated firms are not reported Separately from other operations on
Security and Exchange Commission (SEC) 10K forms.

9.1.7 Frojectad New and Reconstructed VOL Storage Tanks: Calendar Years
1984- 1988 ,

separately below.
—_——

*The basic rate of a 1-year contract is Tikely to be higher than that of 3
15-year contract due to the capital recovery factory.

*In Texas, State regulations require different designs on‘tanks built before
and after 197¢.

*Corrosivity requires re]ining'of the tanks, ang toxicity requires special
handiing equipment angd techniques.
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tion and 1977 data on the number of vgL storage tanks.27 28 Inherent in this
Procedure is the assumption that the ratio of storage Capacity to production

Second, a tank age profile for 1977 has been constructed‘through a recur~
sive procedure that assigns ages to tanks based upon the number of tanks
existing in Prior years as established in the first step of this methodology.
Additional assumptions required for this Procedure are ag follows:

1. A tank's economic life ig assumed to be 20 years, an assumption
consistent'with the tank cost methodology of Chapter 8.

During the initial year (1954) of the recursive process the age of

tanks was uniformly distributed between 1 and 20 years. This

assumption ig fairly arbitrary but, because the number of tanks in

1954 (3,800) is estimated to be less than 14 percent of the totail

number in 1977 (27,540), alternative assumptions are unlikely to

produce substantially different resylts. _

3. A1l obsolete (20-year~old) tanks were replaced and new tanks
Purchased at the beginning of each vear. Thig assumption.is
necessary simply because the recursive pProcedure is a discrete
approximatidn of a continuous‘process. Alternative assumptions,
inc]uding refinements ip the time interval used, also are unlikely
fo produce substantial]y different results,

N

The smoothed data are the Predicted values of the index‘with a8 log linear
specification: In Yt =0.079 t; 1n Yt is the natura] logarithm of the

Productior index for year t (t = 1954 to 1977), and 0.079 is estimated
through Jeast Squares procedures with the regression line constrained to

9-26



required in 1955 (the difference between totaj tanks in 1955 and 1954); ang
construct an age distribytion of tanks in 1955, This process is repeated year
by year until an age distribution of tanks for 1977 has been generated.

The thirg step in Projections of tank replacement for 1984 to 1988 is to

€ach tank in the 1577 age Profile that will be 21 Yyears old in 3 projection
- Year will pe replaced in that year, These resylts indicate that 5,890

replacement tanks wilj be constructed during the Period 1984 to 1988 (see row
1 of Table 9-13).

the 1984 to 1988 period from data fop the period 1954 to 1977, indica*es ap
average annua] growth rate of about 7.9 Percent. Chemical industry observers
%rom the American'Chemical Society and the U.s. Department of tommerce have
independent]y observed some apparent s]ackening in. long-term growth in the
organic chemicals sector. They estimate 3 probably‘mcre realistic growth rata
of 4 to 6 percent for the Projection periog.29 30 0n this basis, 5 percent
annual growth in the organijc chemicals industry and prdpbrtionate increases in
total tank and production capacifies are assumed tg project new, nonreplace-
ment Capacity tanks (see row 2 of Table 9-13)." Over the period 1984 to 1988,
10,200 new tanks are projected. By comparison, 7.9-percent growth rate from
1977 wouldq have resulted ip 21,620 projected new-capacity tanks in the périod.
Total tank Construction ip the pfojection Period is shown in row 3 of Table

multiplied Oy the projected New tank totals of Table 9-13 to yvield volume and
pressure interva]; for the Period 1984 tq 1988, * Table 9-15 shows the summary

| *The original Percentage distribution table includes 24 vo]ume‘intervals and
18 vapor pressure intervals, '
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TABLE 9-14, ESTIMATED PERCENTAGE DISTRIBUTION OF voL gTORAGE TANKS
‘ BY VAPOR PRESSURE AND TANK CAPACITY, 1977

Vapor pressure (kPa)

Capacity 0- 3.5-

: 6.9 10.3- 355 —
(m) 3 69 103 345 54 >58.6  TOTAL
0-75 27.98 . 6.5 3.2 54 123 .39 44,51
" 75-150 26 158 093 4, 0.03  0.13 145
150-375 8.94 165 117 g 0.19  0.06 143,

375-3,750 12.84 2.98 1.58 5.59 l0.46 0.16 . 23.61°

3,750-15, 000 1.12 1 0.36 0.35 1.10 0.09 -0.00 3.02
' 215,000 0.03 0.00 0.07 0.19 0.00 0.00 0.29
TOTAL 60.17 13.15 7.32 16.62 2.00 0.75 100. 00

aThe'origjna] Percentage distribution table covers 24 volume intervals and 18
pressure intervals, This table summarizes the distribution table for relevanti,
aggregate intervals of both volume and pressure. AN computations of
economic impact were performed basad on the intervals and data of the
original distributio., table. ‘ \
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TABLE 9-15. PROJECTION OF VOL STORAGE TANK CONSTRUCTIOQ gY

VAPOR PRESSURE AND TANK SIZE, 1984 to 1988

- Vapor pressure (kPa)
Capacity 0- 3.5- 6.9~ 10.3-73373<
(m3) 3.5 -9 103 345 . >58.6  ToTAL
. —_

0-75 4,500 1,050 520 830 ;g9 60 7,160
75-150 1,490 259 150 370 39 ‘20 2,290
150-375 1,40 279 190 370 . g 10 2,300
375-3,750 2,070 ' 489 250 . ggg 70 3 3,890
3,750-15, 009 180 60 60 180 0 490
>15,000 10 0 19 0 50
ToTAL 9,680 2,15 LI80 2,670 3 gy 16,090

*The original Percentage distribution table covers 24 volume intervals and 18
pressure intervails. This taple Summarizes the distribution table for relevant,
aggregaie intervais of both volume ang Pressure. All‘economic impact com-

Putations were performed baseg on the intervals and data from the originaj
distribution table.



result of this multiplicafion for all pew tanks projectedvfor 1984 to 1988.
This application of estimated 1977 tank distribution assumes VQL storagektank

assumptions permit, changes in the economy, teéhnologica! advances, develop-~
ment of Competitive substitutes, discovery of new product uses, and changes in
market stability may affect actual industry growth. Such‘uccurrences are
difficult to anticipate. These projections reflect the most Probable scenario
and are the best Possible, given the data availabie. | |

9.2 ECONOMIC IMPACTS oF REGULATORY ALTERNATIVES

This section Presents the regulatory a]ternatives'“estimafed,impacts on
users of voL storage tanks. Six fegulatory é?ternatives are coﬁsidered, the
- first of which is the baseline case (Regu]atory Alternative 0) from which
impacts are m2asured. Ip general, the alternatives become increasingly
stringent fropm the baseline tg Regulatory Alternative V. The economic impacts
considered in tyrn are: impact on the pProduct price based on two model plants,
impact on investment for two mode] plants, impact on investment ip VoL storage
nationwide, ang impact bn annual costs of VOL storage nationwide.
3.2.1 Background

Estimated impacts of regulatory alternatives gn Product prices have been .
developed baseq on two mode] plants: an independent storage‘terminal, and a
VOL chemical Producer/consumer. Tank requirements ang other characteristics
of these two facilities are described in detail in Chaptgr 6. These facil-
ities were selected for analysis because it is believed that they woyld
experience relatively greater than average cost impacts 45 a result of
imposition of any of the regulatory alternatives. The genera] approach and
assumptions are discussed briefly before Presentation of estimates.

In the long?run, the market price of a Product produced by a competitive
industry equals the average production cost for new facilities. Average

will not choose to build a new facility unless they anticipate that market
Price will pe sufficient to cover all costs. Thus, the change in average
Production cost of 3 new facility due to an NSPS is the best estimate of the




y all regulatory alternatives except the base-
line wiig increase tank fabrication Costs. Thig €ost increase can be con-
sidered the increase in price of tahks to the voL tank users based on the same
logic as outlined above. Fop a constant cost tank industry, as il]ustrated in
Figure 9-2, thig dverage cost increase will dappear as 3 vertica] shift in 3

An internaj f]oating roof occupies about 0.5 of vertica] spaca jn 3
storage tank, thys decreasing effective tank Capacity, Capacity reduction jg

is now Saved for saje or use, ‘Thus, storage Capacity requirementsg are reduced
to the extent that vapor losses ip storage do not have to be Considereq when
tank Capacity Needed for 4 given demand ig Calculateq. The magnitude of
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relationship between stor
of 2.5 times a year and t

roughly 1 percent.

. Phere.  This improvement in tank qualit

price increase of tanks.

storage tanks required.

taiks, increasing the num
reduction in eﬁission los
of tanks) required to mee

account for them in each regulatory alternative.
9.2.2 Product Price Impacts

age tank capacity and VOL use.
he equipment effectiveness
described in Chapter 7, required tank storage capacity would De reduced by

t a given demand for VoL.

85

With this background, mechanics of

Price impacts is discusse

estimated for both model plants ba

. 20 | .
kg *ky =ITC+ 5 [(1-g)p - Q-0C) +60,](1+r)t,
0tk 2 | t |

x
[

present.

3
o
]

= real after-tax

-1
!

o .
1]

year (1,2,3,. .

o
|

= annual output.

d next.

discount rate (10 percent).

» 20).

P = change in price.

ives therefore exert two opposing‘
uirements respecting‘the number of VOL
The internal roof reduces the effective capacity of
ber of tanks required to store a given volume, and the
ses reduces the volume of VOL (and hence, the number
Because the magnitudes of

initial incremenial] investment.

1° incremental investment i, year 10 discounted to the

inVestment tax cfedit (10 percent).
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Assuming a turnover

y will offset at least partially any

This consideration, as manifested in amission
reduction credits, is incorporated into

b Thé proposed regulatory alternat
influences on storzge tank cabacity r

the economic analysis.

the procedure used to develop the ‘
Change in price of VOL storage services was
sed on Equation 9-1:
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" C = incremental annual operating cost.
G = tax rate (49 percent).
Dt = straight line depreciation in year t, with an assumed 20-

year commercial life for “loating roofs and 10-year

commercial life for seals.
Evuation 9-1 s a financial balance equation stéting that ti: present value of
the investment ang operating costs required by the regulatorw alternative must
equal the present value of the stream of fevenues. Solving the equation for P
obtains the price change of *the product or service requived if the plant or
terminal operator is to achieve an RQI for the mandated equipment competitive
with other investment opportunities, ‘

General features of the finqncia] balaqce computation are as follows.

The firm obtains a 10-percent investment tax cradit on the equipment purchase.
Computation is made on an after-tax basis whereby the income tax rate is 49
Percent of net revenues. A1l revenues are iﬂ constant 1982 dollars, so the
10-percent discount rate selected for this analysis is'a constant (or real)
after-tax rate. A 10-percent discount rate is consistent with that employed
in Chapter 8 to annualize capital costs. As discussed in Subsection 9.1,
financial data for 1977 from a sample of 100 Chemical companies shows .an
average 10.81 percent after-tax rate of return. Given the 1977 inflationary
economiq environment, the rea] rate of return to the firms would 1ikely have
been somewhat less that 10 percent. Using a real after-tax discount rate that
is arguably high tends to overstate the price impact of the regulatory alter-
hatives. Finally, a 20-year commercial life for tanks was assumed in keeping
with the analysis of Chapter 8. .

Parameters assumed ir, the use of Equation 9-1 include a model terminal
throughput rate of 39 x 106 kg/yr and a model VOL producaer/consumer output of
80 percent of production capacity of 4.5 x 106 kg/yr. Capitai costs and
operating expenses are taken from Chapter 8. Equation 9-1 was solved both
with and without adjustments, allowing a $460/Mg credit for emission reduc-
tions to be subtracted from operating costs for each model plant. The $460/Mg
figufe is based upon a weighted average price of organic chemicals computed
for 1978 production and pri;es as inflated to 1982 dollars by a chemical
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Producers price index. *

Projected Price impacts on VoL storage services of the‘regulatory alter-

natives with and without credit for emission reductions are shown. in Table

9-16. As anticipated, price impacts increase as the regulatory al
become more stringent. Recognition of the value of emission

reduction credits
reduces price impacts,

This latter value is based ubon the mode] terminal's estimated capital cost,
inclusive of land and tank foundationﬁ, of $1.72 x 10 (fn 1982‘d011ars) and
operating costs équal to 7 percent of capital costs. These costs were épp]ied
to Equation 9-1 and solved for price to determine the 1¢/kg rigure. Thig
capital cost, however, does not include purchase and installation Costs of
pumps, piping, gauges, .tc., ‘that ordinarily constitute a substantial portfon
of a storage terminal’s capital expenses. Thus,

the capital cost estimate is
conservative in that if higher capital costs were

used, <he computed storage
Price would be higher, and the Percentage change in price due to the requ-
latory alternatives would be even lover, ‘

estimated VoL price. Because VOL storage constit
of VOL costs, Percentage changes'are‘very low indeed: less than 0.5 percent
for all but Regulatory Alternative v, For the mode} terminal, the

to calculate price change was the estimated storage price.

base used
Because storage

the Percentage change in
average stbrage Price at the model. termina}l is somewhat higher, ranging from
3.7 to 4.3 percent for Regulatory Alternatives | through IV and 11.8 percent
e

*The 1978 weighted dverage price was abtained fr_m Reference 24. Inflation to
1982 was Performed based on the Industrial Chemical Producers Price Index
from the Chemical Engineering Journal. Adjustment is documented in Reference‘
33. ‘

tanks are 3 significant component of storage costs,
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TABLE 9-16. PRICE IMPACTS OF THE REGULATORY ALTERNATIVES
FOR THE MODEL TERMINAL AND MODEL PRODUCER/CONSUMER ‘
Mode | independent Model producer/ i
termingl consumer <
(¢/kg) (¢/kg) i
Without  With Without With i
credit for credit ter Credit for credit for i
Regu]atory emission emission a emission emission 3

alternative reductionsg reductions reductions reductiors ’
| !

I 0.049 J.037 0.15 0.11
‘ . L
II 0.050 0.038 0.17 0.11 f

111 0.051 0.038 0.20 0.11

Iv 0.056 0.043 0.23 0.14

v 0.132 0.118 0.72 0.863

aCredit for em
of $460/Mg (i

3-37

ission reductions js calculated in Chapter 8 based on a VOL price
n 1982 dollars). ‘
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TABLE 9-17. PERCENTAGE CHANGE IN OUTPUT PRICZ FOR THE MODEL
. PLANTS DUE TO THE REGULATORY ALTERNATIVES

Mode] fndepegdent Mode] produser/
‘ terminal consumer
Without With Without With
credit for credit for credit for Credit for
Regulatory emission emission c emission emission c
“alternatijve reductions reductions reductions reductions
I 4.9 37 0.3 0.2
I . 5.0 3.8 0.4 0.2
I1I 5.1 - 3.8 L 0.4 0.2
Iv 56 4.3 0.5 0.3
v 13.2 118 1.6 1.3

aAverage price of storage per kilogram was assumed to he $0.01 (in 1982
dollars).

CCredit for emission reductions is calculated in Chapter 8 based on a
VOL price of $460/Mg (in 1982 dollars), ‘
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Investment impacts of the regulatory alternatives for the model plant and
VoL storage industry are:provided below.

9.2.3.1 Mode] Plant Investment Impacts. As reported‘in Chapter 8,
instal]ed’capital cost of vOL storage tanks alone for the mode] terminal is an
estimated $1. 97 million in 1982 dq]]ars, and installed capital cost of storage
tanks alone for the model chemical Producer/consumer is:an estimated $0.25
million in 1982 do]]ars. Additional capital costs associated with each
regulatory alternatijve are computed for each model plantr These Costs, pre-
vioucly presented ip Chaptar 8, are consolidated in Table 9-18. They show
additional investment requirements above the baseline for each of the requ-
latory alternatives. For the mode] independent terminal, the additional
investment required ranges from $56,000 for Regulatory Alternative I to almost
$185,000 for Regulatory Alternative v, The additionai investment required of
the moge] Producer/consu er is considerably lower because fewer tanks are
involved. The additional investment required of the mode] Producer/consumer
under Regulatory Alternative I js Just under $16,000, bareiy over 3 quarter of
the investment required of the mocel independent terminal under the same
regulation. Unger Regulatory Alternative V, the model] producer/consumer would

amount ig approximately half that require+ of the model independent terminal
under that alternative.

9.2.3.2 Nationwide Investment Impacts. Nationwide impacts depend on
volume and vapor pressure characteristics of new tanks in eafh year of
analysis, Therefore, the first‘step in estimating the nationwide investment
impact of regulatory alternatives is to estimate the number of new tanks that
would be subject tg VOL regulations by year, t: by volume interval, i; and by
pressure interval, P. As described in Subsection 9.1.7, estimation ig by
scalar multiplication of a Percentage distribution of tenks tabie by each
annual projection of new tanks. Tie tank distribution table contain: esti-
mates of Percentage of tanks in each volume and pressure interval based upon

the 1977 survey of VgL storage tanks.27? 28 The resulting values, T;p, are the

|
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TABLE 9-18.

ADDITIONAL INVESTMENT
ALTERNATIVES FQR THE M

PRODUCER/CONSUMER a
(103 1982 dollars)

REQUIRED BY EA
ODEL INDEPENDE

CH OF THE REGULATORY
NT TERMINAL AND MODEL

Regulatory Mode1 indebendent Model producer/
alternatives terminal consumer ,
I 56.0 15;6 ;
I1 56.6 16.0
ur 56.6 16.0
v 71.8 23.2 |
v 184.8 %0.8
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number of VOL tanks in year t, volume interval i, and Pressure interval p
Projected to he subject to regulation. ,

In conjunction with the baseline conditions of Chapter 3, these values
are then used ig estimate impacted tank population under each regulatory
alternative. Impacted tank Population is that portion of the new tank
Population in any year that actually will undergo design changes and
experience cost increases under each regulatory alternative. The impacted
tank popu]atjon for any regulatory alteriative, year, and volume interval is
found when T;p values are summed over appropriate Pressure intervals and
scaled by dppropriate baseline assumptions. Fgr example, summation over vapar
pneSsufes for the volume interval 95 p3 to 115 m? under Regulatory Alter-
native I excluues VOL tanks containing liquids whose vapor pressures are less

even without Regu]atory Alternative I due to State Implgméntation Plans (SIPs)
already in effect. The resulting value, Tz, is the estimated number of tanks
in volume interva] i and year t impacted by Regulatory Alternative I.

Table 9-19 shows the tank population impacted by Regulatory Alternative I
as a percentage of Projected new VOL storage tank Population. Actual number
of tanks impacted will vary by year. Table 9-20 presents similar data for
Regulatory Aliernatives II through V. Percentages are the same for each of
these four regulatary alternatives because they covef the same volume and
Pressure ranges and bezause the baseline conditions aséuhe none of these
technologies would have been adopted otherwise.

Calculation of TZ is therefare based on the number of new storage tanks
projected in Subsection §.1.7. Projections were developed in the absence of
an NSPS for storage tanks. With higher prices for g product, due for exampie
to an NSPS, the quantity of 3 commodity consumed typically decreases. The
decision to treat the quantity of tanks Purchased in any year as fixed
regardless of a tank's estimated price ihcrease due to each of the regulatory
alternatives is based upon the following analysis, ‘

o Lot

iy, . dhanns,



TABLE 9-19. THE NEw TANK POPULATIGON IMPACTED BY REGULATORY ALTERNATIVE

AS A PERCENTAGE OF THE PROJECTED NEw TANK POPULATION

Tank Percentage of new tank population

volume ‘ Tanks with vapor pressure  Tanks with vapor pressure
(m3)4 between 3.5 ang 10.3 kPa greater than 10.3 kPa
75° to 95 -- 2.73 --

95 to 150 . K - 1.47° -

150 to 375 | 1.85 | 0

375 to 3,750 . 2.95 , | 0

3,750 to 15,000 - 0.46 0

>15,000 . 0.65 0

The $ix volume intervals preéentedvhere are aggregates. Calculations
are performed based on the corresponding percentages from the 24 volume
intervals of the 1977 survey, 27 28

bTanks with vo]ume‘1ess that 75 m3 are below the minimum cutoff point con-'

sidered for Regulatory\A]ternative I.

cPercentages of projected new tank Population for tanks with volume
capacities between 75 and 95 p3 and between 95 ang 150 m3 are for al
tanks having Vapor pressure greater than 3.5 kPa.

9-42

o Nl e ik P = e s em o Lo



b ]

TABLE 9-2p, THE NEW TANK POPULATION IMPACTED BY REGULATORY ALTERNATIVES
I1 THOUGH Vv As A ‘PERCENTAGE OF THE PROJECTED New TANK

‘POPULATION
Tank Percentage of new tank poﬁu?ation .
voluge Tanks with Vapor pressyres lanks with vapor pressures
(m3) between 3.5 and 1p. 3 kPa greater than 10.3 kpa
75° to 95 - 2.73¢ -
95 to 150 | - 2.26° -- |
150 to 375 2.8 2.53¢
375 to 3,750 456 6.229
3,750 to 15,000 0.71 | . 119d
>15,000 | 0.07  0.19d

Tanks with volume less that 75 m® are below the minimum cutoff point cop-
sidered for Regu]atory A]ternathes 11 through v. \

CPercentages of projected new tank population for tanks with volume
 Capacities between 75 and 95 p3 and between 95 and 150 m3 are for all
tanks having vapor Pressure greater than 3.5 kpa.

."Baseline control assumptions specify that tanks with voiume greater

than 150 m3 3ng Vapor pressures greater than 76 kPa have vapor control

with vapor Pressure less than 76 kPa. woirking assumption that al} the
tanks in the upper interval hag pressures between 53 and 76 kPa was adopted.
Only a small number of tanks were affected by the assumption (0.22 percent
of total voL tank Population).
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4, The degree to which price of other inputs intg the production
‘ Process affects their'suppTy.
~ The less these factors apply, the less likely increases ip price of storage
tanks due to 3 regulatory alternative wil] significant]y impact quantity of
tanks purchased in any future period. Each of the four factors is discussed
below for voL storage tanks. | L

| First, Tables 9-4 and 9-5 show that during the late 1970§'output of
chemicails (in physical units) was fainly stable. As Tables §-4 and 9-5 31sp
show, the price of these chemicals was increasing more rapidly than was
general inflation. This increase Suggests that for voLs ds a group response
of consumption to a price increase is fairly smail. The qualifier "as a
-group” ijs important in this context because most good substitutes for VOLs are
also likely to be VOLs. Therefore, storage of substitutes also would be
subject to the standards, ,

Second, no low-cost means of Providing the same storage service provided
by affected tanks appears readily availabie, especially with terminals, whose
Principal purnose is silorage. Most bulk voL storage tanks either already have
been or, under the regulatory alternatives, are about to pe affected by such

Respons1veness of storage tank consumption tg Price of tanks is .
called "own price elasticity of demand" by economists. The four factors
that determine this e]asticity for an input to a production process were
first hypothesized by Alfred Marshall. A detailed and more formal dis-
Cussion of those factors as modified by other économists may be found inl

N
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standards. Thereforg, it is not feasible to substitute uhcontro]]ed tanks for
contfo]]ed tanks. The cost advantage lérge tanks enjoy (see Chapter 8)
prbbab]y will also sharply limit substitution of uncontrolled small-volume
tanks for the large-voiume tanks affected by the regulatory alternatives.
Finally, voL storage servica is a crucial part of production and consumption
of VOLs in that it s nearly a fixeq component of plant design.

Third, the share of voL storage costs in Production of VOLs or VOL
Products is ajsg Tikély to be smail.  In-the modei producer/consumér plant
described in Chapter 6, capital costs for VOL storage comprise 2 to 11 percent
of total capital costs (depending on the regulatory alternative) ang at most
just over 1 percent of total annual cépital and operating costs, However, for
VoL storage terminals, share of tank costs in total costs is likely to bg |

short run. ,

Based upon these :onsiderations, this economic impact analysis adopts the
working assumption that consumption of VOL storage tanks is not responsive to
Price changes of the magnitude thrat would be due to the regulatory alter-
natives. This demand condition js depicted in Figure 9-2 as a vertical demand
curve, Dl‘ In the event that the price of tanks rises from p to P!, con~
sumption of tanks and, hence, number of impacted VoL storage tanks wil] remain
unchanged at the rate‘TZ Per year. This characterization of tank demand is
recognized to be extreme in that, as noted above, at least some reduced
consumption is observed in response to price increases for most commodities.
However, no data on prices and quantities of voL storage tanks that can be used
to estimate directly price responsiveness of voL storage tanks are publicly
available. Furthermore, if demand is treatéd in this way tﬁe likely

X M A ————



As illustrategd by demand schedule 02 in Figure 9-2, the econbmic analysis
allows for economic growth by Specifying a shift in demand for VOL storage
tanks over time, As the economy grows, some growth will occur in demand for
VOL chemicals and, hence, for New and repilacement VoL storage tanks. The mag-
nitude of this growth between periods t and t+1-is reflected in demand curves
for the respe:;iVe pueriods and‘the difference Tl+1 - ; - The 5-percent
growth rate in new tank Capacity demand and the tank replacement schedule,
adopted for Projections in Subsection 9.1, is also adopted as the quantitative
expression of these shiftg in demand. ‘

As discusseq above, data on the impacted voL tank Population for each
regulatory a]tgrnative, year, pressuyre interval, and volume interval determine
the value of Tg in Figure 9-2.‘ The regression equations of cpst against

determing‘change in price of 3 tank in that' volume interval, p! - P.* Multi-
Plying Tg’by P' - p gives an estimate of the area P'abpP in Figure 9-2. Inis

is the estimated investment impact, in 1982 dol1ars, of a particular regula-
tory alternative on tanks in the given volume interval in the year t. These
values are then Summed over a1) volume intervajs to obtain the regulatorv
alternative's nationwide investment impact in year t, Finally, annual '
investment values for the years 1984 tq 19881are Summed to estimate cumulative

each regulatory alternative using this methodology. Investment impacts for
Regu]atory Alternatives II and 111 are the same' because they are estimated in
Chapter 8 to have the same impact on a tank's cost. ’For comparison, estimated
investment in new VOL tanks Covered by the baseiine conditions (>75 m3 and

—_—
*The Change in price in this analysis is equivalent tg g Change in cost
because tank fabricatars wi]] not contract to build new tanks unless their
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TABLE 9-23. ADDITIONAL NATIONWIDE INVESTMENT IN VOL STORAGE REQUIRED
BY THE REGULATORY ALTERNATIVES, 1984 to 1988 1
Estimated
investment Additional b
under baseTgnS nationwide investment
assumptions?: ($108, in.constant 1982 dollars)
‘ ($10%, constant ' '
Year 1982 dollars) I IT & 111 Iv v
1984 41.94 2.70 2.75 4.70 21.67
1985 43.86 2.87 2.93 4.96 22.69
1986 44 31 2.93 2.99 5.04 1 22.97
1987 45.92 3.07 3.14 5.27 23.84
1988 . 52.04 3.39 3.46 . 5.86 26.84
1984-1988 224,57 | 14.84 15.16 25.54 116.13 |
aAn estimate of nationwide investment that woulﬁ be made in new tanks with

volumes > 75 p3 containing liquids with vapor pressures > 3.5 kPa without

imp]ementing any regulatory alternatives.

any investment in vapor recovery equipment or pressure vessels.
Annual values are not discounted to the present.

9-47
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, the tanks: $3 million/yr to $g million/yr of additiona] investmeﬁt for
Regulatory Alternatives I - Iv relative to $42 million/yr to $52 million/yr
investment under the baseline, The absolute magnitude of these a2xpendi tures

is,‘]ikewise, small relative to the size of the industry. >
9.2.4 Nationwide Annualized Cost Impacts.

Nnumber of new tanks put in Place over the S-year period and the change in each
tank's annua]izéd cost. Annualized Cost represents the annual financial
obligations imposed by the regulatory alternative on purchasers of VOL storage
tanks. Ip particular, fifth-year Costs include Payments related to the

These costs are based upon capital and operating costs for individual tanks
" Presented in Chapter 8, Projections of naw tanks by year made in Subsec-

emission reductions times the value of the chémica] saved. Nationwide
emission reductions for each reculatory élternative‘in the fifth year after
Proxulgation are estimated in Chapter 7. The $460/Mg‘estimate of value of voL
was applied to these emission reductions to estimate nationwide economic
benefit of this emission reduction to vor tank users in 1988, Resulting
emission‘savings credit was then applied against annualized costs; results are
shown in column 3 of Table 9-22. On a nation.ide basis, the first three
regulatory alternatives produce net economic benefits in 1988 when anp emission
savings credit is included in the calculation. The fact that nationwide
annual costs are negative is not inconsistent with the finding of positive
Costs of these alternatives for the two model plants because the model plants
were selected tg exhibit 3 greater than average economic impact, ‘

O O SN
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TABLE 9-22. FIFTH- YEAR NATIONWIDE ANNUALIZED cosT
OF REGULATORY ALTERNATIVES

. Fifth-year annualized cost
(3108, in constant 1982 dollars)

without With
. emission emission
Regu]atory - savings _— savingg
alternative o Credit credit
I 3.25 -0.56
11 | o33 | -0.67
11 o 33 - -1.01
v | 6.11 | 1.68
v ‘ 26.14 , 0 21.61

aCredit computed based on a VgL Prica of 3460/Mg.
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9.3 REGULATORY, INFLATIONARY, SOCIOECONOMIC, AND SMALL-BUSINESS IMPACTS
9.3.1 Executive Order (E.0.) 12291 o
E.0. 12291 requires performance of a regulatory impact analysis of a
proposed‘reguiation if that regulation is likely to result in
1. An annual effect on the economy of $100 million or more.
2. A major cost or price increase for consumers; individual industries;
Federal, State, or local Government agencies; or geographic regions.
3. Significant adverse effects on competition, employment , investment,
Productivity, irnovation, or ability of United States-based enter-

prises to compete with foreign-bésed enterbrises in domestic or
foreign markets.

3-21 show that, for all years from 1983 through 1988 and ali regulatory alter-
natives, the investment impact would be substantially less than $100
million/yr. When capital costs associated with the regulatory alternatives
are annualized and credit is given for reduced VoL vaporization, it is esti-
mated that the first three regulatory alternatives actually generate nation-
wide cost savings in 1988 (see Table 9-22). Regulatory Alternatives IVand v
show nationwide annualized cost increases after credit for emission savings of
$1.68 x 105 and $21.61 x 106, respectively. These are very small figures
Compared to the investment and sales levels of VOL-storing industries.

Pércentage price increases for the model terminal are higher than those
for a model producer/consumer but are still less than 5 percent for Regulatory
Alternatives I through IV after emission reductions credits. hegu]atory
Alternative V is estimated to increase the price of storage at the model
terminal by 13.2 percent without an emission reduction credit and by 11.8
percent with such a credit. S '

Based on these resu]ts,‘ghe proposed standards do not qualify as major
régulatory alternatives under the criteria énumerated above: the annuail
effect on the economy is substantially less than $100 million, the price
impacts are small, and the standdrd will not affect operation of the domestic
ecdnomy or its international trade significantly. Therefore, a regulatory

impact analysis and associated benefit/cost calculations need not be per~
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4. Human health effects. 0Ozone exposure has been shown to Cause
increased rates of respiratory symptows such as coughing, wheezing,
sneezing, and shortness of breath; increased rates of headaches, eye
frritation, and throat frritation; and phyéiological damage to red
blood cells. One experiment 1inks ozone exposure to human cell
damage known as chromosomai averrations. h ‘

. 2. Vegetation effects. Ozone reduces citrus, grape, cotton, and other

Crop yields by damaging leaves and plants. Reduction has been shown
to be linked to Tevel and duration of ozone exposure.

3.  Materials effects. 0Qzone exposdre has been shown to accelerate
deterioration of organic materials sych as plastics and rubber
(elastouers), textile dyes, fibers, and certain paints and coatings.

4.  Ecosystem effects. Continued 0zone exposure has been linked to dis-
appearance of trees such as Ponderosa and Jeffrey Pines ang death of
predominant vegetation. Hence, continued 0zZone exposure places
stress on the ecosystea. '

enumerated above, the regulatory action is likely to improve the aesthetic and
economic value of the environment by beautifying natural and undeveloped land

‘through increased vegetation, improved visibility, and reduced incidence of

noxious odors.
9.3.2 The Requlatory Flexibility Act , ‘ ,

The Regu]atpry F]éxibi?ity Act (P.L. 96-354, September 19, 1980) requires
that speciail consideration be given to the impact of a Proposed regulation on
small businesses, organizations, and governmental units. In,particular,'the
Act requires a regulatory flexibility analysis if a substantial aumber of

In Chapter 6, the model independent terminal and mode] producer/consumer
were identified as small facilitijes. The economic impact of Regulatory
Alternatives | through‘IV were not found to be significant, especially when
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product recovery credits for emission control were considered. Under
Regulatory Alternative 1v with recovery credits, the model independent
terminal was estimated to require a price increase of 0.043 ¢/kg (ar 4.3

- percent) of VOL stored. Under Regulatory Alternative IV with recovery
credits, the model produce./consumer was estimated to require a price increase
of 0.14 ¢/kg (or 0.3 percent) of VOL. Investments required were corres-
pondingly small: fop Regulatory Alternative 1V, an additional 371,800 (in
1982 dollars) investment would be required of the model independent terminai
and a $23,200 (in 1982 dollars) investment would be required by the model
producer/consumer. These repnesent\relatively small increments to investments
required for the new facilities as a whole.
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Al.

Literature Review

November 1978

November 22 1978

December 1979

January 19560

January 1980

January 1980

January 1980

January 1980

January 1980

January 1980

' Hydroscience Iht. Emission Control Options for

the Synthetic Organic Chemicals Industry -
Storage and Handiing Report, October, 1979.

Letter and uttachment from Lee, B., Radian
Corooration, to Moody, . T., TRW: EED. '
November 30 1979. Letter trans-itting ‘
updated version of the report generated August
1978 fiom' the Organic Chemical Froducers Data
Base. , .

Evaporation Loss in the Petroleum Industry -
Causes and Control, Evaporation Loss Committee,
American Petroleum Institute, February 19s9.

Evaporation Loss from Floating-Roof Tanks,
Evaporation Loss Committee, American Petroleum
Institute, February 1962.

Petrocheaica]bEvaporation Less from Storage
Tanks, Division of Refining, American Petroleum
Institute, November 1969.

Venting Atmospheric and Low-Pressure Tank
(Nonrefrigerated and Refrigerated),.Refining

December 1973.

Use of Internal Covers and Covered Floating
Roofs to Reduce Evaporation Loss, American
Petroleum Institute, 1976.

Measurement - and Determination of Hydrocarbon
Emissions in the gourse of Storage and Transfer

Without Floating Covers, BMI-DGMK Projects
4590-10 ang 4590-11, Translated for EPA by
Literature Research Company, 1976.

Hydrocarbon Emissions from Floating Roof
Petroleul.Tanks, Western 071 and Gas
Association, January 1977.



January 1980
February 1980

February 1980
February 198¢

Febri-ary 1980
April 1980

March 1980

June 1980

June 1980
June 1980

_ June 1980

Cost of Hydrocarbon Emissions Controj to the
U.S. Chemical Industry (SIC 28), Volumes I and
II, Manufacturing chemists Association,

December 1877.

Control of Volatile Op
Storage of Petroleum L

Tanks EPA~450/2-77-036, EPA:CPB,
1977. '

ganic Emissions from
iquids in Fixed-Roof
December

Evaluation of Hvdrocarbon Emissions from
Petroleum Liquid‘Storage, EPA-450/3-78-012,
R

+ EPA:CPB, March 1378. o

Suggested Emission Factors for Fi)ed-Roof
Starage’Tanks, A. L. Wilson, anineering-
Science,‘Inc., November 13, 1978, |

Control of Volatile Organic Emissions from
P

etroieum Liquid Storage in External Floating
Roof Tanks, EPA-450/2-78-047, EPA:CPB, .

December 1978,

Tie Revised Organic Cnemical Producers Data

Base System, EPA.Contra
March 31, 1979.

Ct No. 68-02-2623

Comments on the "BMI-DGMK" Report, J: labaga,
Mobile 01} Company, June 16, 1978.

Bulk Liguid ferminals and Storage Facilities,
Independent.Liquid Terminals Association, 1979

(Directory).

Emissions Contro] Options for the Synthetic
Organic Chemicals Manufacturing Industry,
Thermai Oxidation, (Draft), EpA Contract

No. 68-02-2577,

EPA: ESED, December 1979,

Emissions Contro} Options for the Synthétic
Organic Chenicals Manufacturing Industry,
Carbon Adsorption (Draft), epa Contract

No. 68-02-2577,

EPA: ESED, February 1980.

Emissions Control Options for the Syntnetic

Organic Chemica]s Manufacturing Industry,
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A2,

Information from Other Sources

January 1979

April 1979

- September 1979

bctober 1979

bécember 1979
December 1979
Marchi1980

March 1989

March 1980

April 1980

H. F. E]]enburg, Instrumentation Products Co.,
to L. Hayes, TRW:EED, December 20, 1978, Letter
with enclosed information on vapor recovery
systems for storage tanks and solvent transfer
facilities.

T. W. Mix, Merix Corporation to R. K. Burr,
EPA:CPB, April 21, 1979, Letter with enclosed
summary print-out of input and output losses. of
above-ground gasoline tanks on farms.

B. Lee, Radian Corporation, to W. T. Moody,
TRW: EED, August 31, 1979, Letter with enclosed
information from the Organic Chemical Producers
Data Base. ‘ T

J. K. Walters, American Petroleum Institute, to
R. K. Burr, EPA:CPB, September 14, 1979, Let@er

M. Rutland, GATX, to R, Guidetti, TRW: EED,
ecember 3, 1979, Letter concerning budgetary
Prices for standard API-650 Cone Roof Tanks

Associates, Inc., December 6, 1979, Letter
requesting information to be used in an industry
profile for volatile organic liquids storage.

H. Reiss, Altech Industries, Inc., to G. May,
TRW: EED, February 26, 1980, Letter with
summarized budget price informationj

T. P. Tremblay, Chicago Bridge & Iron Company,
to W. T. Moody, TRW: EED, February 27, 1980,
Letter concerning price differentialg ‘
Weathermaster Floating Roof Tank versus cone
roof tank-revision 1.0, ' '

T;'T. Fung, Systems Division, to M. A. Rockstroh,

" TRW:EED, March 14, 1980, Letter concerning

acetone storage tank emissions control study.

J. J. Dechant, Brown Boiler & Tank Works, Ltd.,
to TRW:EED, March 27, 1980, Letter concerning
quotation with budget figures in order to erect
acetone storage tanke.
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May 1980

May 1980

June 1980

June 1980

June 1980

June 1980

July 1980

July 1980

October 1982 to
December 1982

' Jahuary 1983

J. R. Farmer, EPA:CPB, to R, L. Stuart,
Monsanto Company, Apriil 28, 1980, Letter
with enclosad background information to

support the volatile organic liquids regulation

with attached list of addressees.

Cdmments on the Volatile Organic Liquids
Background Information, H. D. Kerfman,GATX,
May 1980. ‘

L. P. Hughes, Mobay Chemical Corporation,
to W. T. Moody, TRW: EED, May 29, 1980,
Letter with enclosed responses regarding
possible tank emission recovery systems.

Dr. F. S. Lisella, Department of Health and

Human Services, to J. R. Farmer, EPA: CPB,
June 2, 1980, Letter commenting on the
draft copy of Volatile Organic Compound
Emissions from Volatile Organic Liquid
Storage Tanks.

R. E. Kinghorn, R.F.I. Services Corp., to

‘W, T. Moody, TRW: £ED, June 9, 1980, Letter

concerning prices for conventional cone
roof tanks constructed to API 650 code.

T. P. Trembﬁay, Chicago Bridge & Iron Company,

to W. T. Moody, TRW: EED, June 22, 1980,
Letter concerning price differeitials
Weathermaster Floating Roof Tank versus
cone roof tank.

R. Harrison, Western 0i1 and Gas Association,

" to J. R. Farmer, EPA:ESED, June 27, 1980,

Letter commenting on the draft document
“Volatile Organic Compound Emissions from
Volatile Organic Liquids Storage Tanks."

J. K. Walters, American Petroleum Institute,
to J. R. Farmer, EPA: ESED, June 30, 1980,
Letter commenting on the draft document
"Volatile Organic Compound Emissions from
Volatile Organic Liquids Storage Tanks."

Updated’costs of control equipment obtained
from 15 vendors. '

W. F. 0'Keefe, American Petroleum Institute
(API) to S. R. Wyatt, EPA:ESED, Letter
concerning emissions calculations {including
final API Bulletin 2519 evaporation loss
from internal floating roof tanks).
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Emission Source Measurement

May 1979
June 1979

August 1979

March 1982

Emission Measurements on a Floating Roof

Pilot Test Tank, R. J. Laverman, Chicago
Bridge & Iron Company, May 16, 1979.

Measurement of Benzene Emissions from a
Floating Roof Tast Tank, EPA-450/3-79-020,
R. K. Burr, EPA:CPB, June 1979.

Hydrocarbon Emission Measurements of Crude
0i1 on the 20 Foot Diameter Floating Roof
Pilot Test Tank, R. J. Laverman, Chicago
Bridge & Iron Company, August 15, 197s.

Testing Program to Measure Hydrocarbon
‘Emissions From A Controlled Internal Floating

Roof Tank, for American Petroleum Institute

Task Group 2519, R. J. Laverman, T, J. Haynie
and J.. F. Newbury, Chicago Bridge & Iran
Company, March 1982. -
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A4. Plant and Other Related Trips
November 14-17, 1978 Trip to Hydroscience Inc. » to discuss data
’ base and Phase I report.
Ncvember 15, 1978 Trlp to Exxon Chemicals, Baton Rouge, Louisiana,
' : to obtain information on the rail car loading
: \ facility.
4 November 15, 1978 Trip to Gilmore Maxine Services, Baton Rouge,
4 Louisiana, to inspect a barge c]ean1ng fac111ty
August 14, 1980 Tr1p te Conoco Chemical, Baltimore, Maryland to )
‘ inspect a vapor recovery system. ,
i August 20, 1980 ‘ Tr1p to Vulcan Materials, Geismar, Lou1s1ana to
3 inspect a Vapor recavery system.
N August 21, 1980 Tr1p to Amoco Chemical, Texas City, Texas, to
+ inspect a vapor recovery system.
August 26, 1980 ' Tr1p to Dow Chemical, Midland, Mlchlgan to
, ‘ ‘ inspect two vapor recovery systems ;
i
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A5, Meetings‘with Industry

March 20, 1979
August 9, 1979

January 26, 1982

September 2, 1982

Decenber 15, 1982

Meeting with Dow Chemical'Corporation to
discuss smal) vessel (=20,000 gallon)

control techniques and industry trends.

Association to discuss the regulatory
approach and control technologies.

Meeting with the American Petroleum
Institute (AP1) to discuss the new AP]
preliminary testing data available on
floating roof vessel emissions.

Meeting with the American Petroleum Institute
to discuss 1) the analytical approach used

by API in developing storage vessel emissian
factors for the Bulletin 2519 “Evaporative
Loss from Interna) Floating Roof Tanks";

2) the EFA approach for emission factors
development; and 3) the effect of roof
configuratior, upon emissions.
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A6. Reports angd Review Process

December 14, 1978

January 29, 1979

March 14, 1979

August 1979
" November 29, 1979

January 18, 1989

March 26, 1980

June 20, 1980
October 1980
December 3, 1980

December 1980
April 2, 1981
October 1981

March 1983

June 1983

J. L. Shumaker, EPA:CPB, to V. Smith, Research
Triangle Institute, Letter concerning the
finalization of SOCMI to be used in al)
generic standards. »

E. C. Pulaski, TRW:EED, to v. Smith, Research
Triangle Institute, Letter with enclosed
model facilities for synthetic organic
Chemical storage faci]ities;

R. C. Weber, EPA:CPB, to E. Pylaski, TRW: EED,
Letter confirming deletion of Handling
Portion or SQCM] Storage and Handling NSPS.
Deci:ion to. expand SOCMI storage to voL.

W. T. Moody, TRW:EED, to the Volatile Organic
Liquids Docket Files, Memo with an attached
selection of Mode] Facilities. '

W. T. Moody, TRW-EED, to the Volatile Organic
Liquids Docket Files, Memo concerning tanks
involved in industrial organics,

Model Plants ang Regulatory Alternatives are
finalized.

Decision on the basis of the standard.
Working Group ReviewL

National Air Pollution Control Techniques
Advisory Committee Meeting. ’

Steering Committee Review.

- Assistant Administrator Keview.

Package withdrawn from review process and
returned to 0AQPS. . '

Steering Commiftee review of the revised
standard based upon newly available emissions
information. ,

Assistant Adm{nistrator Review.
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APPENDIX C - EMISSIONS SOURCE TEST DATA AND ANALYSIS

This appendix provides a summary description of the emission tests
conducted on internal floating roof (IFR) tanks and the major results.
For additional and complete information, refer to the referenced keports.

C.1 TEST PROCEDURES |
A1l emissions .test measurements were obtained by éhicago Bridge and

Iron Company (CBI) under contract %o the American Petro]eum Insti‘tute.1

The test Program was divided into two broad components:"pilot.tank test

IFR seal systems and deck seams; while the purpose of the IFR component
tests was to détermine emissions from IFR fittings (hatches, ladder
wells, etc.) and to investigate other issues such as the permeability of
seal systems to the stored hydrocarbon.
C.1.1 Pilot Test Tank Emission Measuremants ‘
€C.1.1.2 Description of Test Facility. The tests were performed in
@ test IFR tank at CBI's research facility in Plainfield, Il]inois.‘xThe
test tank was 20 feet in diameter and had a 9-foot shell height (see
Figure C-1). The. Tower 5'3" of the tank shell was prévided with a

' heating/coo]ing Jjacket through which a heated or cooled water/ethyleng

glycol mixture was continuously circulated to control the product
temperature. The effect of air blowing through the shell vents was
simulated by means of a biower connected to the tank Sy a 12-inch diameter
duct. This air exited from the tank through a similar duct.

Based on wind tunnel tests, it has been Possible to determine the
Pressure coefficient, Cp, variation over the exterior surface of the
tank. The air flow rate through the vents over the internal floating

roof was then related t¢ Cp by means of a mathematical mode].l Thus,
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‘During each test, emissions were measured at severa] eduiva]ent ambient
wind speeds. The recorded data included the inlet and outlet total
hydrocarbon content, system temperatures, and the inlet air flow rate.
C.1.1.3 Pilot Test Tank Internal Floating Roofs and Liquids.
Tests were conducted in three IFR types, and thr e seal systems. The ‘
first IFR tested (Phase 1, 1R) was a bolted noncohtéct IFR, equipped .
with a wiper type primary seal, and on some tests a secondary seal

(Figuras C-2 and C-3). In some tests gaps were intentionally placed
between the seal and the tank shell. Sea] gaps were either of 1 or
3 square inchés of gap per~foot-of-tank4diameter. In some instances,
0.020 inch thick Polyurethane-coated nylon fabric, which was taped in
place using‘aluminum-backed duct tape, was used tb seal off certain
emission < .uprces. ’ o

The second IFR tested (Phase 2, 2R) was a welded contact IFR equipped
with a liquid-mounted, foam filled seal (Figures C-4 and C-5). As in
Phase 1, a secondary seal was in place during some tests; the effects of
seal gaps on emissions were investigated; and emission areas were sea]ed*‘
during some tests. , ‘ ‘

The final IFR (Phase 3, 3R) was a bolted contact type deck, equipped , ,
with a vapor-mounted, foam-fi]leq primary seal, and (during some tests)

a foam-filled secondary seal (Figures C-§ and C-7).

In each Phase, three different test liquids wera empToyed. The
test liquids were a Propane/octare mixture, hexane, and octane.

During Phase 1, the primary seal was replaced after Test No. 13.
The primary seal was again replaced at the beginning of Phase 1R (Test )

. APT 73). Each of the Primary seals had the same construction. - . ]

The ini*ial Phase 1 tests indicated that emissions might vary as a
function of the inlet aiy-product temperature difference. To control
for this, a heater was installed in the inlet air duct after Tesf API 19.
Table C-1 displays the test conditions for all Phase 1, iR tests.

Table C-2 displays the test conditions for the Phase 2, 2R tests.
There was a problem with product seepégg through a thermocoupie during
Tests API 35 through API 44. However, it was Possible to correct the
results to account for this problem. Additionally Test API 51 was
performed at the much higher air flow rates that simulate an external

floating roof tank.
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Table C-3 displays the test conditions of Phase 3 and 3R. During
Some tests procduct penetrated the primary seal. The proolem Was repaired,
and the tests were repeated.

had no significant effect cn emissions. Small gaps (1 inch2/feet diameter)
did not appear to affect emissigns significant]y. Also, the tests

€C.1.1.4 IfR Component Tests. ;

C.1.1.4.1 Deck fitting emission fests.v‘To Quantify emissions from
various types of.fittings, a series of bench scale tests werv performed.
These fittings were placed through the top cerr of a liquid-filled
drum, and the drum was then Placed on 3 scale. The weight change and
other data were recorded over a 30 cay period. Figure C-8 displays a
sample bench test, and Table C-5 summarizes the results.

€.1.1.4.2 Permeability tests. A series of bench Permeability
tests were performed to determine the permeability of the 0.020 inch-
thick polyurethane-ﬁoated aylon fabric to varioue hydrocarbon liquids.
One laboratory test was also Performed. Also incluged was a test on the
same fabric of 0.037 inch thickness with benzene as a test liquid. This
material had been used as the sea) envelop material in Phase 2 and 2R,
and in earlier teSt work.z The results are shown in Table C-6.

C.2 MAJOR RESULTS

This section discusses “he major results of the analysis of test
work. Although the relationship of emission factors to the test results
is qiscussed, the actual development of emission factors js oresented
elsewhere.3
C.2.1 Seal Losses

Total measured emissione in a giver tank test are the sum of all of
"the emission sources in that test. Therefore, to develop ap emission
factor the results pust pe reduced. For example, the permeation emissionsg |
through any sealing material, fittings, and any other source that is not
of interest must be accounted for, and subtracted out before the emissions
from the component of interest are known. Because of this reduction

Process, cemponent emissionsvfactorsvcannot be read directly from Table C-4.

Rt e




Table C-3.

SUMMARY OF TEST CONDITICNS FOR

SE 3 AND 3R (1)

Nominal Ve 2Qap area Roof components
Test Product vVapor pressure «~Alﬂ—i12—515553552— Coiumn Deck Rim
number type (psia) Primary Secondary well seams plate Notes
Phase 3
AF1 52A €3/nC8 5.0 0 1} Unsealed Unsealed Unsealed (2)
APl 528 C3/nC8 5.0 0 0 Unsealed Unsealed Unsealed (2)
AP 52¢ C3/nC8 5.0 0 0 Unsealed Unsealed Unsealed (2)
AP1 52p C3/ac8 5.0 [s] 0 Unsealed Unsealed Unsealed (2)
AP1 52¢ L3/nC8 5.0 0 0 Unsealed Unsealed Unsealed (2), (3)
API 53A C3/nC8 €0 -1 0 Unsealed Unsealed Unsealed (2)
API 538 C3/nC8 5.0 1 0 Unsealed ' Unsealed Unsealed (2)
API 53¢ €3/nC8 5.0 1 0 Unsealed Unsealed Unsealed (2)
API 54A C3/nC8 5.0 3 1 Unsealed Unsealed Unsealed (2)
APl 548 C3/nC8 50 3 "l Unsealed Unsealed Unsealed (2)
Product Liquid Removed From Primary Seal
AP 52 C3/nC8 5.0 0 0 Unsealed Unsealed Unsealed
AP1 52R C3/nC8 5.0 1] 0o . Unsealed Unsealed Unsealed
APl 53 C3/nC8 5.0 1 0 Uns2aled Unsealed Unsealeg
APl 54 C3/nC8 5.0 3 1 Unsealed Unsealed Unsealed
AP1 554 C3/nC8 5.0 Sealed Sealed Sealed Sealed Sealed
AP1 55 C3/nC8 5.0 Sealed Sealed Sealed Sealed Sealed (84)
APl 56 C3/nC8 5.0 Sealed Sealed Sealed Unsealed Sealed (4)
APl 57 C3/nC8 5.0 Sealed Sealed Sealer Unsealed Unsealed (4)
APl 58 © €3/nC8 5.0 Sealed Sealed Unsealed Unsealed Unsealed (4)
API 59 C3/ncC8 5.0 [ - Unsealed Unsealed Unsealed
API 60 C3/nC8 5.0 1 - Unsealed Unsealed . Unsealed
APl 81 C3/nC8 5.0 3 o= Unsealed Unsealed Unsealed
APl &2 C3/nC8 2.5 1 - Unsealed Unsealed Unsealed
APl 53 C3/nC8 0.5 1 -, Unsealed Unsealeqg Unsealed
API 64 nC8 0.5 1 - Unsealed Unsealed Unsealed
API 85 nCé 2.5 ‘1 - Unsealed Unsealed Unseaed
Phase 3R
API 85R nCé 2.5 1 - Unsealed Unsealed Uns2aled
APT 65A nCé 2.5 1 - Unsealed Unsealed Unsealed (5)
API 66 aCh 2.5 1 0 . Unsealed Unsealad Unseal .y (2)
API 66R nCh 2.5 1 0 Unsealed Unsealed Unseaiad
Notes: (1). During both Phases 3 and 3R, Type 1 air flow distribution was used, the nominal (air~product)
temperature difference was kept at Zero, angd the roof elevation was kept at 63 inches below
the air inlet. . ' '
(2). Emission test data is of questionable valye since liquid Product was present in the primary
seal. . ,
(3). Column well Cover intentiona]]y positioned off center with a gap.
(4). AN taped joints were also caulked during this test. .
(5)

- During this test the primary seal 23p plates were intentionally extended down into the

product.
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Table C-4,

SUMMARY OF TEST

RESULTS FOR
ALL POTENTIALLY RELEVANT TESTS

true vapor pressurel

Nominal

Average
emissions

CBI test number (psia) Ib-mole/day
API-1 5.00 0.283
API-2 5.00 0.423
API-3 5.00 0.309
API-4 5.00 0.449
API-5 5.00 1.33
API1-7 5.00 0.224
API-8 5.00 0.439
Airi-12 0.50 . 0.0181
API-13 0.50 0. 0605
API-14 0.50 0.0668
API-13R 0.50 0.0567
API-13, 13R 0.50 0.059
API-14R 0.50 0.196
API-14, 14R 0.50 0.159
API-16 5.00 0.926
API-17 5.00 0.0698
API-18 5.00 0.110
API-19 5.00 0.134
API-18A 5.00 0.147
API-21A 5.00 0.101
API-21B 5.00 0.0891
API-2iC 5.00 0.090s
API-21AR 5.00 0.171
API-21A, AR 5.00 0.129
API-21BR ' 5.00 0.140
API-21B, BR 5.00 0.102
API-21CR 5.00 0.133
API-21C, CR 5.00 0.108
API-22A 5.00 0.142
API-22BI 5.00 0.165
API-22D 5.00 0.124
API-22B 5.00 0.176
API-2281, B 5.00 0.173 .
API-22¢ - 5.00 0.211
API-21E 5.00 0.128
API-23 5.00 0.0714
API-24 5.00 0.120
API-25 5.00 0.108
API-26A 5.00 0.117
API-26B 5.00 0.128
API-27A 0.50 0.030
(continued)
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Table C-4. Continued
Nominal 1 Average
true vapor pressire emissions

CBI test numper (psia) 1b-mole/day
API-278B 0.50 0.0196
API-27C 0.50 0.0553
AP1-28 0.50 0.0167
API-30 0.50 0.0316
API-29R 0.50 0.143
API-31 0.50 0.0357
API-31A 0.50 0.0256
API-32' 2.50 0.0232
API-33 2.50 0.0306
API-33a 2.50 0.0251
API-34 2.50 0.0317
API-34A 2.50 0.0347
API-35 5.00 0.0366
API-36 5.00 0.0359
API-37 5.00 0.0297
API-38 5.00 0.0334
API-39 5.00 0.0492
API-39R 5.00 0.0387
API-40 5.00 0.0301
API-41 5.00 0.0154
API-42 5.00 0.0176
API-43 5.00 0.0269
API-44 5.00 0.0149
API-45 5.00 0.00693
API-46 5.00 0.00928
‘API-47 5.00 0.0170
AP1-48 5.00 0.0246
API-49 5.00 0.0188
API-50 0.50 0.00426
API-51 0.50 0.0390
API-52 5.00 0.037s6
API-53p 5.00 0.0407:
API-54 5.00 0.0400
API-53 5.00 0.0372
API-53p, 53 5.00 0.0399
API-55 5.00 0.0156
API-56 5.00 0.0338
API-57 5.00 . 0.0345
API-58 5.00 0.0433
API-52R ‘5,00 0.0435
API-52, 52R 5.00 0.0400
API-59 5.00 0.0536

(continued)

e ——— e
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'Table C-4. Concluded

Nominal 1 Average

true vapor pressure : emissions
CBI test number (psia) 1b-mole/day
API-60 5.00 0.0574
API-61 5.00 0.0690
API-62 - 5.00 0. 0649
API-63R 0.50 0.00930
API-64 . 0.50 0.00867
API-865 2.50 0.0242
API-66 2.50 0.0378
- API-66R 2.50 0.0322 .
API-65R 2.50 0.0407
API-65A 2.50 0.0417
API-67A 0.50 0.00779
API-67 0.50 0. 00500
API-68 2.50 0.0105
API-69 2.50 0.00715
API-70 5.00 0.0202
API-71 5.00 0.0247

API-72 5.00 0.040
API-73 5.00 0. 0466
API-73A 5.00 0.0628
API-74 5.00 0.0627
API-75 5.00 0.0730
API-76 5.00 0.0509
API-76R 5.00 0.0433
API-76, 76R 5.00 0.0484

API-77" 5.00 0

.0417

1Nomina] average true vapor pPressure (T\
emissions were calculated by using the
rormalize the measured hydrocarbon conc

expected at the nominal TVP.

'l

P) is the TVP at which the
vapor pressure function to
entration toc the concentration
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Figure C-8. Example of fitting emission bench test apparatus. 1
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For seal systems, it was found that

Es ='Kr Mw.D p* . (C-1)
Where: ‘ ' ‘
ES = Emissions from.the seal area in 1bs/day
Kr = Seal factor
Mw = Molecular weight of vapor
D = Tank diameter
P* = Vapor pressure function

The reduced emissions from seals of similar construction and gap coadition:
are averaged together. A seal emission factor is the weighted average

- of the averaged reduced. emissions. Weights are selected according to

rather an expected Qa]ue.

The analysis shows that for emission purposes sea1s may be divided
into two types: ]iquid;mounted and vapor-mounted. An'emission comparison
of reduced résu]ts between the foam-fi]]eq vapor-mouhted seal tested

and 1R, shows that emissions from the foam-fil]ed seal were lower than
ithe Phase ] wiper but higher than the Fhase 1R wiper (Table C-7). on
this basfs, the results from Phases 1, IR, 3 and 3R were merged into the
general category of vapor-mounted seal.

The analysis shows that emissions from‘the Tiquid-mounted seal
tested in Phase 2 ang 2R are lower than both the average of the merged
vapor-mounted seal tests aﬁd the individual vapor-mounted seal systems
that were actually tested (Table C-8). )

Another finding. was tﬁe presence of the secondary seal reduced

emissions whether or not the primary seal was gapped. Emissions reductions
obtained by a secondary seal ‘average 47 percent for a iiquid-mounted
primary'seal and 63 percent for a vapor-mounted‘primary seal.

€C.2.2 Deck Seam Losses A .

The welded IFR tested in Phase 2 and 2R was assumed to have no deck
seam emissicns. The IFR's tested in Phases 1, 1R, 3 and 3R have bolted
deck seams. The seams in the contact deck (3 and 3R) had a different
construc;ion than those in the,noncontact deck (1 and 1R). However, the

c-21
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Table C-7. COMPARISON oF WIPER SEALS To FOAM-FILLED
VAPCR-MOUNTED SEALS '

Seal emissions

(1b mole/day)
Seal gaps

(in2/f¢ diameter) Phase 1 wiper Foam-filled Phase 1R wiper

0 0.0566  0.0248 0.0217
1 0.0978 0.0324 -1
3 -1 " 0.0402 0.0319

1No test available.
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fab]e C-8. COMPARISON oF LIQUID-MOUNTED SEAL.TO VAPOR-MOUNTED SEAL .

‘ Seal emissions
(b mole/day)
Seal gap

(in2/ft diametér) Liguid-mcunted Vapor-mounted1
0 0.0052 0.0217
1 0.0176 - | -2
3 0.030 0.0319
1 | A
Based on the best Per.’orming vapor-mounted sea) (Phase 1R wiper). f
No test available. : |

C-23




o tioa ) ey

e

baas >

test data show that there is no significant difference in emissions from
the seams in the two decks (on a perffoot-of-seam-basis) despite
differerze, in construction and position relative to the stored liquid
(Table C-9). It should be noted that Test API 7g was not used in making
the comparison. API representatives have stated that due to slight
probleins in the test, Test A°] 76 is not comparatle with API 76R.4

The per-foot-of-seam results that appear in Table C-9 were averaged
together and divided by the value of the vapor pressure function to
develop the deck seam emission factor Kq- Further minor mathematical ‘
procedures are needed to develop Kd as it appears in Chapter 3. 'These
procedures relate seam length to deck diameter.
C.2.3 Effect of Liquid Type on Emissions

Combarisons between'previous test programs had indicated that
emissions for single component (pure) liquids (e.g., benzene), could be
significantly higher than emissions from multicomponent liguids
(e.g., gasoline) when normalized for both molecular weight and vapor
pressure.2 Tests performed in the API program show that between the
tested liquids‘(hexane, Propane/octane, and octane) there were no
significant emissions differences after norma]izing for molecular weight
and vapor pressure (Table C-10).
C.2.4 The Effect of Vapor Pressure on Emissions

Several emissions tests (from Phase 2 and 2R) were conducted to

a contact-type internal floating roof and a liquid-mounted primary seal.
Based on these tests, the emissions are directly related to the vapor
Pressure function, Px. '

pr = 177

el T

C.Z.S Fitting Emissions.

The fitting emission factors are developed by a procedure similar
to that used for seal factors. A particular fitting design is anaiyzed
to determine emission points and the results of the bench tests are
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Table C-10.

COMPARISON OF EMISSIONS AS A FUNCTION OF LIQUID TveE

Test number1

- Emissions
Product type (1b mole/day)

2

Phase 2, 2R

API 50
API 67
API 67A
AP 68
API 69
API 71
API 72
API 36

Phase 3, 3R

API 64
API 65
API 65R
AP1 65A
API 60

nC8
nC8
nC8
nCé
nCs
C3/n(8
C3/n.8
C3/nC8

nC8
nC6
"nC6
nCé
C3/nC8

~ 0.0s10

0. 0599

. 0.0932

0.0233
0.0159

0.0247

0.040
0.0359

0.103

0.0537
0. 0905
0.0927

0.0574

lAll tests had identical conditions as follows:

a.” 1 in2/ft. diameter of g3p.on primary seal.
No secondary seal, : ‘
c. All roof components unsealed.

Emissions are normalized to 5.0 psia.
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The test results show that the addition of gaskets and the bolting
of covers wi] reduce emissions from fittings. Also demonstrated is the
fact that small fittiag design differences can Tead to significant

C-27
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APPENDIX D

ESTIMATED NATIONWIDE PETROLEUM STORAGE TANK VOC EMISSIONS
FOR THE YEARS 1983 AND 1988 ‘
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C.2 METHODOLOGY

A detailed description of the calculation procedure used to R
. estimate nationwide VOC emissions from petroleum storage %anks is
presented in the EPA document Evaluation of Hydrocarbon Emissions from
fetroleun Liquid Storage (EP-450/3-78-012).1 For this project, the A
Procedure was updated to use the revised American Petroleum Institute :
(API) tank evaporation loss equations. The VOC emissions from fixed ‘
roof and external floating roof tanks were calculated using the equations
described‘iq the April 1981, supplement to AP-42.2 The VOC emissions
fram internal floatiﬁg roof tanks were calculated using equations
descrived in the August 1982, draft of the revised API Publication 2519.3

Using the revised API evaporation loss squations, VOC emissions
were recalculated for the same humbers of petroleum storage tanks
estimated by the original PES study. External floating roof tanks
were assumed to be equipped with a primary metallic shoe seal only
(Ks = 1.2,‘N = 1.5). Internal floating roof taqks were assumed to be
equipped with "typical fitlings.” For this study, the total deck
fitting loss (TDFL) factor for internal floating roof tanks equipped
with typical fittings was'obtained from a graph of TDFL factor for a
non-welded deck as a function of tank diameter (}efer to Figure 1 in
Reference 3). - | -

The numbers of tanks constructed since the feference year, 1976,
were estimated for the years 1983 and 1988, Projections of new tank . )
construction betugen 1977 and 1983 were made by extrapolating the i
number of tanks estimated for each volatility class in the reference
year., The methodology is described in Section A.4.1 of the report
Evaluation of Hydrocarbon Emissions from Petroleum Liqu*d Storage.
Refining capacity for the year 1983 was determined by summing the
to%al United States refining capacity in January 1982 as repoﬁted in
the 011 and Gas Journa14 plus the refinery capacity gxpahsidn projects
scheduled for completion in 1982 as announced in Hydrocarbon ProcesSing.5
Because very 1ittle specific refinery expansion information is available




below. Table 1 presents a summary cunparjsonvof all six scenarios
(used for the 1988 VOC emission estimates,

‘SCENARIO‘A}

1. An tanks built after j975 to store petroleum products

other tanke byilt after 1976 are assumed to be fixed roof .
tanks. ‘

2. Distribution of new external and interna] floating roof
tanks assumed to follow historic Pattern shown in reference
Year data pase (90 percent external floating roof tanks,

0 percent internaj floating roof tanks).

3. External floating roof tanks are assumed to be equipped with

2 primary metallic shoe only (Ks = 1.2, N = 1.,5).

4. Interna) floating roof tanks are assumed to be equipped with
typical fittings, ‘ Co ‘

1. Al tanks built after 1976 to store petroleum products
having a Vapor pressure greater than 1.5 psia are assumed to
be ejther external or interna) floating roof tanks. Al
ath:r tarks built after 1976 are assumed to be fixed roof

2. Distribution of Néw external and internal floating roof
tanks assumed to follow historic‘pattern shown in reference
year data base (90 percent external floating roof tanks,

percent internal floating roof tanks),

3.  External floating roof tanks are assumed to be equipped with
@ vapor maunted resilient primary seal with rim mounted
secondary sea) (Ks = 0.2, N = 2,5).




Table p-1

SCENARIO A

VOLATILITY

SCENARIO ¢

1

.2' Fixed - Fixed

3

4 102 Internaj FR-T + 10% Internail FR-T

: 90% External FR-py %0% External FR-py

SCENAR]IO B
1984 - 1983

- 2 | Fixed Fixed
3

4 " i , i

5 102 Internal FR-T 102 Interna FR-7

5‘ 90% Externa] FR-PYS 90% Externail FR-pvs

1977 - 1983

F‘lxe'd

Fivad

4‘
- 4 102 Interna; FR-T <3 x 108 gal Interna] FR-WC |
S 90% External Fn-pys >3 x 10° ga1 Externas FR-PMS -
qh .
Fixed: fixed roof tank
Internai FR-T: internal floating roof tank with typical fittin S.
Internai FR-WC: internal floating roof tanr with well-controlied fittings. .
External FR-pM: externa) floating roof tank with primary metaliic shoe seal, -
External FR-PMS: external floating roof tank with primary metallic shoe seal
Plus Secondary seal.
External FR-pys. ext]ernal floating roof tank with primary vapor Plus secondary
sea].
D-4 o '




Table D-1
ASSUMPTIONS USED FoR PROJECTIONS OF NEW TANK CONSTRUCTION
(concluded) ,
SCENARIO D
VOLATILITY | 1977 - 1983 . 1984 - 1988
Fixed
DTS N Fixed ________
2 s
4 <3 x 10” gal Internal FR-wC
5 102 Internal FR-T >3 x 10% gal External FRpus
6 90% Externa] FR-PVS

SCENARIOQ E

VOLATILITY
CLASS

1977 - 1983

Fixed . Fixed

2
3
4 10% Internal FR-T 10% Internal FR-wC
: 90% External FR-pys 90% External FR-PMS
' , o . SCENARIO F
YoLATILITY ’ 1977 - 1983
1 PR } -
2 Fixed Fixed
3 ..
: 90% External FR-PYS ' ' 90% Externa) FR-PMS

Fixed: f’xed roof tank.

Internal FR-T: internal floating roof tank with typical fittings.

Internal FR-WC: internal floating roof tank with well-controlled fittings.

External FR-PM: external floating roof tank with prirary metallic shoe sea].

External FR-pMS: extermnal floating roof tank with primary metallic shoe seal] plus
secondary seal. . '

External FR-pys: external floating roof tank with primary vapor plus secondary
seal.

D-5




4,

Internal floating roof tanks are assumed to be equipped with
typical fittings,

SCENARIO ¢

1.

All tanks built between 1977 and 1983 follow the Scenario B
assumptions, Al tanks buiit between 1984 ang 1988 follow
assumptions 2 through 5.

A1l tanks built 983 to store petroleum products

after ]
having a vapor pressuyre greater than 1.5 Psia are assumed to
be either external or interna) floating roof tanks. Al

Distribution ¢ New external ang internal floating roof
tanks assumed o be:

a. Tanks hav.ag a capacity greater than 3 million galions
are exte' r,j floating roof tanks,

b. Tanks having a Capacity less than or equal to 3 mi111ion
gallons <2 internal floating roof tanks,

Externa) tioating roof tanks are assumed to be equirped with
a primary meta]]ic)shoe seal with rip mounted Secondary sea]
1.0 ‘

rToe SIS0 o s bt
roof tar. was defined 7or this study to have:
i. _ Access hatch |

Bolted cover, gasketed (Kf = 1.6)
b. Automatié gauge floatwel]

Bolted cover, gasketeq (K = 5.1)
C. Column wel)

Pipe coiumn-flexible fabric sleeve seal (Kf = 10)
d.  Ladder welj |

Sliding cover, gasketed (Kf = 56)

e Roof leg

Adjustable (Kf = 7.9)

D-6
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AP s vyeam,

f. Sample pipe

Sample well-glit fabric seal (Kf = 12)
] Stub drain (Kf = 1.2)

h. VYacuum breaker

Weighted mechanical actuation, gasketed (Kf =0.7)

SCENARIO D

1.

2‘,.

5.

SCENARIQ E

1.

2.

Al1 tanks built between 1977 and 1983 follow the Scemaric B

assumptions. A1l tanks built between 1984 and 1983 fo! .ow
assumptions 2 through 5,

217 tanks built after 1983 to store petroleum products
having a vapor pressure greater than 1.0 psia are assumed to
be either external or fnternal floating roof tanks. AN

other tanks byilt after 1983 are assumed to be fixed roof
tanks. ‘

Distribution of Neéw external and internal floating roof
tanks assumed to be:

a. Tanks having a capacity greater than 3 million gallons
are external floating roof tanks,

b. Tanks having a capacity less than or equal'to 3 million
‘ gallons are internal f oating roof tanks.

(kg = 0.2, N = 1,0),

Internal f10$t1ng roof tanks are assumed to be equipped with
well-controlied fittings. (See Scenario C, assumption §).

AN tanks built between 1977 and 1983 fo]iow the Scenario B

assumptions. A1l tanks built between 1984 and 1988 follow
assumptions 2 through 5,

year data base (90 percent external floating roof tanks,
10 percent internal floating roof tanks).

D-7




4.  External floating roof tanks are assumed to be eqiupped with
& primary metallic shoe seal with rim mounted secondary sea)
(Kg = 0.2, N » 1.0), .

5. Internal float1ng roof tanks ire assumed to be equipped with
well-controlled 1ttings, (See Scenario C, assumption §),

SC;NARIO F
assumptions., AN tanks byilt between 1984 and 1988 follow
assumptions 2 through 5,

2. Al tanks buflt after 1983 to store petroleum‘products

nks assumed to follow historic paitern shown in reference
year data base (90 Percent external floating roof tanks,
0 percent internail floating roof tanks),

4. External floating roof tanks are assumed to be eqiupped with
* 2 primary metallic shoe seal with prin mounted Secondary sea)
(Ks - 0.2. N - 1-0)‘ A

5. Internal floating roof tanks are assumed to be equipped with
well-controlled fittings. (See Scenario ¢, assumption 5),

D-8
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D.3 ResuLTs

Estimated tota] nation
storage tanks are presented

Table 2
Table 3
Table 4
Table 5
Table 6
Table 7
‘Table 8
Table 9

Reference year
1983 Scenarig
1983 Scenario

- 1988 Scenario

1988 Scenariog
1988 Scenarig

A
B
A
1988 Scenario B
c
D
1988 Scenario E

Table 10 - 1988 Scenario F

Estimated total nationwid

Presented in the following tables.

Table 11
Table 12
Table 13
Table 14
Table 15
Table 16

Reference year
1983 Scenarios A and B

1988 Scenarios A, B, and £

1988 Scenario ¢
1988 Scenario D
1988 Scenario F

€ numbers of petroleum

wide annyal voc emissions from
in thas fo]1owing tables,

petroleum

storage tanks are




Table' D-2

ESTIHA]ED‘TOTAL ANNUAL voC EHIS§IONS FROM
PETROLEUM STORAGE TANKS

REFERENCE YEAR

Petroleum Storage Tank. vOC Emissions
‘ ‘ tons. per year) ‘
Vo;::;;ity , Internal  Externa]

(psia) Fixed Roof loating Roof Ftoating Roof Total
£0.5 » 20,400 30 - 830 21,260
0.5 to 1.0 11,700 | ‘QO ‘ 620 112,360
1.0 to 1.5 75,600 130 12,100 177,830
1.5 t0 5.0 | 313,400 3,400 . 55,500 372,300
5.0 to 9.1 106,600 2;400 58,000 167,000
9.1 to 11.1 15,900 330 » 9,500 25,739
TOTAL ' 543,600 6,330 126,550 676,480

- -‘—»‘\,.__“ﬁ. e

production facf]ities.

“Storage tanks having Capacities greater than 40,000 gallons and not
including tanks at crude o1} L

B e N -1
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Table D-3
ESTIMATED ToTAL ANNUAL voC EHIS;IONS FROM
PETROLEUM STORAGE TANKS
1983 - SCENARIQ A

Pefroleum Storage Tank voc Emissions
tons per year)

Vo;::;;ity internal —  External '
(psia) Fixed Roof rFloating Roof Floating Roof Total
<0.5 27,800 30 830 23,660
0.5 to 1.0 13,400 40 60 14060
1.0 to 1.5 87,000 130 - 2,100 | 89,230
1.5 to 5.0 313,400 - 4,100 . - 66,600 ' 384,100
5.0 to 9.1 106,600 ., 2,800 ‘ ‘67,000 176,400
9.1 to 11.] 15,900 390 10,800 27,090
TOTAL 559,100 - 7,450 147,950 714,540 5

‘aSterage tan
1nc1uding t

ks having capacitieS greater thap 40,000 9allons and not 2
anks at crude oi] Production facilities. | '
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' Table D-4 o
ESTIMATED TOTAL ANNUAL VOC EMISSIONS FROM
PETROLEUM STORAGE TANKS
1983 - SCENARIO B

Petroleum Storage Tank VOC Emissions
‘ (tons per year) :
Yolatility
Range Internal txternal ! r
(psia) Fixed Roof Floating Roof Floating Roof Total
<0.5 22,800 R .30 | 830 23,660
0.5 to 1.0 13,400 0 e 14,060
1.0to1.5 | 87,000 13 2,100 89,230
1.5 to 5.0 313,400 4,100 76,000 393,500
5.0 to 9.1 | 106,600 2,800 77,200 186,600
6.1 to 11.1 | 15,900 30 11,900 28,190
TOTAL 559,100 ' 7,490 168,650 736,240

‘Storage‘tanks having capacities .greater than 40,000 gallons and not
including tanks at crude o1} productionlfacilities.

D-12
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Table D-5

ESTIMATED ToTAL ANNUAL voc EMIS§10N$ FROM
PETROLEUM STORAGE TANKS

1988 - SCENARID A

Petroleum Storage Tank VOC Emissions
tons per year)

Vo]atility
Range Internal External
{psia) Fixed Roof Floating Roof Floating Roof Total
' <0.5 25,300 30 830 26,160
0S5t 1o | 1330 4 620 15,960
1.0 to 1.5 99,100 130 2,100 101,330
1.5 to 5.0 | 313,400 4,800 78,300 'v' 396,500
5.0 to9.1 | 106,600 3,200 76,300 /186,100
9.1 to 11.1 15,900 440 12,200 ' 28,540
TOTAL 575,600 8,640 170,350 754,590

includ

aStorage tanks having Capacities greater than 40,000 gallons and not
3 ‘

Ng tanks at cryde 0il production facilities,

D-13




Table p-¢
ESTIMATED TOTAL ANNUAL voe EMISEIONS FROM
PETROLEUM STORAGE TAN
= SCENARIQ B
Petroleum Storage Tank YOC Emissigns
tons per Yyear)
Volatiiity

Range ‘ Internal txterna)

{psia) Fixed Roof Floating Roof Floating Rgof Total
£0.5 25,300 30 830 26,160
0.5 to 1.0 15,300 40 620 3 15,960
1.0 to 1.5 99,100 130 2,100 101,330
1.5 to 5.0 313,400 4,800 97,600 415,800
-0 to 9.1 [ 106,600 ' 3,200 97,100 206,900
9.1 to 11.1 15,900 440 ‘ 14,500 30,840
TOTAL 575,600 8,640 212,750 ' 796,990

aStorage tanks

‘inciuding tank

having Capacities greater thap 40,000,gaiions and not

S at crude

01l Production facilities.

D-14
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Table D-7 ‘
ESTIMATED TOTAL ANNUAL voc EHIS?IONS FROM
PETROLEUM STORAGE TANKS
1988 - SCENARIO ¢

including tank

S at crude o1l production facilities.

D-15

Petroleum Storage Tank VOC Emissions
: : (tons per year)
Volatility
Range Internal External
(psia) Fixed Roof Floating Roof Floating Roof Total
<0.5 25,300 - 30 830 26,160
0.5 to 1.0 15,300 o 40 620 15,960
1.0to 1.5 | 99,100 130 2,100 101,330
1.5 t0 5.0 | 313,400 5,300 - 76,900 395,600
© 5.0 to 9.1 106,600 3,300 77,700 187,600
9.1 to 11.1 15,900 - 450 11,900 28,250
TOTAL 575,600 9,250 170,050 754,900
aStorage tanks having Capacities greater than 40,000 gallons and not




| T
ESTIMATED TOTAL ANNUAL voc eMps
PETROLEUM STORA
1988 - SCENARIQ D

able D-8

GE TANKS

Petroleum Storage Tank YOC Emissions
| tons per year)
Volati]ity '
Range Internal txternal
(psia) Fixed Roof Floating Roof Floating Roof Total
<0.5 25,300 30 830 26,160
0.5 to 1.0 15,300 40 620 15,960
10to15 | 87,000 180 12,200 89,380
1.5 to 5.0 313,400 5,300 76,500 395,600
5.0 to 9.] 106,600 3,300 ‘77,700 187,600
9.1 to 11.1 15,900 450 11,900 28,250
- TOTAL 563,500 9,300 170,150 742,950

aStorage tanks having,capacitias greater than 40,000 9allons and not
i cluding tanks at crude o1} Production facilities, ,

o r——
.
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: Table D-9
ESTIMATED TOTAL ANNUAL voC EHIS;IONS FROM
PETROLEUM STORAGE TANKS
1938 - SCENARIO E

Petroleum Storage Tank VOC Emissiong
tons per year)
Volati]ity : ‘
" Rarge Internal txternal
(psia) Fixed Roof F]oating Roof Floating Roof Total

<0.5 25,300 30 830 26,160
0.5 to 1.0 15,300 40 620 15,960
1.0 to 1.5 99,100 - 130 ‘ ; 2,100 101,330
1.5 to 5.0 313,400 4,200 78,800 396,400
5.0 to 9.1 106,600 2,900 © 78,500 188,000
9.1 to 11,1 15,900 400 12,000 28,300
TOTAL 575,600 7,700 172,850 756,150

aStorage tanks having Capacities greater than 40,000 gallons and not
including tanks at cryde 911 preduction faci}ities.
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Table D-10
ESTIMATED TOTAL ANNUAL YOC EMISSIONS FROM
PETROLEUM STORAGE TAnksd ,
-1988 - SCENARIO F

Petroleum Storage Tank VOC Emissions
tons per ye:r) ‘

Volatility

Range ‘ Internal txternal ‘

(psia) . Fixed Roof. Floating Roof Floeting Roof Total
<0.5 25,300 .30 ‘ 830 :26,160
0.5 to 1.0 - 15,300 40 ‘ 620 15,960
1.0 to 1.5 - 87,000 - 140 2.309 89,440
1.5‘to 5.0 313,400 ‘4,200 78,800 ‘396,400
5.0 to 9.1 106,600 2,900 ' 78,500 188,000
9.1 to 11.1 { 15,900 400 12,000 28;300
TOTAL 563,500 7,710, 173,050 - 744,260

aStorage tanks having Capacities greater than 40,000 gallons and not
including tanks at crude o1l production facilities. .

'
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Table p-17 . |
ESTIMATED TOTAL NUMBER oF PETROLEUM STORAGE TANKS?
REFERENCE YEAR
B Number of Petroleum Storage Tanks
Volatility

Ran?e Internal Externa]

(psia) Fixed Roof - Floating Roof Floating Roof Total
£0.5 15,420 230 1,600 17,250
0.5 to 1.0 790 40 520 1,350
1.0 to 1.5 2,600 90 660 3,350
1.5 to 5.0 5,840 730 6,360 12,930
5.0 to 9.1 1,400 270 3,080 4,760
9.1 to 11,1 50 20 190 260
TOTAL 26,100 1,380 12,420 39,900

aStorage tanks
1nc1uding tank

having Capacities greater than 40,000 gallons and not
es.

S at crude ¢1]

D-19
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Table D-12

»ESTIMATED TOTAL NUMBER OF PETROLEUM STORAGE TANKS?

1983 SCENARIO A AND B

Number of Petroleum Storage Tanks

Volatility

Range Internal txternai

(psia) Fixed Roof Floating Rsof Floating Roof Total
<0.5 17,300 230 . 1,600 19,130
0.5 to 1.0 910 40 520 1,470
1.0 to 1.5 3,000 % 660 3,750
1.5 to 5.0 5,840 880 7,640 14,360
5.0 to 9.1 1,400 320 3,570 5,290
9.1 to 11.1 50 0 220 300
TOTAL 28,500 1,590 14,210 44,300

aStorage tanks ha
including tanks

ving capacities greater than 40
at crude oil production facilities.

. D-20
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ESTIMATED TOTAL NUMBER OF PETROLEUH

1988 SCENARIOS A, B, AND E

STORACE jANKs?

[ Number of Petroleum Storage Tanks

‘Volatility

Range ‘ Interna] txternal

(psia) Fixed Roof Floiting Roof Floating Roof Total
<0.5 19,230 230 1,600 21,060
0.5 to 1.9 1,310 a0 520 1,370
1.0 to 1.5 3,130 90 660 3,880
1.5 to 5.0 5,840 1,030 8,990 15,860
5.0 t0 9. 1,400 360 4,060 5,820
9.1 to 11.1 5G 40 240 | 330
TOTAL 30,960 1,790 16,070 48,820 |
Storage tanks

inclucing tanks

having capacitie reater than 40,0
t crude o) prog

uctfon facilitf

D-21
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Table D-14

ESTIMATED TOTAL NUMBER OF PETROLEUM STORAGE TANKS?

1988 SCEARNIO ¢

Number of Petroleum Storage Tanks

Vo;::;lity Interna} Lxternal :

(psta) Fixed Roof Floating Roof Floating Roof Total
<0.5 19,230 230 1,600 21,060
0.5 to 1.0 1,310 40 520 1,870
1.0 to 1.5 3,130 0 660 - 3,880
1.5 to 5.0 5,840 1,940 8,080 15,860
5.0 to 9.1 1,400 670 3,750 5,820
9.1 to 11.1 50 | 50 230 330
TOTAL 30,960 3,020 - 14,840 48,829

2Storage tanks hay

including tanks

ing capacities greater than

at crude ofl production facilities.

D-22
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‘ Number of Petroleum Storage Tanks
Volatility ' .
Range Interna)l txternal
(psia) Fixed Roof Floating Roof Floating Roof Total
<0.5 19,230 230 1,600 21,060
0.5 to 1.0 1,310 40 520 1,870
1.0 to 1.5 3,000 200 680 3,880
1.5 to 5.0 5,840 1,940 8,080 15,860
5.0 to 9.1 1,400 670 3,750 5,820
9.1 to 11.1 50 50 230 330
TOTAL 30,830 3,130 14,860 48,820

aStorage tanks having Capacities greater than 40,
ncluding tanks at crude o011 preduction facilities,

D-23
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Table D-16

 ESTIMATED TOTAL NUMBER OF PETROLEUM STOﬁAGE

1988 SCEARNIO F

TANKS®

Number of Petroleum Storage Tanks
Volatility *

Range Internal External ‘
(psia) Fixed Roof Floating Roof Floating Roof Total
<0.5 19,230 230 1,600 21,060

! \

0.5 to 1.0 1,310 40 - 520 1,870
1.0 to 1.5 3,000 100 78¢ 3,880
1.5 to 5.0 5,840 1,030 8,990 15,860
5.0 to 9.1 1,400 360 4,060 5,820 -
9.1 to 11.1 50 40 240 330
TOTAL 30,830 .1,800 16,190 48,820-J
‘Storage tanks having capacities g not

including tanks at

D-24
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