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1.0 INTRODUCTION 

The purpose of this document is to provide information on 
alternative control techniques (ACT) for volatile organic 
compound (VOC) emissions from the storage of volatile organic 
liquids. The control techniques described in this document 
are applicable to storage tanks in all industries; however, 
most: tanks described in this document are located at petroleum 
refineries, chemical plants, pipelines, and liquid terminals. 

This document contains information on emissions, 
controls, control options, and costs that States can use in 
developing rules based on reasonably available control 
technology (RACT). The document presents options only, and 
does not contain a recommendation on RACT. 
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2.0 STORAGE TANK DESCRIPTIONS 

2.1 INTRODUCTION 
This chapter presents,basic descriptions of fixed-roof 

tanks, internal and external floating roof tanks, and horizontal 
tanks. In addition, the chapter provides descriptions of 
perimeter seals and fittings for both internal and external 
floating roofs . 
2 . 2  TYPES OF STORAGE TANKS 

Three types of vessels are of concern in examining control 

1. Fixed-roof tanks; 
2 .  External floating roof tanks; and 
3 .  Internal floating roof tanks. 

techniques for volatile organic liquid (VOL) storage vessels: 

These tanks are cylindrical in shape with the axis oriented 
perpendicular to the foundation. The tanks are almost 
exclusively above ground, although below-ground vessels and 
horizontal vessels (i-e., with the axis parallel to the 
foundation) also can be used in VOL service. Controls that apply 
to horizontal tanks primarily are limited to vapor recovery 
systems as discussed in Chapter 4 .  Vapor recovery systems are 
capable of collecting and processing VOC vapors and gases 
discharged from the storage vessel so as to reduce their emission 
to the atmosphere. 
2.2.1 Fixed-Roof Tan& 

Of currently used tank designs, the fixed-roof tank is the 
l e a s t  3xpensive :a constzacc zna ;3 2enerall.r consiuezed ;I?? 

minimum acceptable equipment for storing VOL’s.  A typical 
fixed-roof tank, which is shown in Figure 2-1, consists of a 
cylindrical steel shell with a cone- or dome-soaped roof that is 
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permanently affixed to the tank shell. Most recently built tanks 
are of all-welded construction and are designed to be both 
liquid- and vapor-tight. However, older tanks may be of riveted 
or bolted construction and may not be vapor-tight. 
valve (pressure-vacuum valve), which is commonly installed on 
many fixed-roof tanks, allows the tank to operate at a slight 
internal pressure or vacuum. Breather vents are typically set at 
0.19 kiloPascals (kPa) ( 0 . 7 5  inches of water column [in. w.c.1) 
on atmospheric pressure fixed-roof tanks.l Because this valve 
prevents the release of vapors during only very small changes in 
temperature, barometric pressure, or liquid level, the emissions 
from a fixed-roof tank can be appreciable. Additionally, gauge 
hatches/sample wells, float gauges, and roof manholes provide 
accessibility to these tanks and also serve as potential sources 
of volatile emissions. 
2.2.2 Exterslal.Floatincr Roof T m  

A breather 

Floating roofs are constructed of welded steel plates and 
are of three general types: pan, pontoon, and double deck. 
Although numerous pan-type floating roofs are currently in use, 
the present trend is toward pontoon and double-deck floating 
roofs.2 These two most conawn types of external floating-roof 
tanks are shown in Figures 2-2 and 2-3. Manufacturers supply 
various versions of these basic types of floating roofs, which 
are tailored to emphasize particular features, such as full 
liquid contact, load-carrying capacity, roof stability, or 
pontoon arrangement -2 
a cylindrical steel shell equipped with a deck or roof that 
floats on the surface of the stored liquid, rising and falling 
with the liquid level. The liquid surface is completely covered 
by the floating roof except in the small annular space between 
the roof and the shell. A seal attached to the roof slides 
against the tank wall as the roof is raised or lowered. 
- . 2 . ~  -nt?lriai  lloatins ioof "an!cs 

tanks in which the 'fixed roof is supported by vertical columna 
withan the tank; and Zanks * i ~ h  a seif-supporting f;xea zoof ana 

2-2 

~n external floating roof tank consists of 

- - -  
There are two basic types of internal floating roof tanks: 



no internal support co~umns. The fixed roof is not necessarily 
free of openings but does span the entire open plan area of the 
vessel. Fixed roof tanks that have been retrofitted to employ an - 

internal floating roof are typically of the first type, while 
external floating roof tanks that have been converted to an 
internal floating roof tank typically have a self-supporting 
roof. 
internal floating roof may be of either type. An internal 
floating roof tank has both a permanently affixed roof and a roof 
that floats inside the tank on the liquid surface (contact roof) 
or is supported on pontoons several inches above the liquid 
surface (noncontact roof). The internal floating roof rises and 
falls with the liquid level. Typical contact and noncontact 
internal floating roof tanks are shown in Figures 2-4a and 2-4b, 
respectively. 

with a honeycombed aluminum core floating in contact with the 
liquid; (2) resin-coated, fiberglass-reinforced polyester (FRB), 
buoyant panels floating in contact with the liquid; and ( 3 )  pan- 
type steel roofs, floating in contact with the liquid with or 
without the aid of pontoons. The majority of contact internal 
floating roofs currently in VOL service are pan-type steel or 
aluminum sandwich panel type. The FRP roofs are less common. 

The design may include bulkheads or open compartments around the 
perimeter of the roof so that any liquid that may leak or spill 
onto the deck is contained. Alternatively, the bulkheads may be 
covered to form sealed compartments (i-e., pontoons), or the 
entire pan may be covered to form a sealed, double-deck, steel 
floating roof. Generally, construction is of welded steel. 

laid on an aluminum grid framework supported above the liquid 

noncontact-type floating roofs is typically constructed of rolled 
aluminum sheets (about 1.5 meters [ml L4.9 feet (ft)] wide, 2.3 m 
L7.5 f t l  Long and 3 . 5 8  miilimeter immi iO.023 inches \intj 

- 
Tanks initially constructed with both a fixed roof and an 

Contact-type roofs include (1) aluminum sandwich panel roofs 

Several variations of the pan-type contact steel roof exist. 

Noncontact-type roofs typically consist of aq aluminum deck 

3 u r f a . c ~  by ?Amlar lluminum ?cntoons. The i e c k  skin f o r  53s - 

2-3 



thick). 
aluminum clamping bars that run perpendicular to the pontoons to 
improve the rigidity of the frame. The deck skin seams can be 
metal on metal or gasketed with a polymeric material. The 
pontoons and clamping bars form the structural frame of the 
floating roof. Deck seams in the noncontact internal floating 
roof design are a source of emissions. Aluminum sandwich panel 
contact-type internal floating roofs also share this design 
feature. The-sandwich panels are joined with bolted mechanical 
fasteners that are similar in concept to the noncontact deck skin 
clamping bars. Steel pan contact internal floating roofs are 
constructed of welded steel sheets and therefore have no deck 
seams. Similarly, the resin-coated, reinforced fiberglass panel 
roofs have no apparent deck seams. The panels are butted and 
lapped with resin-impregnated fiberglass fabric strips. The 
significance of deck seams with respect to emissions from 
internal floating roof tanks is addressed in Chapter 4 .  

The internal floating roof physically occupies a finite 
volume of space that reduces the maximum liquid storage capacity 
of the tank. When the tank is completely full, the floating roof 
touches or nearly touches the fixed roof. Consequently, the 
effective height of the tank decreases, thus limiting the storage 
capacity. The reduction in the effective height varies from 
about 0.15 to 0.6 m ( 0 . 5  to 2 ft), depending on the type and 
design of the floating roof employed. 

A l l  types of internal floating roofs, like external floating 
roofs, commonly incorporate flexible perimeter seals or wipers 
that slide against the tank wall as the roof moves up and down. 

These seals are discussed in detail in Section 2 . 3 . 2 .  

Circulation vents and an open vent at the top of the fixed roof 
are generally provided to minimize the accumulation of 
hydrocarbon vapors in concentrations approaching the flammable 
range. 

Flame arrestors are an option that can be used to protect 
the vessel from fire or explosion. When these are used, 

The overlapping aluminum sheets are joined by bolted 
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circulation vents are not provided. Tank venting occurs through 
a pressure-vacuum vent and flame arrestor. 
2.2 .4  

Horizontal tanks are constructed for both above-ground and 
underground service. Figures 2-5 and 2-6 present schematics of 
typical underground and above-ground horizontal tanks. 
Horizontal tanks are usually constructed of steel, steel with a 
fiberglass overlay, or fiberglass-reinforced polyester. 
Horizontal tanks -are generally -small storage tanks with 
capacities of less than 75,710 liters (L) (20,000 gallons [gall ) . 
Horizontal tanks are constructed such that the length of the tank 
is not greater than six times the diameter to ensure structural 
integrity. Horizontal tanks are usually equipped with pressure- 
vacuum vents, gauge hatches and sample wells, and manholes to 
provide accessibility to these tanks. In addition, underground 
tanks are cathodically protected to prevent corrosion of the tank 
shell. Cathodic protection is accomplished by placing 
sacrificial anodes in the tank that are connected to an impressed 
current system or by using galvanic anodes in the tank. 

The potential emission sources for above-ground horizontal 
tanks are the same as those for fixed-roof tanks. Emissions from 
underground storage tanks are mainly associated with changes Ln 
the liquid level in the tank. Losses due to changes in 
temperature or barometric pressure are minimal for underground 
tanks because the surrounding earth limits the diurnal 
temperature change and changes in the barometric pressure would 
result in only small losses. 
2 . 3  TYPES OF FLOATING ROOF PERIMETER SEALS 
2.3.1 E n R o f  a 

Regardless of tank design, a floating r o o f  requires a devlce 
to seal the gap between the tank wall and the roof perimeter. A 
seal, or in the case of a two-seal system, the lower ‘px:mar;.) 
seal, can ne macle irom various materiais suic:aDle for organic 
liquids service. 
floating roof seals are (1) mechanical (metallic) shoe seals. 
(2) liquid-filled seals, and ( 3 )  (vapor- or 1iquidLmounted) 

The basic designs available for external 
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resilient foam-filled seals. Figure 2-7 depicts these three 
general types of seals. 

which the seal is mounted with respect to the liquid. 
Figure 2-7c shows a vapor space between the liquid surface and 
seal, whereas in Figures 2-7a and 2-76, the seals rest on the - 

liquid surface. These liquid-filled and resilient foam-filled 
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-filled seals and cannot be 
characterized as liquid- or vapor-mounted. However, because the 
shoe and envelope combination precludes contact between the 
annular vapor space above the liquid and the atmosphere (see 
Figure 2-7b), the emission rate of a mechanical shoe seal is 
closer to that of a liquid-mounted seal than thae of a 
vapor-mounted seal. 

2.3.1.1 Mmha&cal Shoe SeaI . A mechanical shoe seal, 
otherwise known as a "merallic shoe seal" (Figure 2-7b), is 
characterized by a metallic sheet (the nshoe") that is held 
against the vertical tank wall. Prior to 40 CFR 60 Subpart Ka, 
the regulations did not specify a height for mechanical shoe 
seals, however, shoe heights typically range from 75 to 130 
centimeters (cm) (30 to 51 in). The shoe is connected by braces 
to the floating roof and is held tightly against the wall by 
springs or weighted levers. A flexible coated fabric (the 
"envelope") is suspended from the shoe seal to the floating roof 
to form a vapor barrier over the annular space between the roof 
and the primary seal. 

2.3.1.2 uiauid -Filled Sea&. A liquid-filled seal 
(Figure 2-7aJ may consist of a tough fabric band or envelope 
filled with a liquid, or it may consist of a flexible polymeric 
tube 20 t o  2 5  cm ( 8  to 10 in) in diameter filled with a liquid 
and sneataea w i t 2  a tougn i a r i c  scuff oana. The liquia LS 

.commonly a petroleum distillate or  other Jiquid that will not 
contaminate the stored product if the tube ruptures. 

One major difference in seal system design is the way in - 
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Liquid-filled seals are mounted on the product liquid surface 
with no vapor space below the seal. 

foam-filled 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 - 

minor imperfections in tank dimensions and in the tank shell. 
The foam log may be mounted above the liquid surface 
(vapor-mounted) or on the liquid surface (liquid-mounted). 
Typical vapor-mounted and liquid-mounted seals are presented in 
Figures 2-7c and 2-7d, respectively. 

secondary seal on an external floating roof consists of a 
continuous seal mounted on the rim of the floating roof and 
extending to the tank wall, covering the entire primary seal. 
Secondary seals are normally constructed of flexible polymeric 
materials. Figure 2-6 depicts several primary and secondary seal 
systems, An alternative secondary seal design incorporates a 
steel leaf to bridge the gap between the roof and the tank wall. 
The leaf acts as a compression plate to hold a polymeric wiper 
against the tank wall. 

A rim-mounted secondary seal installed over a primary seal 
provides a barrier for volatile organic compound (VOC) emissions 
that escape from the small vapor space between the primary aeal 
and the wall and through.any openings or tears in the seal 
envelope of a metallic shoe seal (Figure 2-81 .  Although not 
shown in Figure 2 - 8 ,  a secondary seal can be used in conjunction 
with a weather shield as described in the following section. 

seal. A shoe-mounted seal extends from the top of the shoe to 
the tank wall kFigure 2-9). These seals do not provide 
protection against VOC leakage through the envelope. Holes, 
Japs,  Lsars, or x3er Jefeczs ,a cae anveiope can Sercuc a z x ~  
exchange between the saturated vapar under the envelope and the 
atmosphere. Wind can enter this space through envelope defects, 

2.3.1.3 Besil ient Foam-Filled Sea 1. A resilient ~ 

2.3.1.4 -rr Seals on Exte-a Roo& . A  

Another type of secondary seal is a shoe-mounted secondary 
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flow around the circumference of the tank, and exit saturated or 
nearly saturated with VOC vapors. 

2-7c, and 2-7d) may be installed over the primary seal to protect 
it from deterioration caused by debris and exposure to the 
elements. Though the NSPS's 40 CFR 60 Subparts Ka and Kb do not 
accept the installation of a weather shield as equivalent to a 
secondary seal, there are a large number of existing tanks not 

- affected by the NSPS that have this configuration. Typically, a 
weather shield is an arrangement of overlapping thin metal sheets 
pivoted from the floating roof to ride against the tank wall. 
The weather shield, by the nature of its design, is not an 
effective vapor barrier. For 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. 
2.3.2 m a l  Floatins Roof Seal4 

types of flexible, product-resistant seals: resilient 
foam-filled seals or wiper seals. Similar to those employed on 
external floating roofs, each of these seals closes the annular 
vapor space between the edge of the floating roof and the tank 
shell to reduce evaporative losses. They are designed to 
compensate f o r  small irregularities in the tank shell and allow 
the roof to freely move up and down in the tank without binding. 

foam-filled seal used on an internal floating roof is similar in 
design to that described in Section 2.3.1.3 for external floating 
roofs. Two types of resilient foam-filled seals for internal 
floating roofs are shown in Figures 2-loa and 2-lob. These seals 
can be mounted either in contact with the liquid surface 
(liquid-mounted) or several centimeters above the liquid surface 
ivapor-mouncea) . 

and contraction of a resilient material to maintain contact with 
the tank sheli while accommodating varying annular rim space 

2-0 

2.3.1.5 m e r  Shieu . A weather shield (Figures 2-7a, 

Internal floating roofs typically incorporate one of two 

2.3.2.1 w e n t  F-1e.d Seal . A resilient 

Resilient foam-filled seals work because of the expansion 



widths. These seals consist of a core of open-cell foam 
encapsulated in a coated fabric. 
pushes the fabric into contact with the'tank shell. The seals 
are attached to a mounting on the deck perimeter and are 
continuous around the roof circumference. Polyurethane-coated 

For emission control, it is important that the mounting and 
radial seal joints be vapor-tight and that the seal be in 
substantial contact with the tank shell. 

2 . 3 . 2 . 2  WiDer Seala . Wiper seals are commonly used as 
primary seals for internal floating roof tanks. This type of 
seal is depicted in Figure 2-lac. 

Wiper seals generally consist of a continuous annular blade 
of flexible material fastened to a mounting bracket on the deck 
perimeter that spans the annular rim space and contacts the tank 
shell. The mounting is such that the blade is flexed, and its 
elasticity provides a sealing pressure against the tank shell. 
Such seals are vapor-mounted; a vapor space exists between the 
liquid stock and the bottom of the seal. For emission control, 
it is important that the mounting be vapor-tight, that the seal 
be continuous around the circumference of the roof, and that the 
blade be in substantial contact with the tank shell.5 

wipers. One type consists of a cellular, elastomeric material 
tapered in cross section with the thicker portion at the 
mounting. Buna-N rubber is a commonly used material. A l l  radial 
joints in the blade are j~ined.~ 

A second type of wiper seal construction uses a foam core 
wrapped with a coated fabric. Polyurethane on nylon fabric and 
polyurethane foam are common materials. The core provides the 
flexibility and support, while the fabrzc provides the vapor 

The elasticity of the foam core 
- 

nylon fabric and polyurethane foam are comonly used materials. - 

Three types of materials are comonly used to make the 

barrier and wear surface. 5 

A third t y p e  qf -nse.r ;ea1 a n s i s t s  3f zver-apglng segment; 

of seal material (shingle-type seal). Shingle-type seals differ 
from the wiper s'eals discussed previously in that they do not 
p c v t d e  a cmtinuous vapor o a r x e r .  
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2.3.2.3 Secondarv Seas for I n t e m  Floatins Roo f Tanka. 
Secondary seals may be used to provide some additional 
evaporative loss control Over that achieved by the primary seal. 
The secondary seal is mounted to an extended vertical rim plate, 
above the primary seal, as shown in Figure 2-11. 
can be either a resilient foam-filled seal or an elastomeric 
wiper seal, as described in Sections 2.3.2.1 and 2.3.2.2, 
respectively. For a given roof design, using a secondary seal 
further limits the operating capacity of a tank due to the need 
to keep the seal from interfering with the fixed-roof rafters 
when the tank is filled. Secondary seals are not commonly used 
on internal floating roof tanks that are not affected by the NSPS 

(40 CFR 60 Subpart Kb) .5 

2.4 TYPES OF FLOATING ROOF DECK FITTINGS 
2.4.1 External Floatinu Roof Fit t ins3 

Numerous fittings penetrate or are attached to an external 
floating roof. These fittings accommodate structural support 
members or allow for operational functions. These fittings can 
be a source of emissions in that they must penetrate the deck. 
Other accessories are used that do not penetrate the deck and are 
not, therefore, sources of evaporative loss. The most common 
fittings relevant to controlling vapor losses are described in 
the following sections. 

2.4.1.1 Access m.2 An access hatch consists of an 
opening in the deck with a peripheral vertical well attached to 
the deck and a removable cover to close the opening as shown in 
Figure 2-12. 
and materials to pass through the deck f o r  construction or 
servicing. The cover can rest directly on the well, or a 

. gasketed connection can be used to reduce evaporative loss. 
Bolting the cover to the well reduces losses further. 

2.4.1.2 Slotteci and TJnslotted Guide -?ole Wells/Samule 
;iei;q. .Antirocacion uevices are used co prevenc floacing r o o r s  

from rqtating and potentially damaging roof equipment and seal 
syscems. A comonly used antirotation device is a guide pole 
char. i s  fixed at the top and Dottom of the tank (Figures 2-13a 

Secondary seals 

An access hatch is typically sized to allow workers 
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and 2-13b). The guide pole passes through a well on the deck. 
Rollers attached to the top of the well ride on the outside 
surface of the guide pole to prevent the floating roof from ~ 

rotating. 
limited radial movement of the roof. The sliding cover can be 
equipped with a gasket between the guide pole and the cover to 
reduce evaporative loss. The guide pole well can also be 
equipped with a gasket between the sliding cover and the top of 
the well to reduce evaporative loss. Openings at the top and 
bottom of the guide pole provide a means of hand-gauging the tank 
level and of taking bottom samples. In the slotted guide 
pole/sample well application, the well of the guide pole is 
constructed with a series of holes or slots that allow the 
product to mix freely in the guide pole and thus have the same 
composition and liquid level as the product in the tank. To 
reduce evaporative loss caused by these openings, a removable 
float is sometimes placed inside the guide pole. 

2.4.1.3 m q e  Float W e u . 2  Gauge floats are used to 
indicate the level of stock within the tank. These usually 
consist of a float residing within a well that passes through the 
floating deck, as shown in Figure 2-14a. The float is connected 
to an indicator on the exterior of the tank via a tape passing 
through a guide system. The float rests on the stock surface 
within the well, which is. enclosed by a sliding cover. 
attaches to the float and passes through a hole located at the 
center of the cover. As with similar deck penetrations, the well 
extends into the liquid stock on noncontact floating decks. 
Evaporation loss can be reduced by gasketing and/or bolting the 
connection between the.cover and the rim of the well. 

2.4.1.4 auae Hatch/S;amgLe WelU.2 Gauge hatch/sample 
wells provide access for hand-gauging the level of stock in the 
tank sand for taking thief samples of the tank contents. A gauge 
-=iK=n/3ampie dei- consists ~f a p p e  iireve znrougn :ne aecx sno 
a self-closing gasketed cover, as shown in Figure 2-14b. Gauge 
hatch/sample wells are usually located under the gauger's 
platform, wnicn is mounted on the cop of the tank sheil. The 

The guide pole well has a sliding cover to accommodate 

- 

A cable 
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cover may have a cord attached so that it can be opened from the 
gauger’s platform. A gasketed cover reduces evaporative losses. 

The purpose of a vacuum breaker 
is to allow for the exchange of vapor and air through the 
internal floating roof tank during filling and emptying. Vacuum 
breakers are designed to be activated by changes in pressure or 
liquid level, or strictly by mechanical means. 

Mechanical vacuum breakers are activated when the external 
floating deck- is either being landed--on its legs or floated off 
its legs 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 (Figure 2-15). Attached to the underside of the 
cover is a guide ley long enough to contact the tank bottom as 
the external floating deck approaches the tank bottom. When in 
contact with the tank bottom, the guide leg mechanically opens 
the breaker by lifting the cover off the well. When the leg is 
not contacting the bottom, the penetration is closed by the cover 
resting on the well. The closure may or may not have a gasket 
between the cover and neck. 
breaker is to allow the free exchange of air and/or vapor, the 
well does not extend appreciably below the deck. The gasket on 
the underside of the cover, or conversely on the upper rim of the 
well, provides awnall measure of emission control during periods 
when the roof is free floating and the breaker is closed. 

2.4.1.6 Roof D r w . 2  Roof drains permit removal of 
rainwater from the surface of floating roofs. Two types of 
floating roof drainage systems are currently used: closed and 
open. Closed drainage systems carry rainwater from the surface 
of the floating roof td the outside of the tank through a 

flexible or articulated piping system or through a flexible hose 
system located below the deck ii the product space. Since 
proauct does noc ater this closea drainage system, there i s  no 

associated evaporative loss. Open drainage systems, consisting 
of an open pipe that extends a short distance below the bottom of 
the deck, permit rainwater to drain from the surface of the 

2 .4 .1 .5  

Since the purpose of the vacuum 
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floating roof into the product. Since these drainpipes are 
filled with product to the product level in the tank, evaporative 
loss occurs from the top of the drainpipes. Open drainage 
systems are comonly used on double-deck and pontoon floating 
roofs. Two types of roof drains are commonly used in open 
drainage system: flush drains and overflow drains. Flush 
drains have a drain opening that is flush with the top surface of 
the double deck. They permit rainwater to drain into the 
product. Overflow drains (Figure 2-16a) consist of a drain 
opening that is elevated above the top surface of the floating 
roof, thereby limiting the maximum amount of rainwater that can 
accumulate on the floating roof and providing emergency drainage 
of rainwater. 
closed drainage system. Some open-roof drains are equipped with 
an insert to reduce the evaporative loss. 

2.4.1.7 Roof To prevent damage to fittings 
underneath the deck and to allow for tank cleaning or repair, 
supports are provided to hold the deck at a predetermined 
distance off the tank bottom. These supports consist of 
adjustable or fixed legs attached to the floating deck as shown 
in Figure 2-16b. For adjustable legs, the load-carrying element 
passes through a well or sleeve in the deck. 

2.4.1.0 Rim Vent.s .2 Rim vents are normally supplied only 
on tanks equipped with a mechanical shoe primary seal. The rim 
vent is connected to the rim vapor space by a pipe and releases 
any excess pressure or vacuum that is present (Figure 2-17). The 
rim vapor space is bounded by the floating roof rim, the primary- 
seal shoe, the liquid surface, and the primary-seal fabric. Rim 
Vents usually consist of weighted pallets that rest on the 
gasketed surface. 
2 . 4 . 2  

They are normally used in conjunction with a 

Jnter nal Floatins Roof Fittinqp 5 
Numerous fittings penetrate or are attached to an internal 

llclatina x o f  . T h s e  S i t t - n r j s  3eFre c o  Iccmmoaacc. 3rz~ctura:  
support members or to allow for operational functions. The 
fittings can be a source of evaporative loss in that they rewire 
penetratians :n :he 2eec:c. O t 5 e r  3.CcsSSories are usea x a c  20 ca t  

' 
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penetrate the deck and are not, therefore, sources of evaporative 
loss. The most comon fittings relevant to controlling vapor 
losses are described in the following sections. 

The access hatches, roof legs, vacuum breakers, and 
automatic gauge float wells for internal floating roofs are 
similar fittings to those described earlier for fitting control 
of external floating roofs. 

(Figure 2-1) are normally supported from inside the tank by means 
of vertical columns, which necessarily penetrate an internal 
floating deck. (Some fixed roofs are entirely self-supporting 
and, therefore, have no support columns.) Columns are made of 
pipe with circular crosB sections or of structural shapes with 
irregular cross sections (built-up). The number of columns 
varies with tank diameter from a minimum of 1 to over 5 0  for very 
large tanks. 

vertical wells. With noncontact decks, the well should extend 
down into the liquid stock. Generally, a closure device exists 
between the top of the well and the column. Several proprietary 
designs exist for this closure, including sliding covers and 
fabric sleeves, which must accommodate the movements of the deck 
relative to the column as the liquid level changes. A sliding 
cover rests on the upper rim of the column well (which is 
normally fixed to the roof) and bridges the gap or space between 
the coluxnn well and the column. The cover, which has a cutout, 
or opening, around the column, slides vertically relative to the 
column as the roof raises and Lowers. At the same time, the 
cover slides horizontally.re1acrve to the rim of the well, which 
i s  fixed to the roof. A gasket azound the rim of the well 
reduces emissions from this fitting. A flexible fabric sleeve 
seal between the rim of the well and the column (with a cutout, 
3r JTenina zo illow r e r t i c a i  zoczon 3f :ne seal :eiac:ve c o  :.le 
columns) similarly accommodates limited horizontal motion of the 
roof relative to the column. A third design combines the 
advantages of the flexibie fabric sleeve seai with a w e l l  ;hac 

2.4.2.1 Q&" W&.&.5 The most common fixed-roof designs 

The columns pass through deck openings via peripheral 
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excludes all byt a small portion of the liquid surface from 
direct exchange with the vapor space above the floating roof. 

2 .4 .2 .2  or W e L k  A sample well may be 
provided to allow liquid stock sampling. mically, the well is 
funnel-shaped to allow for easy entry of a sample thief. A 
closure is provided, which is typically located at the lower end 
of the funnel and which frequently consists of a horizontal piece 
of fabric slit radially to allow thief entry. The well should 
extend into the liquid stock on noncontact decks. 

Alternately, a sample well may consist of a slotted pipe  
extending into the liquid stock equipped with an ungasketed or 
gasketed sliding cover. 

2 . 4 . 2 . 3  J&&r Welu.5 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 
paases is constructed with similar design details and 
considerations to those for column wells, as discussed in 
Section 2 . 4 . 2 . 2 .  
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GAUGER'S PLATFORM 

PONTOON ACCESS HATCH 
GAUGE-FLOAT WELL 

WINO GIROER 

VACUUH BREAKER 

GAUGE-HATCHI 
SAMPLE WELL 

ROLLING LAOOER 
"YNTWN ROOF LEG 

CENTER ROOF LEG 

ACCESS HATCH LEG FLOOR PAC 

Eigure 2 - 2 .  Extern31 floating roof tank (pontoon type)  

2-17 



W I N O  GIRDER 

VACUUM BREAKER 

ACCESS YATCH 

EMERGENCY ROOF DRAIN 

/GAUGER’S PLATFORM 

e GAUGE-FLOAT WELL 

GAUGE-HATCH/ 

ROLLING LAOOER 

4 LEG FLOOR PAO 

Figure 2 - 3 .  Exizernal f l o a t i n g  roof tank (double-deck 7 : ~ s )  
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a. Contact intunal  floatinq roof 

b- Noneontact mntunal flortiaq roor 

F i g u r e  2 - 4 .  Internal :hat ing roof tanks. 
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Figure  2 - 5 .  F-?pical underground storage tank. 3 
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Figure 2 - 6 .  A typical above-ground horizontal tank. 
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-Tank Wall 

Metallic 
Weather Shield 

a. Liquid-filled seal with 
weather shield. 

Weather Shield 

c. Vapor-mounted resilient 
foam-filled seal wlth 
wather snield. 

-Tank Wall 

. . . . . .  . . .  

b. Metallic shoe seal. 

Weather Shield 

. . . .  

d. tiquid-mounted resilient 
foam-filled seal with weather 
rnieid. 

Figure 2 - 7 .  Primary seals 
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a. 

C. 

-Tank Wpll 

Shoa sa81 with rh-mountad 
s e c o n w  sui.. 

Rim-Mounxed 
Secondary Seal 

b. Liquid-fillad seal with rim- 
mountad sacondary s u i .  

-TankW.U 
Mrn-Mounted 
SICondary Sed 

' Figure 2 - 0  (a-d). Rim-mounted secondary seals on 
external floatinq roofs. 
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Figure 2-9. Metallic shoe seal with shoe-mounted secondary seal. 
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a. Resilient foam-filled seal (vapor-mounted). 

Contact internal floating roof /- (aluminum sandwich Dane1 roof) 

Liquid 
Vapor 

Resilient foam-filled seal 

b. Resilient foam-filled seal (liquid mounted). 

Contact intemal floating roof 
(pan-type steel roof) / 

/ 
Resilient foam-filled seal ' \--qui, 

c. Elastomeric wiper seal. 

Tank Wall 

Elastomeric wiper seal 

internal floating roof 

h i  

Pontoon Pontoon 

Figure 2-10. Typical flotation devices and perimeter seal 
for internal floating roofs. 
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immersed in 

type internal 

VOL 

floating roof 

Figure 2-11. Rim-mounted secondary seal on 
internal floating roof. 
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1 
Gasket 

Figure 2 - 1 2 .  Access hatch. 2 

2-27 



UnSiO~Rl guide pole 

' mr  
t_ Sliding mver 

/Well 

H I  

-- bquid levei 

flostlng roof 

Figure 2-13a. Unslotted guide-pole 

t_ Sliding mver 

/Well 

H I  

-- Liquid levei 

floating roof 

Figure 2-13a. Unslotted guide-pole 

= . II 

-e 0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
Q 

floating mot 

Lquid level 

Figure 2-13b. Slotted guide-pole/sample well. 2 .  
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C a M  

fba 

Figure 2-14a. Gauge-float well.’ 

* coed 

Figure 2 - 14b. Gauge- hatch/sample well. 
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- - - Alternative pinhole 
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2 tiquid level 

Figure 2 - 15. Vacuum breaker. 2 
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F i g u r e  2-16a. Overflow roof drain.  2 

3 
I I  1 -+-j- 

Figure ,2-16b. Roof ley. 2 .  
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Note: 
3 nechanrcal-shoe p r i m q r  seal. 

Rim vents are normally supplied only on tanks equipped with 

2 Figure' 2-17. Rim Vent. 
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3.0 EMISSION ESTIMATION PROCEDURES AND REGULATORY BASELINE 

3.1 INTRODUCTION 
This chapter outlines the procedures used to estimate 

emissions from fixed-roof tanks, horizontal tanks, and external 
floating roof and internal floating roof tanks. In addition, 
this chapter presents the regulatory baseline and analytical 
framework (i.e., model tanks and model liquids) used to estimate 
emissions for each control option presented in Chapter 4 .  

3.2.1 Fixed -Roof Tank Emissia 

breathing and working losses. Breathing loss is the expulsion of 
vapor from a tank vapor space that has expanded or contracted 
because of daily changes in temperature and barometric pressure. 
The emissions occur in the absence of any liquid level change in 
the tank. 

3.2 STORAGE TANK EMISSIONS A3lD EMISSION EQUATIONS 

The major types of emissions from fixed-roof tanks are 

Filling losses are associated with an increase of the liquid. 
.level in the tank. The vapors are expelled from the tank when 
the pressure inside the tank exceeds the relief pressure as a 
result of filling. Emptying losses occur when the air that is 
drawn into the tank during liquid removal saturates with 
hydrocarbon vapor and expands, thus exceeding the fixed capacity 
of the vapor space and overflowing through the pressure vacuum 
valve. Combined filling and emptying losses are called "workmng 
losses. It 

Zmissian equations 'or breathin9 m d  " c c i i g  I csses  vex? 
developed for EPA Publication No. AP-42.' The American Petroleum 
Institute (MI) has recently revised its recommended procedures 

- 
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for estimating fixed roof tank breathing losses. 
reviewed this revised.procedure and incorporated it into a draft 

-version of AP-42, which is currently undergoing external review. 
(Note: 
procedure and uses the existing AP-42 to estimate emissions. 
Because the differences in results are small compared to overall 
fixed roof tank emissions, it was decided that the benefits of 
revising the ACT to reflect the new procedure would be small 
compared to the resources required to revise the calculations.) 
The EPA is considering incorporating this revised procedure for 
AP-42, and may adopt this procedure at the next revision of 
AP-42. For the purposes of estimating emission rates, the 
equations used for fixed-roof tanks storing volatile organic 
liquids (VOL) are: 

The BPA has 

This ACT was prepared during the review of the revised 

L, 9 LB + 'Lw, (3-1) 
LB 9 1.02 x l o 5  Mv (P/(14.7-P))0.68D1.73H0.51T0.5F,C~, (3-2) 

L, - 1.09 x lo~vPvNKN&, ( 3 - 3 )  
- where: 

L T =  

L w -  
M , *  

LB = 

P -  

T -  

total loss (megagrams per year [Mg/yrl) ; 
breathing loss (Mg/yr) ; 
working loss (Mg/yr) : 
molecular weight of product vapor 
(pounds per pound-mole [lb/lb mole]); 
true vapor pressure of product 
(pounds per square inch absolute Ipsial); 
tank diameter (feet [ftl); 
average vapor space height (ft); use tank-specific 
values or an assumed value of one-half the tank 
height: 
average diurnal temperature change (OF); assume 20°F 
as a typical value: 
paint factor (dimensionless); see Table 3-1; 
tank diametzr factor :dimensionless) 
for diameter, D 230 ft, C = 1, 
for diameter, 6 ft SD e30 ft, 
C = 0.0771 D - 0.0013(D2) - 0.1334; 

3-2 



TABLE 3 -1. PAINT FACTORS FOR FIXED-RO 

- 

~~ 

-~ 

aEstixnated from the ratios of the f i r s t  seven paint factors. 
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Kc - product factor (dimensionless) - 1.0 for VOL, 

0 .65  for crude oil breathing losses, and 
0.84 for crude oil working losses; 

V = tank capacity (gallons [gal] ) ; 
N - number of turnovers per year (dimeasionless); and 

KN .I turnover factor (dimensionless) 
180 + N and for turnovers >36, KN - 

for turnovers 136, KN = 1. 
3.2.2 Horizontal EmissioM 

The fixed-roof tank emission equations presented above in 
Section 3.2.1 were modified to estimate emissions from horizontal 
tanks. The procedure presented below is to be used only as a 
screening to estimate emissions from horizontal tanks, and will 
most likely result in an over-estimation of emissions. The 
modifications to the breathing loss emission estimation equation 
and the methodology used to calculate emissions from horizontal 
above-ground tanks are presented below: 

diameter of  a circle with this same surface area. Substitute the 
calculated diameter of the circle for the effective tank diameter 
in the breathing loss equation. The liquid surface area is equal 
to the length of the tank multiplied by the tank diameter. 

' Therefore, the effective diameter can be calculated using the 
following equation: 

6N 

1. Calculate the liquid surface area and then calculate the 

D e = ]  0 . 7 8 5  L D  (3-4) 

where: 
De = effective tank diameter (ft); 
L = length of tank (ft); and 
D = actual diameter o f  fanx ift) . 
2 .  U s e  half the diameter of the tank as the average vapor 

space height (H = 0.5D). 
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For underground tanks, assume that no breathing losses occur 
because the insulating nature of the earth limits the diurnal 
temperature change. No modifications to the working loss 
equation are necessary for either above-ground or underground 
horizontal tanks. 
3.2.3 < 

Standing storage losses, which result from causes other than 
a change in the liquid level, constitute the major source of 
emissions from external floating roof tanks. The largest 
potential source of these losses is an improper fit between the 
seal and the tank shell (seal losses), resulting in portions of 
the liquid surface being exposed to the atmosphere. Air flowing 
over the tank creates pressure differentials around the floating 
roof. Air flows into the annular vapor space on the leeward 
side, and an air-vapor mixture flows out on the windward side. 

Standing storage losses of VOC vapors from under the 
floating roof also occur through openings in the deck required 
for various types of fittings (fitting losses). 

roof tanks. When liquid is withdrawn from a tank, the floating 
roof is lowered, and a wet portion of the tank wall is exposed. 
Withdrawal loss is the vaporization of liquid from the wet tank 
wall. 

From the equations presented below, it is possible to 
estimate the total evaporation loss for external floating roof 
tanks, LT, which is the sum of the standing storage loss, Ls, and 
the withdrawal loss, h. The equations presented in the 
following sections in large part are extracted from AP-42 and APT 
Publication No. 2 5 1 7 . I f 2  

3.2.3.1 mndins Storaqe Loss. The standing storage loss, 
L,, includes losses from the rim seal and the roof fittings. 
following equations can be used to estimate the indeuendenr 
contributions of rim 3eal ana rooe fittrng iosses co cne overs,- 

standing storage loss: 

Withdrawal loss is another source of emissions from floating 

The 

3 -  5 



( 3 - 5 )  

(3-6) 
LR = FRD P *M&/2,205; and 

LF FFP* %Kc/2,205, 

where : 
LR = rim seal loss (Mg/yr); 
FR = rim seal loss factor (pound-moles per'foot-year 

[lb-mole/ft-yrl) ; 
D - tank diameter (ft); 

FF - 
P* - vapor pressure function (dimensionless); 

% - 
Kc I 
LF I total roof fitting loss (Mg/yr). 

total roof-fitting loss factor (Lb-mole/yr); 

average molecular weight of stock vapor 
(lb/lb-mole) ; 
product factor (dimensionless); and 

Therefore, the overall standing storage loss can be estimated as 
follows : 

Ls I LR + Lp = (FRD + FF) P* %KC/2,205 (3-7) 

FR Kg VN, ( 3 - 8 )  

3 . 2 . 3 . 1 . 1  Rim seal loss factor . The rim seal loss factor, 
can be estimated as follows: FR' 

where : 
FR = rim seal loss factor (lb-mole/ft-yr); 
KR = r i m  seal loss factor (pound-moles per [miles per 

h~url~foot-year [lb-mole/ (mi/hr)N ft-yr] ) ; see 
Table 3 - 2 ;  

V - average wind speed (mi/hr); and 
N rim seal-related wind speed exponent (dimen- 

sionless); see Table 3 - 2 .  

The rim seal loss factors apply only for wind speeds from 2 to 
15 miles per hour. 

loss factor, FF, can be estimated as follows: 
where : 

3 . 2 . 3 . 1 . 2  . The total roof fitting 

- - a >  5'F = [ NFIKF1 7 XFz KF2/ t. . . . * (NFKXFx1 , - *  

FF = total roof fitting loss factor (lb-mole/yr); 
= number of roof fittings of a particular type NFi 

(dimensionless) ; 
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TABLE 3-2. RIM-SEAL LOSS FACTORS, KR, AND N 

Primary only 
Weather shield 

Weather shield 

Shoe-mounted secondary 

Note: The rim-seal loss factors KR and N may only be used for wind 
speeds from 2 to 15  miles per hour. 

aIf no specific information is available, a welded tank with an 
average-fitting mechanical-shoe primary seal only can be assumed 
to represent the most common or typical construction and rim-seal 
system in use. 
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K~~ - loss factor for a particular type of roof fitting 
(lb-mole/yr) ; 

i - 1,2, . . . , k (dimensionless) ; and 
k - total number of different types of roof fittings - 

(dimensionless). 
The loss factor for a particular type of roof fitting, KFi, can 
be estimated as follows: -~ 

KFi KFai + KFbi p i ,  (3-10) 
where : 

._ -. 

K~~ = 

KFai - 
Kmi = 

mi = 

l o s s  factor for a particular type--of roof fitting 
(lb-mole/yr) ; 
loss factor for a particular type of roof fitting 
(lb-mole/yr) ; 
loss factor for a particular type of roof fitting 
(lb-mole/ [mi/hrlm-yr) ; 
loss factor for a particular type of roof fitting 
(dimensionless); 

i 3: 1, 2 ,  . . . , k (dimensionless); and 
V = average wind speed, (mi/hr). 

The most common roof fittings are listed in Table 3 - 3  along with 
the associated roof fitting-related loss factors, KFa, KFb, and 
m, for various types of construction details. These factors 
apply to typical roof fitting conditions. The roof fitting loss 
factors may only be used for wind speeds from 2 to 15 mi/hr. 
Since the number of each type of roof fitting can vary 
significantly from tank to tank, NF values for each type of roof 
fitting should be determined for the tank under consideration. 
If this information is not available, typical Np values are given 
in Tables 3 - 3 ,  3 - 4 ,  and 3 - 5 .  If no information is available 
about the specific type and number of roof fittings, a typical 
total roof fitting loss factor, 
Figure 3-1 or 3 - 2  for the type of external floating roof deck. 

FF, can be read from either 

T3ese figures show ?he total roof F L t t i n q  loss f a c t o r ,  ?,, 1s i 

function of tank diameter, 0, for pontoon and double-deck 
floating roofs, respectively. 
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TABLE 3 - 4 .  TYPICAL NUMBER OF VACUUM BREAKERS, N F ~ ,  
I/ 

No. of roof - 

- 

Note: This table was derived from a survey of users and 
manufacturers. The actual number of vacuum breakers may 
vary greatly depending on throughput and manufacturing 
prerogatives. The actual number of roof drains may also 
vary greatly depending on the design rainfall and 
manufacturing prerogatives. For tanks more than 300 feet in 
diameter, actual tank data or the manufacturer's recomenda- 
tions may be needed for the number of roof drains. This 
table should not supersede information based on actual tank 
data. 

aIf the actual diameter is between the diameters listed, the 
closest diameter listed should be used. If the actual diameter 
is midway between the diameters listed, the next larger diameter 
should be used. 
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TABLE 3 - 5 .  TlPIcAt NUMBER OF ROOF LEGS, NF8 

No. of legs on 

Note: This table was derived from a survey of users and manufac- 
turers. The actual number of roof legs may vary greatly 
depending on age, style of floating roof ,  loading specifica- 
tions, and manufacturing prerogatives. This table should not 
supersede information based on icrual tank data. 

“If Lhe accual aiamecer xi aetween the uianecnrs i s c e a ,  cae 
closest diameter listed should be used. If the actual diameter 
is midway between the diameters listed, the next larger diameter 
should be used. 
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F i g u r e  3-1. Total roof fitting loss factor fpr typical fittings 
on pontoon floatzng roofs.L 
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Figure 3 - 2 .  Total roof fit:ing loss factor for typicai fittings 
' on double-deck floating roofs .  2 
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3.2.3.1.3 mor a v c t i o n .  The vapor pressure 
function, P*, can be determined as follows: 

0.068P 
[l + (1 - 0.068P)o*5]2 ' 

P' - (3-11) 

where z 

P* - vapor pressure function (dimensionless); and - 

P - the true vapor pressure of the materials stored 
(psia) . 

3.2.3.1.4 Productfactor. The product factor, KC, accounts 
for the effect of different types of product liquids on 
emissions. Product factors have been developed for 
multicomponent hydrocarbon mixtures, including refined products 
(such as gasolines and naphthas), crude oils, and single- 
component VOL's (such as petrochemicals) : ' 

= 0.4 for crude oils. 
Kc = 1.0 for refined products and single-component VOL's 

3.2.3.2 . The withdrawal loss, Lw, pertains 
to the evaporation of liquid that clings to the tank shell while 
the liquid is withdrawn. The withdrawal loss can be estimated as 
follows : 

0.943 Q C W1 
2205 D 

, L w =  (3-12) 

where : 

LW' 
Q =  

c =  

3 =  
0.943 = 

withdrawal loss (Mg/yr) ; 
annual net throughput (associated with lowering 
the liquid stock level in the tank) (barrels per 
year [bbl/yrl) ; 
clingage factor (barrels per 1,000 square feet 
[bb1/1,000 ft21 ) , 
average liquid density at the average storage 
temperature (lb/gal) ; 
tam d.iamec2r (it: : ana 
constant (1,000 cubic feet x gallons per barrel 
squared [l, 000 ft3 x (gal/bbl) 2 1 )  . 
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The annual net throughput, Q, is the total volume of stock 

If filling and withdrawal 
withdrawn from the tank per year that results in a decrease in 
the level of the liquid in the tank. 
occur equally and simultaneously so that the liquid level does 
not change. the net throughput is zero. 

The clingage factors, C ,  for steel tanks with light rust, 
dense rust, and gunite lining in gasoline, single-component VOL, 
and crude oil service are presented in Table 3-6. 

the condensed vapor, Wv, is lower than the density of the stored 
liquid. 
can be approximated as follows: 
where : 

- 

- 

For refined petroleum products and crude o i l ,  the density of 

If the density of the condensed vapor is not known, it 

wv * O . O S M v ,  (3-13) 
Wv = density of condensed vapor (lb/gal); and 
% = vapor molecular weight (lb/lb-mole). 

For  single-component VOL’s, the density of the condensed vapor is 
equal to the density of the liquid, W1. 
of selected petrochemicals are given in Table 3-7. 

year, can be estimated as follows: 
where: 

The physical properties 

3.2.3.3 Total Loss. The total loss, LT, in megagrams per 

LT (Mg/Yr) - Ls + 
LT = total loss (Mg/yr); 
Ls .I standing storage loss (Mg/yr); and 

= withdrawal loss (Mg/yr) . 

(3-14) 

3 . 2 . 4  uternal Floatinq Roof Tank Emissiong 
As ambient wind flows over the  exterior of an internal 

floating roof tank, air flows into the enclosed space between the 
fixed and floating roofs through some of the shell vents and out  
of the enclosed space throuqh other vents. ?my VOC vapors Chat 
nave evaporated from the exposed Liquid surface and that have aot 
been contained by the floating deck will be swept out of the 
enclosed space. 

- 

Vapors may also be expelled by rhe e-upansion sf 
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e- component - 

aIf no specific information is available, these values can be 
assumed to represent the most comon/typical condition of tanks 
currently in use. 
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air in the enclosed space due to diurnal temperature changes 
(breathing) . 

Losses of VOC vapors from under the floating roof occur in 
one of four ways: 

1. Through the annular rim 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); 

3 .  Through the nonwelded seams formed when jaining 
sections of the deck material (deck seam losses); and 

4 .  Through evaporation of liquid left on the tank wall and 
columns following withdrawal of liquid from the tank (withdrawal 
loss) . 
The withdrawal loss from an internal floating roof tank is 
similar to that discussed in the previous section for external 
floating roofs. The other losses--seal losses, fitting losses, 
and deck seam losses--occur not only during the working 
operations of the tank but also during free-standing periods. 
The mechanisms and loss rates of internal floating roof tanks 
were studied in detail by the Chicago Bridge and Iron Company for 
the American Petroleum In~titute.~ The result of this work forms 
the following internal floating roof emissions discussion. 

Several potential mechanisms for vapor loss from the rim 
seal area of an internal floating roof tank can be postulated. 
Among them are: 

1. Circumferential vapor movement underneath vapor-mounted 
rim seals; 

2 .  Vertical mixing, due to diffusion or air turbulence, of 
the vapor in gaps that may exist between any type of rim seal and 
the tank shell; 

3 .  Expansion of vapor spaces in the rim area due to 

4. Varying solubility o f  gases, such as air, rn the ? T L ~  

5 .  Wicking o f  the rim space liquid up the tank shell; and 
6 .  

tamperature or pressure changes: 

space liquid due to temperature and pressure changes; 

Vapor permeation through the sealing material. 
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For external floating roof tanks, wind-generated air 
movement across the roof is the dominant factor affecting rim 
seal loss. In comparison, freely vented internal floating roof 
tanks significantly reduce air movement and have no clearly 
dominant loss mechanism. 

mechanism 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 loss is 
not considered to be significant. However, if a seal material is 
used that is highly permeable to the 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. Additional loss data including permeability data for 
VOL/seal material combinations are not available to fully 
characterize the significance of permeability losses. 

- 

Vapor permeability i s  the only potential rim seal area loss 
- 

The extent to which any or all of these mechanisms 
contribute to the total fitting loss also is not known. The 
relative importance of the various mechanisms depends on the type 
of fitting and the design of the fitting seal.3 

Floating decks are typically made by joining several 
sections of deck material together, resulting in seams in the 
deck. Because these seams are not completely vapor tight, they 
become a source of loss. .. 
from the equations in the following  subsection^.^^^ (Note that 
these equations apply only to freely vented internal floating 
roof tanks.) 

where : 

Emissions from internal floating roof tanks can be estimated 

LT + LR + LF + LD, ( 3 - 1 5 )  

LT' the total loss (Mg/yr); 
$ = the withdrawal loss (Mg/yr); 
LR = :he rm seai 1233 , M g / y r : ,  
LF - the deck fitting loss (Mg/yr); and 
LD = the deck seam loss (Mg/yr). 
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3.2.4.1 Withdrawal Losa. The withdrawal loss, $, is 
calculated from the following equation: 

(3-16) 
D D 

where : - withdrawal loss (Mg/yr); 
D = tank diameter (ft); 
Nc = number of columns; see Table 3-8; 
Fc = effective column diameter (ft); see Table 3-9; 
WL = density of product (lb/gal); 

(turnovers/yr) ; and 
Q = product average throughput (bbl/yr); (bbl/turnover) x 

C = clingage factor (bb1/1,000 ft2); see Table 3 - 6 .  

3.2.4.2 Seal m. The rim seal loss, LR, is 
calculated from the following equation: 

where : 
LR P*M$C/2205 I (3-17) 

LR = rim seal loss (Mg/yr); 
ICR = the rim seal loss factor (lb-mole/ft-yr); rim seal 

loss factors for average fitting seals are as 
follows : - ER (lb-mole’f -vr) 

Vapor-mounted primary seal only 
Liquid-mounted primary seal only 
Vapor-mounted primary seal plus 

Liquid-mounted primary seal plus 
secondary seal 

second$ry seal 

6.7 
3.0 
2.5 

1.6 

D = tank diameter, f t ;  
P* = the vapor pressure function (dimensionless) 

P* = 0.068 P/(U + (1 - 0.068 p1O.512) and 
P = the true vapor gressure o f  the mterial storid 
(ps ia )  ; 

q. - the average molecular weight of the product *vapor 
(lb/lb-mole) ; and 

Rc’- the product €actor (dimensionless). 
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TABLE 3 - 8 .  TYPICAL NUMBER OF COLUMNS As A FUNCTION OF TANK 
R S 1  

Type 
9-inch by 7-inch built-up 
columns 
9-inch-diameter 31De columns 

DIAME 

Tank diameter range D, ft 
O c D ( 8 5  

85 c D 100 

100 c D 120 

120 c D 135 

135 c D 150 

150 c D 5 170 

170 c D 5 190 

190 c D 220 

220 c D s 235 

235 c D 5. 270 

270 c D 275 

275 c D 5 290 

290 c D 5 330 
330 c D 5 360 
360 c D 5 400 

F,, ft 1 
1 1.1 

9 . 7  

Typical number columns, N, 
1 
6 

- 7  

8 
9 

1 6  

19 

22 

31  

3 7  

43 

49 

6 1  

71  

Note: This table was derived from a sukey of users and manufac- 
turers. The actual number of columns in a particular tank 
may vary greatly depending on age, roof style, loading 
specifications, and manufacturing prerogatives. This table 
'should not supersede information based on actual tank data. 

TABLE 3-9. EFFECTIVE COLUMN DIAMETER (F,) 
c 
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The product factor, Kc, is equal to 1.0 for VOL and refined 
products and 0 .4  for crude oil. 

from the following equation: 

where : 

3.2.4.3 a t i n u  L-. The fitting loss, LF, is calculated 

LF (FF) P* % Kc/2205, (3-18) 

LF - fitting loss (Mg/yr) ; 
FF = total deck fitting loss factor (lb-male/yr); 
P* = the vapor pressure function: see Section 3.2.4.2 for 

% - 
Kc - the product factor (dimensionless). 
The total deck fitting loss factor, Ff, is equal to: 
n 

the vapor pressure function calculation: 
average molecular weight of product vapor 
(lb/lb-mole) : and 

where : 
FF .I total deck fitting loss factor (lb-mole/yr); 

NFi a number of fittings of a particular type 
(dimensionless). NFi is determined for the specific 
tank or estimated from Tables 3 - 8  and 3-10. In the 
case of an external floating roof tank that has been 
converted to an internal floating roof tank by 
retrofibting with a self-supporting fixed roof, 
Tables 3 - 3 ,  3 - 4 ,  and 3-5 can be used to estimate the 
number of fittings. 

KFi - deck fitting loss factor for a particular type fitting 
(lb-mole/yr); K F ~  is determined for each fitting type 
from Table 3-10; and 

n = number of different types of fittings (dimensionless). 
Alternatively, the total deck fitting loss factor can be 
estimated from either Fiqure 3-3 or 3-4, dependin? upon the t y p e  

of deck and roof configuration. 
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TABLE 3 - 1 0 .  SUMMARY OF DECK FITTING LOSS FACTORS (KF) AND 

1. 

2. 

II I 
Kp (Ib- 

Deck fitting type moldyr) 

Accasr batch 
a. Bolted cover, gasketed 1.6 
b. Unbolted cover, g d e t e d  11 
c. Unbolted cover. ungasketed 25 

a. Bolted cover, gasketsd 5.1 
b. Unbolted cover, grsketed 15 

Automatic gauge float well 

c. Unbolted covet, unaasketed 28 

5. 
. 

6. 

7. 

8. 

Typical number of 
fittings, NF 

1 

b. Sliding cover, ungasketed 76 
Roof leg or hanger well 

( 5 + r + i i w )  D D b  a. Adjustable 7.9 
b. Ficd 0 

Sample pipe or well 1 
a. Slotted pipe, sliding cover, LpsLeted 44 
b. Slotted pipe, sliding cover, ungasketed 

Stub dnin. 1-inch d i d  1.2 

Vacuum breaker 1 
a. Weighted mechauical .ctlution, gasketsd 0.7 

57 
12 c. Sample well, slit fabric seal, 10 pacent open area 

d 
.I (m)b 

I 

3. 

4. 

Column well 
a. Built-up columa, sliding cover, g r a W  
b. Built-up COIUUUI, sliding WVW, ~ @ e t e d  
c. Pipe column, flexible fabric slcsvs seal 
d. Pipe column. sliding cover, gasketed 
e. Pipe colum. sliding cover, unpketed 

Lpddar well 
a. sliding cover, gasketed 

(SCC Table 3-8) 

56 

1 
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Figure 3 - 3 .  Total deck fitting Loss factor as a f;mctTon 1f 
, tank diameter, for a self-supporting fixed roof. 3 
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3.2.4.4 -. The deck seam loss factor, LD, can 
be calculated from the following equation: 

where : 
LD = CSDKDD~) Pf%K,/2205, (3-20) 

$ = deck seam loss (Mg/yr); 

S,, 
where : 

the deck seam length factor (ft/ft2) - (L/AY 
L = seam length (ft) and 
A = deck area (ft2) ; 

KD = the deck seam loss factor (lb-mole/ft-yr), 

0 for welded decks; 
= 0.34 for nonwelded decks; and 

D = tank diameter, ft; 
P' - vapor pressure function (as described previously); 
% I average molecular weight of product vapor (lb/lb-mole); 

Kc = the product factor (dimensionless). 

SD = 0.14, for a deck constructed from continuous metal 

= 0.17. for a deck constructed from continuous metal 

= 0.33, for a deck constructed from rectangular panels 

= 0.20, for a deck constructed from rectangular panels 

= 0.20, an approximate value for use when no construction 

and 

If total length of deck seam is unknown, use: 

sheets with a 7-ft spacing between seams; 

sheets with a 6-ft spacing between seams; 

5 ft by 7.5 ft; 

5 ft by 12 ft; and 

details are known, and for a deck constructed from 
continuous metal sheets with a 5-ft spacing between 
seams. 

3 . 3  REGULATORY BASELINE 
The Environmental Protection Agency (EPA) has published t w o  

zontrol technique gurdelme dacunents (CTG's) and promulgaced 
three new source performance standards (NSPS) that establish the 
major components of the regulatory baseline. 
actions are summarized in the following sections. 

These regulatory 
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4 3.3.1 P e t r o l e u m d  Storaae NSPS (Swart gL 

for tanks between 40,000 gal and 65,000 gal; June 11, 1973 for 
tanks greater than 65,000 gal) marks the Agency's first 
regulatory action on storage tanks. Only petroleum liquids 
stored in tanks with volumes of 40,000 gallons and greater were 
affected. Petroleum liquid was defined as petroleum, condensate, 
and finished or intermediate refined products. The required 
control was the installation-of a floating roof or vapor recovery 
system if the vapor pressure of the stored liquid was greater 
than 1.5 psia but less than 11.1 psia. In addition, the NSPS did 
not have any equipment specifications for the floating roofs. 
Tanks storing liquids with vapor pressures of 11.1 psia and 
greater were required to install vapor control devices with no 
specification on type or efficiency. 

The Petroleum Liquid Storage NSPS(K) (effective March 1974 

3.3.2 -cum Fixed-Roof Tank 5 

This CTG was published in December 1977 and required fixed- 
roof tanks with volumes greater than or equal to 40,000 gal 
storing petroleum liquids with true vapor pressures greater than 
1.5 psia to reduce emissions by equipping the tank with an 
internal floating roof. The CTG did not specify the type of 
deck, fittings, or seal system. Because the CTG applied only to 
petroleum liquids, the CTG did not apply to products manufactured 
at chemical plants (e.g., methyl ethyl ketone [MEKI) even if the 
tank volume and vapor pressure of the stored liquid were within 
the applicability range of the CTG. However, in implementing 
this CTG, most States expanded the applicability beyond petroleum 
liquids and in fact regulated all VOC-emitting tanks. Some 
States further strengthened their regulations beyond the CTG by 
requiring internal floating roof controls for smaller tanks 
(e.g., Texas requires internal floating roof controls on tanks 
with volumes of 25,000 gal and greater in nonattainment areas; 
New Jersey has a 3Lra~nq voiume-vapor pressure applrcaoillq:. 
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Tank 6 

This CKi was published in December 1978 and required 
3 . 3 . 3  Esroleum Etsuid ExtqJl&l Floatinu Roof 

external floating roof tanks with volumes of 40,000 gal or 
greater to control emissions by installing a rim-mounted 
secondary seal. Control of fitting emissions was not required, 
and applicability was limited to petroleum liquids (as defined in 
the fixed-roof tank CTO and the Subpart K N S P S ) ,  although "heavy. 
waxy, pour crudes" were specifically exempted. The vapor 
pressure at which controls must be installed varied as follows: 

1. Tanks with vapor-mounted primary seals became affected 
at 1.5 psia; 

2 .  Tanks with shoe- or liquid-mounted primary seals became 
affected at 4 . 0  psia; and 

3 .  ' Riveted tanks with primary shoe seals or liquid-mounted 
seals became affected at 1.5 psia. 

As with the fixed-roof tank Cn;, the majority of States in 
implementing the external floating roof tank CTG broadened its 
applicability by controlling volatile organic compound (VOC) - 
emitting tanks, and they selected 40,000 gal and 1.5 psia as the 
cutoff point. 

It is important to note that the CTG which required 
secondary seals for external floating roof tanks is more 
stringent than the Subpart K NSPS which only required the 
installation of a floating roof. 
of tanks complying with the NSPS in nonattainment areas. 
3.3.4 m a r t  Ka m7 

The Subpart Ka NSPS (May 1978 for tanks constructed, 
reconstructed or modified) affected only petroleum liquids and 
contained more detailed specifications than the previous 
regulatory actions. The volume and vapor pressure cutoffs were 
40,000 gal and 1.5 psia, respectively. The requirements for 
external flaatinq roofs were very detailed and mcluded 
requirements f o r  rim-mounted secondary seals and gap 
specifications for both the primary and secondary seals. The 
Agency distinqushed between ;rapor-mounted ?r imary seals and 
other seal types by requiring a tighter fit for both the vapor- 

This CTG resulted in a retrofit 

- 
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mounted primary and the secondary seal. In addition, some 
requirements were included on fitting controls for external 
floating roof tanks. In general, all openings in the roof except 
for automatic bleeder vents, rim vents, and leg sleeves had to be 
equipped with a cover, seal, or lid, which was to be maintained 
in a closed position at all times except when the device was in 
actual use or as otherwise specified by the NSPS(Ka). 

Few specifications were set for internal floating roofs. 
Seal and deck type were not specified, nor was any requirement 
included to control fitting emissions. 

Vapor control devices were allowed if the control efficiency 
was 95 percent by weight. 
vapor pressure of the stored liquid exceeded 11.1 psia. 

Vapor control was required if the 

.3.3.5 -tile Orggnic w i d  NSPg 1 

The VOL NSPS (July 1984, 40 CFR Part 60 Subpart Kb) 
controlled VOC emissions from storage vessels regardless of 
liquid origin (i.e., both petroleum and nonpetroleum liquids were 
affected). The control applicability is as follows: 

1. Tanks of 40,000 gal and greater storing liquids with 
vapor pressures of 0.75 psia and greater and 

2. 
liquids with vapor pressures of 4 psia and greater. 
The NSPS control options are: 

one of the following seal systems: 

Tanks with volumes between 20,000 and 40,000 gal storing 

1. A n  internal floating roof with controlled fittings and 

- a. A vapor-mounted primary seal with a secondary seal or 
b. 
2. An external floating roof equipped with a shoe or 

liquid-mounted primary seal and a secondary seal; and 
3. A 95 percent-by-weight vapor control system. 

Vapor control was required f o r  all affected tanks storing liquids 
with vapor pressures of 11.1 psia or greater. 

Although :ne NSPS specified quigment  La Zontrai  Lnternal 
floating roof fitting losses. no controls were required beyond . 
those previously specified by the Subpart Ka NSPS for external 

A liquid-mounted or shoe primary seal only; 



floating roof fittings. Also, the NSPS made no provisions to 
-exempt heavy, waxy, pour crude oils. 

The shoe seal was allowed for internal floating roofs, in 
part to allow the storage of problem liquids and to allow for the 
conversion from an external floating roof tank to an internal 
floating roof tank by retrofitting with a self-supporting fixed 
roof. Shoe seals are made of steel and can be used with welded 
steel internal floating roofs. If the liquid can be stored in a 
steel tank, this type of system should be appropriate. The only 
potential problem is ensuring the seal fabric is compatible with 
the product vapor. 
3.3.6 w t s  of R e u o r v  Actiqna 

scenario complex. Due to the fixed-roof tank CTG, it is 
reasonable to assume that all fixed-roof tanks with volumes of 
40,000 gal and greater storing liquids with true vapor pressures 

-of 1.5 psia or greater were converted to internal floating roof 
tanks in nonattainment: areas. This conversion occurred because 
the majority of the States did not distinguish between petroleum 
liquids and other VOL's in implementing the CTG. Because the 
control cutoffs of the petroleum NSPS are also 40,000 gal and 
1.5 psia, and compliance for all three regulatory actions could 
be achieved with a low-cost, noncontact internal floating roof 
with a vapor-mounted primary seal only and uncontrolled fittings, 
it is reasonable to assume this type of internal floating roof 
tank as the baseline, as opposed to other, higher-cost control 
options. Below 40,000 gal or 1.5 psia, few States require 
controls. Therefore, it is reasonable to assume only fixed-roof 
tanks exist with volumes less than 40,000 gal or volumes above 
40,000 gal storing liquids less than 1.5 psia. 

because of previous regulatory actions affectma these tanks. 
Firsc,  as a result of the CTG and the NSPS(Xa), it is zeasonauie 
to assume riveted external floating roof tanks in nonattainment 
areas are controlled with rim-mounted secondary seals at vapor 

The history of regulatory action makes the baseline control 

The external floating roof baseline cases are more complex 
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pressures of 1.5 psia and greater. For.these riveted tanks, it 
is reasonable to assume a shoe seal as the primary seal. Second, 
some welded tanks are equipped with vapor-mounted primary seals. 
These are divided into a controlled (rim-mounted secondary seal) 
subgroup, which can be defined as having liquid vapor pressures 
of 1.5 psia and greater, and an uncontrolled subgroup, with vapor 
pressures lees than 1.5 psia. Third, the populations of external 
floating roofs with liquid-mounted or shoe seals may be 
categorized as: (1) tanks uncontrolled by both the NSPS(Ka) and 
the CTG (i.e., vapor pressures less than 1.5 psia or vapor 

-pressures less than 4.0 psia constructed prior to May 8, 1978); 
(2) tanks controlled by both the NSPS(Ka) and the CTG 

(i.e., tanks storing liquids with vapor pressures exceeding 
4.0 psial; and (3) tanks controlled by the NSPStKa) but not 
controlled by the CTG (i-e., tanks storing liquids with vapor 
pressures between 1.5 psia and 4 psia constructed after May 8, 
1978). 
3.4 MODEL LIQUIDS AND MODEL TANKS 
3.4.1 m d D 1  L i w  

-~ 

The emissions estimation procedures distinguish between 
crude oils and other single-component or refined stocks. 
Therefore, a series of model crude oils and single-component 
stocks have been provided to represent the range of stored 
liquids. Further infoqtion on these model liquids is presented 
in the following sections. 

3.4.1.1 -. The properties of crude oils vary 
widely. For the purpose of this analysis, the physical 
properties of crude oil Reid vapor pressure (RVP) 5 were 
selected. Crude oil RVP 5 has a molecular weight of 50 and a 
density of 7.1 lb/gal. 
varied from 0.10 to 5.0 psia. 

The total vapor pressure in the analysis 
The product value used in 

analyzing crude oil was $15.00/bbl. 

and refined products, two model VOL's have also been used in the 
analysis. One model VOL is representative of nonhalogenated 
compounds, and the other i s  representative of halogenated 

. .  3.4.1.2 Model VOL'3. To represent 3ingle-comDonenr: - q u ; a s  
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compounds. 
the physical properties of the stored liquid on emissions and the 
compatibility of the liquid with the materials of construction. 
The model nonhalogenated compound has a molecular weight of 60 
and a density of 6.6 lb/gal, whereas the model halogenated VOL 
has a molecular weight of 100 and a density of 10.5 lb/gal. 
vapor pressures examined in the analysis for the model 
nonhalogenated VOL ranged from 0.1 to 5 . 0  psia. The vapor 
pressures examined for the model halogenated VOL were lower, 

~ ranging from 0.1 to 1.0 psia. The vapor pressure range for the 
model halogenated VOL is lower than that of the model 
nonhalogenated VOL because halogenated compounds typically have 
much lower vapor pressures than nonhalogenated compounds. The 
product value selected for both the halogenated and 
nonhalogenated VOL's was $0.71/lb. This value is representative 
of the most common VOL compounds used in industry. 
3.4.2 Model Tanks 

tanks. Eleven model tanks were selected to represent typical 
storage tank sizes. The model tanks range in size from 
approximately 10,000 gal up to 2 million gal. 
turnover rates were also developed for fixed-roof tanks. Annual 
turnover rates of 10, 25, 30, 5 0 ,  and 100 were selected for tanks 
less than 40,000 gal. Annual turnovers rates of 5 ,  10, 20, and 

- 30 were selected for tanks greater than 40,000 gal. These values 
are believed to be representative of the tanks that are discussed 
in this ACT. 
of large chemical production facilities that conceivably could 
have annual turnover rates as high as 400. However, the turnover 
rates selected €or analyses would be more representative of 
chemical users than producers. The model liquids and vapor 
pressure ranges examined in che analysis for each model cank are 
also mown in Tmle 3-li. The model liquid anti vapor ?ressur= 
ranges were selected considering the current regulatory baseline. 
For instance, the fixed- roof tank CTG requires all fixed- roof 
tanks above 40,000 gal that store liquids 

Two model VOL's were chosen because of the effect of 

The 

Table 3-11 presents the analytical framework for fixed-roof 

Model annual 

The turnover rate values may not be representative 
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TABLE 3-11. FIXED-ROOF MODEL TANKSa' 

I 1 I I 



TABLE 3-11. (continued) 

Liquid typc 

VOL 
VOL 
VOL 
VOUcrude oil 
V O U c d e  oil 
VOUcrude oil 

I 1 I I I 1.5 VOL 75% 200,200 9.1 I 30 11.6 38 10.3 I 1- 
0.25 

VOUcnuie oil 
VOUcrude oil 

t I 

I 0.69 I 0. IO I vo~crude oil 
337,700 I 12.2 40 I 11 I 36 10.3 1.5 JVOL I 

0.25 
0.69 0.10 

I .~ 

506,000 I 14.9 I 49 I I 1  I 36 10.3 I .5 
6.9 1 .o 

VOL 
I V O U ~ ~ ~ C  oil 
I VOUcrude oil 
VOUc& oil 

I 3.4 I 
1.7 I 
0.69 

0.25 I ~ ~ U c r u d e  oil 
0. IO I Voucrude oil I 

I I 



w 
I w m 

TABLE 3-11. (continued) 

'Annual tumovcis are 5. IO, 20, and 30 for tanka 40,OOO gallons and gruter and IO. 25, SO. 
and 100 for k i h s  less than 40,OOO gallons. 

I I 



with true vapor pressures above 1.5 psia to install either an 
internal floating roof or a vapor recovery system. Therefore, 
the vapor pressure range examined for tanks greater than 
40,000 gal was l M t e d  to tanks storing liquids below 1.5 psia 

Table 3-12 presents the analytical framework for internal 
and external floating roof tanks. Bight model tanks were 
developed to represent typical tank sizes. The vapor pressure 
range and model liquids examined for each model tank were 
selected considering the existing regulatory baseline as with 
fixed-roof tanks. 
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TABLE 3-12. (continued) 

w 
w I 

I I 
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3.5 

1. 

2. 

3. 

4. 

5. 

6 :  

7. 
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4 . 0  CONTROL TECHNIQUES 
4.1 OVERVIEW 

This section describes the control techniques that apply to 
volatile organic compound (VOC) emissions from storing volatile 
organic liquids (VOL’s). 

used to store VOL’s: fixed roof tanks, internal floating roof 
tanks, and external floating roof tanks. In addition, optional 
equipment designs exist within each major tank type (e.g., seal 
design, roof fabrication, and fittings closure). Each tank type 
and equipment option has its own associated emission rate. In 
effect, there is a spectrum of equipment options, with a 
corresponding spectrum of emission rates. 

to store VOL’s, a general hierarchy, or ranking, of equipment 
alternatives can be developed for fixed roof tanks, internal 
floating roof tanks, and external floating roof tanks based on 
emission rates. These hierarchies, in order of decreasing 
emission rates, are listed in Tables 4-1 and 4 - 2 .  There are 
other ranking scenarios that could be developed depending on the 
specific types of fittings used, however, the hierarchy of 
options presented in this document are meant to represent general 
groups o f  equipment alternatives. Comparison of actual control 
performance should use actual tank data. Chapter 3 outlines 
equations for estimating the emission rate for each of the malor 
tank types and t3.e equipment options that are available. These 
equations and the test daca used to develop the eqat~ons f o m  
the basis f o r  evaluating the effectiveness of the control 
techniques discussed in this chapter. 

As discussed in Chapter 2 ,  three major types of vessels are 

Considering the optional types of equipment that can be used 
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TABLE 4-1. FIXED ROOF AND INTERNAL FLOATING ROOF TANKS-- 

Control 
option 

1 

HIERARCHY OF EQUIPMENT TYPES BASED ON EMIE 

Equipment description 

Fixed roof tank (baseline) 

Internal floating roof tank, bolted 
construction (contact or 

Internal floating roof tank, bolted 
construction (contact or 

Internal floa ank, bolted 
construction 

seals, with 

Abbreviated 
notat ion 

Fixed roof tank 

brF%m, uf 

bIF%m, ss, cf 

bIFRlm, ss, cf 

aListed in order of decreasing emission rates with Control 
Option 1 having the largest emission rate and Control Option 6 
having the smallest emission rate. 
bSelf -supporting fixed roofs would result in lower emission rates 
for each control option. 

‘For new installations, some vendors of internal floating roofs 
supply the roofs with both vapor-mounted primary and secondary 
seals at no additional cost beyond the basic roof cost. 
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TABLE 4 - 2 .  EXTERNAL FLOATING ROOF TANKS-- 

aListed in order of decreasing emission rates with Control 

bConversion to an internal floating roof tank by retrofitting 

Option 1 having the largest emission and Control Option 5 having 
the smallest emission rate. 

with a self-supporting fixed roof would result in lower emission 
rates f o r  each control option. 
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Decreaeing the annual turnover rate decreases the emission 
rate for fixed roof tanks. Conversely, the turnover rate has 
little effect on internal and external floating roof tank ~ 

emission rates. Therefore, the higher the turnover rate, the 
larger the difference between fixed roof and floating roof tank 
emission rates. - 

relative emission rates of the equipment options. As the vapor 
pressure of the stored liquid increases, the emission rates from 
both fixed and floating roof tanks increase. However, the vapor 
pressure functions in the equations used to estimate losses from 
fixed and floating roof tanks are different and the percent 
increase in floating roof tank emissions is greater than the 
percent increase in fixed roof tank emissions for a similar 
increment in vapor pressure. Within the range of conditions 
cormnonly 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. 
4 .2  FIXED ROOF TANKS 

The vapor pressure of the stored VOL has an effect on the 

A fixed roof tank is the minimum acceptable equipment 
currently employed f o r  storing VOL. The discussion of control 
techniques, therefore, relates the effectiveness of alternative 
storage equipment types to the effectiveness of fixed roof tanks. 
Working and breathing losses normally incurred from storing VOL 

in fixed roof tanks can be reduced in the following ways: 
1. By installing an internal floating roof with appropriate 

fittings and one of the seal systems previously discussed in 
Chapter 2 ;  or 

carbon adsorption or refrigerated condensation) or a vapor 
control system (e.q., Incineration). 

that apply to VOL storage. Optional equipment designs that 
influence the effectiveness of minimizing VOL emissions exist 
within each major type of control technique. The following 

2 .  By installing and using a vapor recovery system (e-g., 

This izSC aefines oniy che malor t-ypes or concrol tecnniques 
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sections discuss the relative effectiveness of these equipment 
options. 
4.3 INTERNAL FLOATING ROOF TANKS - 

Internal floating roof tanks with rim seal systems emit less 
VOC per unit of storage than fixed roof tanks. Internal floating 
roofs can be used directly as a control device for existing fixed 
roof tanks. 

Depending on the type of roof and seal system selected, the 
number of turnovers, tank volume, and liquid type, installing an 
internal floating roof in a model fixed roof tank reduces the 
emission rate by 69 to 98 percent. An internal 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 majority of the 
emissions reduction is achieved through the floating roof vapor 
barrier that precludes direct contact between a large portion of 
the liquid surface and the atmosphere. All floating roofs share 
this design benefit. The relative effectiveness of one 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 noncontact, bolted, aluminum internal 
floating roof with a single vapor-mounted wiper seal and 
uncontrolled fittings. Though the NSPS ( 4 0  CFR 60 Subpart Kb) 
requires the use of a secondary seal with vapor-mounted primary 
seals, there are many existing tanks not covered by NSPS that 
have only a single vapor-mounted primary seal. As discussed in 
Chapter 3, there are four types of losses from this design. 
These losses, with an estimate of their respective percentage 
contributions to the total loss from an internal floating roof 
tank (volume = 481 cubic meters [m31 (16,980 cubic feet [ft31); 
vapor pressure = 6.9 kiloPascals [kPa] (1 pound per square inches 
[pial), are as follows: 

- 

1. Rim or seal losses--35 percent; 
2 .  Fitting losses--35 percent; 
3. Deck seam losses--18 percent; and 
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4. Withdrawal losses--12 percent. 
These percentages will vary as a function of tank diameter, 
equipment type, and throughput. 

in all floating roof designs, the losses listed above can be 
reduced by using roofs with alternative design features. 
following sections elaborate on the alternative equipment that 
can be employed on internal floating roofs. The discussion is 

With the exception of withdrawal losses, which are inherent 

The 
- 

arranged according to the major emissions categories. 
4.3.1 -01s for F ittina Loss- 

floating deck. Penetrations exist to accommodate the various 
types of fittings that are required for proper operation of an 
internal floating roof. Fitting losses can be controlled with 
gasketing and sealing techniques or by substituting a lower- 
emitting fitting type that serves the same purpose. Table 4-3 
lists the fitting types that are pertinent to emissions and an 
abbreviated description of the equipment that is considered to be 
representative of "uncontrolledii fittings and "controlled" 
fittings.l 
These are not listed in Table 4-3. 
4.3.2 co ntrols for Seal Loss~g 

either one of two ways or their combination: 

vapor-mounted seals; and/or 

seals. 

Fitting losses occur through the penetrations in an internal 

Certain fitting types are not amenable to control. 

Internal floating roof seal losses can be minimized in 

1. By employing liquid-mounted primary seals instead of 

2. By employing secondary seals in addition to primary 

All seal systems should be designed, installed, and 
maintained to minimize the gap between the seals and the tank 
shell. Data from emission tests conducted on internal floating 
roof tanks support the general conclusion that seal losses 
increase rapidly when the seal gap exceeds 53.5 square 
centimeters per meter (cm2/m) ( 3  square inches per foot [in2/ftl) 
of tank diameter. Below this level, the effect of seal gap on 
seal loss is much less pronounced. 

- 

- 
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TABLE 4-3. "CONTROLLED" AND "UNCONTROLLED" INTERNAL FLOATING 
ROOF DECK PITTINGS~ ~ 

2. Autorrmticgpuge 
float well 

3. Column well 

4. Laddsr well 

unbolted. ungasketed cover*; or 
unbolted, gasketed cover 

1. Accsss hatch 

unbolted, ungsslteted cover*; or 
unbolted, gasketed cover 

Built-up colum-sliding cover, 
ungprkecai*; 

Ungasketed sliding cover* 

I Bolted, gasketed cover 

Bolted, gasketed cover 

Built-up column-sliding cover, 
gasketd or 

skwo seal for tanks with pipe 
Pip colum-flexible fabric i columns 

/I Guketed sliding cover 

~ ~ ~~ 

5. Sample pipe or well Slotted pipsliding cover, unguketed; 
or slotted pipsliding cover, gasketed 

Sample well with slit fabric 
scat. 10% open area* 

Weighted ychanicnl actuation, 
ungasketed gasketed 

Weighted mechanical actuation, 6. . Vacuumbreaker 

* 
' h e  fittings a" in the uncoatmlled c8w for estimating the effectiveness of fitting controls are marked 
with a single asterisk in the above table. This fittings scenario is representative of no single tauk, but rather is 
the composite of what is estimated b a d  on a survey of user8 and manufacturers to be typical of fittings on the 
majority of tanlu currently in service. Note that the sample well with slit fabric scat w u  used in the 
"uncontrolled" caw for calculating emissions becwss it is in common we. It WPI also used in the "controlled" 

' case because it is the ~ o w m  emitting fitting type. 

. 
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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 on test data for 
estimating losses for.various seal systems. These factors are 

4.3.3 Deck. S- 

losses can contribute to the total loss from an internal floating 
roof. For the model tank used as a basis for comparison 
throughout this section (i.e., , , I G ~ )  , deck seam losses are 
18 percent of the total loss. 

Deck seam losses are inherent in several floating roof 
types. Any roof constructed of sheets or panels fastened by 
mechanical fasteners (bolted) is expected to experience deck seam 
losses. Deck seam losses are considered to be a function of the 
length of the seams only and not the type of the seam or its 
position relative to the liquid surface. Selecting a welded roof 
rather than a bolted roof eliminates deck seam losses. 
4.4 EXTERNAL FLOATING ROOF TANKS 

- 

- listed in Table 4-4. 

Depending on the type of floating roof employed, deck seam ~ 

z Most external floating roof tanks are constructed of welded 
steel and are equipped with shoe primary seal systems. There are 
still a significant number of tanks storing liquids with vapor 
pressures less than 1.5 psia with no secondary seal. Because 
these tanks do not experience deck seam losses, there are only 
three types of losses that can result from this roof design: 

1. Rim or seal losses; 
2. Fitting losses; and 
3. Withdrawal losses. 

These losses, with an estimate of their respective contributions 
to the total loss from an external floating roof tank 
(volume = 481 m3; vapor pressure = 6.9 kPa [the same capacity and 
vapor pressure as the tank used to estimate internal floatinq 
rooL :am dmissionsi) &re as 2oiloius: - 

1. Rim or seal losses--68 percent; 
2 - Fitting losses- - 2 8  percek; and 
3. Withdrawal losses--4 percent. 

* 
f 
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TABLE 4-4. INTERNU FLOATING ROOF RIM SEAL SYSTEMS SEAL LOSS 
FACTORS AND CONTROL EFFICIENCIES 

Seal loss control 
efficiency related 

to baseline 
IFR .baseline (0%) 

55% 

63% 

76% 

. 
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These percentages can vary drastically according to tank 

' With the exception of withdrawal losses, which are inherent 
diameter,equipment type, and throughput. 

in all floating roof designs, the losses listed above can be 
reduced by employing roofs with alternative design features. 
following sections elaborate on the alternative equipment that 
can be used on external floating roofs. The discussion is 
arranged according to the major emissions categories. 

experienced by internal floating roof tanks also occur with 
external floating roof tanks. The only difference in this 
respect between external floating roofs and internal floating 
roofs is that the external floating roof seal losses are believed 
to be dominated by wind-induced mechanisms. 
4.4.1 Controls for  Fit- 

the same manner as fitting losses from internal floating roof 
tanks: through the penetrations in the floating roof deck. As 
mentioned earlier, these fittings are necessary for the normal 
operation of the external floating roof. However, these fitting 
losses can be controlled with gasketing and sealing techniques or 
by the substitution of a lower emitting fitting type that serves 
the same purpose. Table 4-5 lists the fitting types that are 
pertinent to emissions and an abbreviated descriptian of the 
equipment that is considered to be representative of 
"uncontrolled" fittings and wcontrolledw fittings. Certain 
fitting types are not amenable to control and are not listed in 
Table 4-5. 
4.4.2 -01s for Withdrawal Lossea 

internal floating roof tanks, are entirely a function of the 
turnover rate and inherent tank shell characteristics. No 
appi2caoie csncza neasures nave aeea ,iea.~if;sa := zecuc~ 
withdrawal losses from floating roof tanks. 

- 

The 

~ 

Rim seal losses that are similar in nature to those 

Fitting losses from external floating roof tanks occur in 

Withdrawal losses in external floating roof tanks, as wlth 

. 4-10 
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TABLE 4 - 5 .  "CONTROLLED" AND "UNCONTROLLED" EXTERNAL FLOATTNG 
ROOF DECK FITTINGS~~~ 

* The fittings assumed in the uncontrolled case for estimating the 
effectiveness Of fittings controls are marked with a single asterisk in 
the above table. This fittings scenario is representative of no single 
tank, but rather is the composite of what is estimated based on a survev 
of users and manufaccurers to be typical of fittings on the majority of. 
tanks currently in service. 

**Slotted gauge poles are not addr saed because they are not typically used 
on external floating roof tanks. 5 
aSxternal floating roof tanka can be converted to an internal floating roof 
tank by retrofitting with a self-supporting fixed roof which would provide 
additional emission reductions. 

bRim vents are only used with mechanical shoe primary seals. 

L 



4 . 4 . 3  G X g m a U  For riim or Seal Losses 
Rim seal losses from external floating roof tanks vary 

depending on the type of seal system employed. As with internal 
floating roof rim seal systems, the location of the seal (i.e., 
vapor- or liquid-mounted) is the most important factor affecting 
the effectiveness of resilient seals for external floating roof 
tanks. Liquid-mounted seals are more effective than 
vapor-mounted seals at reducing rim seal losses. Metallic shoe 
seals, which commonly are employed on external floating roof 
tanks, are more effective than vapor-mounted resilient seals but 
less effective than liquid-mounted resilient seals. 

be evaluated by analyzing the seal factors (KR factor and wind 
velocity exponent, N) contained in Table 3 - 2  of the previous 
chapter. These seal factors were developed on the basis of 
emission tests conducted on a pilot-scale tank. The results of 
the emission tests are published in an American Petroleum 
Institute bulletin.2 To compare the relative effectiveness of 
the alternate seal systems, the seal factors were used with an 
assumed wind velocity (10 miles per hour) to .generate directly 
comparable emission factors. These factors, which have meaning 
only in comparison to one another, are listed in Table 4-6 for 
alternative seal systems. From the information in Table 4-6, it 
is clear that vapor-mounted primary seals on external floating 
roof tanks are significantly less effective than liquid-mounted 
or metallic shoe primary seals. Further, secondary seals provide 
an additional measure of control. Retrofitting an external 
floating roof tank with a self-supporting fixed roof would 
convert the tank to an internal floating roof tank and eliminate 
the wind influence thereby reducing the rim seal losses. 
4.5 VAPOR CONTROL OR RECOVERY SYSTEMS ON FIXED'ROOF TANKS 

The relative effectiveness of the various types of seals can 

Losses from fixed roof tanks can be reduced by collectinu - 
che vapors ana airher recoverrng or oxidizing m e  VOC. in a 
typical vapor control system, vapors remain in the tank until the 
internal pressure reaches a preset level. A pressure' switch, 
wnich senses the pressure buildup in the tank, then activates 
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seal with rim-mounted 
secondary seal 

primary seal with rim- 
Liquid-mounted resilient 1.8 99% 

aFor well designed seal systems with 'average" gaps between the 

bExternal floating roof tanks can be converted to an internal 

seal and the tank shell. 
listed in Table 3-2. 

floating roof tank by retrofitting with a self-supporting fixed 
roof. This would eliminate wind influences thereby reducing rim 
seal losses. 
'Rim seal loss control efficiency relative to the least effective 
seal alternative. 

Calculated from KR and N values listed 

. 
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blowers to 
system. A 

service to 
atmosphere 

collect and transfer the vapors through a closed vent 
redundant blower system may be provided in this 
ensure that no vapors Mill be released to the 
in the event of a primary blower malfunction. The 

c 

closed vent system ducts the vapors to a recovery or oxidizer 
unit. 

can be designed to operate so that vapor levels are above the 
upper explosive limit, enriched with natural gas to 1.2 times the 
upper explosive limit (21 percent), or inerted with nitrogen or 
inert flue gas. Other safety precautions are also exercised such 
as nitrogen blanketing and using flame arrestors. The particular 
precautions employed vary widely depending on the design of 
individual systems and the operating preference of individual 
companies. 
4.5.1 

To prevent flashbacks from the control equipment, systems 

Although there is little commercial operating experience for 
VOL applications of carbon adsorption, mrbon adsorption has been 
demonstrated in the recovery of other organic vapors, and 
applying this technology to VOL recovery should not be 
difficult . 3  Application of this vapor control technology, 
however, is probably more widespread in the chemical industry 
that in the petroleum industry. The general principle of 
adsorption is describe9 below to facilitate the description of a 
carbon adsorption unit. 

for nonpolar hydrocarbons to remove VOC's from the vapor phase. 
Activated carbon is the adsorbent; the VOC vapor that is removed 
from the airstream is referred to as the adsorbate. The VOC 
vapor is adsorbed by a physical process at the surface of the 
adsorbent. The VOC carbon adsorption unit consists of a minimum 
of two carbon beds plus a regeneration system. ?ko or more beds 
irn iec2ssar:r 3 3  + n s u r ~  :aa~ ane sea JL, se avaLanAe'zor i s e  m- 

while the other is being regenerated. 

.lacum. In steam regeneratzon, steam is circulated througn the 

Carbon adsorption uses the principle of carbon's affinity 

0 
The carbon beds can be regenerated using either steam or 
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bed, raising the VOC vapor pressure. The vaporized VOC is then 
removed from the steam: the steam-VOC mixture is condensed, 
usually by an indirect cooling water stream, and routed to a 
separator. The VOL is then decanted and returned to storage, and 
the contaminated water is sent to the plant wastewater system for 
treatment. Cooling water, electricity, and steam are the 
required utilities for a steam regeneration system. The other 
method of regenerating the carbon, vacuum regeneration, is 
performed by pulling a high vacuum on the carbon bed. The VOC 
vapor desorbed by this process is condensed and returned to 
storage. 
4 . 5 . 2  -ion 

Thermal and catalytic oxidizers have been used successfully 
to dispose of VOC vapors in other industries. Thermal oxidation 
is the most direct means of VOC vapor disposal and uses the 
fewest moving parts. The vapor mixture is injected via a burner 
manifold into the combustion area of the incinerator. Pilot 
burners provide the ignition source, and supplementally fueled 
burners add heat when required. The amount of combustion air 
needed is regulated by temperature-controlled dampers. 
A water-seal flame arrestor can be used to ensure that flashbacks 
do not spread from the burner to the rest of the closed vent 
system. As mentioned, safety practices and equipment vary widely 
depending on system design and the operating preference of 
individual companies. A significant advantage of thermal 
oxidizers is that they can dispose of a wide range of VOC's. 
Fuel consumption and catalyst replacement are the major cost 
factors in considering thermal and catalytic oxidation. 
4 . 5 . 3  w s e r a t e d  Vent Co ndenserg 

exiting through the vents and condenses them. The vents open and 
close as the pressure within the tank increases and dec,- 'oases 

Gressure changes occur men che tam 1s being filled or a p c i o a  
or when the temperature changes. Condensers should be designed 
to handle the maximum flow rate e-ected at any 3iven time, w h i m  
usually occurs during filirng. Freezing o P  moisture LS nandled 

A refrigerated vent condenser collects the VQL vapors 
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by a. defrost-separation-recovery system. 
condensers depends upon the vapor concentration and the 
condensing temperature. 
4 . 5 . 4  -des of V w  Recover, or Control Svstema 

reduce emissions from the VOL storage vessel by approximately 
95 percent or greater. 
carbon adsorption unit efficiency o f  98 percent during gasoline 

The efficiency of vent 

. .  
The carbon adsorption vapor control system is estimated to 

This efficiency is based on a measured 

loading operations. 4 

The refrigerated vent condenser is capable of achieving 
emission reductions of greater than 90 percent from VOL storage 
vessels. However, as explained in the previous section, the 
condenser efficiency depends on the vapor concentration of the 
mission stream and the designed condensation temperature. 

achieving emission reductions of 98 percent or greater from VOL 
storage vessels. This efficiency is based on a measured thermal 
oxidation unit efficiency of 98 percent during a wide variety of 
operations.5* 
concentrations, somewhat less than 98 percent of the VOC vapors 
leaving the storage vessel may be incinerated. 

The thermal oxidation vapor control system is capable of 

At very low flow rates or at low VOC inlet 

4 . 6  RETROFIT CONSIDERATIONS 
This section discusses possible considerations that owners 

and operators may have in retrofitting their tanks with 
alternative design equipment. Prior to retrofit construction, 
tank owners will have to schedule time for the tank to be out of 
service. The tank and roof must then be cleaned and degassed 
before workers may enter the tank to begin retrofitting. 
4.6.1 m e d  Roof Tanks With Inter nal Floatins Roofs 

before it can be equipped with an internal floating roof. Tank 
shell deformations and obst-ructions may require correction, and 
special 3tmcrurai inodrficatrons sucn a~ Jracino, reinforcing, 
and plumbing vertical columns may be necessary. Antirotational 
quides should be installed to keep floating roof openings in 
alLgnment w ~ t h  fixed roof openings.. 

Several modifications may be necessary on a fixed roof tank 
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Special vents may be installed on the fixed roof or on the 
walls at the top of the shell to minimize the possibility of VOL 
vapors approaching the explosive range in the vapor space. 
Alternatively, other fire protection devices such as flame 
arresters may be provided instead of circulation vents. 
4 . 6 . 2  Secon$arv Seals on Existinu Inte-1 Float= oofs - 

secondary seal on a noncontact internal floating roof. Unlike 
some contact internal floating roofs, the noncontact internal 
floating roof generally does not have an outer rim on which to 
attach a secondary seal. Extensive modifications to the 
noncontact internal floating roof may be required in order to 
install a secondary seal. 
designs of contact internal floating roofs. Additional rim 
flotation may be required when retrofitting a secondary seal on a 
contact or noncontact internal floating roof to ensure that the 
roof will remain buoyant with the additional weight of the 
secondary seal. 
4.6.3 m d - M o u d  Seals on Exist- I n t e m  Floatinu Roofg 

compressive force than vapor-mounted seals, particularly 
wiper-type seals. When retrofitting existing internal floating 
roofs, rim flotation may become a problem, particularly in the 
noncontact-type designs. The heavier seal may cause the rim of 
the noncontact deck to sink below the liquid surface. 
4 . 6 . 4  --Mounted Sec-rv S=&a on External Floatinu Roofa 

seal is installed above a primary seal. Some primary seals are 
designed to accommodate a large amount of gap between the primary 
seal and the tank wall. 
span as large a gap, and, consequently, excessive gaps may result 
between the secondary seal and the tank shell. When adding a 
secondary seal it is not always necessary to degas the tank 
because there is typically a predrilled horizontal flange on 
which the seal can be attached.7 However, if the flange has to . 
be repaired or modified to be able to properly mount the 

~ 

* R  , .  

Retrofitting problems may be encountered when installing a 

This problem may also occur on some 

Liquid-mounted seals are generally heavier and exert more 

Retrofitting problems may be encountered when a secondary 

Some secondary seals may not be able to - 
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secondary seal, this may require hot work and the tank should be 
cleaned and degassed prior to the installation. 
4.6.5 Self-SuDaortina Fixed Roofs 0 n External Floatina Roof 

- 
ZUka 

Several design issues are encountered in the retrofit of a 
self-supporting fixed.roof to an existing open top tank. For 

on the tank. 
of aluminum, which results in the potential for differential 
movement between the aluminum fixed roof and the steel tank 
shell due to the difference in their coefficients of thermal 
expansion. 

. example, the weight of the fixed roof produces localized loading - 

The self-supporting fixed roofs are typically made 

4.7 PROBLEM LIQUIDS AND MATERIALS OF CONSTRUCTION 
Many liquids such as chlorinated organic solvents cannot 

utilize the same control technologies previously mentioned. 
These problem liquids are corrosive in nature and may degrade 
certain metals as well as seal materials. For problem liquids 
that corrode aluminum, a welded steel floating roof with a 
specialty seal that can withstand attack by the liquid can be 
used to reduce emissions. If the liquid is too corrosive to 
utilize a welded-steel floating roof or specialty seal, ox is 
stored in a fiberglass fixed roof tank, an applicable control 
technology is to vent emissions to an add-on pollution control 
device such as an inc.inerator or a stainless steel condenser. 
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5.0 ENV1RO"TAL IMPACTS OF CONTROL OPTIONS 

5.1 ENVIR0"TAL IMPACTS 
Two types of environmental impacts result from controlling 

VOL storage tanks: (11 impacts from reducing VOC emissions from 
the tank and (2) secondary impacts from implementing the control 

degassing the tank prior to installing some types of equipment 
such as an internal floating roof or replacing a primary seal. 

Chapter 3) by analyzing the control options applicable to fixed- 
roof, internal floating roof, and external floating roof tanks 
described in Chapter 4. Nationwide emissions estimates and tank 
populations for each tank type were estimated from information 
developed in the 1984 background information document for VOL 
storage tanks Nationwide secondary environmental impacts for 
each tank type were estimated by determining the secondary 
impacts of the control options for a typical size model tank, 
then multiplying the impacts for this tank by the estimated 
number of tanks affected at the stored liquid vapor pressure and 
tdnk capacity cutoffs'of each specific control option. The 
following sections present the model tank and nationwide 
environmental impacts of each control option. 
5.2 FIXED ROOF MODEL TANKS 

-options. The secondary impacts result from cleaning and 

Impacts were developed for model tanks (defined in 

Control equipment for fixed roof model tanks is described in 
Chapter 4, Section 4.2. The control equipment hierarchies 
outlined in Table 4-1 'vers mganized into control qtioas. 
Specific options considered include: 

vapor-mounted grimary seal and uncontrolled fittings (Option 1) ; 
1. A bolted construction internal fLoating roof with a 



2 .  A bolted construction internal floating roof with a 
vapor-mounted primary and secondary seals with controlled 
fittings (Option 11) : 

liquid-mounted primary and secondary seals with controlled 
fittings (Option 111); or 

or fiberglass-reinforced plastic [FRPI deck) with a liquid- 
mounted primary and secondary seals with controlled fittings 
(Option I V ) .  

5.2.1 -s Reductiqga 
These control options were applied to the model tanks 

described in Chapter 3 and emissions profiles were generated. 
Figure 5-1 presents the VOC emissions from the model fixed-roof 
tanks greater than 151,420 liters (L) (40,000 gallons [gall) 
storing a model VOL at vapor pressures of 3.4, 5.2, and 
6.9 kiloPascals (kPa) fO.5, 0.75 and 1 pound per square inch 
absolute (psia)] at 10 and 50 turnovers per year. Figure 5-1 
shows that fixed roof tank emissions increase significantly with 
an increase in turnovers or an increase in vapor pressure. 
Figure 5-2 presents model tank emissions for the same tank 
capacities, vapor pressures, and turnovers as Figure 5-1 but for 
a model crude oil. A comparison of the VOC emissions from the 
model VOL and crude oil tanks at the same turnover rates and 
vapor pressures shows that the model crude oil tanks emit less 
VOC than the model VOL tanks. 

The effect of the control options on fixed-roof tank 
emissions is shown in Figure 5-3. This figure shows that for 
50 turnovers per year and an absolute liquid vapor pressure of 
6.9 kPa (1.0 psia), the installation of a basic internal floating 
roof provides a significant emission reduction for fixed-roof 
tanks. However, applying additional controls to the internal 

Seal does not provide any signif,icant emission reduction beyond 
that achieved by the installation of the internal floating roof. 

3 .  A bolted construction internal floating roof with a 

4 .  A welded construction internal floating roof (steel pan 

f l o a t i n g  :=of 3uch 1s :ontroil-ng fztE;ngs 3r s u a m g  3. ~ .SCC)~GZC;T  - 
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Figures 5-4 and 5-5 present emissions for Options I - V at 
10 and 50 turnovers per year. A comparison of these figures 
shows that the turnover rate does not significantly effect 
emissions from internal floating roof tanks, which is opposite 
from that shown in Figure 5-2 for fixed-roof tanks where the 
turnover rate significantly effects emissions. Therefore, the 
working or withdrawal losses, which are dependent upon the 
turnover rate or throughput, account for a significantly larger 
percentage of emissions from a fixed-roof tank than an internal 
floating roof tank. 

reductions achieved by Options I1 through V beyond that achieved 
by Option I, the installation of an internal floating roof. The 
data presented in these figures reaffinns that the incremental 
emission reduction achieved by additional controls is small 
compared to the emission reduction achieved by the installation 
of the internal floating roof. 

For fixed-roof tanks with capacities ranging from 75,700 to 
151,420 L (20,000 to 40,000 gal), the same control options apply 
as those shown in Figures 5-4 and 5-5 and the effects of the 
control options on emissions are similar. However, for fixed- 
roof tanks less than 75,700 L (20,000 gal), the only control 
option examined was the installation of a condenser with a 
required control efficiency of 90 percent. This was the only 
control option.examined because most storage tanks below 75,700 L 
(20,000 gal) are horizontal rather than vertical tanks and a 
large percentage of these tanks are also underground; therefore, 
the installation of internal floating roofs is not practical. 
5.2.2 -rv Imuacrs 

with the VOC emission reductions described in the preceding 
section, but rather those with implementing the control oution. 
The foliowing sections' describe the secondary environmental 
impacts associated with implementing the control options for 
fixed-roof tanks. 

- 

- 

Figures 5-4 and 5-5 also present the incremental emission 

Secondary impacts are those impacts not directly associated 

I 
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5.2.2.1 from De-due H a n u .  
Prior to installing an internal floating roof in a fixed-roof 
tank, the tank needs to be cleanect and degassed. Cleaning and 
degassing is necessary to allow the tank to be modified to 
install an internal floating roof and to allow workers to enter 
the tank. The degassing emissions are those emissions that will 
be released from the tanks' vapor space prior to cleaning, and 
sludge handling emissions are released from the tank in the 
process of removing sludge from the tank during cleaning. Sludge 
handling emissions are difficult to quantify because they depend 
entirely on the care the tank service company takes in removing 
the sludge from the tank. 

estimated based on the quantities of rinseate required to clean 
the tank and the amount of residual sludge in the bottom of the 
tank. Estimates obtained from a tank service company indicate 
that 7,570 L (2,000 gal) of sludge and 3,790 L (1,000 gal) of 
rinseate would result from cleaning a 757,000 L (200,000 gal) 
tank.2 
(1.1 ton) of VOC emissions are released during degassing of the 
tank. 
sludge handling operations but the quantity of these emissions is 
unknown. 

5.2.2.2 -ous Waste . ,Another possible source 

- 

~ 

Emission estimates for degassing and sludge handling were 

Based on these values, it was estimated that 1 Mg 

Additional VOC emissions could be released during the 

of secondary emissions is the treatment, storage or disposal of 
tank sludges and the rinseate used to clean the tank. The exact 
regulatory status of the sludge and rinseate will be a function 
of the contents of the tank and the properties of these 
materials. 

The sludge generated from the tank cleaning process could be 
. up to 90 percent liquid. Independent of any VOC emitted from the 

liquid portion of the sludge, 11,360 L (3,000 gal) of solid waste 
?z:L be ?r=au$zd 2rsm 2Leining a ; 5 " , 3 0 0  i , 2 3 0 , 3 0 0  gal\ -3nx.- 
This material may be industriil solid waste regulated under 
provisions authorized by Subtitle D of RCRA; or alternatively it 
may be a hazardous xaste in xhdh case creatment, storage, ana 
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disposal of this material would be regulated in accord with 
regulations authorized by Subtitle C of RCRA. To the extent that 
these materials are hazardous wastes, RCRA regulations would 
require reduction of secondary emissions by prohibiting the use 
of high emitting treatment, storage, and disposal techniques, 
such a3 the use of land farming. Furthermore, secondary 
emissions would be reduced by limiting emissions from other types 
of treatment, storage, and disposal techniques. A variety of 
methods such as incineration are available to treat, store, and 
dispose of hazardous waste sludge. If a facility were to 
incinerate the sludge, there would potentially be minimal 
emissions from the hazardous waste treatment, storage, and 
dieposal. 
handling. However, if a facility were to landfarm a Subtitle D 
(nonhazardous) waste, virtually all of the emissions from the 
sludge might be released to the atmosphere. 
5.3 INTERNAL FLOATING ROOF TANKS 

The only emissions would be from degassing and sludge 

Control options for internal floating roof tanks are almost 
identical to the control options for fixed-roof tanks and consist 
of equipping the tank with: 

vapor-mounted primary seal and controlled fittings (Option I); 

vapor-mounted primary and secondary seals with controlled 
fittings (Option 11) ; 

liquid-mounted primary and secondary seals with controlled 
fittings (Option 111); or 

or FRP deck) with a liquid mounted primary and secondary seals 
with controlled fittings (Option IV). 
f ie  baseline internal floatinq roof tank configuration was 

assumea co consist of a oolted-constructlon lnternal floatrng 
roof with a vapor-mounted primary seal. 

1. A bolted construction internal floating roof with a 

2. A bolted construction internal floating roof with a 

3. A bolted construction internal floating roof with a 

4 .  A welded construction internal floating roof (steel pan 
. 

. 
5 - 5  



5 . 3 . 1  e o n s  Rpductiorla 

roof (IFR) model tanks presented in Chapter 3 .  

reduction from the baseline IFR tanks for each emission control 
option are shown in Figures 5 - 6  and 5 - 7  for a model VOL and crude 

internal floating roof tanks do not depend as much on the number 
of tank turnovers per year as the liquid vapor pressure and tank 
capacity. The incremental emissions reductions between 
increasingly more stringent control options is relatively small 
ranging from 5 to 20 kilograms (kg) [11 to 44 pounds (lb)]. 

These control options were applied to the internal floating 
The VOC emission - 

~ 

. oil, respectively. ?is stated earlier, VOC emissions from 

5.3.2 -rt 
5 . 3 . 2 . 1  from De- Sludue Hand1 inq. 

All of the control options for internal floating roof tanks 
require cleaning and degassing the tank. Therefore, these 
emissions will have to be considered when applying these control 
options. Referring to the emissions estimates developed for a 
7 5 7 , 0 0 0  L ( 2 0 0 , 0 0 0  gal) tank in Section 5 . 2 . 2 ,  1 Mg (1.1 ton) may 
be released from degassing the tank. Depending on the method of 
disposal, the sum of the cleaning and degassing emissions may be 
greater than the emission reductions obtained from the 
implementation of the control options (e1 Mg [1.1 ton]). For 
this reason, it may be necessary to minimize the environmental 
impacts associated with cleaning and degassing by requiring 
internal floating roof tanks to implement the control options 
when the tanks are out of service for their regularly scheduled 
cleaning. 

generated from disposing of the tank sludge and rinseate is 
5 . 3 . 2 . 2  w . The amount of hazardous waste 

equivalent to that from fixed-roof tanks. Again, the method of 
treatment, storage, and disposal o f  the waste is the determining 
factor as to the quantity of VOC*emitted to the atmosphere. 

-1 m n  - 
3 . 4  3,X-r;RNAL -7L~ATXNG .YCOF X N K S  

Control equipment for external floating roof tanks is 
discussed in Chapter 4 ,  and the control options are described i n  

. T a b l e  4-2. The control opti,on f o r  an excernal floating roof 

.- 
5 - 6  - 
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(EFR) tank equipped with a mechanical shoe primary seal consists 
of adding a secondary seal and controlling fittings. 
options exist for an EPR tank equipped with a vapor-mounted 
primary seal only; (1) adding a secondary seal and controlling 
fittings, and (2) replacing the vapor-mounted primary seal with a 
liquid-mounted primary seal, adding B secondary seal, and 
controlling fittings. 
5.4.1 

Two control 

The control options presented above were applied to the 
model tanks described in Chapter 3. The emissions for the two 
baseline EFR tank configurations and the corresponding control 
option(s1 are shown in Figures 5 - 8  and 5-9, respectively. From 
Figure 5 - 8  it is shown that the greatest emission reduction for a 
baseline external floating roof tank with metallic shoe primary 
seal is obtained from the addition of a secondary seal and 
controlled fittings. From Figure 5-9 it is shown that the 
greatest emission reduction for a baseline external floating roof 
tank with a vapor-mounted primary seal is obtained by the 
substitution of a liquid-mounted primary for the vapor-mounted 

*primary seal in conjunction with the addition of secondary seals 
and controlled fittings. 
5.4.2 1- 

In order to install a secondary seal in an externa floating roof 
tank, a tank may not always have to be cleaned and degassed. 
This is because the external floating roof tanks are typically 
equipped with a flange on which the secondary seal can be 
b01ted.~ This may eliminate the need for cutting, welding, o r  
drilling; therefore, there may be no need to clean and degas the 
tank. However, if the flange is in poor condition or if the 
flange is unsuitable for the installation of a secondary seal, 
the tank would have to be cleaned and degassed prior to the 
necessary welding. ?or the puqoses of t h i s  ACT, IC has been 
assumed that degassing would be required prior to installing a 
secondary seal. In addition, no modifications that would require 
degassing of the tank are needed,to control fittings. For 

5.4.2.1 -om D-due -. 



purposes of assessing secondary impacts, the quantity of 
emissions released from an external floating roof tank as a 
result of degassing were the same as those described previously 
for similar sized fixed-roof and internal floating roof tanks. 

5.4.2.2 u o u s  W W  . The amount of solid waste 
generated from treatment, storage, and disposal of the tank 
sludge and rinseate is equivalent to that from fixed-roof or 
internal floating roof tanks of a similar size. As stated 
previously, the disposal method is the determining factor as to 
the quantity of VOC emitted to the atmosphere as a result of 
solid waste treatment, storage, and disposal. 

~ 

- 

5.5 NATIONWIDE IMPACTS OF CONTROL OPTIONS 
Nationwide environmental impacts were determined for each of 

the three tank types and their associated control options. The 
nationwide number of tanks and the amount of VOC emissions 
associated with the three tank configurations (fixed, internal 
floating, and external floating roofs) were estimated by taking 
the tank population and emissions estimates developed for the 
Volatile Organic Liquid NSPS and accounting for: 

1. Tanks in nonattainment areas; 
2. 

3. Tanks not considered in the specific control option 

Tanks already regulated by either an existing CTG or 
NSPS; and 

because.the tanks were outside the tank capacity and vapor 
pressure cutoffs of the control options. 

The tank capacity and vapor pressure cutoffs for each 
control option were determined based on the combined 
environmental and cost impacts of these options on a model tank 
basis. Once the number of affected tanks and the nationwide 
emissions levels were determined for each option, nationwide 
secondary impacts were then calculated. Secondary impacts were 
assessed for a representative tank in each category and 
muc'pL;sa sy cne numner o r  arfecced Lanks 20 m ~ a i n  nar.ionwlae 
impacts. 

Tanks in nonattainment areas were determined from industry 
profiles contained m the 1987 Census of Manufacturers Data and 
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4 from a 1991 EPA database of county Ozone nonattainment status. 
database was developed from this information that contains the 
number of facilities by county and standard industry 
classification (SIC) codes, and includes a classification of each 
county as an attainment or nonattainment area. The total number 
of facilities in SIC codes. 2911 (petroleum refining), 2861 (gum 
and wood chemicals), 2865 (cyclic crudes and intermediates), and 
2869 (industrial organic chemicals) were then compiled. After 
compiling these estimates for each industrial segment, the 
percentages of the facilities located in nonattainment areas was 
determined. These percentages (about 45 percent for the 
petroleum industry and about 55 percent for the chemical 
industry) were then applied to the tank population and emissions 
estimates previously derived to obtain the base number of 
affected tanks and emissions levels for each industrial 
category. 

and vapor pressure of the liquid stored in the tank, the base 
number of tanks and corresponding emissions estimates for each 
category had to be apportioned in a similar manner. 
population data apportioned by tank capacity and vapor pressure 
was available to a limited extent. However, this information was 
insufficient to apportion the tank population into the narrow 
tank capacity and vapor pressure ranges required by the control 
options. For example, tank population data was available for 
tanks storing liquids in the vapor pressure range of 3.4 to 
6.9 kPa (0.5 to 1.0 psia) at various tank capacity cutoffs. 
However, the vapor pressure cutoffs required an estimate of the  
tank population in the vapor pressure ranges from 3 . 4  to 5 . 2  kPa 
(0.5 to 0 .75  psia) and 5 . 2  to 6.9 kPa (0.75 to 1.0 psia). 
Therefore, it was assumed that the number of affected tanks 
w i t h i n  the broader -raucr ?r?ssurc ranqes vere 3iscri5uted +quail-- 
across the range. Using this approach, if 1,000 tanks were 

500 tanks were assumed to be In t h e  range from 3 - 4  to 5 . 2  :<Pa 
(0 . .5  to 0.75 psia) and 500 tanks in the range from 3.4 to 6.9 kPa 

A 

Because the control options were segregated by tank capacity 

Tank 

n the broad range of 3.4 to 6.9 kPa ( 0 . 5  to 1.0 psia) , then Witv 
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(0.75 to 1.0 psia). However, nationwide emissions estimates from 
these tanks were apportioned into smaller vapor pressure ranges 
according to ratios developed between the emissions levels and 
the vapor pressure function, so that as the vapor pressure 
increased the emissions estimates increased. 
5.5.1 --Roof , T a m  

The representative tank used to develop nationwide secondary 
impacts for fixed-roof tanks was a 4 . 9  million liter (1.3 million 
gallon) tank with a diameter of about 20 meters (m) (60 feet 
[ftl) and a height of 15 m (48 ft). The model liquid used to 
determine nationwide impacts is jet naphtha that has the 
following properties: (1) a molecular weight of 80 grams per 
gram-mole (80 pounds per pound-mole); (2) a density of 
0.72 kilograms per liter (kg/LJ (6 pounds per gallon ( 6  lb/gal); 
and ( 3 )  a product recovery factor of 350 dollars per megagram 
($/Mg) (320 dollars per ton [$/ton] 1 .  

The nationwide impacts for fixed-roof tank control options 
are presented in Table 5-1 and are listed from least to most 
stringent. The total number of affected tanks estimated at the 
vapor pressure cutoffs of 3.4, 5.2, 6.9 kPa (0.5, 0.75, 1.0 psia) 
is 3,000, 2,300, and 1,700 tanks, respectively. Of these totals, 
approximately 70 to 75 percent are storing petroleum products and 
the remaining 25 to 30 percent are storing organic chemical 
products. 
5.5.2 -1 Floatina Roof T U  

The representative internal floating roof tank was the same 
size as that of the representative fixed-roof tank. This 
representative tank is also storing the same model liquid as the 
representative fixed-roof tank. The nationwide impacts for 
-internal floating roof tank control options is presented in 
Tables 5 - 2  and 5-3. The total number of affected tanks estimated 

* at the vapor pressure cutoffs of 3 . 4 ,  5 . 6 ,  6.9, and 10.3 kPa 
3.5, 3 . 7 5 ,  1.3, ana - . 5  p i a ,  A3 6 , 3 3 0 ,  5 , 3 0 0 ,  5 , 0 6 0 ,  lncl : , ~ u u ,  

respectively. Of these totals, approximately 75 percent are 

storing organic chemrcai products. 

~ 

- 

> \  - -  

4 storing petroleum products and the remaining 25 percent are 
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The nationwide secondary environmental impacts for internal 
floating roof tank options presented in Table 5-3 are provided 
for informational purposes only. 
options, the required control equipment would not be installed 
until the IFR tanks are degassed and cleaned during the next 
rionual maintenance period for the tanks. 
5.5.3 -of Tanha 

could be quantified for external floating roof tanks because no 
data was available that could be used to determine the number of 
tanks in each vapor pressure range according to seal type. 
However, the nationwide emission reductions obtained from 
applying secondary seals and controlling fittings could be 
approximated based on the number of BFR tanks. 
cutoffs of 3.4, 5.2, 6.9, and 10.3 kPa (0.5, 0.75, 1.0, and 
1.5 psia) and greater and tank capacity cutoffs of 151,420 L 
(40,000 gal) and greater at each vapor pressure, the estimated 
nationwide emission reductions are 9,390, 9,260, 9,060, and 
8,210 Mg/yr (10,330, 10,180, 9,960, and 9,030 tons/yr), 
respectively. The estimated number of affected tanks at these 
aame vapor pressure cutoffs is estimated at 6,600, 6,400, 6,300, 
and 6,000, respectively. 

In implementing these control 

Neither nationwide emissions estimates nor secondary impacts 

At vapor pressure 
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tanks storing crude oil as a function of tank volume. 
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Eigure t; 9 .  The effect of the control options on emissions from external floating roof 
tai1r.a equipped with vapor-mounted primary seals as a function of tank volume. 



TABLE 5-1. NATIONWIDE ENVIRONMENTAL IMPACTS OF THE FIXED-ROOF 
TANK CONTROL OPTIONS 

UI 

h) 
P 

I 

'Based on a vapor pressure cutoff value of 0.5 psi. and a tank capacity cutoff value of 40.ooO gallons. 
bBaxd on a vapur pressure cutoff value of 0.75 psi. end a tank capacity cutoff value of 40,000 gallons. 
'Based on a vapur przcsure cutoff value of 1.0 psi. and a tank capacity cutoff value of 40,000 gallons. 
b n t i o i  Option I = iusta~lation of a0 alumiwm n"tact IFR with vapor-mounted primary d s  and uncontro~ied fittings. 
eCo~~trol Option 11 = instaiiationnf 801 aluminum ooncontact IFR wilh vapor-mounted primary seals. scconbry d s ,  and cootroiled fittings. 
'Control Option K I  = ioS(cll1ation of M aluminum noncWtPct IFR with liquid-mounted p r i m  seals, wnndary seals, and eoatrolled fittings 
b n l r o l  Option I V  = installation of e weldad steel contact IFR with liquid-mounted primary d s ,  secnodq seals. and controlled fittings. 

I I I I 



TABLE 5-  2 .  NATIONWIDE ENVIRONMENTAL IMPACTS OF THE INTERNAL 
FLOATING ROOF TANK CONTROL OPTIONS 

Control ODtiOndcutoff value3 M d v r  (tonslvr) Mdvr f todvr )  

b.&s 

VP 5 0.5. 
VP = 0.7Sb 
VP J 1.P 

d VP = 1.5 
Control ODtiorQ 

16,430 (18,070) - 
16,260 (17,890) . - 
16,010 (17,610) -_ 
15,620 (17,180) .- 

VP = 0.5. 
VP = 0.7Sb 
VP = 1.P 

d VP = 1.5 

11.680 (12,840) 
11,540 (12,700) 
11.320 (12,450) 
10,990 (12,090) 

10,140 (11,150) 
10.0oo (1 1,OOo) 
9.800 (10,780) 
9,490 (10,440) 

15,570 (17,120) 
15,410 (16.950) 
15,160 (16,670) 
14,780 (16,260) 

4,750 (5,230) 
4,720 (5,190) 
4,690 (5.160) 
4,630 (5,090) 

6,290 (6.920) 
6,260 (6,890) 
6,210 (6,830) 
6,130 (6,740) 

860 (950) 
850 (940) 
850 (940) 
840 (920) 

I I 

Control %tion &* 

VP 3 0.5. 
VP P 0.7Sb 
VP = 1.0c 
VP = l.Sd 

Control Ootion gls 

VP = 0.5. 
VP = 0.7Sb 
VP = 1.P 

d VP = 1.5 
Coatrol ootion I V ~  

VP = 0.5. 
VP = 0.7Sb 
VP = 1.P 

'Baaed on a vapor p r e s "  cutoff value of 0.5 pia and a 1.nlr capacity cutoff value of 40.0oo gallons and 
gtaclter. 

bBpwd on a vapor presslua cutoff value of 0.75 pair and a tank capacity cutoff value of 40,OOO gallons and 
greater. 

cBased on a vapor prwaum cutoff value of 1.0 psia and a tank capacity cutoff value of 40,OOO gallons and 
Rater. 

&sd on a vapor pmaure cutoff value of 1.5 psia and a rank capacity cutoff value of 40,OOO gallons and 
greater. 

'Control option I = control fittings. 
fContml option Jl = control fittihgs and add a secondary 3 4 .  

%ntroi Ontion 
and controiled fittmga. 
kontml Option IV = replace noncontact IPR with a welded s t m l  contact IFR with liquid-mounted primary 
seals, secondary d s ,  and controlled fittings. 

= ieaacc aoor-nounred pnmary ~ e a i  wirh iiqmd-mounreo pnmary mu. sconuary 5 w s .  
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TABLE 5-3. NATIONWIDE SECONDARY ENVIRONMEI 
INTERNAL FLOATING ROOF TANK C O W  

' Nationwide seconduy emissions, 
Control optidcutoff values Mg/yr ( t d y r )  

J&&ins 

VP = 0.5' I VP = 0.75b - - VP = 1.P  
VP = I S d  

VP = 0.5' 6,780-81.360 (7,458-89,500) 
VP = 0.75b 6.590-79,020 (7,240-86.922) 
VP = 1.oc 6.390-76.690 (7,030-84,360) 
VP = lSd  6,150-73,850 (6,770-8 1,240) 

oution p' 

VP = 0.5' 6,780-81.360 (7,45849,500) 
VP = 0.75b 6,590-79,020 (7,24046,922) 
VP f I.0C 6.390-76.690 (7.030-84.360) 
VP = lSd  6.150-73.850 (6.770-81.240) 

Contml 00 tiopmg 

VP = 0.5' 6,780-81.360 (7,458-89.500) 
VP = 0.75b 6,590-79,020 (7,2404,922) 

VP = lSd 6.150-73.850 (6,770-81.240) 
VP = 1.oc 6.390-76.690 (7,03044,360) 

Control Ootion IV" 

VP = 0.5" 
VP = 0.75b 

VP = Ud 
yP = 1.00 

6,780-81.360 (7,45849,500) 
6,590-79,Ou) (7,240-86.922) 
6,390-76,690 (7,03044,360) 
6.1-73.850 (6.770-81.240) 

AL IMPACTS OF THE 
J OPTIONS 

Nationwidehazardous waste 
d i ~ ~ s r l  Ileal 

41 x 1 6  (37 x lo6) 
40 x 1 6  (36 x lo6) 
38 x 1 6  (35 x 106) 
37 x 1 6  (34 x 106) 

41 x 1 6  (37 x 105 
40 x 1 6  (36 x lo6) 
38 x 1 6  (35 x IO6) 
37 x 1 6  (34 x 106) 

41 x 1 6  (37 x lo6) 
40 x 1 6  (36 x lo6) 
38 x 1 6  (35 x IO6) 
37 x 1 6  (34 x 10% 

41 x 1 6  (37 x lo6) 
40 x 1 6  (36 x lo6) 
38 x 1 6  (35 x lo6) 
37 x 1 6  (34 x 10% 

'Based on a vapor pnssuro cutoff value of 0.5 pia and a tank capacity cutoff value of 40,OOO gallons and 
g-. 

bBased on a vapor p m r o  cutoff value of 0.75 psia and a tauk capacity cutoff value of 40,OOO gallons and 
greater. 

"Based on a vapor prrssum cutotf value of 1 .O psia and a tank capacity cutoff value of 4O.OOO gallons and 

'=on a vapor prsssum cutoff value of 1.5 psi. and a tank capacity cutoff value of 4O.OOO gallons and 
grerta'. 

eContml optton I = contml fittmga. 
FContmi ODnon U = control tittlnes and add n secondmy 4. 
%onmi Option III = replace gapor-mounted pnmary d w r h  liquid-mounted pnmary >ea. xconaary \ a s  
and concmlled fittings. 

hcontrol Option N = n p l w  noncontact IFR with a welded stml contact IFR with liquid-mounted primary 
d s .  secondary seals, and contmlled fittings. 
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6.0 COST ANALYSIS O F  CONTROL OPTIONS 

6 . 1  INTRODUCTION 
This chapter presents the costs of equipping fixed-roof 

( F R ) ,  internal floating roof ( I F R ) ,  and external floating roof 
(EFR)  tanks with the control equipment described in Chapter 4 .  

Three types of cost data are presented: 
1. Capital cost; 
2 .  AMual cost; and 
3 .  Cost effectiveness. 
The cost analysis follows a prescribed approach. Capital 

costs, which represent the initial investment for control 
equipment and installation, are estimated based on vendor quotes 
and EPA protocols. From these estimates, correlations and 
factors have been developed to approximate capital costs for the 
range of tank sizes commonly used in the industry. The capital 
cost is aMUaliZed by applying a capital recovery factor, which 
is based on an estimated equipment lifetime, and the interest 
rate on the capital, and by adding costs f o r  taxes and insurance. 
The total annualized cost, excluding product recovery credits, 
attributable to each type of control is estimated by adding 
operating costs to the annualized capital cost. The total or net 
annualized cost, including product recovery credits, is estimated 
by subtracting the value of the recovered product from the 
annualized cost. The amount of recovered product is equal to the 
difference in emissions between the baseline and the control 
option levels. Cost effectiveness is the total annualized cost 
divided by the emission reduction obtained by each control 
technology . 0 
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6.2 EQUIPMENT COSTS 
Capital equipment costs that depend on tank size were 

obtained from vendors for various tank capacities and tank 
diameters. A regression analysis was then performed on the 
data to obtain an equation that could be used to develop capital 
equipment costs for any tank capacity. The costs provided by 
vendors and the equations used to develop model tank costs for 
installing an IFR in a FR tank and for retrofitting a noncontact 
IFR tank with a contact IFR are presented in Table 6-1. The cost 
difference of constructing a liquid-mounted primary seal rather 
than a vapor-mounted primary seal is $65 per linear meter 
($20 per linear foot) The additional cost of controlling 
fittings is estimated at $200 for newly installed floating roofs 
and $600 for existing floating r0ofs.l The installation of 
secondary seals on existing internal floating roofs is estimated 
at $83 per linear meter ($26/ft) On new installations there 
is no additional charge for the secondary seals. 

The retrofit cost to add secondary seals to an external 

The additional cost of controlling fittings is estimated at $680, 
which is mainly for controlling the guidepole fitting since other 
EFR fittings are typically controlled already. The retrofit cost 
for replacing a vapor-mounted primary seal with a liquid-mounted 
primary seal on EFR tanks is estimated at $260 per linear meter 

floating roof is estimated at $180 per linear meter ($54/ft). 2 

($80/ft) .2  

Cleaning and degassing costs can be subdivided into two 
separate costs: (1) cleaning and (2)  hazardous waste disposal 
Costs. An estimated cleaning and degassing cost of $18,000 to 
$20,000 was obtained from a tank service company for a 
757,090-liter (1) (200,000-gallon [gall) tank.4 For  the purposes 
of this analysis, it was assumed'that the sludge and rinseate 
generated from cleaning the tank will have to be treated, stored, 
and disposed as a hazardous waste. The hazardous waste generat?.? 

from cleaning ch i s  size tank was estimated at 11,370 1 
(3,000 gal), which consists of 3,790 1 (1.000 gal) of rinseate 

4 and 7 , 5 7 0  1 (2,000 gal) of sludge. A tank service company 
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estimated the hazardous waste disposal costs at $1.30/1 
($5/gal) .4 
tank service company for one tank size, cleaning and degassing 
costs were not estimated for each model tank. Instead estimates 
for these services were developed for representative tanks which 
were then used to determine the nationwide cost impacts presented 
in Section 6-4. In examining the effect of the cleaning and 
hazardous waste disposal costs, it was determined that these 
costs comprise the majority of the capital cost associated with 
installing contra1 equipment when cleaning and degassing is 
necessary. Therefore, the capital and annualized costs for the 
control options that include cleaning and degassing prior to the 
installation of controls are largely dependent on the cleaning 
and disposal costs. 

equipment life of 10 years and an interest rate of 10 percent. 
Capital recovery costs, which are the cost of capital spread over 
the depreciable life of the control equipment, were calculated 
using the following equation: 

Because cost estimates were only provided by one 

- 

~ 

Annual costs for equipment were developed assuming an 

where, 
CRC - 
TCC i. 

i -  
n -  

CRC - [TCCI [(i{l+i}n)/({l+i}n-l)l 
capital recovery cost, $/yr 
total capital cost, $ 
annual interest rate, 10 percent 
depreciable' life, 10 years. 

The annualized cost without product recovery credits is 
calculated by adding the annualized capital cost to the costs for 
taxes, insurance and administration (4 percent of the capital 
costs) and the operating costs. Operating costs include the 
yearly maintenance charge of 5 percent of the capital cost, and 
an inspection charge of 1 percent of the capital cost. However, 
when annualizing the cost of cleaning and degassing the storage 
tank and hazardous waste disposal, additional allowances f o r  
caxes, insurance, ana aaminiscracion cosca xere not appiiea 
because this work would be provided by a tank service? company and 
is already considered in the cost of the service. 

' 
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The total annualized cost with product recovery credits.is 
calculated by accounting for  the value of any recovered product. 
m e  recovered product costs were based on average product values 
for petroleum liquids and organic chemicals.61~ A price of ~ 

$350 per megagram ($/Mg) ($320 dollars per ton [$/tonl) was 
estimated for  tanks storing petroleum products and $1,51O/Mg 
($1,37O/ton) was estimated for tanks storing organic chemical 
products. 6 p  

to the emissions difference between the ba8eline uncontrolled 
emissions and the control option emissions. 

The amount of recovered product was assumed equal 
- 

6.3 MODEL TANK COSTS 
Model tank costs were calculated for each of the control 

options under consideration for fixed-roof, internal floating 
roof, and external floating roof tanks. The model tanks are 
presented in Chapter 3 ,  and the control options for each tank 
type are presented in Chapters 4 and 5 .  Figures 6-1 through 6-12 
display the effect of tank volume'on the cost effectiveness of 
fixed roof tanks for three vapor pressures, two turnover rates, 
and two liquid types. Cost effectiveness is reported on the 
figures in units of dollass per megagrams ($/Mg), which is 
equivalent to dollars per megagram per year annualized over a ten 
year period. 

case is assumed to be an internal floating roof with a vapor- 
mounted primary seal and typical fittings. Figures 6-13 
.through 6-18 display the effect of tank volume on the cost 
effectiveness of internal floating roof tanks for three vapor 
pressures and two liquid types. 

cases were assumed: (1) an external floating roof with mechanical 
shoe primary seals; and (2) an external floating roof with vapor- 
mounted primary seals. Figures 6-19 and 6 - 2 0  display the effect 
of tank volume on the cost effectiveness of external floating 
Z D G ~  :2n%3 ~ i t h  nec3,anlcal m o e  p r z m a r -  3eals far -_.Irna 'rapor 
pressures and two liquid types. 
the effect of the tank volume on the cost effectiveness of 

In the analysis for internal floating roof tanks, the base 

In the analysis for external floating roof tanks, two base 

Figures 6-21 and 6-22 display 
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external floating roof tanks with vapor-mounted primary seals for 
three vapor pressures and two 1.iqui.d types. 
6.4 NATIONWIDE COST IMPACTS 

Nationwide cost impacts were calculated in a similar manner 
as that described in Chapter 5 for secondary environmental 
impacts. Briefly, capital and annualized costs for a 
representative tank of each tank type were determined and then 
multiplied by the estimated number of affected tanks for the 
given control option to obtain nationwide cost impacts. The 
nationwide cost-effectiveness values were then determined by 
dividing the nationwide annual cost by the nationwide emissions 
reduction obtained by the control options. The nationwide cost 
impacts for fixed-roof, internal floating roof, and external 
floating roof tanks are shown in Table 6 - 2  through 6 - 4 ,  

respectively. 

degassing costs. For the representative fixed-roof tank with a 
tank capacity of 4.9 million liters (1.3 million gallons), it was 
estimated that cleaning costs were approximately $30,000 and 
hazardous waste disposal costs were estimated at an additional 
$30,000 based on the disposal of 22,710 L (6,000 gal) of 
hazardous waste. Therefore, a total of $60,000 was attributed to 
cleaning and degassing cost. Also, to account for problem 
liquids it was assumed that for any option, 5 0  percent of the 
tanks in the chemical industry would be controlled with welded 
steel IFR’s with a seal cost of $335 per linear meter ($105/ft). 
However, the impacts presented for internal and external floating 
roof tanks do not include degassing costs. Although the majority 
of control options for internal floating roof tanks and Control. 
Option I1 for external floating roof tanks equipped with vapor- 
mounted primary seals require degassing, the costs associated 
with this service were not included because it is assumed that 
the control equipment will be installed on the tank followinq a 
reguiariy scheauied degassing. Nost storage tanks are degassea 
and cleaned every 5 to 10 years. 

All of the control options for fixed-roof tanks include 

6 - 5  
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The nationwide cost-effectiveness values for internal 
floating roof t a a s  are lower than the cost-effectiveness values 
for individual model tanks shown in Figures 6-13 through 6-18 
because the majority of IFR tanks (90 to 95 percent) are storing - 

liquids with vapor pressures at or above 10.3 kPa (1.5 psia) and 
the lower cost-effectiveness values for these tanks offset the 
higher cost-effectiveness values for the remaining affected tanks 
at the lower vapor pressures (10.3 kPa E1.5 psial and below). 

options for the baseline external floating roof tank with vapor- 
mounted primary seals because no data were available that could 
be used to determine the number of tanks in each vapor pressure 
range according to seal type. Therefore, it was assumed that all 

-- EFR tanks are equipped with mechanical shoe primary seals, which 
is the most typical primary seal used on EFR tanks. It was also 
assumed that all EFR tanks storing liquids with vapor pressures 
above 10.3 kPa (1.5 psia) were already equipped with secondary 
seals, because the States in implementing the EFR CTG did not 
distinguish between seal types in requiring secondary seals on 
tanks storing liquids with vapor pressures at or above 10.3 kPa 
(1.5 psia). Therefore, nationwide cost-effectiveness values f o r  
EFR tanks are lower than those presented earlier for individual 
model tanks, because the majority of EFR tanks store liquids 
above 10.3 kPa (1.5 psia) and the cost associated with fitting 
control is relatively low. 
6.5 UNCERTAINTIES 

- 

Nationwide cost impacts are not presented for the control 

The costs that are provided in this chapter represent an 
estimation of the potential nationwide impacts of implementing 
the control options. These costs are only estimations 
representing average control cost. For  example, costs may be 
greater for tanks storing problem liquids due to increased 
material costs, or alternatively, costs may be less than 
estimated due to less sludge and therefore less sludge dispcsal 
" 3 S E i .  
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Figure 6-3. The cost-effectiveness of control options on fixed-roof tanks 
storing VOL as a function of tank volume. 
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TABLE 6-1. ESTIMATED INSTALLED CAPITAL COST OF 

I 7.6 0 

9.1 (30) 

INTERNAL FLOATING ROOFS (1991 DOLLARS) 

333,610 (88,130) 9,894 I 45,850 59,310 

720,M)O (190,360) 10,816 49,650 65,070 

10.7 (35) I 980,810 (259.100) 11,949 I 53,825 70,945 

12.2 (40) 1,281,030 (338,410) 13.505 58,750 77,990 

'Equation developed from cost data for any tank ity: Cost (S) 3.19 @2) + 7.734: where D = tank 
d m  in fest; with the correlation coefficient 7 = 0.993. 'This correlation genentw inscalled cost estimates 
for an aluminum mucontact intenni floating mf with a vapormounted pri 

with the correlation coefficimt cip" I 0.989. This correlation generatea installed cost estimates 
fbr 1 Wddd W CoO(rt intsrml floating roof and p d m q  &I. 

di.mcter in feet: with the corralation coefficient p" = 0.992. 'Ihia correlation geneeratea installed cost estimates 
for saplacing an aluminum noumntact IFR with a welded stml contact IFR. 

sal and a secondary sed. 
%quation developed from coat data for any tank ity: Coat ($) = 9.46 "r (D ) + 40,013; where D = tank 

in 

'Eqdon developed from coat data for any tank ca ity: Cost (a = 14.14 @2) + 50,976: when D = tank 
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on a vapor prcaaure cutoff v d w  of 0.5 psi. and a tank capaci9 cutoff vdue of 40,000 gdlow. 
‘JM on a vapor p r e s ”  cutoff vdue of 0.75 psia ami a trnlr capocity cutoft value of 40,000 gallons. 
‘Based on a vapor pnssuie cutoff vdue of 1.0 psia and a tank capacity cutoff v d w  of KI,OOO gdlons. 
dControl Option I = installation of an d-um nowontact IFR with vapor-mounted primary seals and 
uncontmlled fittings. 
eContml Option II = insull.rion of an duminum nmcontact IFR with vapor-mounted primary &, secondary 

’ seala, and controlled fittings. 
fControl Option KU = installation of 811 aluminum noncontact IFR with liquid-mounted primary seals, secondary 
seals, and controlled fitthgs. 

8Control Option IV 
seals, and coatrolled fittings. 

iastnll.tion of a welded steel contact IFR with liquid-mounted primpry seala, secondary 
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TABLE 6-3. NATIONWIDE COST IMPACTS FOR INTEF3AL FLOATING 
ROOF TANK OPTIONS 

Control op(ioar/ 
cutoff vallm 

VP = 0.5 b 
VP = O.7Sc 
VP = 1 . d  
VP I 1 . 9  

-f tio 

VP = 0.5b 
VP = O.7Sc 
VP = 1.d 
VP = 1.5" 

Nationwide Nationwide Nationwide emissiorrs 
capital costs, S aon11.1 cost, reduction, Mg/yr 

(miliiona) $/yr (millions) (todyr) 

4.1 0.4 860 (950) 
4.0 0.4 8% (940) 
3.8 0.4 (940) 
3.7 0.4 (920) 

42.9 8.8 4,750 (5,230) 
41.6 8.4 4,720 (5.190) 
40.4 8.2 4,690 (5,160) 
38.9 7.9 4.630 (5.09N 

Cost effectiveness, 
S/Mg ($/ton) 

470 (420) 
470 (420) 
470 (420) t 480 (430) 

1,850 (1,680) 
1,780 (1.620) 
1,750 (1,590) 
1.710 (1.550) 

control a t i o o  

VP = O.7Sc 

Pcontrol Option I = controi fittings. 
h a u l  on a vapor pressure cutoff value of 0.5 psi. and a taak capacity cutoff value of 40,ooO gallons and 
m. 

' B a d  on a vapor pressure cutoff value of 0.75 psia and a tank capacity cutoff value of 40,ooO gallons and 

=on a vapor p m m  cutoff value of 1.0 pain and a tank capacity cutoff value of 40.ooO gallom and 
greater. 
%ad on a vapor p l s s w s  cutoff value of 1.5 psi. and a tank capacity cutoff value of 40,ooO gallons and 
greater. 
b n t r o l  Option II = control fittmgs and add a secondmy seal. 
BContml Option ilI = replace vapor-mounted pnmary seal with liquid-mounted pnmary seal. secondary seals. 
and controlled fittings. 

kontrol Option IV = replace' noncontact IFR with a welded steel contact IFR with !iquid-mounted pnmary 
seals, secondary seals, and controlled fittings. 
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TABLE 6-4. NATIONWIDE COST IMPACTS FOR EXTERNAL FLOATING ROOF 

control optiod 
cutoff d u a r  

Mccb.niul &w primuy d a  
v b  

VP = 0.5’ 
VP = 0.7Sd 
VP = 1.P 
VP = 1.5f 

TANR - 
Nationwide 

capital costa. 
s (millinnr) 

13.4 
’ 11.7 

10.0 
4.8 

JPTIONS I Nationwide 
Nationwide emiuinnr 

-1.0 11,050 (12,160) 
-1.3 10,910 (12.000) 
-1.7 10,710 (11,780) 
-2.8 9,880 (10.870) 

cost 
effectiveness, 
$/Ms ($/ton) 

-90 (-80) 
-120 (-11Q) 
-160 (-140) 
-280 (-260) 

‘For brra CuO of e x d  floating mof w i h  meChrniul8hw p h u y  d 8 .  Assumss all EFR t a b  am 

boption I = Control fitting and add a second81~ seal. 
cBased on a vapor p” cutoff value of 0.5 psi. and a tank capacity cutoff valw of 40,000 gallons. 
dIksed on a vapor plsasurs cutoff valw of 0.75 pia and a raok uplrity cutoff value of 40,000 gallons. 

on a vapor pnssurs cutoff value of 1.0 psi. and a raok capacity cutoff value of 40,000 gallons. 
fBpwd on a vapor pressure cutoff valw of 1.5 psi. and a tank capacity cutoff value of 40,ooO gallons. 

equipped with mechanical shoe primary seals. 
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APPENDIX A 

VOL STORAGE VESSEL EXAMPLE RULE 

This appendix presents an example rule limiting VOC 
emissions from VOL storage vessels. The exarnple rule is for 
informational purposes only; it is intended to provide 
information concerning factors that need to be considered in 
writing a rule to ensure that it is enforceable. 

applicability of the rule, and thus the stringency, are 
determined when the volume and vapor pressure "cutoffs" are 
chosen by a State or local agency. 
this document does not contain a recommendation on RACT; 
therefore, the cutoffs in the example rule appear as variables. 

consistent with the NSPS(Kb) and the Hazardous Organic NESHAP 
(HOW proposed rule (57 FB 62608) for Synthetic Organic Chemical 

This example rule is general in nature; that is, the 

As mentioned in Chapter 1, 

The general framework presented in this example rule is 

- Manufacturing Industry (SOCMI) plants. 
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Control of Volatile Organic Campound W8sioxas from Volatile 
Organic Liquid Storage Vessels 

SB[.llQb Applicability and designation of affected facility. 

(a) Except as provided in paragraphs (b), (c), and (d) of 
this section, the affected facility to which this rule applies is 
each storage vessel with a capacity greater than or equal to 
[Volume cutoff] gallons-(gal) that is used to store volatile 
organic liquids (VOL'S) . 

(b) Except as specified in paragraphs (a) and (b) of 
SXX.116b storage vessels with design capacity less than [Volume 
cutoff] gal are exempt from the provisions of this rule. 

(c) Except as specified in paragraphs (a) and (b) of 
§XX.lltib, vessels with a capacity greater than or equal to 
[volume cutoff] gal storing a liquid with a maximum true vapor 
pressure less than [Vapor pressure cutoff 11 psia are exempt from 
the provisions of this rule. 

(d) This rule does not apply to the following: 
tThi8 section includes exemptions from the rule.] 

SXX.lllb Definitions. 

Terms used in this rule are defined as follows: 
(a) "Bulk gasoline plant" means any gasoline distribution 

facility that has a gasoline throughput less than or equal to 
1 5 . 7 0 0  liters per day. Gasoline throughput shall be the maximum 
calculated design throughput as may be limited by compliance with 
an enforceable condition under Federal requirement or Federal, 
State or local law, and discoverable by the Agency and any other 
person. 

natural gas cha1 condenses due t o  changes m the cernperature or 
pressure, or both, and remains lYquid at standard conditions. 

(c )  "Custody transfer' means the transfer of produced 
petroleum and/" condensate, after processing and/or treatment in 

(b) "Condensate" means hydrocarbon liquid separated from - 
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the producing operations, from storage vessels or automatic 
transfer facilities to pipelines or any other forma of - transportation. - 

(d) "Fill" means the introduction of VOL into a storage 
vessel but not necessarily to complete capacity. 

(e) "Gasoline service station" means any site where 
gasoline is dispensed to motor vehicle fuel tanks from stationary 
storage tanks. 

partial pressure exerted by the stored VOL, at the temperature 
equal to the highest calendar-month average of the VOL storage 
temperature for VOL's stored above or below the ambient 
temperature or at the local maxi" monthly average temperature 
as reported by the National Weather Service for VOL's stored at 
the ambient temperature, as determined: 

Petroleum institute Bulletin 2517, Evaporation Loss From 
External Floating Roof Tanks; 

- 

(f) Waximum true vapor pressure" means the equilibrium 

(1) In accordance with methods described in American 

(2) As obtained from standard reference texts; or 
(3) As determined by ASTM Method D2879-83; 
(4) Any other method approved by the Agency. 
(g) "Reid vapor pressuren means the absolute vapor pressure 

of volatile crude oil and volatile nonviscous petroleum liquids 
except liquified petroleum gases, as determined by ASTM D323-82 
(incorporated by reference-see SXX.171. 

and the oils derived from tar sands, shale, and coal. 

any finished or intermediate products manufactured in a petroleum 
refinery . 

container used for the storage of volatile organic liquids but 
3oes zot lnclude: 

components that are not directly involved in the containment of 
liqucds Jr vapors; or 

(h) "Petroleum" means the crude oil removed from the earth 

(i) "Petroleum liquids" means petroleum, condensate, and 

(1) "Storage vessel" means each tank, reservoir, or 

(1) Frames, housing, auxiliary supports, or other 
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(2) Subsurface cavems or porous rock reservoirs. 
(k) "Volatile organic liquid" (VOL) means any organic 

liquid which can d t  volatile organic compounds into the 
atmosphere except those VOL's that erdt only those compounds 
which the Agency has detedned do not contribute appreciably to 
the formation of ozone. These compounds areddentified in EPA - 

statements on ozone abatement policy for SIP revisions 
(42 FR 35314, 44 FR 32042, 45 FR 32424, and 45 PR 48941). 

~ 

(1) "Waste" means any liquid resulting from industrial, 
I commercial, mining or agricultural operations, or from comnity 
activities that is discarded or is being accumulated, stored, or  
physically, chemically, or biologically treated prior to being 
discarded or recycled. 

SXX.112b Standard for volatile organic aompounda (VOC). 

(a) The owner or operator of each storage vessel either 
with a design capacity greater than or equal to [Volume cutoff1 
gal containing a VOL that, as stored, has a maximum true vapor 
pressure equal to or greater than [Vapor preaaure cutoff 21 psia 
but less than 11.1 psia shall reduce VOC emissions as follows: 

(1) 
floating roof meeting the following specifications or a vapor 
control system meeting the specifications contained in 

Each fixed roof tank shall be equipped with an internal 

~ paragraph (4) . 
liquid surface (but not necessarily in complete contact with it) 
inside a storage vessel that has a fixed roof. The internal 
floating roof shall be floating on the liquid surface at all 
times, except during initial fill and during those intervals when 
the storage vessel is completely emptied or subsequently emptied 
and refilled. When the roof is resting on the leg supports, the 
2rocess Jf fi--;ng, emntying, or iefilling shaii be continuous 
and shall be accomplished as rapidly as possible. 

(i) The internal floating roof shall rest or float on the 

.., . 
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(ii) Each internal floating roof shall be equipped with one 
of the following closure devices between the wall of the storage 

.vessel and the edge of the internal floating roof: 
(A) A foam-or liquid-filled seal mounted in contact with 

the liquid (liquid-mounted seal). A liquid-mounted seal means a 
foam-or liquid-filled seal mounted in contact with the liquid 
between the wall of the storage vessel and the floating roof 
continuwaly around the circumference of the tank. 

(B) Two seals mounted one above the other so that each 
forma a continuous closure that completely covers the space 
between the wall of the storage vessel and the edge of the 
internal floating roof. The lower seal may be vapor-mounted, but 
both must be continuous. 

metal sheet held vertically against the wall of the storage 
vessel by springs or weighted levers and is connected by braces 
to the floating roof. A flexible coated fabric (envelope) spans 

- the annular space between the metal sheet and the Floating roof. 
(iii) Each opening in a noncontact interval floating roof 

except for automatic bleeder vents (vacuum breaker vents) and the 
rim space vents is to provide a projection below the liquid 
surface. 

leg sleeves, automatic bleeder vents, rim space vents, column 
wells, ladder wells, sample wells, and stub drains is to be 
equipped with a cover or lid which is to be maintained in a 
closed position at all times (i.e., no visible gap) except when 
the dwice is in actual use. 
with a gasket. Covers on each access hatch and automatic gauge 
float well shall be bolted except when they are in use. 

(v) 
and are to be closed at all times when the roof is floating 

the roof leg supaorts. 

(C) A mechanical shoe seal. A mechanical shoe seal is a 

(iv) Each opening in the internal floating roof except for 

The cover or lid shall be equipped 

Automatic bleeder vents shall be equipped with a gasket 

. except when t h e  rcof -3 bema Eloatea  =ff (33: 1s oeing ianaea sn 
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(vi) Rim space vents shall be equipped with a gasket and are 
to be set to open only when the internal floating roof is not 
floating or at the manufacturer's recormended setting. 

purpose of sampling shall be a sample well. 
shall have a slit fabric cover that covers at least 90 percent of 
the opening. 

(viii) 
allows for passage of a ladder shall havea gasketed sliding 
cover. 

(2)  After the next scheduled tank cleaning, but no later 
than 10 years after the effective date of this rule, each 
internal floating roof tank shall meet the following 
specifications: 

liquid surface at all times except during those intervals when 
the storage vessel is completely emptied or subsequently emptied 
and refilled. When the roof is resting on the leg supports, the 
process of filling, emptying, or refilling shall be continuous 
and shall be accomplished as rapidly as possible. 

(ii) Each internal floating roof shall be equipped with one 
of the following closure devices between the wall of the storage 
vessel and the edge of the internal floating roof: 

the liquid (liquid-mounted seal). 
foam-or liquid-filled seal mounted in contact with the liquid 
between the wall of the storage vessel and the floating roof 
continuously around the circumference of the tank. 

(B) Two seals mounted one above the other so that each 
forms a continuous closure that completely covers the space 
between the wall of the storage vessel and the edge of the 
internal floating roof. The lower seal may be vanor-mounted, but 

3otn musc De continuous. 

- 

(vii) Each penetration of the internal floating roof for the 
The sample well 

- 

Each penetration of the internal floating roof that 

, 

(i) The internal floating roof shall be floating on the 

(A) A foam-or liquid-filled seal mounted in contact with 
A liquid-mounted seal means a 

(C)  A mechanical shoe .seal. 

9 (iii) Each opening in a noncontact interval floating roof 
except for automatic bleeder vents (vacuum breaker vents) and tne 
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rim space vents is to provide a projection below the liquid 
surf ace, 

leg sleeves, automatic bleeder vents, rim space vents, column 
wells, ladder wells, sample wells, and stub drains is to be 
equipped with a cover or lid which is to be maintained in a 
closed position at all times (i.e., no visible gap) except when 
the device is in actual use. 
with a gasket. Covers on each access hatch and automatic gauge 
float well shall be bolted except when they are in use. 

and are to be closed at all times when the roof is floating 
except when the roof is being floated off or is being landed on 
the roof leg supports. 

to be set to open only when the internal floating roof is not 
floating or at the manufacturer’s recommended settihg. 

(vii) Each penetration of the internal floating roof that 
allows for passage of a ladder shall have a gasketed sliding 
cover. 

( 3 )  Each external floating roof tank shall meet the 
following specifications: 

(i) Each external floating roof shall be equipped with a 
closure device between the wall of the storage vessel and the 
roof edge. The closure device is to consist of two seals, one 
above the other. The lower seal is referred to as the primary 
seal, and the upper seal is referred to as the secondary seal. 

(A) Except as provided in §XX.l13b(b) ( 4 ) ,  the primary seal 
shall completely cover the annular space between the edge of the 
floating roof and tank wall and shall be either a liquid mounted 
seal or a shoe seal. 

- 
(iv) Each opening in the internal floating roof except for 

- 

The cover or lid shall be equipped 

(v) Automatic bleeder vents shall be equipped with a gasket 

(vi) Rim space vents shall be equipped with a gasket and are 

(B) The secondary seal shall completely cover the annular 
suace Setween the external floatrig roof and :he vall ?f :he 

storage vessel in a continuous fashion except as allowed in 
§XX:113b(b) (4). 
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(C) The tank shall be equipped with the closure device 
after the next scheduled tank cleaning, but no later than 
10 years after the effective date of this rule. 

(ii) Bxcept for automatic bleeder vents and rim space vents, 
each opening in a noncontact external floating roof shall provide 
a projection below the liquid surface. 
bleeder vents, rim space vents, roof drains, and leg sleeves, 
each opening in the roof is to be equipped with a gasketed cover, 
seal, or lid that is to be maintained in a closed position at all 

- times (i.e., no visible gap) except when the device is in actual 
use. Automatic bleeder vents are to be closed at all times when 
the roof is floating except when the roof is being floated off or 
is being landed on the roof leg supports. R i m  vents are to be 
set to open when the roof is being floated off the roof leg 
supports or at the manufacturer's recommended setting. Automatic 
bleeder vents and rim space vents are to be gasketed. Each 
emergency roof drain is to be provided with a slotted membrane 
fabric cover that covers at least 90 percent of the area of the 
opening. 

(iii) The roof shall be floating on the liquid at all times 
(i.e., off the roof leg supports) except when the tank is 
completely emptied and subsequently refilled. The process of 
filling, emptying, or refilling when the roof is resting on the 
leg supports shall be-continuous and shall be accomplished as 

(4)  A closed vent system and control device meeting the 

(i) The closed vent system shall be designed to collect all 

Ekcept for automatic 

- rapidly as possible. 

following specifications: 

VOC vapors and gases discharged from the storage vessel and 
operated with no detectable emission as indicated by an 
instrument reading of less than 500 ppm above background and 
visual inspections, as determined by the methods specified in 
?art 5 0 ,  S u q a r e  7V, 3 6 0 . 4 8 5 ( c ) .  

reduce inlet VOC emissions by 95 percent or greater. 
1s used as the concrol device, i t  shall meet the specificacions 

(ii) The control device shall be designed and operated to 
If a f lare  
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described in the general control device requirements (S60.18)of 
the General Provisions. 

(a) (11, (a) (2) I (a) ( 3 ) ,  or (a) (4) of this section as provided in 
SXX.114b of this rule. 

. (b) The owner or operator of each storage vessel with a ~ 

design capacity greater than or equal to [volume cutoff1 gal - 

which contains a VOL that, as storedl has a maxi” true vapor 
pressure greater than or equal to 11.1 psia shall equip each 
storage vessel with one of the following: 

§XX.l12b(a) ( 3 ) .  

(b) (1) as provided in SXX.114b of this rule. 

< 

( 5 )  A system equivalent to those described in paragraphs 
~ 

(1) 

(2) 

A closed vent system and control device as specified in 

A system equivalent to that described in paragraph 

S P . 1 1 3 b  To6ting and procedure6. 

The owner or operator of each storage vessel as specified in 
§XX.l12b(a) shall meet the requirements of paragraph (a), (b), or 
(c) of this section. The applicable paragraph for a particular 
storage vessel depends on the control equipment installed to meet 
the requirements of BXX.112b. 

(a) After installing the control equipment required to meet 
SXX.llZb(a) (1) or (2) (permanently affixed roof and internal 
floating roof), each owner or operator shall: 

primary seal, and the secondary seal (if one is in service), 
prior to filling the storage vessel with VOL. 
holes, tears, or other openings in the primary seal, the 
secondary seal, or the seal fabric or defects in the internal 
floating roof, or both, the owner or operator shall repair the 
items before filling the storage vessel. 

mechanical shoe primary seal, visually inspect the internal 
floating roof and the primary seal or the secondary seal (if one 
is in service) through manholes and roof hatches on the Fixed 

(1) Visually inspect the internal floating roof, the 

If there are 

( 2 )  F o r  vessels q u i F p e d  with a liquid-nounted m 
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roof at least once every 12 months after initial fill, 
internal floating roof is not resting on the surface of the VOL 
inside the storage vessel, o r  there is liquid accumulated on the 
roof, or the seal is detached, or there are holes o r  tears in the 
seal fabric, the owner or operator shall repair the items or 
empty and remove the storage vessel from service within 4 5  days. 
If a failure that is detected during inspections required in this 
paragraph cannot be repaired within 45 days and if the vessel 
cannot be emptied within 45 days, a 30-day extension may be 
requested from the Agency in the inspection report required in 

Such a request for an extension must document 
that alternate storage capacity is unavailable and specify a 
schedule of actions the company will take that will assure that 
the control equipment will be repaired o r  the vessel will be 
emptied as soon as possible. 

( 3 )  For vessels equipped with both primary and secondary 
seals: 

(i) Visually inspect the vessel as specified in paragraph 
(a) ( 4 )  of this section at least every 5 years; or 

(ii) Visually inspect the vessel as specified in paragraph 
(a) (2 )  of this section. 

( 4 )  Visually inspect the internal floating roof, the 
primary seal, the secondary seal (if one is in service), gaskets, 
slotted membranes and sleeve seals (if any) each time the storage 
vessel is emptied and degassed. If the internal floating roof 

-has defects, the primary seal has holes, tears, o r  other openings 
in the seal or the seal fabric, or the secondary seal has holes, 
tears, or other openings in the seal or the seal fabric, or the 
gaskets no longer close off  the liquid surfaces from the 
atmosphere, o r  the slotted membrane has more than 10 percent open 

If the 

- §XX.llSb(a) ( 3 ) .  

area, the owner or operator shall repair the items as necessary 
so that none of the conditions specified in this paragraph axist 
before refiil;ng the storage vessel m t h  VOL. ;n no event snail 
inspections conducted in accordance with this provision occur at 
intervals greater than 10 years in'the case of vessels conducting 
the annual visual inspection as specified in paragraphs (a) ( 2 )  , 

- 
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and (a) (3) (ii) of this section and at intervals no greater than 5 
years in the case of vessels specified in paragraph (a) (3) (i) of 
this section. - 

Notify the Agency in writing at least 30 days prior to 
the filling or refilling of each storage vessel for which an 
inspection is required by paragraphs (a) (1) and (a) ( 4 )  of this 
section to afford the Agency the opportunity to have an observer 
present. If the inspection required by paragraph (a) (4) of this 
section is not planned and the owner or operator could not have 
known about the inspection 30 days in advance or refilling the 
tank, the owner or operator shall notify the Agency at least 7 
days prior to the refilling oE the storage vessel. Notification 
shall be made by telephone imediately followed by written 
documentation demonstrating why the inspection was unplanned. 
Uternatively, this notification including the written 
documentation may be made in writing and sent by express m i l  so 
that it is received by the Agency at least 7 days prior to the 
refilling. 

shall : 

the primary seal and the wall of the storage vessel and between 
the second seal and the wall of the storage vessel according to 
the following frequency. 

primary seal (seal gaps) shall be performed during the 
hydrostatic testing of the vessel or within 60 days of the 
initial fill with VOL and at least once every 5 years thereafter. 

(5)  - 

- 

(b) 

(1) Determine the gap areas and maxi” gap widths, between . 

The owner o r  operator of external floating roof tanks 

(i) Measurements of gaps between the tank wall and the 

(ii) Measurements of gaps between the tank wall and the 
secondary seal shall be performed within 60 days of the initial 
fill with VOL and at least once per year thereafter. 

(iii) If any source ceases to store VOL for a period of . 
1. year or more, 3ubsequent --ntzcduczion 3f W L  2 x 3  :‘-e - T ~ S S E -  

shall be considered an initial fill for the purposes of 
paragraphs (b) (1) (i) and (l5) (1) (ii) of this section. 
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(2) Determine gap widths and areas in the prim& and 

(i) Measure seal gaps, if any, at one or more floating roof 

(ii) Measure seal gaps around the entire circumference of 

secondary seals individually by the following procedures: 

levels when the roof is floating off the roof leg supports. 

the tank in each place where a 118 inch (in) diameter uniform 
probe passes freely (without forcing or binding against seal) 
between the seal and the wall of the storage vessel and measure 
the circumferential distance of each such location. 

(iii) The total surface area of each gap described in 
paragraph (b) (2)  (ii) of this section shall be determined by using 
probes of various widths to measure accurately the actual 

-distance from the tank wall to the seal and multiplying each such 
width by its respective circumferential distance. 

(3) Add the gap surface area of each gap location for the 
primary seal and the secondary seal individually and divide the 
sum for each by the nominal diameter of the tank and compare each 
ratio to the respective standards in paragraphs (b) ( 4 )  of this 
sect ion. 

(4) 
within 45 days of identification in any inspection for seals not 
meeting the requirements listed in (b) (4 )  (i) and (ii) of this 
section: 

the mechanical shoe or liquid-mounted primary seal shall not 
exceed 10 
portion of any gap shall not exceed 1.5 in. 
holes, tears, or other openings in the shoe, seal fabric, or seal 
envelope. 

(ii) The secondary seal is to meet'the following 
requirements: 

(A) The'secondarf seal is to be installed above the pr;marv 
3eai so chat IC zompletely covers che space between the roof sdge 
and the tank wall except as provided in paragraph (b) ( 2 )  (iii) of 
this section. 

Make necessary repairs or empty the storage vessel 

(i) The accumulated area of gaps between the tank wall and 

in2 per foot of tank diameter, and the width of any 
There are to be no 
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(B) The accumulated area o f  gaps between the tank wall and 
the secondary seal used in combination with a metallic shoe or 
liquid mounted primary seal shall not exceed 1.0 in' per foot of 
tank diameter, and the width of any portion of any gap shall not 
exceed 0.5 in. There'shall be no gaps between the tank wall and 
the secondary seal when used in combination with a vapor mounted 
primary seal. 

the seal or seal fabric. 
(iii) If a failure that is detected during inspections 

required in paragraph (b) (1) of §XX.l13b(b) cannot be repaired 
within 45 days and if the vessel cannot be emptied within 
45 days, a 30-day extension m y  be requested from the Agency in 
the inspection report required in §XX.l15b(b) (4). Such extension 
request must include a demonstration of unavailability of 
alternate storage capacity and a specification of a schedule that 
will assure that the control equipment will be repaired or the 
vessel will be emptied as soon as possible. 

(5) Notify the Agency 30 days in advance of any gap 
measurements required by paragraph (b) (1) of this section to 
afford the Agency the opportunity to have an observer present. 

( 6 )  Visually inspect the external floating roof, the 
primary seal, secondary seal. and fittings each time the vessel 
is emptied and degassed. 

(i) If the external floating roof has defects, the primary 
seal has holes, tears, or other openings in the seal or the seal 
fabric, or the Secondary seal has holes, tears, or other openings 
in the seal or the seal fabric, the owner or operator shall 
repair the items as necessary so that none of the conditions 
specified in this paragraph exist before filling or refilling the 
storage vessel with VOL. 

(ii) For all the inspections required by paragraph (b) (6) of 
this section, :he owner 3r aperator shall aocify :Le ageicy LZ 
writing at least 30 days prior to the filling or refilling of 
each storage vessel to afford the Agency the opportunity to 

- 

- 

(C) There are to be no holes, tears, or other openings in 
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inspect the storage vessel prior to refilling. If the inspection 
required by paragraph (b)(6) of this section is not planned and 
the owneror operator could not have known about the inspection 
30 days in advance of refilling the tank, the owner or operator 
shall notify the Agency at least.7 days prior to the refilling of 
the storage vessel. 
immediately followed by written documentation demonstrating why 
the inspection wae unplanned. Alternatively. this notification 
including the written documentation may be made in writing and 
sent by express mail so that it is received by the Agency at 
least 7 days prior to the refilling. 

The owner or operator of each source that is equipped 

§XX.l12b (a) (4 )  or (b) (2) (other than a flare) shall meet the 
following requirements. 

(1) Submit for approval by the Agency an operating plan 
containing the information listed below. 

(i) Documentation demonstrating that the control device 
will achieve the required control efficiency during maximum 
loading conditions. This documentation is to include a 
description of the gas stream which entera the control device, 
including flow and VOC content under varying liquid level 
conditions (dynamic and static) and manufacturer’s design 
specifications for the control device. If the control device or 
the closed vent capture system receives vapors, gases, or liquids 
other than fuels from sources that are not: designated sources 
under this rule, the efficiency demonstration is to include 

. consideration of all vapors, gases, and liquids received by the 
closed vent capture system and control device. If an enclosed 
combustion device with a minimum residence time of 0.75 seconds 
and a m i n i m  temperature of 816 O C  is used to meet’the 95 
percent requirements, documentation that those conditions will 
-xist sufficient c 3  rneet rne requzzements cs thrs paragrap. 

monitored to ensure that the control device will be operated in 

Notification shall be made by telephone 

(c) 
- with a closed vent system and control device as required in 

(ii) A description of the parameter or parameters to be 
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conformance with its design and an explanation of the criteria 
used for selection of that parameter (or parameters). 

monitor the parameters of the closed vent system and control 
device in accordance with the operating plan submitted to the 
Agency in accordance with paragraph (c) (1) of this section, 
unless the plan was modified by the Agency during the review 
process. In this case, the modified plan applies. 

with a closed vent system and a flare to meet the requirements in 
9XX.112b (a) (4)or (b) (2) shall meet the requirements as specified 
in the general control device requirements, 960.18 (e) and (f) . 

(2)  Operate the closed vent system and control device and 

- 

(d) The owner or operator of each source that is equipped 

SH.l l4b Alternative “3 of emission limitation. 

(a) If, in the Agency‘s judgment, an alternative means of 
emission limitation will achieve a reduction in emissions at 
least equivalent to the reduction in emissions achieved by any 
requirement in §XX.l12b, the Agency will publish in the Pederal 
Resister a notice permitting the use of the alterative means for 
purpoees of compliance with that requirement. 

(b) Any notice under paragraph (a) of this section will be 
published only after notice and an opportunity for a hearing. 

( c )  Any person seeking permission under this section shall 
submit to the Agency a written application including: 

(1) An actual emissions test that uses a full-sized or 
scale-model storage vessel that accurately collects and measures 
all VOC emissions from a given control device and that accurately 
simulates wind and accounts for other emission variables such as 
temperature and barometric pressure. 

an accurate method of determining equivalence. 

znac m y  se necessary to ensure operation and maintenance to 
-achieve the same emissions reduction as specified in SXX.112b. 

(2) 

(d) 

An engineering evaluation that the Agency decermines LS 

The Agency may condition the permissLon m rccgiirsnertr 
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SXX.llSb Reporting .nderacordlrarping roquirawmta. 

The m e r  or operator of each storage vessel as specified in 
§XX.ll2b(a) shall keep records and furnish reports as required by 
paragrapha (a), (b), or (c) of this section depending upon the 
control equipment installed to meet the requirements of SXX.112b. 
The owner or operator shall keep copies o f  all reports and 
records required by this section, except for the records required 
by (c) (1) , for at least 2 years. The record required by (c) (1) 
will be kept for the life of the control equipment. 

After installing control equipment in accordance with 
§XX.l12b(a) (1) or (2). (fixed roof and internal floating roof), 

(a) 

*the owner or operator shall meet the following requirements. 
(1) Purniah the Agency with a report that describes the 

control equipment and certifies that the control equipment meets 
the specifications of §XX.l12b(a) (1) and §XX.l13b(a) (1). 

(2) Keep a record of each inspection performed as required 
by §XX.l13b(a) (11, (a) (2), (a) (31, and (a) ( 4 ) .  Each record shall 
identify the storage vessel on which the inspection was performed 
and shall contain the date the vessel wae inspected and the 
observed condition of each component of the control equipment 
(seals, internal floating roof, and fittings). 

are detected during the annual visual inspection required by 
§XX.l13b(a) ( Z ) ,  a report shall be furnished to the Agency within 
30 days of the inspection. Each report shall identify the 
storage vessel, the nature of the defects, and the date the 
storage vessel was emptied or the nature of and date the repair 
was made. 

( 4 )  After each inspection required by §XX.l13b(a) ( 3 )  that 
finds holes or tears in the seal or seal fabric, or defects in 
the internal floating roof, or other control equipment defects 
listed in SX:.LUb(a) ':) '$;I, a report mall  se furnlsnea ;3  :.ne 
Agency within 30 days of the inspection. The report shall 
identify the storage vessel and the reason it did not meet the 

( 3 )  If any of the conditions described in §XX.l13b(a) (2) 
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specifications of §61.112b(a) (1) or (2) or SXX.l13b(a) and list 
each repair mad&. 

(b) After installing control equipment in accordance with 
§61.112b(a)(3) (external floating roof), the owner or operator 
shall meet the following requirements. 

control equipment and certifies that the control equipment meets 
the specifications of 5Xx.l12b(a) (3) and §XX.l13b(b) (21, (b) (3), 
and (b) ( 4 ) .  

required by §XX.l13b(b) (11, furnish the Agency with a report that 

- 

- (1) Furnish the Agency with a report that describes the 
- 

(2) Within 60 days of performing the seal gap measurements 

The date of measurement. 
The raw data obtained in the measurement. 
The calculations described in SXX.113b (b) (2) and 

Keep a record of each gap measurement performed as 
required by SXX.l13b(b). Each record shall identify the storage 
vessel in which the measurement was performed and shall contain: 

(i) The date of'measurement. 
(ii) The raw data obtained in the measurement. 

. 
(iii) The calculations described in SXX.113b (b) (2) and 

(b) ( 3 ) .  
After each seal gap measurement that detects gaps 

exceeding the limitations specified by §XX.l13b(b) ( 4 ) ,  submit a 
report to the Agency within 30 days of the inspection. The 
report will identify the vessel and contain the information 
specified in paragraph (b) (2)  of this section and the date the 
vessel was emptied or the repairs made and date of repair. 

SXX.112b (a) (4 )  or (b) (1) (closed vent system and control device 
other than a flare), the owner or operator shall keep the 
following records. 

(4 )  

(c) After installing control equipment in accordance with 

(1) A copy of the operating plan. 
(2)  

monitored in accordance with SM.l13b(c) ( 2 ) .  

A record of'the measured values of the parameters 
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(d) After installing a closed vent system and flare to 
comply with §M.l12b, the owner or operator shall meet the 
following requirements. 

(1) A report containing the measurements required by 
§60.18(f) (1) , (21, ( 3 ) ,  (41, (51, and ( 6 )  shall be furnished to 
the Agency as required by 960.8 of the General Provisions. 
report shall be subnitted within 6 months of the initial start-up 
date. 

during which the flare pilot flame is absent. 

§60.115b(b) (d) (2) in which the pilot flame was absent shall be 
furnished to the Agency. 

This 

(2) 

(3) Semiannual reports of all periods recorded under 

Records shall be kept of all periods of operation 

S I R .  116b Monitoring of operations. 

(a) The owner or operator shall keep copies of all records 
required by this section, except for the record required by 
paragraph (b) of this section, for at least 2 years. The record 
required by paragraph (b) of this section will be kept for the 
life of the source. 

(b) The owner or operator of each storage vessel as 
specified in §XX.llOb(a) shall keep readily accessible records 
showing the dimension of the storage vessel and an analysis 
showing the capacity of the storage vessel. Each storage vessel 
with a design capacity less than [Volume cutoff] gal is subject 
to no provision of this rule other than those required by this 
paragraph. 

(c) Except as provided in paragraphs (f) and (9) of this 
section, the owner or operator of each storage vessel either with 
a design capacity greater t'han or equal to [Volume cutoff] gal 
storing a liquid with a maximum true vapor pressure greater than 
or equal co EVapor ?rsssur= cuzof? li ?sia DUC iess taan :'Tanor 
presaure cutoff 21 psia shall maintain a record of the VOL 
storage, the period of storage, and the maximum true vapor 
gressure o f  that VOL during the respective storage period. 
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(d) Except as provided in paragraph (g) of this section, 
the owner or operator of each storage vessel either with a design 
capacity greater than 01: equal to [Voluma cutoff1 gal storing a 
liquid with a maximum true vapor pressure that is normally less 
than [Vapor pressure cutoff 21 psia shall notify the Agency 
within 30 days when the maxi" true vapor pressure of the liquid 
exceeds IVapor praerrure cutoff 21 psia. 

(e) 
to determine the maxi" true vapor pressure as determined below. 

(1) For vessels operated above or below ambient 
temperatures, the maximum true vapor pressure is calculated based 

-upon the highest expected calendar-month average of the storage 
temperature. For vessels operated at ambient temperatures, the 
maxi" true vapor pressure is calculated based upon the maximum 
local monthly average ambient temperature as reported by the 
National Weather Service. 

vapor pressure may be obtained by the following: 

maxi" expected storage temperature based on the highest 
expected calendar-month average temperature of the stored product 
may be used to determine the maximum true vapor pressure from 
nomographs contained in A??I Bulletin 2517 unless the Agency 
specifically requests that the liquid be sampled, the actual 
storage temperature determined, and the Reid vapor pressure 
determined from the s+nple(s). 

a Reid vapor pressure less than 2 psi or with physical properties 
that preclude determination by the recornmended method is to be 
determined from available data and recorded if the estimated 
maximurn true vapor pressure is greater than 0.5 psia. 

(3) For other liquids, the vauor pressure: 

(ii) Determined by ASTM Method D2879-83; or 

~ 

- 

Available data on the storage temperature may be used 

(2 )  For local crude oil or refined petroleum products the 

(i) Available data on the Reid vapor pressure and the 

* 

/ - (ii) The true vapor pressure of each type of crude oil with 

Nay be ontainea from standard zeference zexts, or 
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(iii) Measured by an appropriate method approved by the 
Agency; or 

(iv) Calculated by an appropriate method approved by the 
Agency. 

(f) The owner or operator of each vessel storing a waste ~ 

mixture of indeterminate or variable composition shall be subject - 

to the following requirements. 

maximum true vapor pressure for the range of anticipated liquid 
compositions to be stored will be determined using the methods 
described in paragraph (e) of this section. 

anticipated liquid composition is above the cutoff for monitoring 
but below the cutoff for controls as defined in §XX.llZb(a), an 
initial physical test of the vapor pressure is required; and a 
physical test at least once every 6 months thereafter is required 
as determined by the following methods: 

(i) ASTM Method D2879-83; or 
(ii) ASTM Method D323-82; or 

~ 

(1) Prior to the initial filling of the vessel, the highest 

(2) For vessels in which the vapor pressure of the 

- 

(iii) AE measured by an appropriate method as approved by the 

(g) The owner or operator of each vessel equipped with a 
Agency. 

closed vent system and control device meeting the specifications 
of 9XX.112b is exempt from the requirements of paragraphs (c) and 
(d) of this section. 
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APPENDIX B 
INCREMENTAL COST-EFFECTIVENESS TABLES 

~ 

- 

This appendix contains more detailed cost information than 
was presented in Chapter 5 .  Specifically, this appendix presents 
the incremental cost-effectiveness values between the different 
control options and within control options for the different tank 
types. 

The columns labelled "cost-effectiveness" contain estimates 
. of average cost-effectiveness values, i.e., costs per megagram of 
emission reductions to implement the particular control option at 
a specific vapor pressure These values were included 
in the tables in Chapter 6. 

The columns labelled "incremental cost-effectiveness" 
contain estimates of costs per megagram of emission reductions to 
select a more stringent alternative. For example, in Table 5-1 
("within option" table) for fixed roof tanks, it costs 24.2 
million dollars per year to implement Control Option I1 f o r  tanks 
at or above 0 . 7 5  psia, which results in emission reductions of 
48,630 per year. 
implement the same option for tanks at or above 1.0 psia, which 
results in emission reductions of 42,450 megagrams per year. The 
incremental cost-effectiveness is the cost per megagram of 
emission reductions to control the fixed roof tanks i n  the ran9e 
of 0.75 psia t o  1.0 psia, and is calculated as follows: 

It costs 17.9 million dollars per year to 

($24.2 million - $17.9 million)/(48630 Mg - 42450 My) = 

$1,02O/Mg 

The incremental cost-effectiveness values given in the 
"between option" tables represenc costs ger meqacgram of m i s s i o n  
reductions to implement: a particular control option instead of 
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another. For example, in Table B - 2  for fixed roof tanks, there 
is a credit of $150 per megagram of emissions reduced for 
implementing Option I1 at 0.75 psia rather than implementing 
Option I at the same vapor pressure. 

E - 2  



TABLE B-1. INCREMENTAL COST-EFFECTIVENESS WITHIN EACH CONTROL 
OPTION FOR FIXED-ROOF TANKS 

I 
VP - 0.5' 2m 30.7 51.960 (S7,BO) 590 (530) 1.600 (1.460) 
VP = 0.75b 222 14.3 41.950 (53.ta0, 510 (4so) 1.070 (960, 
VP = I.OC 163 17.9 41.970 (46.630) 430 (380) - 

control oution e' 

VP = 0.5' 281 30.6 52.654 (58.500) 580 (520) 1.550(1.450) 
VP = 0.7Sb 222 24.2 48,630 (54,030) 9JO (450) 1.020 (520) 
VP * l.Of 164 17.9 42,450 (47,170) 420 ow - 

y VP - 0.5' 295 34.4 5 2 . 7 ~ )  ( 5 a . w  654 (590) 1.750 (1,590) 
VP - 0.7Sb 234 27.2 4,670 (S4.080) 560(9JO) . 1 , 1 7 0 ( 1 , ~ ~  
VP I I .@ I 7 2  20.0 42,540 (47,270) 470 (420) - ' 

&& ODtion Ivg 

513 91.4 5 3 . m  (59.6543 I .Mo (1.530) 4,520 (4,110) VP - 0.5' 
VP I O.7Sb 406 72.3 49,460 (54.960, 1.460(1.320) 3.020 (2,720) 
VP - L O G  53.3 

'Based on a vapor P I W S U ~  cutoff value of 0.5 psia and a tank capacity cutoff valw of 40,OOO gallons. 
bBased on a trapor pressum cutoff v d w  of 0.75 psi. and a tank capacity cutoff valw of 40,000 gallons. 
cBuai on a v~por  p" cutoff vdw of 1.0 psi. and a tank uplciiy cutoff value of 40,000 gdons. 
dControl Option I = installation of an aluminum noncontact IFR with vapor-mounted primary seals and 
uncontrolled fittings. 
'Control Option II iastdlation of an duminum nonwntact IFR with vapor-mounted primary 4 s .  secondary 
A s ,  and controlled fittings. 

fdbntrol Option lIl = installation of an alumiaum nonconmt IFR with liquid-mounted primary seals, secondary 
seals, and controlled fittings. 

gcontrol Option IV = installation of a welded steel contact IFR with liquid-mounted primary seals, secondary 
seals, and controlled fittings. 
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TABLE B-2. INCREMENTAL COST-EFFECTIVENESS BETWEEN EACH CONTROL 
OPTION FOR FIXED-ROOF TANKS 

VP - 0.5’ 
VP - 0.7s’ 
VP - I n =  

!2”kr 
VP - 0.5‘ 
VP - 0.75’ 
VP - 1.00 

2 D  30.7 51.960(57,TM) 590 (S3W - 
227. 24.3 47,950 (53,280) 510 (460) - 
163 17.9 41,970 (46.W 4N) 0 - 

211 30.6 52.650 (58.500) sa0 (520) -140 (-130) 
227. 24.2 w i 3 o  (%,W 500 (450) -150 (-130) 
164 17.9 42.450 (47.1701 410 o m  Q R n  

I Conaolf II II 

aee#d on a vapor prssnvs cutoff value of 0.5 psi. and a tank capacity cutoff value of 40,OOO gallons. 
b a e d  on a vapor PTCSSU~O cutoff value of 0.75 psia and a tank capacity cutoff value of 40,ooO gallons. 
cBwd on a vapor prauurs cutoff vdue of 1.0 psi. and a unk capacity cutoff value of M,OOO ~ ~ O I I S .  
dCoatrol Option I - inr91l.tion of an a l u “  noncontact IFR with vapor-mounted primary sals and 
uncontrolled fittings. 

eControl Option II = installation of an d u ”  noncontact IFR with vapor-mounted primply d s ,  secondary 
sals, and controlled fittinga. 

fControl Option llI = installation of JII a l u ”  noncontact IFR with liquid-mounted primary seals, secondary 
.. sals, and controlled fittings. 

gControl Option IV = installation of a welded stml contact IFR with liquid-mounted primary seals. secondary 
sals. and controlled fittings. 
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TABLE B - 3 .  INCREMENTAL COST-EFFECTIVENESS WITHIN EACH CONTROL 
OPTION FOR INTERNAL FLOATING ROOF TANKS 

N.liwvid. Nuionwida NUiOrmid. k-1 COU 

C d  o p t i d  u p i w c o m , s  d c a a .  ~ O M d u C l i o a .  COU-btTsdVmu. --.yMg 
sumff v&m# (millioru) Wyr (miuio~) Mslur ( W y d  mu ( W W  Wmn) 

C n s m l 0 o t i o ~  

VP - 0.5b 4. I 0.44 860 0 510 (47m 2.500 6.m 
VP - 0.79 4.0 0.43 MMO 500(464 1,6m(i.sm 
VP - I.0d 3.8 0.42 m m  500 (464 
VP - 1.5' 3.7 0.40 840 0 4M) (uo) - 2,m(l.mJ) 

f 

13,300 (12.104 w = 0 . 9  42.9 8.8 4.750 (5.230) 1,850 (1.680) 
Vp - 0.75' 41.6 8.4 4.720 (5.190) 1.7w (1.620) 6.670 (6,070) 
VP * 1.d 40.4 8.2 4.690 (5,160) 1.750 (1.590) 5,000 (4.550) 
VP - 1.5' 38.9 7.9 4.630 (5.090) 1,710 (1.5%) - 

$!olleol oD&QQp 

VP - 0 . 9  144.2 35 6.290 (6,920) %S60 (5,060) 33,300 (30,300) 
W = 0.75' 140.0 34 6,260 (6.890) 5.430 (4.930) 20,000 (18,200) w = LO* 135.9 33 6.210 (6,830) 5.310 (4,830) 12.Mo (I 1.384 
w = I 9  130.9 32 6,130 (6.740) S . Y O  (4.7%) - 

ve - 0 . 9  676.5 216 11,870(13.Oho) 19.040 (17.300) Il6,670(106.170) 
851.3 219 11,810 (12.990) 18,540 (16,860) €6,670 (60.670) VP = 0.75' 

VP * 1.d E262 213 ll.m (12,893 i w m  (16.m 53.330 (48,480) 
VP - 1.5. 795.6 205 ii .sm(12.nm - 

"control option I = conaul fittings. 
$Llcd on a vapor p r e s "  cutoff value of 0.5 psi. and a fank capacity cutoff value of 40,oOO galloas aad 
P W .  

'Based on a vapor prassurs cutoff value of 0.75 psi. and a tank capacity cutoff value of 40,oOO gdona and 

a vapor pre~sure cutoff value of 1.0 pia and a rank capacity cutoff value of 40.oOO gallons and 
greator. 
eBpeed on a vapor p m m  cutoff value of 1.5 paia and a taak capacity cutoff value of 40,oOO gallons and 

ci option 1I = control fittings and add a secondary seal. 
wontrol Option JII = replace vapormounted primuy seal with liquid-mounted primary seal, secondary seals, 

'Controi Opuon IV -9 replace uoncontact IFR with a welded s ta l  contact IFR wtth liqutd-mounted pnmary 
and controlled fittings. 

seals. secondary 4 s .  and controlled fittmgs. 
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TABLE B-4. INCR-NTAL COST-EFFECTIVENESS BETWEEN EACH CONTROL 
OPTION FOR INTERNAL FLOATING ROOF TANKS 

19,040 (17.300) 
18,540 (16.860) 

2,140(1,940) 
2,070 (1.880) 
2.030 (1.850) 
1.980(1,800) 

17.010 (15.480) 
16,620 (15.120) 
16,320 (14.850) 
16,om (14.620) 

34,230 01.150) 
33,330 (30.330) 
32.670 C29.730) 
31.%00 (28.940) 
P 

" 0 1  option I = control fittings. 
based 011 a vapor ~IMVS cutoff value of 0.5 psi. md a tank capacity cutoff vdue of 40,OOO gallons and 
grrrrer. 

=on a vapor p " m  cutoff d u e  of 1.0 psi. .ad a tank capacity cutoff value of 40,OOO gallon8 and 
we. 

%sed on a vapor prerunua cutoff value of 1.5 psia and a tank capacity cutoff value of 40,OOO gallons and 

on a vapor pnssura cutoff value of 0.75 p i a  and a tank capacity cutoff value of 40,OOO gallons and 

Option = control fittings md a secondary sai. 
eontrol Option III = mplaca vrpor-mountcd primary sed with liquid-mounted primary 4, secondnry s a l s ,  
and controlled fittings. 

hcontrol Option IV = replace noncontact IPR with a welded steel contact IFR with liquid-mounted primary 
scals, ssondary d s .  and ConVoUed fittings. 

. .  

B- 6 



- 

~ 

- 

aFor baaa cam of extempl floating roof with mech.nid shw primvy d s .  ~ssumrs d EFR t.n~s M 

boption I i. Control fittings and add a secondyr d. 
cBued on a vapor prrssurs cutoff vdw of 0.5 psi0 and a tank capacity cutoff vdus of 4O,0O0 MOM. 
d~ On a V.por p " r e  cutoff Vdw of 0.75 psi. and a tank uplcity cutoff vdw of 4O,0O0 @a. 
% a d  on a vapor prea~urs cutoff vdw of 1.0 psi. and a tank UpLCity cutoff vdw of 40,000 gdom. 

on a vapor prea~urs cutoff vdw of 1.5 psi. and a tank uplcity cutoff vaiw of 40,000 ~ m . 2  

equipped with mech.nicll shw primary d i  
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