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Abstract

Gasoline is a Volatile Organic Compounds (VOCs) with different boiling point range of (30-200)
°C. The lightcompounds that have boiling point of less than 40 °C constitute about 10V %.

The objective of this study is to evaluate the amount of evaporation loss of gasoline frominternal
floating roof storage tank. The case study is based on U.S Environmental Protection Agency Data
(USEPA) the evaporation loss calculation is accomplished by company (A).

By comparing the different rim seal system liquid it was found that liquid mounted seal with
rim mounted secondary has minimum evaporation loss (4068.19 Ib/yr ) ,which equals toless
than (50%) of vapor mounted seal primary only (8679 Ib/yr),so it is most suitable for internal
floating roof tanks.

Reduction of evaporation loss of gasoline will give attractive economic returns aswell as reducing
air pollution and hazards. This reduction could be achieved byplantation of the depots and
increase the shadow area around tanks, and reducethe wind speed which would be considered as
metrological conditions control action. in addition to the future tank design consideration and

mechanicalupgrades for the existing one.
Key word:

Internal floating roof tanks ,gasoline ,evaporation loss ,rim seal loss ,withdrawal ,deck fitting

loss, deck seam loss.
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API

US EPA
VOCs

\

List of Abbreviation

American petroleum Institute
Unite State Environmental Protection Agency
Volatile Organic Compounds

Volume

Ly Total loss, Ib/yr

Lyp Withdrawal loss, Ib/yr;

L Deck fitting loss, Ib/yr;

Deck seam loss (internal floating roof tanks only), Ib/yr;
Rim Seal loss, Ib/yr

Zero wind speed Rim Seal loss factor, Ib-mole/ft.yr;
Wind speed dependent Rim Seal loss factor, Ib-mole/(mph) ft/year;
Average ambient wind speed at tank site, mph;
Seal-related wind speed exponent, dimensionless;
Vapor pressure function, dimensionless;

Tank diameter, ft

Average vapor molecular weight, Ib/lb-mole.

Product factor;

0.4 for crude oils;

1 for all other organic liquids.

Xi



Vapor pressure at daily average liquid surface temperature, psia
Vapor space volume, ft3,

Stock vapor density, Ib/ft3

Vapor space expansion factor, dimensionless

Vented vapor saturation factor, dimensionless

Annual throughput (tank capacity [bbl] times annual turnover rate), bbl/yr
Shell clingage factor, bbl/1,000 ft2;

Average organic liquid density, Ib/gal,

Number of fixed roof support columns, dimensionless
Effective column diameter, ft (column perimeter [ft]/m)

Vapor space outage, ft,

Tank shell height, ft

Liquid height, ft

Roof outage, ft.

height of the vapor space under the floating roof, ft

Daily average liquid surface temperature, °R.

Vapor molecular weight, Ib/Ib-mole

Total losses during roof landing, Ib per landing episode
Standing idle losses during roof landing, Ib per landing episode
Filling losses during roof landing, Ib per landing episode

Daily maximum ambient temperature, °R

Daily minimum ambient temperature, °R

The total deck fitting loss factor, Ib-mole/yr

Number of fittings of a particular type dimensionless

Deck fitting loss factor for a particular type of fitting, Ib-mole/yr.ft number of

different types of fittings, dimensionless
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Chapter 1

Introduction



1.1 Sudanese Petroleum:

Sudanese petroleum is classified as light petroleum with high API, high Reid vapor pressure
(RVP) and volatile organic components (VOCs) according to American Petroleum Institute. so
their products need more careful in transportation and storage.

There are four refineries in Sudan, Khartoum refinery which is designed to received
(100,000bbl/d), Port Sudan refinery is designed to treatment the imported petroleum now it is
closed. Alobeid refinery which is smaller than Khartoum refinery with operation capacity
(15,000bbl/d) and Abugabrah refinery with operation capacity (2,000bbl/d).

Tables (1.1) showthe petroleum products in Sudan (2008__ 2012).

Table (1.1) show the hydrocarbons products in sudan!®!

1.1Year Gasoil(ton ) Gasoline(ton)  Jet(ton) Furnace(ton)  Kerosene(ton)
2008 2346385 588086 247106 505808 6721
2009 2359291 675056 218607 497991 4212
2010 2199928 761507 235344 555290 3012
2011 2163850 791039 289476 531991 3496
2012 2337910 834893 253008 348063 3118

1.2 Sudan Environment:

Sudan environment is high temperature compare with other countries, It characterized with an
average of 10 hrs of sun Shine and solar of (3.05-7.62)KW/m?/daythe temperature about (32-45),
so we need to keep the hydrocarbon products safety in transport and storage to control the total

evaporation losses and minimize it.



1.3 Storage Tanks:

Storage tanks had been widely used in many industrial established particularly in the processing
plant such as oil refinery and petrochemical industry. They are used to store a multitude of
different products.

They are many different sizes from small to larger vessel, product stored range from raw material
to finished products, from gases to liquids, solid and mixture. There are a wide variety of storage
tanks, they can be constructed above ground, in ground and below ground. In shape they can be
in vertical cylindrical, horizontal cylindrical, spherical or rectangular form, but vertical
cylindrical are the most usual used. In a vertical cylindrical storage tank, it is further broken
down into various types, including the open top tank, fixed roof tank, external floating roof and
internal floating roof tank. The type of storage tank used for specified product is principally
determined by safety and environmental requirement. Operation cost and cost effectiveness are
the main factors in selecting the type of storage tank.

Design and safety concern has come to a great concern as reported case of fires andexplosion for
the storage tank has been increasing over the years and these accident cause injuries and
fatalities. Spills and tank fires not only causing environment pollution, they would also be severe
financial consequences and significant impact on the future business due to the industry
reputation. Figure (1.1) shows the accident of the tanks that caught on fire and exploded. Lots of
these accidents had occurred and they are likely to continue unless the lessons from the past are

correctly learn.
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Figure (1.1) Fire and explosion incidents in the tanks(*3!



1.4Evaporation Losses:

Evaporation loss is a natural process in which part of liquid is turning to vapor and vanishing into
the atmosphereCrude oil compound from the several hydrocarbons in which some of them
evaporate and could be released into the atmosphere at ambient temperature and pressure. This
process causes to pollute the environment and has effects on crude oil quality.

Any reduction in the loss will also have financial benefit. This makes the phenomena, crude oil
evaporation loss an important issue, which should be carefully investigated and effects of various
parameters be studied.

1.5Aims of project:

This Research Aims to:
e Understand the design effect in evaporation losses control
e Understand the standard for evaporation losses estimation
e How to reduce the evaporation losses from internal floating roof tank

e Environmentaland Economical impact of evaporation losses control



Chapter 2

Literature Review



Literature review is conducted to study the basic design and requirement of the floating
roof storage tank in the storage tank design code (APl 650 — Welded Steel Tanks for oil storage

tank) and method of evaporation losses estimation according to U.S Environmental Protection

Agency (USEPE).

2.1Tank Configuration:

The placement of storage tanks is above ground or underground, depending on the
requirements. The wall construction of the storage tank usually dictates its suitability for a
particular application. Single shell storage tanks are common for various applications. Double
shell storage tanks are used in applications low temperature storage or higher pressure

considerations are necessary, and the storage tank can be vertical or horizontal.

2.2Materials of storage tanks:

Materials for storage tank construction include galvanized steel, stainless steel, Nickel steel and

steel

o Steel is a ferrous-based metal having a variety of physical properties depending on
composition. Steel used in storage tank applications is typically rolled steel plate.

o Stainless Steel is a type of metal that resists corrosion.

o Nickel Steel is used for tanks designed to obtain sufficient ductility and structural
integrity at extreme subzero temperatures (e g. -196°C).

o Galvanized Steel is cold rolled steel that has been surface treated with a layer of zinc.

o Industries and applications that use storage tanks include:

Chemical processing

Food and beverage processing
Oil and fuel processing

Paper and pulp processing
Pharmaceutical processing

Plastic processing

N o o bk~ w DN e

Water applications.



2.3 Main parts of tanks:

. Tank Shell

. Bottom plate
. Annular Plate
. Backing strip

1
2
3
4
5. Anchor chairs and Anchor bolt arrangements
6. Draw of sump

7. Cleanout catch

8. Nozzles

9. Shell man way

10. Roof man way

11. Fire safety

12. Primary & Secondary Wind girder

13. Curb angle or compressing ring

14. Roof plate

15. Crown plate

16. Vent Nozzles

17. Overflow pipes

18. Roof Structures and support structures

19. Internal pipe supports

20. Internal man way rungs and internal ladder with support clips

21. External cage Ladder and spiral Staircase ladders and platforms with support clips

22. Roof handrails

2.4 Tank Appurtenances:

Tanks may include a variety of appurtenances depending on the storage application, owner
requirements, and applicable design codes. In addition to normal product fill and withdrawal
connections, access man-ways and various instrument or gauging connections, a tank can include

shell-mounted mixers, internal heaters, platforms, ladders, and pressure/vacuum relief vents.



Floating-roof tanks require special attention to details because it very affect safe operation of the
floating roof. In external floating-roof tanks, be sure that the rim seals, rolling ladder, and roof
drain(s) are designed to minimize any unbalanced loads in the floating roof structure. Each
floating roof should include a single ant rotation device designed to limit the rotation of the
floating roof while it is free to move up or down within the tank shell.

Some features are required for safe operation of the floating roof while others may be optional
based on specific storage requirements. Many of these features affect the low operating

levelsofthe floating roof. Optional details are available to address many of these interference
issues, enabling a qualified designer to minimize the product heel while maximizing the working

capacity of a floating-roof tank.

2.5Hydrocarbons Storage Tanks:

Storage tanks containing organic liquids can be found in many industries, including
e Petroleum producing and refining
e petrochemical and chemical manufacturing
o bulk storage and transfer operations

e Other industries consuming or producing organic liquids

Organic liquid in the petroleum in industry usually called petroleum liquids, generally are
mixtures of hydrocarbons having dissimilar true vapor pressures (for example,gasoline and crude
oil) Organic liquids in the chemical industry, usually called volatile organic liquids, are
composed of pure chemicals or mixtures of chemicals with similar true vapor pressures (for

example, benzene or a mixture of isopropyl and butyl alcohols)

Six basic tank designs are used for organic liquid storage vessels: fixed roof (vertical and
horizontal), external floating roof, domed external (or covered) floating roof, internal floating

roof, variable vapor space, and pressure (low and high).



2.5.1 Fixed Roof Tank:

Vertical fixed roof tank is shown in Figure 2.1 This type of tanks consists of a cylindrical steel
shell with affixed roof, which may vary in design from cone or dome shaped to flat. losses from
fixed roof tanks are caused by changes in temperature, pressure, and liquid level.

Fixed roof tanks are free vented or equipped with a pressure/vacuum vent. The latter allows the
tanks to operate at a slight internal pressure or vacuum to prevent the release of vapors during
very small changes in temperature, pressure, or liquid level.

Of current tank designs, the fixed roof tank is the least expensive to construct and is generally
considered the minimum acceptable equipment for storing organic liquids.

Horizontal fixed roof tanks are constructed for both aboveground and underground service and

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 40,000

gallons.

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 access to these tanks.

The potential emission sources for above-ground horizontal tanks are the same as those for
vertical fixed roof tanks. Emissions from underground Storage tanks are associated mainly with
changes in the liquid level in the tank.

Losses due to change in temperature or barometric pressure are minimal for underground tanks
because the surrounding earth limits the diurnal temperature change and change in barometric
pressure result in only small losses.

Fixed Roof Tanks can be divided into cone roof and dome roof types. They can be self-supported

or rafter supported depending on the size.

10



Breather vent

Float gauge conduit

Tank roof and Shell
(notinsulated)

Gauge —hatch
Sample well

Roof manhole

No floating roof

Stable stock liquid
(none boiling)

Figure (2.1) Typical fixed roof tank[®!
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Fixed roof are designed as:

Atmospheric tank (free vent)

Low pressure tanks (approx. 20 mbar of internal pressure)

High pressure tanks (approx. 56 mbar of internal pressure

FIREE VENT

ATMOSPHERIC (+7.57-2.5)

P/V - VALVE

LOW PRESSURE (+207 -6)

PJ/V - VALVE

HIGH PRESSURE (+56 7 -6)

(P 7V = PRESSURE /s VACUUM)

Figure (2:2) shows the three types of Fired Roof Tank[3!
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2.5.2 External Floating Roof Tank:

A typical external floating roof tank (EFRT) consists of an open topped cylindrical steel shell
equipped with a roof that floats on the surface of the stored liquid. The floating roof consists of a

deck, fittings, and Rim Seal system.

Floating decks that are currently in use are constructed of welded steel plate and are of two
general types: pontoon or double-deck.

Pontoon type and double-deck-type external floating roof tanks are shown in Figures( 2.3)and
(3.4).

With all types of external floating roof tanks, the roof rises and falls with the liquid level in the
tank. External floating decks are equipped with a Rim Seal system, which is attached to the deck
perimeter and contacts the tank wall.

The purpose of the floating roof and Rim Seal system is to reduce evaporative loss of the stored
liquid.

Some annular space remains between the rim seal system and the tank wall. The rim seal system
slides against the tank wall as the roof is raised and lowered. The floating deck is also equipped
with fittings that penetrate the deck and serve operational functions.

The external floating roof design is such that evaporative losses from the stored liquid are limited
to losses from the Rim Seal system and deck fittings (standing storage loss) and any exposed

liquid on the tank walls (withdrawal loss).

13



Over flow drain -|

Deck leg (center area) n

Deck leg ( pontoon area)

Vacuum breaker ¢

Rim seal (mechanical- shoe)

Open top (not fixed roof)

e —

Access hatch

Gauge hatch / sample port

Solid guide pole (insolated)

Gauge float

-

Rim vent

Tank shell

8,

Figure (2:3) External floating roof tank (pontoon type)!3!
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Open top (not fixed roof)

Over flow drain r Access hatch

Deck leg == r Gauge hatch/sample port

Solid guide pole (insolated)
Vacuum breaker

"‘ Gauge float

Rim seal (mechanical shoe) 2

a

Tank chell
Rim vent

Figure (2.4) External floating roof tank (double deck)[®]

15



2.5.3 Internal Floating Roof Tank:
An internal floating roof tank (IFRT) has both a fixed roof and a floating roof inside.
There are two basic types of internal floating roof tanks:

I. Tanks in which the fixed roof is supported by vertical columns within the tank
[1. Tanks with a self supporting fixed roof and no internal support columns.

Fixed roof tanks that have been retrofitted to use a floating roof are typically of the first type.
External floating roof tanks that have been converted to internal floating roof tanks typically have
a self supporting roof.

Newly constructed internal floating roof tanks may be of either type. The deck in internal floating
roof tanks rises and falls with the liquid level and either floats directly on the liquid surface
(contact deck) or rests on pontoons several inches above the liquid surface (noncontact deck).
The majority of aluminum internal floating roofs currently in service have noncontact decks. A
typical internal floating roof tank is shown in Figure(2.4)

Installing a floating roof minimizes evaporative losses of the stored liquid.

Both contact and noncontact decks incorporate Rim Seals and deck fittings
for the same purposes previously described for external floating roof tanks.

Evaporative losses from floating roofs may come from deck fittings, non welded deck seams, and
the annular space between the deck and tank wall.

In addition, these tanks are freely vented by circulation vents at the top of thefixed roof
Vents minimize the possibility of organic vapor accumulation in the tank vapor space in
concentrations approaching the flammable range. An internal floating roof tank not freely vented

is considered a pressure tank.
Advantages of internal floating roof tank:

The internal floating roof tank (IFRT) was developed in the mid 1950s to provide
protection of the floating roof from the elements, including lightning strikes to the floating roof.
The tank vapor space located above the floating roof and below the fixed-roof includes
circulation vents to allow natural ventilation of the vapor space reducing the accumulation of

product vapors and possible formation of a combustible mixture.

16



Fixed roof center vent

Fixed roof (column

supported)

;

1

: _. | - - Bl

Peripheral roof vent

e 1 1L VL]

Rim seal( vapor mounted)

Tank shell

Sample port

Vacuum breaker

Gauge float
Fixed roof support column

Access hatch Deck

Deck leg

Ladder

drain

]

3

[

Figure (2.5)internal floating roof tank
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Rim-mounted secondary seal
over
resilient-filled primary seal

Secondary seal
(flexible wiper shown)

Primary seal Floating
(resilient-filled) [

Liguid
surface

Rim-mounted secondary seal
_ _over
flexible-wiper primary seal

Secondary seal
(flexible wiper shown)

Shoe-mounted secondary seal
over

mechanical-shoe primary seal

-Tank shell

Primary seal | Seconda

" | ry-seal

g’;::"‘"'“' (shoe-mounted)

Floati
ke

) deck

Liquid

surface

Rim-mounted secondary seal
over
mechanical-shoe primary seal

Tank shell

Saconda
(rim-mounted)

Floati
oo

Figure (2.6) Secondary rim seals!®!



2.6 Applications ofinternal floating roof tanks:

When product vapor pressure is greater than 0.5 psia but less than 11.1 pisa, the U.S.
Environmental Protection Agency permits the use of a floating-roof as the primary means of

vapor control from the storage tank.

Floating roof tanks are not intended for all products. In general, they are not suitable for
applications in which the products have not been stabilized (vapors removed). The goal with all
floating-roof tanks is to provide safe, efficient storage of volatile products with minimum vapor

loss to the environment.
2.7 Design of tanks:

Design requirements for external floating roofs are provided in Appendix C of the API Standard
650. The external floating roof floats on the surface of the liquid product and rises or falls as

product is added or withdrawn from the tank.

2.8 Design Codes and Standardes:

The design and construction of the storage tanks are regulated by various codes and standards.
List a few here:
e American Standards APl 650 (Welded Steel Tanks for Oil Storage)
o British Standards BS 2654 (Manufacture of Vertical Storage Tanks with Butt welded
Shells for the Petroleum Industry)
e The European Standards
o German Code Din 4119 — Part 1 and 2 (Above Ground Cylindrical Flat
Bottomed Storage Tanks of Metallic Materials)
o French Code, Codes — (Code Francais de construction des réservoirs
Cylindraigu’EvertCau en acier U.C.S.I.P. et S.N.C.T.)
e The EEMUA Standards (The Engineering Equipments and Materials Users
Association)

e Company standards such as shell (DEP) and Petronas (PTS)

19



2.8.1 API Standard:

The API 650 standard is designed to provide the petroleum industry with tanks of adequate safety
and reasonable economy for use in the storage of petroleum, petroleum products, and other liquid
products commonly handled and stored by the various branches of the industry. This standard
does not present or establish a fixed series of allowable tank sizes; instead, it is intended to permit
the purchaser to select whatever size tank may best meet his needs.

This standard is intended to help purchasers and manufacturers in ordering, fabricating, and
erecting tanks; it is not intended to prohibit purchasers and manufacturers from purchasing or
fabricating tanks that meet specifications other than those contained in this standard.

This standard has requirements given in two alternate systems of units. The requirements are
similar but not identical. These minor differences are due to issues such as numerical rounding
and material supply. When applying the requirements of this standard to a given tank, the
manufacturer shall either comply with all of the requirements given in SI units or shall comply
with all of the requirements given in US Customary units. The selection of which set of
requirements (SI or US Customary) shall apply to a given tank shall be by mutual agreement

between the manufacturer and purchaser
2.9Evaporations loss from internal floating roof tank:

Sources of evaporative loss during standing storage include the rim seal area, the apertures for

fittings which penetrate the floating deck and the bolted seam in the floating deck.

I. Rim seal area loss mechanisms

In the case of the rim space between the floating deck and the tank wall a vapor space exists
beneath the seal .\When air within the space between the bottom of the seal and the liquid passes

through the gap between the tank shell and the seal there is a reduction of hydrocarbon

concentration so more liquid vaporizes in order to re establish the equilibrium concentration.

Another potential mechanism is vertical mixing of vapor in the gap between the tank shell and
the seal resulting from diffusion and air turbulence, Thetemperature and pressure change

causes the rim vapor space breathing as the rim vapor space temperature increases, an expansion
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of gas occurs in the rim vapor space which expels the air vapor mixture to the atmosphere .As the
rim vapor space temperature decreases, the vapor in the rim space contracts

Fresh air is drawn into the rim vapor space resulting in reduction of concentration of hydrocarbon
vapor in this space and so more liquid evaporates .This results in an expulsion of vapor from the
vapor space. The change in vapor temperature can cause varying air solubility. When the stock
liquid temperature increases, gas solubility decreases thus air evolves from the stock liquid. This
gas which leaves the liquid may carry some hydrocarbon vapor with it.

The magnitude of emission depends upon the type of seal and the size of the gap between the
tank shell and the seal.

II.  Withdrawal loss mechanisms

Withdrawal loss occurs during stock liquid withdrawal. When the floating deck descends with the
liquid level, some liquid remains in a coating on the tank wall and the support column. When this
liquid is exposed to the air, some evaporation occurs to the atmosphere before the exposed area is

again covered.

I1l.  Displacement loss

When the storage tank is used and some fuel is drawn, a vapor space is created above the liquid
surface. Some of the liquid which remains in the tank vaporizes into the vapor space until it
reaches saturated conditions within the air which is drawn into the tank during fuel draw out.
When the tank is filled with liquid, the vapor is compressed in the tank. Air vapor mixture is
forced out through a vapor vent which represents a displacement loss. This loss is similar to the
working loss in a fixed roof tank.

The difference is, vapor in the fixed roof tank will be released only when pressure in the tank

exceeds the PV vent pressure setting.
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Displacement losses occur during the loading of fuel from a storage tank to a tank truck and from
a tank truck to an underground storage tank and also during vehicle refueling at the service

station.

2.10 Safety Systems:

These are the various items of equipment provided to address problem a rising from gas
leakage, cold liquid leakage, pool fires and adjacent tank or plant fires. Fire protection
systems are either classified as being active ( water spray systems, deluge or sprinkler
systems) or passive(fire proofing coatings or shielding systems).

2.10.1 Fire water systems:

The application of water to items of plant and equipment has more to do with keeping
them cool, when they are the subject of heat radiation from fires in adjacent areas, than its
contribution to the efforts to extinguish fires. Indeed, in certain circumstances, the
application of water to liquid pool fires may Agra If insufficient fresh water is available on
the site, it will be necessary to feed the fire water system with sea water in the event of an

emergency.

In the interests of corrosion protection following exposure of all or part of the system to salt
water, it will be necessary to arrange suitable facilities for flushing the appropriate parts
of system with fresh water. It is usual to require the system to be tested on at regular

intervals.

This is normally carried out with fresh water and limitation in the available quantities of
fresh water may necessitate the subdivision of the system such that it can be tested in

smaller sections.

The system illustrated. which is for roof deluging only is for this reason divided into six
section The equipment used to set the deluge system into action is often large, sophisticated
and expensive Roof mounted deluge valves will themselves require a high level of fire
protection In addition to the deluge system, it is common to add a number of fire

monitors.
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A monitor is a means of providing a spray stream of waterfrom a fixed station to a location

where it is required for firefighting or equipment cooling.

The control of the water spray and its direction can be achieved by either manual or remote
operation.

2.10.2 Foam systems:

For areas where liquid may accumulate such as tank bunds or spillage impounding basins,
it is usual to install a system of high expansion foam generators These will allow remotely
controlled blanketing of the spilled liquid which will either douse the fire or reduce the
flame size and consequently the radiation rate.

Suitable systems, designed and tailored for the specific circumstances, are supplied by fire
protection companies who specialize in this type of work.

System would consist of the following element:
. High expansion foam generator

. Stool valves

. Foam concentrate storage tanks

. Foam inductors

It is usual to test the system at least once per year
2.10.3 Dry powder systems:

Fires in pressure relief valve tailpipes are not unknown For this reason it is common
practice to fit a dry powder extinguishing system. This will inject into the relief valve
tailpipes a mixture carbon dioxide and fire extinguishing powder in the event of tailpipe

fire.

The system is fitted localto the reliefvalves on the tank roof and should be capable of
local or remote operation is usualtoallowsufficient storage of powderandpropellant gas to
allow for two attempts to extinguish the fire.Thesesystems are the product of specialist

companies and are often supplied skid mounted.
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2.10.4 Local protection of vulnerable equipment:

It is important that certain equipment associated with low temperature storage tanks
continue to perform their intended functions when the tank is exposed to heat radiation,
perhaps arising from an adjacent tankfire. items which fall into this category are relief
valves, deluge valves and certain parts of the structural steel supporting critical equipment.

These are roof mounted and may require specific fire protection. This is usually passive fire
protection and can take the form of proprietary in tumescent paints, compendious coatings

on purpose designed shielding.

The principal value of this fireproofing is realized during the early stages of a fire when
efforts are mainly directed at setting in motion the various fire suppression equipment and

preventing exacerbation by way of the addition of further fuel to them event.

If the fire is intense and prolonged’ then passive fireproofing may prove ineffectual in
preventing damage should be such that a safety shut down of the pumping equipment(often

the delivering ship's pumps) is triggered bythe various high level alarms.

If the tank level measuring equipment is to be used to measure the exact capacity ofthe
tank, or the amount of liquid product introduced to or abstracted from the tank for
commercial or customs purposes, it is important that the equipment is as accurate as

Possible and that the tank has been calibrated.

Calibration is the precise measuring of the finished or as built primary liquid containing
element of the tank. When the measurements have been made, and appropriate corrections
have been made for thermal contraction and mechanical expansion. a set of calibration

tables are produced which relate the measured liquid level to the liquid capacity.

This activity is the preserve of specialist companies who carryout this service. it used to
be the case that the various measurements were made by mechanical strapping of the
structure, but nowadays there are clever electronic surveying instruments which can gather

the necessary information from asingle site within the tank.

24



Chapter 3
Material and Method
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This chapter presents the evaporation estimation procedures for internal floating roof tank.

This procedures are valid for pure volatile organic liquids, the factors presented in this case study
are currently available and have been reviewed and approved by U.S Environmental Protection
Agency, because these factors are not available in Sudan which are varies according to daily
average temperature .We use this data to estimate evaporation loss.

3.1Case study:

Gasoline in an Internal Floating Roof Tank

Here we are going to determine emissions of product from 1 million gallon, internal floating roof
tank containing gasoline: (RVP 13), tank is painted white, at (X) location

-The annualnumber of turnover is 50.

-Tank diameter is 70 ft and 35 ft high, equipped with a liquid-mounted primary seal plus a
secondary seal.

-The tank has column-supported fixed roof.

-Tank’s deck is welded and equipped with the following:(two access hatches with unbolted

un gasket cover, an automatic gauge float well with an unbolted, un gasket cover, a pipe column
with a flexible fabric sleeve seal, a sliding cover, gasket ladder well, adjustable deck legs, a

slotted sample pipe well with a gasket sliding cover, and a weighted, gasket vacuum breaker).
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Figure (3.1) to obtain vapor pressure function P*[3!
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Table (3.1) rim seal loss factors Kg,, Kz, andn for floating roof tanks!3!

Tank Construction And Average-Fitting Seals
Fim-Seal System Eu Eg, . n
{Ib-mole/fi-vyr) [Ib-mole/{mph) -fi-vr] [dimensionless)
Welded Tanks

Mechanical-shoe seal
Primary only” 58 0.3 21
Shoe-mounted secondary 16 0.3 l&
Fim-mounted secondary 0.6 0.4 1.0

Liqwd-mounted zeal
Primary only l& 0.3 13
Weather shiald 0.7 0.3 1.2
Fim-mounted secondary 0.3 0.6 03

Vapor-mounted seal
Primary only 6.7 0.2 30
Weather shuald 33 0.1 30
Fam-mounted secondary 232 0.003 43

Faveted Tanks

Mechanical-shoe seal
Primary only 10.8 0.4 20
Shoe-mounted secondary 0.2 0.2 1.9
Fam-mounted secondary 1.1 0.3 L5

Note:

The rim-seal loss factorsKy,, Kz, and n may only be used for wind speeds below 15 miles per

hour.

Table(3.2) average clingage factors C, (bbl/103ft?)[3]

Product Stored Shell Condition
Light Fnst Dense Fnst Gunite Lining
Gasoline 0.0015 0.0075 0.15
Single-component stocks 0.0015 0.0075 0.15
Crude oil 0.0060 0.030 0.60
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Table (3.3) typical number of columns as a function of tank diameter for internal floating

roof tanks with column supported fixed roofs!3!

_ Typical Momber
Tank Diameter Range D, (ft) Of Colummns, N

0<D <85 1

85< D = 100 6

100 <D = 120 7

120 <D = 135 8

135 <D = 150 9

150<D = 170 16

170 <D = 190 12

190 < D = 220 =:

220 < D = 235 31

735D = 270 37

270 <D = 275 43

275 <D = 290 49

290 < D = 330 61

330 < D = 360 1

360 < D = 400 81

3.2Types of losses from floating roof tanks:

Total floating roof tank emissions are the sum of rim seal, withdrawal, deck fitting, and deck
Seam losses. The equations presented in this subsection apply only to floating roof tanks. The
equationsare not intended to be used in the following applications:

- To estimate losses from unstable or boiling stocks or from mixtures of hydrocarbons or
petrochemicals for which the vapor pressure is hot known or cannot readily be predicted,;

- To estimate losses from closed internal or closed domed external floating roof tanks (tanks
vented only through a pressure/vacuum vent).

- To estimate losses from tanks in which the materials used in the rim seal and/or deck fittings are
either deteriorated or significantly permeated by the stored liquid.

This section contains equations for estimating emissions from floating roof tanks in two

Situations:

During normal operation

During roof landing
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3.2.1Losses during Normal Operation:

Total losses from floating roof tanks may be written as:

Ly =Lg+Lwp +Lp+Lp (3.1)

Where:

Ly =total loss, Ib/yr

Lg =rim seal loss, Ib/yr
Lyp = withdrawal loss, Ib/yr
Ly = deck fitting loss, Ib/yr

L, = deck seam loss (internal floating roof tanks only)

I.  Rim Seal Loss:

Rim seal loss from floating roof tanks can be estimated using the following equation:

Lg = (Kpq+ Kgp V™ )DP*My K (3.2)

Where:

L =rim seal loss, Ib/yr

Kg, = zero wind speed rim seal loss factor, Ib-mole/ft .yr, Table(3.1)

Ky, = wind speed dependent rim seal loss factor, Ib-mole/(mph)"ft .yr; Table(3.1)
v = average ambient wind speed at tank site, mph see Note 1
n = seal-related wind speed exponent, dimensionless Table(3.1)

P* = vapor pressure function, dimensionless sees Note 2
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pr=—-4_03 (3.3)

Where:

Py, = vapor pressure at daily average liquid surface temperature, psia;
See Note 3 below

P, = atmospheric pressure, psia

D = tank diameter, ft

My, = average vapor molecular weight, Ib/Ib-mole;

K. = product factor;

K = 0.4 for crude oils;

K. =1 for all other organic liquids.

Notes:

1. If the ambient wind speed at the tank site is not available, use wind speed data from the
nearestlocal weather station or values from AP - (A) If the tank is an internal or domed external
floating rooftank, the value of v is zero.

2. P~can be calculated or read directly from Figure (3.1)

3. The API recommends using the stock liquid temperature to calculate Py, for use inEquation
(3.3) in lieu of the liquid surface temperature. If the stock liquid temperature is unknown,

APlrecommends the following equations to estimate the stock temperature

Table (3.4) equations to estimate stock temperaturel3]

) Averaze Annual Stock

Tank Color Temperature, T, (*F)
White Tan+0'
Aleimm T, +25
Cray T,, +35
Black Tan +5.00

T4 41s the average annual ambient temperature in degrees Fahrenheit
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ii.  Withdrawal loss:

_(:943)QCswW, [ 1+ NcFe (3.4)

WD — D D
Where:
Lyp = withdrawal loss, Ib/yr
Q = annual throughput (tank capacity [bbl] times annual turnover rate), bbl/yr
Cs = shell clingage factor, bbl/1,000 ft2; Table(3.2)
W, = average organic liquid density, Ib/gal; Note 1
D = tank diameter, ft
0.943 = constant, 1,000 ft3. gal/bbl?
N = number of fixed roof support columns, dimensionless; Note 2

F = effective column diameter, ft (column perimeter [ft]/m); Note 3

Notes:

1. A listing of the average organic liquid density for select petrochemicals is provided
inAP(B)and AP(C). If W, is not known for gasoline, an average value of 6.1 Ib/gal can be
assumed.

2. for a self-supporting fixed roof or an external floating roof tank:

N-=0.

For a column-supported fixed roof:

N = use tank-specific information or from Table (3.3)

3. Use tank-specific effective column diameter or

F. = 1.1 for 9-inch by 7-inch built-up columns, 0.7 for 8-inch-diameter pipecolumns, and 1.0 if

column construction details are not known
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Deck Fitting Loss:

Deck fitting losses from floating roof tanks can be estimated by the followingequation:
Lp = FrK My P* (3.5)

Where:
Ly =the deck fitting loss, Ib/yr

F = total deck fitting loss factor, Ib-mole/yr

Fgp = [(Np1Kp1) + (Np2Kpp) + ...+ (Np, K, )] (3.6)
Where:

Ng,= number of deck fittings of a particular type (i = 0,1,2,...,nf), dimensionless
Ky, = deck fitting loss factor for a particular type fitting
(i=0,1,2,...,nf), Ib-mole/yr;

nf= total number of different types of fittings, dimensionless

The value of Fr may be calculated by using actual tank-specific data for the number of
eachfitting type (N and then multiplying by the fitting loss factor for each fitting (K).
The deck fitting loss factor, Ky for a particular type of fitting, can be estimated by the

followingequation:
Kr, = K, + Kg,, (K, V)™ (3.7)
Where:

Ky, = loss factor for a particular type of deck fitting, lb-mole/yr
Kr, = zero wind speed loss factor for a particular type of fitting, Ib-mole/yr

Kr, = wind speed dependent loss factor for a particular type of fitting, Ib-mole/(mph)™.yr
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mi= loss factor for a particular type of deck fitting, dimensionless
i=1, 2, .., n, dimensionless
Kv= fitting wind speed correction factor, dimensionless; see below

v = average ambient wind speed, mph

For external floating roof tanks, the fitting wind speed correction factor, Kv, is equal to 0.7. For
internal and domed external floating roof tanks, the value of V in Equation( 3.7) is zero and the

equation becomes:

KF' =KF .

L at

(3.8)

Loss factors Ky, , K, and m are provided in API

iv. Deck Seam Loss :

Neither welded deck internal floating roof tanks nor external floating roof tanks have
deck seam losses. Internal floating roof tanks with bolted decks may have deck seam losses. Deck

seam loss can be estimated by the following equation:
Lo = KoSoD2P~MvKc (3.9

Where:

K}, = deck seam loss per unit seam length factor, Ib-mole/ft-yr
= 0.0 for welded deck

= 0.14 for bolted deck;

Sp = deck seam length factor, ft/ft2

- Lseam

Adeck
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Where:
Lseam = total length of deck seams, ft

Agecr = area of the deck, ft? = ziz

If the total length of the deck seam is not known, AP-(D) can be used to determineS;,. For adeck
constructed from continuous metal sheets with a 7-ft spacing between the seams, a value of
0.14ft/ft? can be used. A value of 0.33 ft/ft? can be used for S;, when a deck is constructed from
Rectangularpanels 5 ft by 7.5 ft. Where tank-specific data concerning width of deck sheets or size
of deck panels areunavailable, a default value for S, can be assigned. A value of 0.20 ft/ft? can

be assumed to represent themost common bolted decks currently in use.

3.2.2 Losses during Roof Landings

When using floating roof tanks, the roof floats on the surface of the liquid inside the tank
andreduces evaporative losses during normal operation. However, when the tank is emptied to the
point thatthe roof lands on deck legs, there is a period where the roof is not floating and other
mechanisms must beused to estimate emissions. These emissions continue until the tank is
refilled to a sufficient level to againfloat the roof. Therefore, these emission estimate calculations
are applicable each time there is a landingof the floating roof. This model does not address
standing idle losses for partial days. It would be conservative (i.e. potentially overestimate
emissions) to apply the model to episodes during which the floating roof remainslanded for less
than a day.The total loss from floating roof tanks during a roof landing is the sum of the standing

idle lossesand the filling losses. This relationship may be written in the form of an equation:
Lyy =Lg, +Lp (3.9)

Where:

Ly, = total losses during roof landing, Ib per landing episode

L; ¢ = standing idle losses during roof landing, Ib per landing episode

Lg;, = filling losses during roof landing, Ib per landing episode
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The group of applicable equations to estimate the landing losses differs according to the type
offloating roof tank that is being used. The equations needed to estimate landing losses from
internal floating roof tanks are contained in AP - (E).

Standing Idle Losses:

After the floating roof is landed and the liquid level in the tank continues to drop, a vacuum
iscreated which could cause the floating roof to collapse. To prevent damage and to equalize the
pressure, abreather vent is actuated. Then, a vapor space is formed between the floating roof and
the liquid. Thebreather vent remains open until the roof is again floated, so whenever the roof is
landed, vapor can belost through this vent. These losses are called “standing idle losses.”

The three different mechanisms that contribute to standing idle losses are (1) breathing
lossesfrom vapor space, (2) wind losses, and (3) clingage losses. The specific loss mechanism is
dependent onthe type of floating roof tank.

For internal floating roof tanks with nominally flat bottoms (including those built with a
slightupward cone), the breathing losses originate from a discernible level of liquid that remains
in the tank atall times due to the flatness of the tank bottom and the position of the withdrawal
line (a liquid “heel”).The liquid evaporates into the vapor space and daily changes in ambient

temperature cause the tank tobreathe in a manner similar to a fixed roof tank
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Chapter 4

Results and Discussion
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Calculation of VVapor Presure Function:

From the gasoline storage internal floating roof tank location and specifications we calculate
the daily average temperature and pressure function .

Table (4.1) show the calculation of daily average liquid surface temperature & pressure function

Ka - fe | =(14/14)/(1+(1-(14/14))"0.5)2

A B C D E F G H | J K L

71.3 49.2 1373 0.17 60.25

60.27 62.10514 7.18

(¥ T O T s R, i S TS T

=
=]

After we caculate the pressure function which is equal to .166 , we use this value and other
needed values of factors from tables to calculate the values of with drawl, Deck fitting and Rim

seal losses to estimate the total evaporation losses for differents rim seal systems,. Table(4.2)
show the results .
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Calculation of Total Losses:

Table (4.2) show the calculation of total evaporation loss by changing rim seal loss factors

D E F : i ] 4 L K 0 P q 3 5 U v W

=

Mechanical shoe 5=l i Total loss

58 03 1 1 0166 361
shoe mounted secondary 18 03 18 1 0168 3
fim mounted secondary 08 04 1 1 0168 3

rim seal loss Seam boss Total loss

Liquid mounted sel

primary cnly 16 13 1 0.166 g 361
weather shiekd i1 1 0.166 g 361
fim mounted secomdary 08 3 1 158 & 3

Minimum loss

the best selection of a

Vapor mounted sel ] LD
87 3 1 &2 1 36

primary only 33 3 1 & 3

weather shisld 22 42 1 & 361

fim mounted secomdary
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Figure(4.1) show the total loss when using mechanical Shoe seal welded tank. When we use the
rim seal system with primary only the total loss was 8030.605508 Ib/yr , with shoe-mounted
secondary the total loss was 5004.757508 Ib/yr, with rim-mounted secondary the total loss was
4284.317508 Ib/yr which is the best selection in this case

Total loss vs Kra

10000 ~
9000 -
8000 -
7000 -
6000 -
5000 -
4000 -
3000 -
2000 -
1000 -

Total loss (1b/yr)

0.6 1.6 5.8
Kra (lbmol/ft-yr)

Figure (4.1) Mechanical Shoe Seal Total Loss
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Figure(4.2) show the total loss when using liquid-mounted seal welded tank. When we use
primary only loss factors the total loss was 5004.7575081b/yr, with weather shield loss factors the
total loss was 4356.361508 Ib/yr , with rim-mounted seal loss factors the total loss was
4068.185508 Ib/yr which is the best selection in this case.

Total loss vs Kra

10000 -
9000 -
8000 -
7000 -
6000 -
5000 -
4000 -
3000 -
2000 -
1000 -

Total loss (Ib/fyr)

0.3 0.7 1.6
Kra (Ibmol/ft-yr)

Figure (4.2) Liquid Mounted Seal Total Loss
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Figure(4.3) show the total loss when using vapor-mounted seal welded tank. When we use
primary only loss factors the total loss was 8679.001508 Ib/yr, with weather shield the total loss
was 6229.505508 Ib/yr, in case of rim-mounted secondary the total loss was 5437.0215081b/yr
which the best selection in this case.

Total loss vs Kra

10000 -
9000 -
8000 -
7000 -
6000 -
5000 -
4000 -
3000 -
2000 -
1000 -

Total loss{lb/yr)

2.2 3.3 b.7
Kra (lbmol/ft-yr)

Figure (4.3) Vapor Mounted Seal Total Loss
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Table (4.3)show rim seal system, Kra factor and total loss

o o o5

Mechanical shoe seal

5.8 8030.61

Shoe-mounted secondary 1.6 5004.76

Rim-mounted secondary 0.6 4284.32
Liquid-mounted seal

1.6 3004.76

weather shield 0.7 4356.36

Rim-mounted secondary 0.3 4068.19
Vapor-mounted seal

Primary only 6.7 8679

Weather shield 3.3 6229.51

Rim-mounted secondary 2.2 5437.02
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10000
9000
8000
7000
6000 -

5000 / —&— Mechanical shoe seal
4000

—a= |iquid mounted seal
3000

2000
1000

L 3

Total Loss (Ib/yr)

Vapor mounted seal

0 2 4 6 8
Kra(lbmol/ft-yr)

Figure (4.4) show total loss vsKy, rim seal system factor

Depend on rim seal type with welded tanks according to table (4.3) we found that the lowest rim

seal loss factor (Kz,) gives the minimum evaporation loss.

By comparing the above figures we found that the liquid-mounted seal system with rim-mounted
secondary results in minimum evaporation loss which is the best selection of all rim seal system

with welded tanks construction.

Above gasoline evaporation loss value reflects the average lossvalue within thestorage facilities,
and it does not include the transportation and handlingevaporation loss from the refinery location
to service stations.
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4.1 Economic impacts:

Hydrocarbon products have high demand in all world countries. this demand is growing at an
average of .8% /year , because they are cheap fuels .

Gasoline fuel is a most important fuel due to their high calorific value when it consumed in
car engine but it classify as very high volatile organic components (VOC) as result of it is high
Reid vapor pressure (RVP)

In Sudan the price of gasoline at service stations is (21) pound per gal (1 gal = 5.61bmol of
gasoline) AP — (B)

The total estimated evaporation losses when we use different rim seal system and their total

money loss due to evaporation loss

Table(4.4) show the total loss and money lost due to it

Rim seal system Total loss Money lost due loss

(1b/yr) (Sudanese pound )

Mechanical _ shoe seal

Primary only 8,030.61 30,114.78
Weather shield 5,004.76 18,767.85
Rim _ mounted secondary 4,284.32 16,066.2

Liquid _ mounted seal

Primary only 5,004.76 18,767.85
Weather shield 4,356.36 16,336.35
Rim _ mounted secondary 4,068.19 minimum loss 15,255.71

Vapor _ mounted seal
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Primary only 8,679.00 32,546.25

Weather shield 6,229.51 23,360.66

Rim _ mounted secondary 5,437.02 20,388.83

From the table (4.4) we show that the most economical rim seal system is liquid _ mounted seal

with rim _ mounted secondary which give minimum money lost due to minimum loss.

4.2 Environmental Impacts:

The tank system or component must be designed with an adequate foundation, structural support
and corrosion protection to prevent collapse, rupture, or failure of the unit. Seams
and,connections must be sealed adequately and pressure controls must be installed if necessary
to, assessment attesting to the structural integrity of the tank. The design assessment must
bereviewed and certified by an independent, qualified, registered, professional engineer,

Because even the most flawlessly designed tanks can fail if installed improperly, new
tanksystems must be inspected prior to use by an independent qualified expert to ensure that

nodamage to the integrity of the tank occurred during installation.

Should damage occur during the course of installation, the owner and operator must correct the
problem before the installations complete or the system is in use .All new tanks and ancillary
equipment must be tested for tightness, and leaks discovered must be remedied before the tanks
are covered enclosed or placed in use as a results of all this recommendation all types of
evaporation loss will reduce which lead to high stability and explosion dangers reduction and

successful environmental impact.
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Chapter 5

Conclusion and Recommendations

47



5.1 Conclusion

From the figure (4.2) we show that the evaporation loss from the gasoline internal floating roof
storage tank of company A is minimum when usedwelded mechanicalstorage tank liquid
mounted seal system with rim mounted secondary which gives total loss (4068.19 Ib/yr ).

From the figure (4.3) we show that the evaporation loss when used vapor mounted seal system
primary only gives total loss (8679.001b/yr) which is more than twice of liquid mounted seal

system with rim mounted secondary .
The figure (4.4) presents that total loss of others rim seals systems between those values.

Finally the selection of rim seal system has very important effect in reducing total loss beside
average ambient temperatureand Reid vapor pressure (RVP).
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5.2 Recommendations:

There are two areas of controls that can be implemented to control gasoline evaporation loss
from internal floating roof tank:
I. Metrological conditions

From the calculation reduction of temperature has the direct effect on the rim seal loss,
Reduction in daily ambient temperature and average liquid surface temperature can be achieved
by plantation and shadow area around the storage tanks location.

Plantation will have the direct effect in reducing temperature and will work as wind speed
breakers as well, that beside the positive environmental impact. Specially if the sprinklers

arrogation method is used

The only disadvantage for plantation is requiring high Safety regulation, which can be resolved
by using intensive orientation programs regarding the safety measurements and standers for the

work force in the refinery area.

Il. Tank design and mechanical upgrades

Selection of rim seal system has large effect in reduction of evaporation loss by reducing the rim
seal factor Kra according to table (3.1) which show the liquid mounted seal with rim mounted

secondary is economical system.

Install vapor recovery /destruction system which a future method for controlling evaporative
loss is to adapt a vapor recovery system, the cost of this method is quite high because it needs
special equipment to convert hydro carbon vapor to liquid before liquid fuel is sent back to the

storage tank .

Selection of the deck fitting according to AP - (F)will participate in the reduction of deck fitting

during the filling process this can be done:

e Deck access hatch can be bolted covers and gasket type.

e Deck legs can be adjustable pontoon area gasket type.
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Appendix (A)

Table (A) average annual wind speed (v) for selected X location

Wind Wind Wind
Location Spead Laocation Spead Location Speed
(ol (ol (b
Alabams Arnrona (oontinoed) Delavmrns
Birmingham | 72| Winslow | 80| Wilmington | =1
Funreville | 22| Tuma | 7.8 | Diswict of Colmubia |
Mdinbile | =0 | | Dulles Airport | 74
Monigomery | 4.6 | Arkancas | | Matonal Airpost | 0.4
| | Fort Spish | 76| |
Alaska | | Little Rock | 7.8 | Florids |
: & | LA | | Apalachicela | 7=
Annetie |  10.6| Califomia | | Dayiona Beach | =7
Barrow | 118| Bakersfield | 64| Fort Mayars | £l
Barter Eland | 132 BmeCanyon | 68| Tacksoaville | =0
Bethel | 128| Euwsks | 68| Eey Wes | 1z
Battlas | 6.7| Fremo | 63| MEand | ez
Big Delm | 22| LonzBeach | 64| Orando | ==
Cold Bay | 170| LosAngeles (City) | 62| Pensacola | 24
Fairbanks | 54| Les Angeles Int'l Airpost | 7.5| Tallshassee 6.3
Gulkzns 6.8 | Mount Shasts 51| Tampa g4
Homes 76| Sacrameno 7.2 | West Palm Beach 0.6
Fumemu | 23| SeaDiego | 6.2 | |
King Salmon | 108]| SanFrancisco (City) | 2.7 | Georgia |
Kodizk | 18| SanFrancisco Aitport |  108] Athens | T4
Eotzabus | 130| SanwmMasa | 70| Atlanm | =2
McGrath | 51| Ssockton | 75| Aususta | 6.5
Mome | 107 | | Cotumbus | &7
5t Paul Tsland |  17.7| Colorado | | Macon | 7.6
Talkeems | 48| Colorado Springs | 101| Savapnsh | 7o
Valdez | 60| Demver | 27| |
“Vaknatat | 74| Grand hmction | 8.1 | Hawesii |
| | Pusblo | £7| Hile | 7.2
Arizona | | | | Honoluln | 114
Flazstafs | 4.8 | Comnnectiout | | Eabuba | 1zs
Phoenix | 63| Bvidzeport |  120] Lime | 122
Tucson | 83| Harford | 85| |
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Table (A) average annual wind speed (v) for selected X location

Wind Wind Wind
Location Speed Locatmon Spead Location Spead
{nph) (maphi) (maph)
Idaho Lomnisiana Mhssissippd
Baoisa 22| BawnFouse 74| Tackson 74
Pocatello 10.2 | Lake Charles 87| Meridian 6.1
Mew Crleans 82
Nlimeis Shreveport 24| Missoumi
Cairo 85 Cohmubia oo
Chicago 10.3 | Maine Kansas City 10.8
Afoline 100 | Carbou 11.2| Saimt Lowis 0.7
Peoria 10.0 | Portland 88| Sprinsfeld 10.7
Ruockford 10.0
Springfield 11.2 | Maryland Monfanz
Baltimore 22| Billings 112
Imchismen Glasgow 108
Evansville 2.1 | Massachusstts Great Falls 12.8
Fort Wayne 10.0 | Biluwe Hill Clservatory 154| Helens 7.8
Indianspolis 04| Boston 125| Ealizspell 6.4
Sputh Bend 10.3 | Worcester 101 | Mbssouls 6.2
Lowa Wchigan Mebrazka
Dies Minines 109 | Alpens 81| Grand Island 119
Sioupt ity 11.0 | Detrodt 104| Lincoln 10.4
Waterloo 10.7 | Flimr 102 | Morfolk 11.7
Grand Papids 28| Morth Platte 10.2
Kan=as Honghion Lake 89| Omsha 106
Concordia 123 | Lansing 10.0| Scotsbaff 10.45
Diodee Ciry 14.0 | Muskezon 10.7| Walentne 0.7
Goodland 126 | Sault Sainte Matie o3
Topsaka 10.0 Mevada
Wichita 123 | Mimmesota Elko 6.0
Dnhatiy 11.1| Ely 103
Eenmcky International Falls 29| LaszVegas 03
Cincimmati Afrport 0.1 | Minnespolis-Saint Paal 106] Feno 6.4
Tacksom 7.2 | Pochester 131 inneTmacca 20
Lexineion 0.3 | Saint Cloud g0
Lowisvills 24
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Table (A) average annual wind speed (v) for selected X location

Wind Wind Wind
Location Speed Location Speed Locaton Spead
(o) (o) (rph)
MNew Hampshire Crio Fhode Tskamd
Concord 67| Akron 0.8 | Providence 10.6
hpant Washingston 353| Cleveland 10.6
Coharobus 8.5 | South Carolina
HMew Jarsey Drayion 00| Charleston 86
Atlsmaic City 101 | Mancsfeld 1.0 | Cobmubia ]
Mewark 10.2| Toledo 04| Greemville- ]
T umEstown 0o Spartaniwarg
Hew Meodco Sonh Drakota
Albuqusrque 2.1 | Oklshoma Aberdesn 112
Foswell B.6| Oklahoma City 124 | Horom 1.5
Tulza 10.3 | Fapid City 11.3
Mew York S Falls 111
Albany 29| Orazon
Bimmingham 10.3| Astoria 8.6 | Tennessee
Buffale 12.0| Eng=sns 7. Brstol-Tohnson Crty 55
Mew Yook (Centmal Park) 04| Medford 4.8 | Chattanooga 6.1
Mew Yok (JFE Airport) 12.0| Pendleton 7| Enomville 7.0
Mew Yook (La Guardia . - B
- ] 12.2| Portland T. Mientphis g9
Faochester 97| Salem 7.1 | Mashnille g0
Syracuse 95| Sexton Summit 11.8 | Osk Fidme 4.4
Maorth Carolina Pennsylvania Texas
Acheville 76| Allentoam 2| Abilens 120
Cape Hartteras 11.1]| Awvoca 23| Amarllo 13.6
Charlote 7.5| Emne 11.3 | Amstin 8z
Gresnshoro-High Podnt 7.5| Hamnshurg 7.6 | Brommsville 115
FRaleigh 7.8 | Philadelphia 0.5 | Corpus Christ 120
Wilminston 88| Pittsburgh Int'l 0.1 | Dellas-Fort Worth 10.8
Aimport
Williameport 7.8 | DelRio oo
Morth Diakota El Paso B9
Bismark 1012 | Pusrto Fico Galveston 110
Fargo 12.3| 5San Fusn 8.4 | Houston 78
Williston 0.1 Lubbock 124
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Table (A) average annual wind speed (v) for selected X location

TWinmd Wil
Lowcation Spead I ocation Spead
(maphy (oo
Texas (Contimasd) Wiscomsin
hvdland-Cwdazza 111 Grmeseny Blany 100
Port Arther o8 La Crosse 28
San Ansslos 104 | Miadizom Lo s
San Anboeios o3 Ziilwaakae 114G
SSiCRoria 101
Waco 113 | Wyormine
“Wichits Falils 11.7| Casper 120
Cheyenmne 1530
Trah Lander &8
Salt Lake City 29| Sherdsm g0
eyt
Barlinston 2o
irgimis
Lymchame T
Torfolk 107
Pichmoomnd 7
Ploamrlos 21
Washingston
Oivrogia 5.7
Crnillspynare .1
Seatile Ini'l. Airport oL
Spokane 2o
Walls WAlalla 53
Yakirmes 71
TWest WVirginis
Belkley o1
Charlaston &3
Elkins 2
Huntingion G
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Appendix (B):

Table (B) Properties (My,Py,, ,W,, ) of selected petroleum liquid

H;];!'ir-fﬁdlﬂf D]'E; True Vapar Pressure, Py, (psl)
Detroleum Liuid | WEE A | gy geF,

ffif- W, | WF | 0F | 6F | WEF | WF | WF | 10°F
Cudeal EVPS ¥ 71 15 23 34 4 4 57
H_'Zusri"_hteﬁﬁnr.] 130 71 0031 00MS 00085 0OM0 0012 0015 OID
L1
Gasolize VP 7 i 56 302835 43 52 52 74
Guoline VP73 6 56 19N 3N O3B 47 SN 6% MR
GuolineEVPE3 6 56 ITESE 34M 42IB SDINM GIML 741 BB
Gasline EVP10 6 56 4 4 52 62 74 8% WS
g:-]a;_umm 5 56 4087 4097 608 TN LBIe 10405 12204
GudieBVP13 & 56 47 57 &9 83 98 117 133
Gasalize RVP 2 56 40 G004 TSR RT0M 1037H 122888 144646
133
;giﬂmmm ] 56 SSB) 674 RGN 076 ILGMT 13085 16004
1
Jat kerozans 130 700 00Ml 00060 O0GBS 0O 0015 00 (0
Jotoachtha (B-9) 80 54 W13 16 18 14 17
ResifmlailNo.6 190 78 QDOOD2 000003 0000 000006 00000P ODOOI3  0.00019
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Appendix (C):

Table(C) Physical properties of selected petrochemicals

Bl - Vapar Presaze (pi) &
Name Formula Mozadar R nenn 1 =

Wezht Mﬂﬁyﬂm 60°F (bz) | 4°F | S0°F | 6F | WF | WF | OF | W0F
Aczuz CH,COCE, WO 130 66N L 115 28 373 480 500 IHI
Aceronsle CH.CN o] 1me|  esE| 0 0m1 L0B 14D 19 186 31
Acryloniile CH, CHCN 506 Ims| 67 08 097 13 LT® 13® 3B 40D
Allyl aicabal CH:CHCH.OH sl w68l 71 0135 015 0261 03 052 0TI 1004
Allyl chloride CH,CHCH. sl mal s 28 3T 47 605 A7 OUD L0
ARpgpI B | OB-B.0 3503 go| 74| S0 660 8480 10760 1350 16760 20660
Benzene CH, | el 73| 0@8 08 L1 LS 19m 1610 37
ipBuyldcohl  |(CE)CHCHOH il nm|  6my om0 015 013 027 038 054
wrBuyldobaly  |(CECOH unl  omos| 65| 017 00 045 06 080 12® LT
rBuylctionie  |CHCECHEQ ms ol e 075 1006 13N LMD 1185 16 3481
Cabon fisilfide |5 | ;i3 05| 306 3867 4B 60 73 055 1125
Carbon temachlocide  |CCL, 153 102 1366 07 1ost 142 178 2300 207 37
Chlosofom: CHO, mos| 147 ndm| 158 184 2455 3101 4060 518 630
Chloeoeress CH:CCLCH:CE; s ;eol a1 2300 2000 38 458 54 608
Cyclohenme CH. sl I3l 65w 06T 0e® 128 185 0@ 1610 3040
Crclopentine CHo w6 LMW AT SH S M8 96
|1 Dichlomethare | CELCHC, o] ;51| ossl L6 126 2001 3T 4T 5B 7103
|)Dichlometire | CH,CICE,CL ol 1| 10500 0561 07B L0 141 L0 13 28
iiae CHCL-CHCT o] 1402l 78| 1430 2011 268 3460 440 586 6AD
el e sgos|  mo| 1054 25 33 4331 550 6807 B35 10014
Dietiamine (CE)NH M ;Lo o 1% lom 28 38 480 610 754
Dietiy] aher CHOCH M1 a3 soms| 4315 sE6 70 B0 104 1334 Bols
Diiropropylsher  |(CEL),CHOCHICH)), W07 1535 60T LI 158 217 1M6 3481 43 520
1 4 Diosaze O CHCHOCHCE; gl 247 8650 03 030 0415 0610 OBl L4115
Dipropy] eer (B, CH,CH, OCH, CHL.CH, w17 1esE| 62| 0425 0fle 0®1 LI 141 18% 23N
ity acete CHOOCCH, mif ool 7551 0se 0l Ll 14 18 154 3001
Etyl acrylae C,H.OOCCH:CH, woll| g 77| 025 000 045 050 0831 LD 14W
iyl alcabal CHOH sl 11 esw| 013 06 069 03W 128 1& 23N
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Table (C)Physical properties of selected petrochemicals

Name . Voiwis m Dmhﬂm Viarsar Pressume (Poumds Per Sepmare Inch Albsobute) At
Weght |1 Amuosphere| 60°F (Pomws| 0°F | 50°F | &°F | W0F | ¥0F | 9F | 10F
("R Per (allom)
Frean 11 COLF 13738 754 1480 7032 B84 10000 1340 1631 1080 2360
n-Heptne CH,(CH,),CH, 10020 002 577 0200 0406 0541 0735 0967 123 1586
n-Hevame CH{CH.).CH, 817 1557 557 1100 1450 1876 21436 3055 3006 4802
Hyiosencyamide  |HCN 70 783 57| 6284 7831 0514 11853 15300 1858 1117
Tsopentans (CH,),CHCH,CH, 715 0l 5100 s878 7880 10005 12530 1533 18370 2167
Tsoprene (CH:C{CH CHCE, 811 033 s7| 4757 6130 74T 0688 11890 14303 17113
Tsorropyl alcohal (CH.}-CHOH 50.00 1801 657 0213 030 048 0677 098 1M§ LT
Mathacrylonirde CH: CHICHCN 5700 1045 6738 0483 0657 08W 1160 1470 1034 1436
Mathyl acetatz CH,000CH, 7408 1348 7831 1480 2011 1746 363 4600 578 6961
Mathyl acryloe CH.O0CCHCH, B 1750 7006 0500 07 1035 1354 178 18 3055
Matiny] alcohal CH.OH 3204 1484 6630 0735 1005 1411 1053 1610 3461 4315
Mathyloycloberane |CHCH,, 0318 yIEN] 6441 0300 0425 0541 0735 0986 1315 17N
Mathylcyclopentae |CH.CH, 8415 1513 6274| 0900 1160 184 114 13: 3616 45W
Meyleechlonde g0, 404 1042 1112 3004 4258 5434 6787 ETD  103W 13342
Moyl syl keone | CHLCOC.H, 710 1753 6747 0715 00 1100 1480 1080 1688 3345
Methyl methocrylate | CHLOOC(CH,)-(H, 10011 Mo 7000 0116 0213 0348 0341 073 1084 131
Mehyl mopylether  |CHOCH, M0 121 6166 3674 4TR  6001 7058 0417 11601 1370
Mitromethans CHLNO, 6104 2412 0538 0213 0351 0348 03 0715 1006 1334
n-Pentne CH/(CH),CE: 715 %9 5293 4203 54 6ET 8433 10445 12090 1547
nPropylamine CHNH, 5011 1107 §030| 2456 3100 4157 5250 6336 04 05T
111-Trichlomoethone  |CELCCI, 13342 1552 11216 0900 1218 158 2030 2610 3307 4100
Trichlorosthylens CHCLCCL 13140 1886 1207 0503 0677 0880 1180 1508 2030 2610
12 4-rimethy] permane (O COHLCHICH,), 11423 106 57 0506
(50001anE)
Tahszne CHCH 913 BL1 7261 017 023 0300 0425 0380 073 1006
Vizy] acetate CH::CHOOCCH, 3600 1623 7807 0735 008 1206 17 138 313 402
Vinylidene clleride | CEL:CC, 065 w1 10383 6348 7930 0806 11790 15280 23210
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Appendix (D):

Table (D) Deck seam length factors (Sy) for typical construction for (IFRT)

. Typical Deck Seam Lanzth Factor,
Deck Construction TE g
El-.l I:f[ = )
Continuous sheet constmction”
5 ftwide 0.20°
§ ft wide 0.17
7 ftwide 0.14
Pane] construction®
5x 7.3 ft rectangular 0.33
§x 12 ft rectangular 0.28
Appendix (E):
Table (E) roof landing losses for (IFRT) with a liquid heel
Standing Tdle Loss
PT. . i Equation 2-16
Ly =Z5m K. M K,
I, <59D"h, W, Equarion 2-13
Standing Idle Sanration Factor
— 1 s -
¥ T 1+0053(Ph,) Eaquation 120
Filling Loss Equation
p N Equation 2-24
_(PT,
L, = _ﬁ] M, §

Filling Sataration Factor (5)

S = 0.60 for 2 filll liquid heel
S =050 for a partial liquid heel
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Appendix (F):

Table (F) deck fitting loss factors Ky Ky, and m, and typical number of deck fittings Ny

Loss Facters ) }
Firting Type And Consmaction Details . o = T‘I'P“.“].I"“_fﬂ““f
(Tr-malefT) | (Ib-mole{mph)™yr) | (dimensionlsss)
Arcess hatch (24-inch diamster wall) 1
cover, gasketed"® 1.4 a 0
Unhaolted cover, ungazketed £l 39 12
Unbalted cover, gasketed il 52 13
Fixed roof support column well? M,
Found pipe. unzasketed sliding cover il able 7.1-11
Rﬂundgge. sketed shiding cover 15 e )
Puund pipe, flewible fabrc slesve seal 14
Built-up column, ungasketsd sliding cover” 5l
Built-up column, pasketed sliding cover EE
Unzlotted guide-pole and well (3-inch
diameter unslotted pale, 21-inch
diameter well) 1
Ungasketed sliding cover” il 150 14
Ungasketed sliding cover wipale 15 12 11
slpevelraketed shding cover 15 13 12
(razksted shding cover w/pale wipsr 14 37 078
(razketed sliding cover w/pale sleave B8 2 0.81
Slotted poide-pole/sample well (2-inch
diameter slofted pole, 21-inch
diameter well}® f
Ungasketed ar gasketed sliding cover 43 270 14
Ungasketed ar zasketed sliding cowver,
with flaat? il El] 0
(razketed sliding cover, with pole wiper 41 22 14
(asksted skiding cover, with pole sleeve 11 Bl 14
(azksted shding cover, with pole sleeve
and pole wiper B3 44 lé
(askested sliging cover, with float and
pole wiper® al 7.4 12
(Gazketed sliding cover, with float, pale
slesve, andpaFem’p&l" 11 oo 0.0
Gauge-float well [aummadc gaugs) 1
Unbolted cover, ungasketed” 14 4 11
Unhaolted cover, zasketed 43 17 038
Bolted cover, gazketed 28 1] 0
Gange-hatch/sample port 1
‘Weighted mechanical actuation,
ated” 047 0.02 ne7
‘Weighted merhanical acruation,
ungasketed 23 ] 0
Slit fabric seal, 10%: open area® 12
Vacmm breaker N, (Table 7.1-
Weirhted mechanical acruation, 13 i (3-
ml?hnskmed 18 0.01 40 m}lﬂ?ﬂ dmme?erg
Weighted mechanical actuation, gasketed” 6.3 12 0.4 Crpen®
0 clozed
13
18
021
014

1”:
1IN, (Tahle 7.1-13)
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Table (F) cont.deck fitting loss factors Ky K, and m, and typical number of deck fittings N

Loss Factors o
Fitting Type And Constuction Details 5. - N ngﬁﬁgﬁ?“f
(lo-maleyr) | (b-molefmph)™vy) | (dimencionless) '
Stub drain (1-inch diameter}* 12 N, (Table 71-15)
Dieck leg (3-inch diameter) N, (Table 7.1-15),
Adjustable, meernal floating deck® : 148 (Table 71-14)
Adjustabls, pontoon ares - ungs a0 0.37 0.9l
justable, pontoon area - n&e‘rke?d 13 0.08 0.6
Adjustable, pontoen area - sock 12 014 0.6
Adjustable, center area - ungacketed® 0.82 053 0.14
Adjustable, centsr area - gasketed” 0.33 0.11 0.13
justable, center area - sock™ 044 016 014
Adjustablz, double-deck roofs 0.52 0353 0.14
Fixad 0 i 0
Rim vent” 1
Weizhred machanical acruation, ungasketed 0. 18 1.0
Weighted mechanical actuation, gasketed” 0.71 0.0 10
Ladder well 1
Sliding cover, ungasketed” o8
Sliding cover, gasketed 56

Note: The deck-fitting loss factors, Kp,, K, and m may only be used for wind speeds below 15 miles
per howr.
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