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 الإستهلال

 

: قال تعالى

 

اللَّهُ لََ إلَِٰهَ إلََِ هُوَ الْحَيُّ الْقَيُّومُ لََ تَأْخُذُهُ سِنَةٌ وَلََ نَوْمٌ لَهُ مَا (

فِيّ السَّمَاوَاتِ وَمَا فِيّ الْْرَْضِ مَنْ ذَا الَذِي يَشْفَعُ عِنْدَهُ إلََِ 

بِإِذْنِهِ يَعْلَّمُ مَا بَيّْنَ أيَْدِيهِمْ وَمَا خَلّْفَهُمْ وَلََ يُحِيّطُونَ بِشَيّْءٍ 

مِنْ عِلّْمِهِ إلََِ بِمَا شَاءَ وَسِعَ كُرْسِيُّهُ السَّمَاوَاتِ وَالْْرَْضَ وَلََ 

 )يَئُودُهُ حِفْظُهُمَا وَهُوَ الْعَلِّيُّ الْعَظِيّمُ

 255)        البقرة)آيت الكرسى 
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Abstract 

Gasoline is a Volatile Organic Compounds (VOCs) with different boiling point range of (30-200) 

ºC. The lightcompounds that have boiling point of less than 40 ºC 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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 تجريد

دسجخ  ( 200-30)ٔانتً نٓب دسجخ غهٍبٌ تتشأح يب ثٍٍ(VOCS) يٍ انًُتجبد انجتشٔنٍّ انٍٓذسٔكشثٍَٕخ انًتطبٌشحجبصٔنٍٍال

يٍ حجى انجُضٌٍ انًُتج % 10 دسجخ يئٌٕخ تًثم 40اد دسجخ انغهٍبٌ الاقم يٍ رٔتًثم انًشكجبد , يئٌٕخ

ٔقذ , ٔتٓذف ْزِ انذساسخ نتقذٌش انكًٍخ انًفقٕدح ثٕاسطخ انتجخش يٍ انجُضٌٍ داخم انخضاَبد راد الاسقف انذاخهٍخ  انعبئًخ 

 (USEPA)ئخي انتحاعتًذد ْزِ انذساسّ عهى انًعهٕيبد انًأخٕرح يٍ  انٕكبنخ الايشٌكٍخ نحًبي

ثًقبسَخ الاَظًخ  انًختهفخ نهحشٕاد انًستعًهخ ثٍٍ  جذاس انخضاٌ ٔانسقف انعبئى  ٔجذ اٌ إضبفخ حشٕح  إضبفٍخ ٌؤدي انى تقهٍم  

عُذ (انسُخ / سطم 8679)حٍث تجهغ كًٍخ فبقذ انجخش حٕانً , (50%)فبقذ انجخش انى اقم يٍ انُصف  اي ثُسجخ أكثش يٍ 

 .عُذ إضبفخ حشٕح ثبٌَٕخ  (انسُخ / سطم4068.19)استخذاو َظبو انحشٕح الأٔنٍخ ثًٍُب ٌجهغ 

خفض  : خش ًْةتخفٍض َسجخ انجخش يٍ انجُضٌٍ نّ الأثش الافتصبدي ٔانجٍئً انًهحٕظ ٔيٍ اْى الاجشاءاد انًتجعخ نتقهٍم َسجخ ال

دسجبد انحشاسح ٔسشعخ انشٌبح فً انًُطقخ انًحٍطخ ثبنخضاَبد عٍ طشٌق انتشجٍش ٔصٌبدح يسبحخ انظم حٕنٓب ْٕٔ يبٌعشف 

ًٌٔكٍ انتحكى فً تقهٍم انجخش يٍ انجُضٌٍ ثأخز الاعتجبساد انتصًًٍٍخ نهخضاَبد انًستقجهٍخ , ثبنتحكى فً انعٕايم انًُبخٍخ 

 .ٔادخبل انتحسٍُبد انُٓذسٍّ عهى انخضاَبد انًٕجٕدح حبنٍب
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Chapter 1 

Introduction 
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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[9] 

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/𝑚2/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. 
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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[13] 
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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: 

 Understand the design effect in evaporation losses control 

 Understand the standard for evaporation losses estimation  

 How to reduce the evaporation losses from internal floating roof tank  

 Environmentaland Economical impact of evaporation losses control  
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Chapter 2 

Literature Review 

 

 

 

 

 

 

 

 

 

 



7 
 

Literature review is conducted to study the basic design and requirement of the floating 

roof storage tank in the storage tank design code (API 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 

 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.  

 Stainless Steel is a type of metal that resists corrosion. 

 Nickel Steel is used for tanks designed to obtain sufficient ductility and structural 

integrity at extreme subzero temperatures (e g. -196ºC). 

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

 Industries and applications that use storage tanks include: 

1. Chemical processing 

2. Food and beverage processing 

3. Oil and fuel processing 

4. Paper and pulp processing 

5. Pharmaceutical processing 

6. Plastic processing  

7. Water applications. 
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2.3 Main parts of tanks: 

1. Tank Shell 

2. Bottom plate 

3. Annular Plate 

4. Backing strip 

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.  
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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 

 Petroleum producing and refining                                                                  

 petrochemical and chemical manufacturing                                                          

 bulk storage and transfer operations                                                                         

 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). 
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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. 
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Figure (2.1) Typical fixed roof tank[3] 

 

 

 

 

 

 

 

Breather vent  

Float   gauge   conduit 

Tank roof and Shell 

(not insulated) 

Gauge –hatch 

Sample well  

 

 
Roof manhole  

No floating roof  

Stable stock liquid 

(none boiling) 
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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 

 

 

 

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).  
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Figure (2:3) External floating roof tank (pontoon type)[3] 
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Figure (2.4) External floating roof tank (double deck)[3] 
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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 

II. 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. 
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Figure (2.5)internal floating roof tank[3] 
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Figure (2.6) Secondary rim seals[3] 
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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 Standards: 

The design and construction of the storage tanks are regulated by various codes and standards. 

List a few here:  

 American Standards API 650 (Welded Steel Tanks for Oil Storage) 

 British Standards BS 2654 (Manufacture of Vertical Storage Tanks with Butt welded 

Shells for the Petroleum Industry) 

 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 Français de construction des réservoirs 

Cylindraiqu’EvertCau en acier U.C.S.I.P. et S.N.C.T.) 

 The EEMUA Standards (The Engineering Equipments and Materials Users 

Association)  

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

 

 

 

 

III. 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 lf  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.  



23 
 

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.  

lf  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  a single  site  within  the  tank. 
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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 𝐾𝑅𝑎 , 𝐾𝑅𝑏 , 𝑎𝑛𝑑𝑛 for floating roof tank𝑠[3] 

 

 

 Note:  

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

hour. 

 

 

 

Table(3.2) average clingage factors 𝐶𝑠  (bbl/103𝑓𝑡2)[3]
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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] 

 

 

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 not 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: 

 

𝐿𝑇 = 𝐿𝑅 + 𝐿𝑊𝐷  + 𝐿𝐹 + 𝐿𝐷       (3.1) 

 

Where: 

 

 

𝐿𝑇 = total loss, lb/yr 

𝐿𝑅 = rim seal loss, lb/yr 

𝐿𝑊𝐷  = withdrawal loss, lb/yr 

𝐿𝐹 = deck fitting loss, lb/yr 

𝐿𝐷  = 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: 

 

𝐿𝑅 = (𝐾𝑅𝑎 + 𝐾𝑅𝑏𝑉
𝑛 )D𝑃∗𝑀𝑉𝐾𝐶    (3.2) 

 

Where: 

𝐿𝑅 = rim seal loss, lb/yr 

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

𝐾𝑅𝑏= wind speed dependent rim seal loss factor, lb-mole/(mph)nft .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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                                              P∗ =

P VA
P A

 1+ 1−
P AV
P A

 
0.5

 

2       (3.3)                                                         

Where: 

𝑃𝑉𝐴  = vapor pressure at daily average liquid surface temperature, psia; 

See Note 3 below 

𝑃𝐴 = atmospheric pressure, psia 

D = tank diameter, ft 

𝑀𝑉  = average vapor molecular weight, lb/lb-mole; 

𝐾𝐶  = product factor; 

𝐾𝐶  = 0.4 for crude oils; 

𝐾𝐶  = 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 𝑃𝑉𝐴  for use inEquation 

(3.3) in lieu of the liquid surface temperature. If the stock liquid temperature is unknown, 

APIrecommends the following equations to estimate the stock temperature 

 

Table (3.4) equations to estimate stock temperature[3] 

 

𝑇𝐴𝐴is the average annual ambient temperature in degrees Fahrenheit 
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ii. Withdrawal loss: 

LWD =
(.943)QCSWL

D
 1 +

NCFC

D
                                                               (3.4) 

Where: 

𝐿𝑊𝐷  = withdrawal loss, lb/yr 

Q = annual throughput (tank capacity [bbl] times annual turnover rate), bbl/yr 

𝐶𝑆 = shell clingage factor, bbl/1,000 ft2; Table(3.2) 

𝑊𝐿  = average organic liquid density, lb/gal; Note 1 

D = tank diameter, ft 

0.943 = constant, 1,000 𝑓𝑡3. gal/𝑏𝑏𝑙2 

𝑁𝐶  = number of fixed roof support columns, dimensionless;  Note 2 

𝐹𝐶 = effective column diameter, ft (column perimeter [ft]/π); Note 3 

 

Notes: 

1. A listing of the average organic liquid density for select petrochemicals is provided 

inAP(B)and AP(C). If 𝑊𝐿  is not known for gasoline, an average value of 6.1 lb/gal can be 

assumed. 

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

𝑁𝐶  = 0. 

For a column-supported fixed roof: 

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

3. Use tank-specific effective column diameter or 

𝐹𝐶 = 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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iii. Deck Fitting Loss: 

 

           Deck fitting losses from floating roof tanks can be estimated by the followingequation: 

 

𝐿𝐹 = 𝐹𝐹𝐾𝐶𝑀𝑉𝑃
∗       (3.5)              

 

Where: 

𝐿𝐹 = the deck fitting loss, lb/yr 

𝐹𝐹 = total deck fitting loss factor, lb-mole/yr 

 

 𝐹𝐹 = [(𝑁𝐹1𝐾𝐹1) + (𝑁𝐹2𝐾𝐹2) + … + (𝑁𝐹𝑛𝑓
𝐾𝐹𝑛𝑓

)]  (3.6) 

Where: 

𝑁𝐹𝑖
= number of deck fittings of a particular type (i = 0,1,2,...,nf), dimensionless 

𝐾𝐹𝑖
= deck fitting loss factor for a particular type fitting 

 (i = 0,1,2,...,nf), lb-mole/yr;  

nf= total number of different types of fittings, dimensionless 

 

 

          The value of 𝐹𝐹 may be calculated by using actual tank-specific data for the number of 

eachfitting type (𝑁𝐹 and then multiplying by the fitting loss factor for each fitting (𝐾𝐹). 

The deck fitting loss factor, 𝐾𝐹𝑖
for a particular type of fitting, can be estimated by the 

followingequation: 

 

𝐾𝐹𝑖
 = 𝐾𝐹𝑎𝑖

 + 𝐾𝐹𝑏𝑖
(𝐾𝑉𝑉)𝑚𝑖      (3.7) 

 

Where: 

 

𝐾𝐹𝑖
= loss factor for a particular type of deck fitting, lb-mole/yr 

𝐾𝐹𝑎𝑖
= zero wind speed loss factor for a particular type of fitting, lb-mole/yr 

𝐾𝐹𝑏𝑖
= wind speed dependent loss factor for a particular type of fitting, lb-mole/(𝑚𝑝ℎ)𝑚 .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:   

 

𝐾𝐹𝑖
 = 𝐾𝐹𝑎𝑖

         ( 3.8) 

 

Loss factors 𝐾𝐹𝑎  , 𝐾𝐹𝑏
 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: 

 

LD = KDSDD2P*MVKC      (3.9) 

Where: 

𝐾𝐷  = deck seam loss per unit seam length factor, lb-mole/ft-yr 

= 0.0 for welded deck 

= 0.14 for bolted deck;  

𝑆𝐷  = deck seam length factor, ft/ft2 

                            = 
𝐿𝑠𝑒𝑎𝑚

𝐴𝑑𝑒𝑐𝑘
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Where: 

𝐿𝑠𝑒𝑎𝑚  = total length of deck seams, ft 

𝐴𝑑𝑒𝑐𝑘  = area of the deck, 𝑓𝑡2 = 
π⋅𝐷2

4
 

If the total length of the deck seam is not known, AP-(D) can be used to determine𝑆𝐷 . For adeck 

constructed from continuous metal sheets with a 7-ft spacing between the seams, a value of 

0.14ft/𝑓𝑡2 can be used. A value of 0.33 ft/𝑓𝑡2 can be used for 𝑆𝐷  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 𝑆𝐷  can be assigned. A value of 0.20 ft/𝑓𝑡2 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: 

 

                               𝐿𝑇𝐿  = 𝐿𝑆𝐿 + 𝐿𝐹𝐿      (3.9) 

 

Where: 

𝐿𝑇𝐿 = total losses during roof landing, lb per landing episode 

𝐿𝐿𝑆 = standing idle losses during roof landing, lb per landing episode 

𝐿𝐹𝐿  = filling losses during roof landing, lb per landing episode 

 



36 
 

 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 Vapor 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 

 

 

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

 

 

 

 

 

 

 

 

 



40 
 

 

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   

 

 

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 5004.757508Ib/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.  

 

 

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 5437.021508Ib/yr 

which the best selection in this case. 

 

  

Figure (4.3) Vapor Mounted Seal Total Loss 
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Table (4.3)show rim seal system, Kra factor and total loss 
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Figure (4.4) show total loss vs𝐾𝑅𝑎   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 (𝐾𝑅𝑎 ) 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 = 5.6Ibmol 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  

             (Ib/yr) 

Money lost due loss 

     (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 
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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 (8679.00Ib/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. 

 

II. 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: 

 Deck access hatch can be bolted covers and gasket type. 

 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 

 

 

 

 

 

 

 



53 
 

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

Table (B) Properties (𝑀𝑉 ,𝑃𝑉𝐴  ,𝑊𝐿  ) of selected petroleum liquid 

 

 

 

 

 

 

 



57 
 

Appendix (C): 

                     Table(C) Physical properties of selected petrochemicals 
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                   Table (C)Physical properties of selected petrochemicals 
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Appendix (D): 

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

 

 

Appendix (E): 

Table (E) roof landing losses for (IFRT) with a liquid heel  
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Appendix (F): 

Table (F) deck fitting loss factors 𝐾𝐹𝑎  
𝐾𝐹𝑏

 and m, and typical number of deck fittings 𝑁𝐹 
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  Table (F) cont.deck fitting loss factors 𝐾𝐹𝑎  
𝐾𝐹𝑏

 and m, and typical number of deck fittings 𝑁𝐹 

 

 


