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ABSTRACT 
Toluene is a highly flammable, class A petroleum product that has a possibility of continuous fire even at the source of leakage is 

far away distance. A BLEVE event may be a major credible accident scenario for highly flammable materials under the condition of 

pressurized storage. The storage area of Toluene needs an integrated system approach to minimize the hazards by implementing 

the safety systems according to the standards. Industrial occupancies which come under the purview of Industrial legislation of the 

Central / State Government, for starting, sitting, operating etc. of the industry, have to comply with the relevant provisions of the 

same, apart from complying with the requirements specified in Tamil Nadu factories rules, 1950 Rule 95. The purpose of this study 

is to analyze the safety and fire protection systems on Toluene storage area for the safe working in hazardous area and also to 

ensure the safe working environment is present during working so that fire accident can be controlled. The aim is to identify the 

gaps in the fire protective system in line with Tamil Nadu factories rules, 1950 rule 95 and fulfill the legal requirement of Explosive 

Act 1884 (FORM III) for license purpose to store Toluene and reduction of risk by promoting fire safety systems on Toluene 

storage yard and implement to have a better fire management and control measures. 
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INTRODUCTION 

 
1.1 Fire Hazards In Industry:  

Fire protection techniques have to be based on fire behavior characteristics of different materials and 
structural elements of buildings. It includes working conditions and usage of flammable/Explosive materials 
such as LPG, Diesel etc. The requirements of the Explosives Act 1884 and Tamil Nadu factories rules 1950, 
taken as a guide and an administrative &engineering control approach should be adopted for ensuring a fire safe 
working environment.  

The hazards involved in the handling of Flammable/Explosive materials are greatly a fire and explosion 
which leads to major loss for people and property. Each industry has to adopt the standards from Central / State 
Government with fulfill the requirements necessary to minimize danger to life and property from fire and adopts 
safe environment.  
 
Procedure: 

Methods adopted to collect information and data for this project are  
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2.1 Study Of Fire Protection System: 
Fire Protection is an organized approach designed to prevent fires. In the event of a fire, a fire protection 

program will help prevent or minimize personal injuries, losses, and harm to the environment. 
 The template is used to format your paper and style the text. All margins, column widths, line spaces, and 

text fonts are prescribed; please do not alter them. You may note peculiarities. For example, the head margin in 
this template measures proportionately more than is customary. This measurement and others are deliberate, 
using specifications that anticipate your paper as one part of the entire proceedings, and not as an independent 
document. Please do not revise any of the current designations. 
 
2.2 Fire: 

Fire is a chemical reaction of a substance with oxygen, this involves heat and usually accompanied by 
visual flame or incandescence. (Burning/ combustion/fire) Fire will start generally.  

a. Flammable material or fuel is in vapour form or in finely divided particles.  
b. Oxygen either from air or oxidizer is supplied.  
c. A portion of material must be heated to a temperature at which the combustion is initiated (Burning/ 

combustion/fire)  
The substance will capable of producing the oxygen called oxidizer. 

 
2.3 Classification Of Fire: 

Internationally accepted classification of fires as per NFPA 10 is as follows  
 
2.3.1 Class –A: 

� Fire of combustible material of organic nature such as wood, paper, cloth, trash. 
� Solid initial heat used for phase conversion liquid then vapor.  
� Heat emitted is less. Rate of reaction is slow.  
� Simple method of cooling with water, application of sand can extinguishes the fire.  

 
2.3.2 Class-B: 

� Flammable liquids, oil, gas, grease.  
� Liquid initial heat used for phase conversion to vapor.  
� Heat emitted is moderate, rate of reaction is moderate.  
� Blanketing effect, covering liquid surface is needed.  
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� Inhibit leaking gas, use DCP, and cool the equipment.  
 
2.3.3 Class-C: 

� Electrical fire.  
� De-energize the equipment and use CO2 for cooling the equipment.  

 
2.3.4 Class-D: 

� Combustible metals.  
� Example; Aluminum, sodium, molten metal  
� Heat is used directly for oxidation.  
� Heat is emitted very high.  
� Special powders techniques are used 
 

2.4 Spread Of Fire: 
Once there is a heat source to cause ignition and a sufficient amount of fuel and oxygen present the fire will 

continue to burn. As the fire burns, large amounts of heat are produced. Heat always flows from regions of high 
temperature to regions of low temperature. This transfer of heat causes the fire to grow and to spread to other 
areas. There are three methods by which heat may be transferred 
 
2.4.1 Conduction: 

Metallic elements of the building structure, steam pipe etc., may conduct heat from one part of the building 
to another and cause fire at remote places by being in constant contact with some combustion. Fire may spread 
by conduction of heat from one room to another by steel girders passing through an otherwise fire resisting wall. 
Conduction of heat by this manner should be guarded against.  
 
2.4.2 Convection: 

In case of a fire inside a building the hot gases and smoke rise towards the ceiling and if there are no proper 
outlets for them to the outer atmosphere. They may spread laterally at the ceiling level, heating all the 
combustible materials on their way and the cause fire to spread. Therefore it is necessary to provide adequate 
smoke vents or ventilators communicating directly to the outside temperature.  
 
2.4.3 Radiation: 

When any material burns, heat is radiated in straight just like the light rays. This radiation heat may raise 
the temperature of the combustible materials in the neighborhood and thus cause the fire to spread. 

 
2.5 Extinguishing Methods: 

It has been shown from the triangle of fire that three factors are essential for combustion fire can be 
extinguish by removing any one of element the following methods. 
 
2.5.1 Starvation: (Fuel Removal): 

It may be achieving in three ways are by removing combustible material from neighborhood of fire ex: 
drainage of burning oil tank or by removing fire from neighborhood of combustible materials like pulling apart 
stack or by subdividing the burning material, example emulsification of surface of the burning oil.  
 
2.5.2 Smothering: (Oxygen Removal): 

It may be achieved by reducing the oxygen content of the atmosphere in the immediate neighborhood of 
burning material. The general procedure in the method of this type is to prevent or impede the access of fresh air 
to the sear of fire and allow the combustion to reduce the oxygen in the confined atmosphere until it 
extinguishes itself. The importance example of this type is blanketing by foam which limits the supple of air and 
also tents to prevent the information of flammable vapors.  
 
2.5.3 Cooling: (Heat Removal): 

If the rate at which is generated by combustion is less than the rate at which it is dissipated through various 
agencies the fire cannot persist. In applying this principle to fire extinction, the first step is to accelerate the 
spread with which heat is removed from fire, thus reducing the temperature of burning mass, as a consequence 
the rate at which heat is produced. In due course the rate at which heat is lost from the fire exceeds the rate 
production and the fire example application of water on fire. 
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2.5.4 Break-Chain Reaction: 
Inhibition of chain reaction is achieved by trapping the free radicals and preventing them from continuing 

the chain reaction . 
 
Study Of Toluene 
3.1 Toluene: 

A colorless liquid hydrocarbon present in coal tar and petroleum and used as a solvent and in organic 
synthesis. 
 
3.2  Fire And Explosion Hazards Of Toluene: 

� Flammability of the Product: Flammable.  
� Auto-Ignition Temperature: 480°C (896°F)  
� Flash Points: CLOSED CUP: 4.4444°C (40°F). (Seta flash) OPEN CUP: 16°C (60.8°F). 
�  Flammable Limits: LOWER: 1.1% UPPER: 7.1% 
� Products of Combustion: These products are carbon oxides (CO, CO2).  
� Fire Hazards in Presence of Various Substances: Flammable in presence of open flames and sparks, of 

heat. Non-flammable in presence of shocks. Explosion Hazards in Presence of Various Substances: Risks of 
explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in 
presence of static discharge: Not available 

 
3.3 Extinguishing media: 

�  Class B-C or A-B-C dry chemical or halogen extinguishers can be used on small fires.  
� Apply water from a safe distance to cool containers, surrounding equipment, and structures. 

 
3.4. Special firefighting procedures and precautions: 

� Extremely flammable Containers may explode if not sufficiently cooled with water spray.  
�  Evacuate surrounding area of unprotected personnel and isolate. Do not enter confined fire space 

without full bunker gear (helmet with face shield, bunker coats, gloves, and rubber boots) and a positive 
pressure NIOSH approved self-contained breathing apparatus. 
 
3.5 Study Of Fire Protection Equipments: 

The fire protection equipments are Portable extinguishers, Fire alarm and voice communication systems for 
life safety, Fire Hydrant systems, Sprinkler systems, Water supplies for fire protection, Emergency power 
systems, and Special fire suppression.  
 
Portable extinguishers: 

The extinguisher covered in this standards expected to deal with a large fire as all these are essentially first-
aid fire-fighting appliances. Nevertheless, these are very valuable, if used promptly and efficiently in the early 
stages of a fire. In addition to the value of their portability and mobility, the most important feature of these 
extinguishers is their immediate availability so that each extinguisher can be used by one/two persons.  
 
Hose Reel: 

Firefighting equipment, consisting of a length of tubing fitted with a shut-off nozzle and connected to a reel, 
with a permanent connection to a pressurized water supply.  
 
Fire hydrant: 

An internal hydrant, installation comprises the elements are Static or terrace tank for storing water for 
firefighting purpose, Rise mains, down-comer mains or external mains to feed water from the source to the 
required point under pressure. Firefighting pump/pumps with all fitments and components and pump control 
panel, housed in a pump house. All necessary components like internal hydrants (landing valves) and external 
hydrants, hose reels, hoses and branch pipes, suitably housed.  
 
Jockey Pump: 

A pump of small capacity is set to come into operation, automatically with drop in static pressure in the 
system and to automatically stop when the pre-set pressure is reached again.  
 
Fire Pump: 

An electric/diesel pump installed at static water tank to charge the wet-riser systems.  
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Static Water Tank: 
Underground or surface water tank was constructed to store water for firefighting purpose. 

 
Sprinkler system: 

A fire sprinkler system is a fire protection system that can be fitted into larger (office) buildings or homes. 
Fire sprinkler heads are connected to a fire suppression system that is made up out of pipes fitted with sprinkler 
heads throughout a building. Larger fire sprinkler systems can also equipped with a fire pump these systems 
were originally designed for business spaces but are now also available for homes for a cost-effective price.  
 
Automatic Fire Detection and Alarm System: 

Fire alarm system comprising components and sub-system required for automatically detecting a fire, 
initiating an automatic alarm for fire and initiating other action as required.  
 
Heat Detector: 

A fire detector is detects either abnormally high temperature or rate of temperature rise, or both.  
 
Fire Alarm System: 

A combination of components is giving an audible and visible and/or other perceptible alarm of fire. The 
system may also initiate other ancillary action.  
 
Manual Call Point: 

A manually operated device used to initiate an alarm signal. It can be manual alarm system or part of 
automatic alarm system. 
 
Toluene Storage Yard Analysis: 
4.1 Source Strength: 

The proposed Toluene installation is of the underground type (passive mitigation) the vessel is protected 
from any external fire. Therefore failure of vessel and resulting BLEVE (Boiling Liquid Expanding Vapour 
cloud Explosion) or Pool fire is ruled out. The only possible source of BLEVE would be the Tanker within the 
installation.  

 
4.2 Chemical Data:  

Name: Toluene  
Physical state and appearance: Liquid.  
Odor: Sweet, pungent, Benzene-like.  
Taste: Not available.  
Molecular Weight: 92.14 g/mole  
Color: Colorless. pH (1% sol/water): Not applicable.  
Boiling Point: 110.6°C (231.1°F)  
Melting Point: -95°C (-139°F)  
Critical Temperature: 318.6°C (605.5°F)  
Specific Gravity: 0.8636 (Water = 1) 

 
4.3 Underground Storage Tank Details: 

Tank diameter  2.2 m  
Tank length  10.0 m  
Tank volume  38 cubic meters  
Storage condition  Liquid under pressure  
Internal storage temperature  25oc  
Vessel design pressure  21 kgf/cm2  
Safety valve set pressure  23.1 kgf/cm2  
(10% over Design pressure)  
Vessel Bursting pressure  21% over safety valve set pressure  
Chemical mass in tank  Approximately 16 MT  
Filling volume  85% full  
% of tank mass in fireball  100%  
Fireball diameter  146m  
Burn duration  10s  
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Hazop Operability Analysis For Toluene Storage Yard: 
5.1 Hazop:  

A hazard and operability study (HAZOP) is a structured and systematic examination of a planned or 
existing process or operation in order to identify and evaluate problems that may represent risks to personnel or 
equipment, or prevent efficient operation.  

 

 
Fig. 2: P&I diagram of Toluene storage tank 
 
5.2 List Of Nodes Separated:  

Node 1: Toluene transfer from unloading area to the storage tank  
Node 2: Toluene from Underground storage tank to repacking Unit 
 

Node 1: Toluene transfer from unloading area to the storage tank 
 
Guide word 

 
Deviation 

 
Causes 

 
Consequences 

 
Recommendation 

 
 
 
 
      NO 
 
              

 
 
 
 
   
 No flow 

ball Valve closed There is a chance  of pipe
getting blasted due to the 
pressure build up 

Direction of closing and opening of the 
valve should be indicate 
flow meter gauges should be installed 
properly on the pipe line to indicate the 
flow 

Transfer pump failure Toluene cannot be transferred
to the storage tank 

Pump should be inspected and 
maintained periodically 

pipe rupture Fire hazard due to the release of 
Toluene to the atmosphere 

High Quality pipe should be used and 
maintained properly 

Main power failure Transfer pump does not run Generator arrangement is provided as 
back up 

        
  LESS 

 
 
Less Flow 

Valve is partially opened There is a chance of pipe
rupture due to high pressure
build up 

Pressure gauges should be installed 
properly on the pipe line to indicate the 
flow pressure 

 
Node 2: Toluene flows from storage tank to Repacking unit 
  
Guide word 

 
Deviation 

 
Causes 

 
Consequences 

 
Recommendation 
 

 
 
NO 
 
                

 
 
No Flow 

Remote operating valve 
closed 

Toluene does not transferred to 
the repacking unit 

Direction of closing and opening of the 
valve should be indicate 

Pipe rupture Fire hazard due to  the leakage
of   

High Quality pipes should be used and 
maintained properly 

Pipe blockage Damage to the Pipe line Filter should be provided to remove the
foreign particles 

 
LESS 

Less 
 
Flow 

Remote operated 
Valve is partially 
closed 

Adequate amount of Toluene 
is not transferred to 
repacking unit 

Flow meter should be installed properly 
on the pipe line to indicate the flow 

 
Result And  Conclusion: 

From this study the existing fire prevention and safety systems installed on the storage yard was studied 
and the relevant details was collected for the analysis. Toluene checklist  is  made  as  per  the  required  
standards  and  the comparison of standards with existing system is done by the checklist and status of the 
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system is identified. The checklist shows that most of the standard requirements are fulfilled so from this the 
Toluene storage bullets installed are met with required safety systems and complies standard requirements 
except those points identified in the checklist results. 

The possibility of failures and consequences are analyzed with the Hazard operability study (HAZOP). 
From these analyses the impacts by the Toluene storage Yard to the surroundings is within the premises. 

 
REFERENCES 

 
1. Sa-Hwan Leem and Yong-Jeong Huh, 2011. Innovative Installation Method for LPG Storage Tank Using 

TRIZ, Int. J. Systematic Innovation, 1(4): 27-34.  
2. Rajiv Premi and Nagendra Sohani, 2013. Qualitative risk analysis in LPG bottling plant, VSRD 

International Journal of Technical & Non-Technical Research,  4: 7.  
3. Albrecht Michael Birk, Gilles Dusserre and Frederic Heymes, 2013. Analysis of a Toluene Sphere BLEVE, 

Chemical Engineering Transactions, 31.  
4. El-Harbawi, M., M. Saari et al., 2004. Hazards Analysis of LPG Storage Installation in Universiti Putra 

Malaysia, The Institution of Engineers, Malaysia, 65(1/2).  
5. Filip VandenSchoor, PrankulMiddha et al., 2013. Risk analysis of LPG (liquefied petroleum gas) vehicles 

in enclosed car parks, Fire Safety, Journal 57: 58-68.  
6. Renjith, V.R., G. Madhu, 2010. Individual and societal risk analysis and mapping of human vulnerability to 

chemical accidents in the vicinity of an industrial area, International Journal Of Applied Engineering 
Research, Dindigul, 1(1).  

7. Behrouz Hemmatian, Eulàlia Planas-Cuchi, Joaquim Casal, 2014. Analysis of Methodologies and 
Uncertainties in the Prediction of BLEVE Blast, Chemical Engineering Transactions, 36.  

8. Tamil Nadu factories Rules 1950, schedule XXXI and Explosives Act1884, Rule-49&50  
9. Explosives Act1884, Rule-49&50, FORM III Fire safety standards and procedures for propane storage 

License.G. E 

 


