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Abstract: Fire is normally caused by human negligence and violating the safety rules and regulations. International fire safety rules and regulations have 
been established to provide fire safety and prevention measures. The need is to implement and enforce those standards in order to work and live in a 
safe environment. Oil and gas industry is the most threatening industry with respect to fire. People working there are to be extra careful as minor 
negligence may lead to disastrous results. Uncontrolled fire may affect humans adversely by bringing many damages to human health and life as well as 
negatively affect the environment. That may ruin the shape of the planet and disturb the natural habitat of organisms living in water and on land. With the 
advancement of technology, many advance fire detection and alarming mechanism have been developed which help in locating the potential source of 
fire and saving lives. Those electronic fire alarms must be fixed at areas where heavy and uncontrolled fire may be expected especially at areas where 
people normally handle flammable and combustible liquids and gases. Fire alarms may help to some extent in notifying of any fire detected in such 
sensitive areas. The combustible and inflammable liquids and gases must be handled with extra care. Numerous internationally verified and recognized 
tools and techniques have been proposed and developed to handle such materials. Safety measures need to be implemented in every building 
especially at workplaces in order to provide safe working and living environment to people. The paper also discusses in details the fire protection and 
prevention mechanisms as being proposed by OSHA.  
 
Index Terms: Environmental Disasters, Safety Standards, Fire Safety, Oil Spills in Water, Ecosystem, 
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1 INTRODUCTION                                                                     

Fire is the basic component of human life. It provides heat and 
facilitates in cooking purposes [1]. However, when it becomes 
uncontrolled, it may become life threatening. Oil and gas 
industry is the most threatening industry with respect to fire. 
There are three sectors in which oil and gas industry is 
segregated such as downstream, midstream, and upstream 
[2]. The upstream sector involves in searching and the 
recovery of crude oil and its production. The discovery and 
exploration of the crude oil take place in the upstream sector. 
The development of techniques to extract methane out of coal 
seam has led to the inclusion under upstream sector of 
unconventional gas and related developments in the 
processing and transporting of liquefied natural gas (LNG).  
The downstream sector of industry deals with the refining of 
the crude oil and raw natural gases along with marketing. 
There are various products that are derived by refining of 
crude oil that include diesel oil, petroleum coke, gasoline 
liquefied petroleum gas, asphalt, jet fuel and many more. The 
vulnerable fire accident mostly happened due to lack of 
comprehensive data, experience to control, violence of rules 
and regulations, and negligence [1,3]. However, as a matter of 
fact, sometimes fire incident may occur due to uncontrollable 
circumstances. The different aspect of fire hazard and 
associated prevention measure with particular emphasis on oil 
and gas are reviewed in this paper.  

 
2 A SYNOPSIS ON PHENOMENA OF FIRE 
Fire is a natural chemical reaction that requires three basic 
elements for this reaction to take place including heat (ignition 
source), fuel and oxygen. These elements are also referred to 
as a fire triangle. Fire burst out due to the chemical reaction of 
fuel and oxygen in the air. The concept of the fire triangle has 
been developed in order to evaluate better understanding 
forthe causes of fire and to device techniques and methods to  
prevent and extinguish the fire. In any chemical reaction,  
 
 
 
 
 
 

thecomponents tend to combine together in some precise way 
for the successful completion of the chemical reaction. The 
same goes to heat, fuel and oxygen. The fire elements 
combine by the chemical reaction to generate fire and keep 
ones burning. In order to extinguish or prevent the fire, it is 
important to eradicate one of the basic components of the fire 
triangle [4]. Heat or ignition source include many things like 
any material, equipment or operation that emits spark or flame. 
They may range from torches run by batteries, electrical 
devices or source and grinding operations. Fuel source 
includes combustible materials like wood, paper and cloth, 
flammable liquids like gasoline, and flammable gases like 
propane or natural gas. Oxygen obviously is present in the air 
and plays its role directly. Air contains 79% nitrogen gas and 
21% oxygen. According to Occupational Safety and Health 
Administration (OSHA) [3], a hazardous atmosphere is the one 
that has 19.5 % or less oxygen concentration or oxygen 
enriched if it has 23.5 % or greater oxygen concentration. Both 
of these situations are defined as the atmospheres 
immediately dangerous for life and health (IDLH) by OSHA.  
Fire can even occur at even much lower concentration of 
oxygen depending on the types of fuel. Every roofing project 
has all of the components of fire triangle present. That is 
important to keep these elements separated from the heat and 
ignition sources to prevent from fire. Moreover, the structure, 
materials, and equipment should be kept separated to restrict 
the completion of the fire triangle [3,4]. 
Fire is changing the shape of the planet making many green 
lands barren. Although natural wildfire is sometimes required 
to eradicate poisonous or harmful trees and herbs but 
uncontrolled wildfire may completely make the surface of the 
earth barren and empty. Greenery is the source of oxygen 
required for inhalation, but oxygen also plays an important role 
in ignition of fire. Little spark may sometimes result in a huge 
fire destroying everything comes on its way [3].  

 

3 CATEGORIES OF FIRE                                                                  
Fire is mostly divided into different categories based on the 
substance used as fuel. The table 1 shows this categorization. 

 
 

———————————————— 

 Muhammad Tariq Bashir, Civil Engineering Department, Jouf 
University, Sakaka, Al-Jouf, Saudi Arabia, E-mail: mtbashir@ju.edu.sa 

 

mailto:mtbashir@ju.edu.sa


INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VO`LUME 10, ISSUE 03, MARCH 2021  ISSN 2277-8616 

39 
IJSTR©2021 
www.ijstr.org 

Table1-1 Categorization of Fire [3] 
Class Substance 

A Paper, trash, plastic, wood and cloth 

B Flammable gases or liquids  

C Energized electrical components 

D Metal (All metals names ending in um involves in this 
category like magnesium, aluminum, beryllium and 
sodium)  

K Vegetables or animal cooking oils or fats 

 
4 NATURE OF HAZARDS 
The most common fire hazards are observed in oil and gas 
industry as this industry produces processes and conveys a 
wide range of hydrocarbon fuels from natural gas to crude oil 
in a large amount and at high pressures.  Such a pressurized 
fuel release can cause a serious jet fire hazard to both 
industry personnel and to the inventory [1]. Offshore 
installation of inventory especially presents serious problems. 
Due to the space restriction, components and pipe work are 
closely packed, and hence little fire can bring big damages 
[6,7]. Such areas require special attention so that a safe exit 
must be provided to the workers. Transportation of heavy 
crude oil is again an issue and may cause severe damages to 
both personnel and equipment. Oil is transported through sea 
route. The vessels containing oil could be the main cause of oil 
leakage and the contamination of sea water that may be the 
cause of the fire in the sea. It is then very tough to escape 
from sea fire due to congested and restricted area and equally 
hard to control over a widespread fire. The care has to be 
taken while designing the vessels used for the transportation 
of crude inflammable oil [2]. Torch applied roofing material is 
also considered as an important fire hazard to the roofing 
contractors and building owners. Hazards due to torching 
include the combustible deck or near flammable liquids and 
torching around drains where flames can be brought into the 
building. Figure 1 is presenting numerous sources of fire 
hazards and their associated contribution which occur 
frequently. Fire may bring life threats in homes, as well. All 
electric appliances must be properly checked as any short 
circuit may damage life or property. Gas pipeline leakage is 
another cause of domestic fire or ignorance in dealing with the 
domestic gas is another cause of life or property loss [2]. 

 
5 FIRE IN SHIP VESSELS 
Oil spills are found having greater number of occurrences 
especially in shipping than chemical and other spills are 
indicated by a study conducted to analyze the oil spills in sea 
water for the period of 1980 to 2001 [6]. That has led to the 
environment depletion and the cost of cleaning efforts much 
more. More concentration needs to be given on control of oil 
spills in sea water by having sound precautionary measures 
as chemical oil dispersants as such actions would be having 
good effects on health of the living inhabitants of the sea and 
the people around along with on the ecosystem. The structure 
of vessels that are used to store and transport oil in the sea 
must be redesigned in order to avoid the oil spills in sea water. 
Double hull vessels are the most appropriate vessels that can 
reduce the oil spills in sea water [6].  The latest advancement 
in vessel design is in the form of double hull vessels which 
need to be utilized to minimize pollution. Fire is easily caught 
due to any oil spill in sea water. The architecture of the ship 
and its compartments play a vital role in fire burst. Most of the 
fire on ships has been observed in the engine room and due to 
less capacity in ships; it spreads very easily to nearby 

compartments. Hot oil leakage to hot surfaces, naked flame, 
generator engine, laundry facilities like washing machines, 
irons, all electronic devices and electric spark can result in 
huge fires. Special training to crew members of ships can help 
in a reduction of fire incidents on ships [6,7]. The overview of 
different sectors of oil and gas revealed that every phase in 
this chain is prone to fire hazards due to its high flammability. 
The safety measures are essential at every step to avoid 
major fire incidents like Torrey Canyon oil, Bhopal refinery 
incident, deep-water horizon spill and fire incident and many 
more. Torrey Canyon oil incident happened on March 1967 
with crude oil to the tune of 120000 tons at the western coast 
of Cornwall in England. It has been termed as the greatest 
environmental disaster by that time that caused gigantic loss 
of marine lives beside the environmental pollution. The oil spill 
and consequent fire due to bombing of the Royal Air Force 
and the Royal Naval Force to sink it to the bottom of the ocean 
to prevent further spilling of oil has made it an unforgettable 
accident in the history [7]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
6 EFFECTS OF FIRE ON HUMAN AND ENVIRONMENT 
Fire causes potential damage to natural and human 
resources. Since the wildfire is a natural phenomenon, so it is 
almost uncontrollable, but the damage it brings is countless 
[8,9]). On the other hand, risk of wildfire is reduced in case of 
biomass fuel in addition to protected resource values. Weather 
also plays a role in scattering biomass smoke to various 
ecosystems. The common health issues due to the fire include 
premature death, suppressed immunity, physical and cognitive 
impairments, direct injuries, and so forth [8,10].  As already 
mentioned, carbon monoxide is one of the main components 
of the fire triangle; the figure 2 shows the different sources of 
fire incidents in oil and gas industry and faulty equipment that 
contribute 34 percent among all sources. 
 
 
 
 
 
 
 

 

Fig. 1 Sources of fire hazards and their associated contribution [2] 
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The effects of wildfire are equally evident on environment and 
ecosystem as well as it adversely affecting the wildlife habitat, 
tourism and recreation, water quality and supply as well as 
property value [12,13. Either it is forest fire or sea fire, both of 
the uncontrolled fires can damage the beauty of the 
environment.  

 
7 CURRENT SAFETY STANDARDS 
There are numerous simple and sophisticated fire and gas 
detection systems available in order to provide early detection 
and warnings about hydrocarbon release. Such systems are 
augmented with instrumentation and alarms. The objective of 
any such system is to warn people about any prospective 
threat to life, property and continued business operations 
[12,14]. Examples of such systems include smoke detectors, 
heat or thermal detectors, gas detectors, and so forth. OSHA 
has established safety standards for fire. It has announced 
different techniques to provide safety to the people who are of 
prime importance. The employers should train workers about 
fire hazards at the job place and what they should do in 
emergency fire situation.  They must be properly trained for 
preventing measure as how to escape when fire alarm is start 
ringing. It is required that they evacuate the place as soon as 
possible in order to prevent any causality or injury. OSHA also 
emphasizes on the presence of emergency fire exits. Every 
workplace must have emergency fire exits to enable the 
workers to evacuate the place quickly. Such emergency exits 
must never be locked or blocked when the workers are inside 
the industry. Fire extinguishers may play a role in handling little 
fire and workers must be trained enough to handle those fire 
extinguishers [3, 15]. Numerous fire extinguishers have been 
designed to put out fire of different category. Selecting the right 
extinguisher for the right classification of fire is a must 
otherwise situation get worse if wrong extinguisher has been 
selected. Table 2 shows these types of fire extinguishers [3]. 
According to OSHA, a minimum rated 10B fire extinguishers 
must be provided at distance 50 feet apart at the point of work 
place as well as five gallons of flammable or combustible 
liquids or five pounds of flammable gas. Few flammable and 
combustible liquids include gasoline, kerosene, acetone, 
single-ply adhesive, splice cleaners and asphalt cutback 
products. Every building must have a verified fire extinguisher 
tested by nationally recognized testing laboratory. They must 
be maintained fully charged and tested time to time [15].  

Table 2 Types of Fire Extinguishers and limitations [15] 
Fire Extinguisher 
Type 

Class of Fire Extinguisher Limitations 

Dry Chemical 
(foam and 
aqueous film-
forming foam) 

A, B, C 
Good for use in roofing industry as 
it is a multipurpose extinguisher 

Water A Good for class A fire only 

Metal X D, B, C 
Expensive extinguisher, doesn’t 
affect class A fire so not needed in 
roofing industry 

Carbon Dioxide B, C 

Normally used in confined areas 
to reduce oxygen concentration, 
causes frostbite during discharge, 
not appropriate for windy 
conditions, not used in roofing 
industry 

Halon B, C 

Expensive extinguishers, not 
effective for windy conditions, 
toxic gases may be used in case 
of heavy fires, not used in roofing 
industry  

Potassium 
Acetate 

K 
Expensive and wet extinguisher 
for commercial cooking operations  

Employers must guide workers about the emergency fire 
action plan as the route to be followed if the fire bursts out, 
and so forth. OSHA standard supports the use of fixed 
extinguishing systems that are the most reliable fire-fighting 
tools. Such systems detect fire, generate an alarm and sends 
water to the fire and heat automatically. There must be a fire 
prevention plan in every industry and employers must review 
them time to time and keep on updating workers about it. 
Moreover, ―No Smoking ―signs around all flammable liquids 
and gases and must have fire watches in all work involving the 
torch. [3,15] 
 

8 CONTROL METHODS 
Proper storage and handling of combustible and inflammable 
liquids and gases will help a great deal in controlling and 
preventing fires to occur. For this purpose, only approved and 
closed containers should be used according standards of 
OSHA in order to store the combustible and flammable liquids 
and gases. A safety can be normally for storing inflammable 
liquids is used which has a self-closing lid, internal pressure 
relief and flame arrestor having capacity of 5 gallons of 
storage. Plastic cans as are commonly available on hardware 
stores are not approved storage devices as they lack such 
control parameters [3,15]. Static electricity can be generated 
when transferring combustible liquids or gases through pipes 
or hoses. It is required and important to dissipate this electric 
charge while handling combustible materials including gases 
and liquids. The transferring of combustible liquids from one 
container to another requires that the two containers be 
bonded together. The safety cabinets to store the combustible 
liquids must be larger enough to accommodate 60 gallons up 
to 120 gallons on combustible and inflammable liquids 
indoors. Each cabinet must be labeled as ―Flammable- Keep 
Fire Away‖. OSHA recommends that up to three cabinets be 
kept in one room. If safety cabinets are not available, then only 
25 gallons of combustible and flammable liquids should be 
kept in the building [15]. The Liquefied Petroleum Gas 
abbreviated LPG is widely used in the roofing industry to heat 

 

Fig. 2 Classification and contribution of different sources in fire 
phenomena [10,11] 
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kettles and torches. Being compressed in nature, fairly large 
amount of it can be stored in small containers but it expands at 
much faster rate to a ratio of 270-to-1. So workers should 
never attempt to extinguish the fire involving LP gas [16,17]. If 
LP fire breaks out, the area must be evacuated at once, and 
the fire department must be called. The proper handling of LP 
gas is the most important due to its high combustible nature.  
Moreover, the roofing contractors must instruct employees that 
they must never torch to combustible deck or material, torch to 
areas that are not fully seen, torch near air intakes, use a torch 
to heat a propane tank. Fire watch inspection must be 
conducted for at least two hours after the last torch has been 
switched off [16,18]. Fire alarm devices are good warning 
systems, and they must be established by the employers to 
alert workers on the work place along with the local fire 
departments about fire emergencies. Work site telephones 
and employee entrances must have alarm codes and reporting 
instructions. An emergency action plan must be set by the 
employers in order to quickly take the preventing measures 
when the fire bursts out [15]. Moreover, automatic firefighting 
system having capability of operation using artificial 
intelligence should be employed to minimize the fire incidents 
and hazards [19,20] The employees must be properly trained 
to use the fire extinguishers. Such trainings include an 
instructional plan to educate the employee how to recognize 
when the fire is too big to handle; what extinguishers should 
be used and so forth. Normally such trainings are provided by 
the local fire departments and mostly by fire extinguisher 
suppliers. Those training sessions must be documented and 
providing training certificates to the employees is again a good 
practice. Moreover, there are many heat detector devices that 
are commonly used in oil and gas sector as well as in other 
sectors having risk of fire like strips called Bi-metallic, fusible 
plastic tubing and optical fiber, pneumatic pressure release 
bulbs and high rated rise detector, etc. [3,15]. 

 
9 CONCLUSION 
Fire is a natural element that is beneficial for human beings, 
but may be dangerous if become out of control. Fire occurs in 
the presence of an ignition source, fuel and oxygen. 
Uncontrolled fire can bring many damages to both life and 
environment. There are many sectors in daily life where fire 
hazards are more obvious, and the oil and gas sector is the 
most important. Oil and gas industry constantly deals with 
inflammable and combustible gases and it is a great risk for 
the employs. Consequently, for this purpose, OSHA has set 
some standards in order to prevent fire hazards, which have to 
be followed by all employers in U.S, especially those dealing 
in oil and gas sector. OSHA ensures human safety by 
established rules and regulations. It has defined the 
mechanism of handling the fire in the workplace and 
minimizing the hazards done by it. It is equally important for 
the employers to educate workers regarding the safety 
measures that have to be adopted in case of any fire burst. 
Proper fire safety measures must be ensured in the working 
area including fire alarm systems; emergency exits, standard 
and verified containers for the storage of flammable and 
combustible liquids and gases. The use of fire extinguishers 
and emergency plan has to be properly designed and 
circulated among all workers. Fire control is a matter of care. 
The more one is careful in doing his/her job; the more he/she 
and the environment is safe from fire. Most of the fire occurs 
due to human negligence. It is of significant importance to 

remain aware of the causes of fire at domestic, commercial 
and industrial level to save the environment and human life. 
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