
Annexure 1. 
Paper 3 - Unit 2: EXPLOSIONS 

1. EXPLOSION 

An explosion is a sudden and violent release of energy. The violence of the explosion 

depends on the rate at which energy is released. There are several kinds of energy which 

may be released in an explosion. Three basic types are  

• Physical energy 

• Chemical energy 

• Nuclear energy 

Physical Energy 

Physical energy may take such forms as pressure energy in gases, strain energy in 

metals or electrical energy. Examples of the violent release of physical energy are the 

explosion of a vessel due to high gas pressure and the sudden rupture of a vessel due to 

brittle fracture 

Chemical energy 

Chemical energy derives from a chemical reaction. Examples of the violent release of 

chemical energy are explosion of a vessel due to combustion of flammable gas, and 

explosion of a reactor caused by decomposition of reaction products in a runaway chemical 

reaction. Chemical explosions are either  

• Uniform explosions – Explosion of a vessel under pressure  

• Propagating explosions. – Explosion in a long pipe 

1.1 Classification of explosions 

1. Physical explosions 

(a) Mechanical failure of pressure system (within design envelope) 

(b) Overpressure of pressure system 

(c) Under pressure of pressure system 

(d) Over temperature of pressure system 

(e) Under temperature of pressure system 

2. Condensed phase explosions 

(a) High explosives 

(b) Ammonium nitrate 

(c) Organic peroxides 

(d) Sodium chlorate 

3. Vapour cloud explosions (VCEs) 

 (a) Confined VCE 

 (b) Unconfined VCE 

4. Boiling liquid expanding vapour explosions (BLEVEs) 

5. Vapour escapes into, and explosions in, buildings (VEEBs) 



6. Dust explosions 

1.2 DEFLAGRATION AND DETONATION 

Explosions from combustion of flammable gas are of two kinds:  

(1) deflagration and (2) detonation 

1.2.1 Deflagration 

In a deflagration the flammable mixture burns at subsonic speeds. For hydrocarbon 

air mixtures the deflagration velocity is typically of the order of 300 m/s. The peak pressure 

caused by the deflagration of a hydrocarbon air mixture is around 8 bar. A deflagration may 

turn into a detonation, particularly when travelling down a long pipe. Where a transition from 

deflagration to detonation is occurring, the detonation velocity can temporarily exceed the 

steady-state detonation velocity in so-called ‘over driven’ condition 

 

Deflagration in Vessels and Pipes 

The explosion of a flammable mixture in a process vessel or pipe work may be a 

deflagration or a detonation. These two types of explosion differ fundamentally and require 

different countermeasures. Both types, but particularly detonation, can be very destructive. 

The conditions for a deflagration to occur are that the gas mixture is within the flammable 

range and that there is a source of ignition or that the mixture is heated to its auto ignition 

temperature. The conditions for a detonation to occur are similar except that in this case the 

mixture should be within the detonable range. If the source of ignition is sufficiently strong, 

detonation maybe initiated directly. Alternatively, a deflagration may undergo transition to a 

detonation. This transition occurs in pipelines but is most unlikely to occur in vessels. 

The sources of ignition usually considered are those outside the process plant, but 

ignition sources can occur inside vessels and pipe work also. These include: 

(1) Flames and hot surfaces 

(2) Sparks 

(3) Chemicals 

(a) Unstable compounds 

(b) Reactive compounds and catalysts 

(c) Pyrophoric iron sulphide 

(4) Static electricity 

(5) Compression 

If a flammable mixture may be present, precautions should be taken to eliminate all ignition 

sources. Ignition can also occur if the flammable mixture is heated to its auto ignition 

temperature. 

In Vessels, deflagration results in a pressure rise which is uniform throughout the vessel, 

this is not so in a pipe, where the explosion velocity and explosion pressure can change 



along the length of the pipe. If the flow is highly turbulent and if the pipe is long enough, the 

explosion velocity can reach a value such that detonation, or quasi-detonation, occurs. 

Pressure Pilling or Cascading 

If an explosion occurs in a compartmented system in which there are separate but 

interconnected spaces, a situation can arise in which the pressure developed by the 

explosion in one space causes a pressure rise in the unburnt gas in an interconnected 

space, so that the enhanced pressure in the latter becomes the starting pressure for a 

further explosion. This effect is known as pressure piling, or cascading.  

1.2.2 Detonation 

In a detonation the flame front travels as a shock wave followed closely by a 

combustion wave which releases the energy to sustain the shock wave and travels more 

than sonic speed (supersonic). For hydrocarbon air mixtures the detonation velocity is 

typically of the order of 2000 - 3000 m/s. (Velocity of sound in air at 0°C is 330 m/s). A 

detonation generates greater pressures and is more destructive than a deflagration. The 

peak pressure caused by the detonation of a hydrocarbon air mixture is around 20 bar 

Detonation inside Vessels and Pipes     

Detonation of a flammable gas air mixture may occur by direct initiation of detonation by a 

powerful ignition source or by transition from deflagration. The transition from deflagration to 

detonation requires a strong acceleration of the flame front. It occurs in pipelines but is very 

improbable in vessels. The transition from deflagration to detonation is a complex process. 

The properties of the detonation, however, are fairly well defined and depend essentially on 

the properties and condition of the unburnt gas 

1.3 FIRE PROTECTION 

Protection against detonation Where protection against detonation is to be provided, the 

preferred approach is to intervene in the processes leading to detonation early rather than 

late. Attention is drawn first to the various features which tend to promote flame 

acceleration, and hence detonation. Minimization of these features therefore assists in 

inhibiting the development of a detonation. To the extent practical, it is desirable to keep 

pipelines small in diameter and short; to minimize bends and junctions and to avoid abrupt 

changes of cross-section and turbulence promoters. 

In general, fire prevention and protection measures constitute either  

(1) Passive prevention and protection or  

(2) Active protection 

 

1.3.1 Passive fire protection 



Passive prevention and protection comprises measures which are taken in order to 

prevent a fire occurring and to limit its spread. Measures of active protection comprise fixed 

and mobile fire fighting systems and emergency arrangements. As a broad generalization, 

passive fire protection has the great advantage that it is very much less dependent on the 

intervention of protective devices or of humans, both of which are liable to fail, and is 

therefore that much less vulnerable to management failings. One of the principal passive 

fire protection measures is fireproofing. In general this has the advantages just mentioned. 

But it also brings with it the risk that corrosion may occur under the fireproof coating and 

may be difficult to detect. Another problem with fireproofing is the fact that it may not 

withstand the action of the powerful water jets used in fire fighting. 

 

1.3.2 Active fire protection 

Active fire protection measures are also provided in the basic plant design, but are 

effective only when activated in response to a fire. Elements of active fire protection are 

 

(1) Fire warning systems 

(2) Fire detection systems 

(3) Fire fighting agents 

(4) Fire water supply system 

(5) Fixed fire fighting systems 

(6) Mobile fire fighting systems 

 

Fire Detection and Alarms 

The initiation of active fire protection measures, whether fixed systems or mobile fire 

fighting systems, depends on the fire detection and alarm arrangements. 

When a fire occurs, two things which are of prime importance are to ensure the safety of 

personnel and the prompt initiation of action to deal with the fire. The most effective way of 

ensuring rapid action is generally the use of an automatic system. But in situations where 

personnel may be present the arrangements need to ensure that they are not put at risk by 

the action of the automatic system. There are several different types of system for the 

detection of leakage or fire.  

They may be classified according to whether they detect (1) leakage, (2) flame, (3) heat or 

(4) smoke. These systems and the devices used are given below 

 

Basis of Detection Detector 

All modes Humans 

Leakage Flammable gas detector 

Flame 
Infrared detector 

Ultraviolet detector 

Heat 

Temperature measuring 
instrument 

Quartz bulb detector 

Gun Cotton Bridge and wire 

Fusible link and wire 



Temperature sensitive resistor 

Air line 

Smoke Smoke detector 

 

In general, it is preferable to detect a leakage in its initial stages and before it ignites. On the 

other hand, some types of fire, such as lagging fires, are not preceded by readily detectable 

leakage. The alternative is to detect the fire itself. This is done most rapidly by flame 

detection. Detection of the heat and smoke from the fire is possible only after it has 

developed to some extent. 

Some important characteristics of detection systems are 

(1) Area covered 

(2) Response time 

(3) Reliability 

(a) fail-to-danger faults 

(b) Fail-safe faults (spurious alarms) 

(4) Cost 

 

All Modes 

The area covered by a detection device is important, because a small coverage 

leads to a complex and expensive system. The reliability is also important both in respect of 

fail-to danger faults and of fail-safe faults which cause spurious alarms. Detection of 

abnormal conditions, including leakage and fire, is a basic function of the process operator. 

He is capable of detecting such conditions by all the modes described and gives wide 

coverage with high reliability and low cost. His great disadvantage is that he may not 

respond rapidly enough, not only in making the initial detection but also in initiating fire 

fighting action. 

 

Leakage Detection 

There are two main types of combustible gas detection. One consists of a number of 

devices which sample the atmosphere at different points and pass the sample back to a 

common analyser. There are a variety of instruments available for combustible gas analysis, 

based on the measurement of the heat produced by a catalytic reaction, radiant energy, 

absorption, ionization phenomena, electrochemical effects, colorimetric effects and gas 

chromatography. 

Catalytic detectors are susceptible to poisoning. In particular, silicone grease and silicone 

rubber sealants have been found harmful. Combustible gas detector instruments should be 

regularly serviced 

The optimum height of the sample point depends on the density of the gas (Installation at 1
1
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and 6 - 8 ft heavy and light gases). A combustible gas leakage detection system may be 

used to provide alarm signals in the control room or to initiate protective action by water 

sprays or by a steam curtain. 

 

Flame Detection 



Detection of a flame is done by infrared or ultraviolet detecting instruments. The 

response time of gas detection system is generally about 10 s, while with the latter it is 

almost zero. The reliability of these relatively complex instruments is a problem, particularly, 

although not exclusively, because they tend to give frequent false alarms, but there has 

been considerable improvement in this aspect. The instruments are also comparatively 

expensive. Again a flame detection system may be used to give alarm signals or to trigger 

water sprays. 

 

Heat Detection 

Heat detection includes temperature measuring instruments, quartz bulbs, and 

devices which explode, melt or change characteristics when exposed to fire and guncotton 

bridges and wire, fusible links and wire, air lines which melts and resistors which change 

resistance when exposed to fire. Measuring instruments can be used to furnish alarm 

signals or to set off water sprays, but the other devices are generally used initiate sprinklers 

or other fire fighting systems. Thus a simple detection system might be based on an air line 

which can be melted by a fire, so that the air pressure in the line falls, allowing the drench 

valve to initiate the water spray system. 

 

1.4 EXPLOSION PREVENTION 

Prevention of gas and vapour explosions in general depends on (1) avoidance of 

flammable mixtures and (2) elimination of sources of ignition. 

For plant, or closed, systems an important method of eliminating flammable mixtures is the 

atmospheric control method. Other methods are given above 

 

Atmospheric Control 

The hazard of explosion can be much reduced by control of the atmosphere to 

render it non-flammable. This control is often effected by the use of an inert gas. In general, 

the use of atmosphere control is a much more reliable method than the elimination of 

sources of ignition, which is very difficult to achieve.  

Atmosphere control is often effected by the use of inert gas, but this is not the only 

option. In some cases it is more appropriate to operate in the fuel-rich region. Some 

operations and equipments in which atmosphere control is practised are (1) reactors, (2) 

storage tanks, (3) head tanks, (4) centrifuges, (5) driers, and (6) pneumatic conveyors. 

Generally, in an oxidation reactor, the oxygen concentration is usually analysed, and 

action is taken if it rises. This action may be to shut off an air or oxygen feed to the reactor 

or to inject inert gases. 

Such trip systems are required to act very rapidly, and time delays can be a problem. 

There may also be difficulties in gas sampling due to vapour drops or solid particles. In 

some cases, therefore, other measurements, such as reactor temperature, may be used to 

complement the oxygen measurement by giving advanced warning of abnormal conditions. 

Storage tanks containing flammable liquids are often blanketed with inert gas. The quantity 

of inert gas required can be large due to the movements of the liquid surface. An 

economical system is the use of breather vacuum valves which admit inert gas only when 



the liquid level falls. Inert gas blanketing is also frequently provided in constant head tanks 

for flammable liquids. 

 

 

 

1.5 EXPLOSION PROTECTION 

Explosion protection and relief include the following aspects 

(1) Containment 

(2) Separation 

(3) Flame arresters 

(4) Automatic isolation 

(5) Automatic explosion suppression 

(6) Explosion venting of vessels 

(7) Explosion venting of pipes and ducts 

 

Containment 

In general, combustion may take the form of a deflagration or a detonation. Protection 

by containment of the explosion is a potential design option. The possible design methods 

include (1) design for full explosion pressure, (2) use of explosion suppression or relief, and 

(3) the use of blast walls, barricades and blast cubicles. 

Design for full explosion pressure i.e. to design the plant to withstand the maximum 

pressure generated by the explosion. Often, however, this is not an attractive solution 

except for single vessels and expensive also.  

An alternative and more widely used method is to prevent overpressure of the 

containment by the use of explosion suppression or relief. In this type a relief or venting 

system provided in vessel relieve the overpressure developed during explosion. 

In some cases the plant may be enclosed within a blast resistant cubicle. Total 

enclosure is normally practical for energy releases up to about 5 kgTNT equivalent. For 

greater energy releases a vented cubicle may be used, but tends to require an appreciable 

area of ground to avoid blast wave and missile effects. 

It is more difficult to design for a detonative explosion. A detonation generates much 

higher explosion pressures. Explosion suppression and relief methods are not normally 

effective against a detonation. Usually, the only safe policy is to seek to avoid this type of 

explosion. Direct initiation of detonation in ordinary flammable gas air mixtures is generally 

improbable. Avoidance of detonation depends mainly, therefore, on elimination of conditions 

under which transition from deflagration to detonation can occur in equipment such as 

pipelines. 

 

Separation 

Separation is a method of protection in relation to plant siting and layout where the 

facilities in a layout are separated with safe distances based on the hazards. 

 

Flame arresters 



In general, combustion may take the form of a deflagration or a detonation. A 

deflagration has a flame speed of 3 - 500 m/s and generates overpressures of 8 - 11 bar. A 

detonation has flame speeds of 500 - 2000 m/s and overpressures of 11 - 100 bar. Flame 

arresters are generally distinguished as (1) end-of line or (2) in-line arresters. 

An end-of-line arrester is designed to prevent the passage of a deflagration from the 

downstream to the upstream side. An in-line arrester should be able to stop either a 

deflagration or detonation passing in either direction.  

Although it is often assumed that detonation presents the more difficult duty, this is 

not necessarily so. Some detonations are overdriven (meaning the flame speed temporarily 

exceeds the sonic speed), and if this is a possibility the arrester needs to be able to handle 

this form of detonation. Definition of the nature of the flame with which an arrester may have 

to cope is difficult, so that in principle it may be necessary to allow for both deflagration and 

detonation, possibly including overdriven detonation. It should be appreciated that even if a 

flame arrester prevents the passage of the detonation flame, it does not stop the detonation 

shock wave 

 

Types of flame arrestors 

(1) Sheet metal arresters 

(a) Planar sheet metal arresters 

(b) Cylindrical sheet metal arresters (crimped ribbon arresters) 

(2) Perforated plate arresters 

(3) Perforated block arresters 

(4) Sintered arresters 

(5) Expanded metal arresters 

(6) Parallel plate arresters 

(7) Wire gauze arresters 

(8) wire pack arresters 

 

Sheet metal arresters are of two main types. The planar type consists of thin, planar 

sheets with grooves stacked in a block. The cylindrical type is constructed by winding a thin 

corrugated metal ribbon to form a cylindrical assembly. This type is also known as a 

crimped ribbon arrester. 

Crimped ribbon arresters are an important type of arrester can be manufactured to 

close tolerances, are robust enough to withstand mechanical and thermal shock and can be 

made to quench violent explosions. 

Wire gauze arresters have a lower free area; they also tend to be less effective and 

less robust. They have a limited ability to quench flame and are not suitable for violent 

explosions. A limited enhancement of arrester effectiveness can be obtained by using a 

number of wire gauze arresters in series as a combined pack.  

Perforated plate arresters have a lower free area than gauzes, but higher heat 

capacity and greater mechanical robustness than wire gauzes, but they are little more 

effective and again are not suitable for violent explosions. 



Perforated metal blocks can also be used as arresters. Sintered arresters again have 

a low free area and high flow resistance. Their main use is on flammable gas detectors and 

on welding equipment. 

Parallel, or stacked, plate arresters have a low free area and high flow resistance, but 

can be designed to quench violent explosions. They are used particularly on the exhausts of 

internal combustion engines. 

Wire pack arresters are made by compressing a pack of wire which has been knitted 

or assembled at random. This type of arrester tends not to have very reproducible 

characteristics. 

 

 
 

Automatic isolation 

In some systems, the passage of an explosion from one section to another may be 

prevented by automatic high speed isolation. A typical installation is illustrated in Figure 

given below where rapid detection and valve closure are necessary. 

 



The design of such a system requires information on the rate of pressure rise caused by the 

expected explosion. This information is also required for the design of automatic explosion 

suppression systems. From the data on the rate of pressure rise a suitable high speed 

detector can be chosen. The shutoff valve must also operate very quickly. Isolation protects 

only the section isolated and not the section in which the explosion occurs. The application 

of automatic high speed isolation appears to be fairly limited. 

 

Automatic explosion suppression 

A developing explosion may be detected and suppressed using an automatic high 

speed suppression system. Atypical explosion suppression system in a pipe is illustrated in 

Figure given below 

 
 

An explosion suppression system for a vessel, and the principles of operation of such 

a system, are shown in Figure given below. Again, very rapid detection and suppression are 

required. 



 
The basic data for the design of an explosion suppression system are given by the 

explosion pressure curve for the gas. A typical curve is shown in Figure  

 



Explosion relief and venting 

 

A quite different approach is to relieve the explosion by venting. Explosion venting is applied 

to (1) vessels, (2) pipes and ducts, (3) buildings, (4) large enclosures, (5) reactors and (6) 

storage vessels. If this option is adopted, it is necessary to consider not only the venting 

itself, but also the disposal of the material vented, which may not be a trivial problem 

 

Explosion Venting of Vessels 

One of the options for the protection of a vessel against a gas explosion is the use of 

explosion venting, also referred to as explosion relief. The deflagration of a flammable gas 

mixture in a closed vessel is important in itself and in relation to venting of the vessel. It is 

closely related to the combustion of a flammable dust mixture in a vessel. Quantification 

requires the measurement of flame speed and burning velocity. The two parameters of main 

interest in explosion in a closed vessel are the maximum pressure and the rate of pressure 

rise, particularly the maximum rate  

The maximum pressure and the rate of pressure rise in a closed vessel explosion are 

affected by a number of factors. 

(1) Vessel size and shape 

(2) Fuel 

(3) Fuel air ratio 

(4) Vessel fractional fill 

(5) Initial pressure 

(6) Initial temperature 

(7) Initial turbulence 

(8) Ignition source` 

 

A vented explosion passes through three phases: the initial confined explosion 

phase, the vent removal phase and the venting phase. The pressure time profiles obtained 

in venting experiments may exhibit as many as three peaks, although in many cases one or 

more of these peaks is absent or runs into another peak. 

 



The first peak occurs when the vent opens. The magnitude of this peak is a function 

of the vent opening pressure.  

The second peak is associated with an increase in the rate of combustion as the 

burned gas core grows. The magnitude of this peak is a function of two factors. One is the 

features which may give an enhanced combustion rate. These include shear turbulence and 

stretching of the flame towards the vent. The other factor is the flow resistance, which 

depends on the vent size and on any vent ducting. 

The third peak is associated with the venting of burned gas. When the burned gas 

starts to vent, the volumetric flow increases markedly, since the burned gas density is much 

less than that of the unburned gas. 

The first peak may be weak or absent if the vent is an open one. It tends to be large if the 

vent opening pressure or vent inertia is high. But if the vent area is small so that there is 

little vent outflow before the second peak arrives, the first peak merges into the second one. 

This may also occur if the vent opening pressure is sufficiently high.  

The second peak may be weak if the rate of combustion is slow or the vent area large. 

Conversely it is large if the rate of combustion is high and the vent area is small. In the 

former case the second peak may merge into the first one. 

 

  

 



 

Explosion Venting of Ducts and Pipes 

 In general, where combustion of a flammable gas mixture occurs in a duct or pipe, 

there is a possibility that if the duct is long enough the flame front will accelerate to the point 

where the deflagration turns into a detonation.  

If a flammable mixture is ignited in a vessel and then enters an attached pipe, the 

flame front at the point of entry is fully developed and turbulent. It propagates much more 

strongly than one arising from spark ignition in the pipe itself. A flame front travelling down a 

pipe tends to accelerate, with possible run-up to detonation. In addition, turbulence 

promoters such as bends and valves can cause sudden accelerations of the flame front. If a 

flame front travels down an inadequately vented pipe and then enters a vessel containing a 

flammable mixture, it does so as a jet flame which constitutes a massive ignition source, 

which can cause a violent explosion in the vessel. 

Effects of Explosions 

An explosion is a sudden and violent release of energy. The violence of the explosion 

depends on the rate at which energy is released. An explosion may give rise to the following 

effects  

(1) Blast damage 

(2) Thermal effects (Fire Ball) 

(3) Missile damage 

(4) Ground shock 

(5) Crater 

(6) Injury 

 

Not all these effects are given by every explosion. An aerial blast, for example, tends not to 

form a crater. Many of the data on the effects of explosions come, not surprisingly, from 



studies of military and industrial explosives, but an increasing amount of information is 

available from the investigation of process plant explosions. 

 

Blast damage 

One of the principal effects of an explosion is the creation of a shock wave or blast 

wave, and much of the energy of the explosion is expended on this. This blast wave 

generates overpressures which may injure people and damage equipment and buildings A 

description of blast effects must take into account both the nature of the blast wave and the 

damage caused by the blast to structures. 

 

Characteristics of blast wave 

An explosion in air is accompanied by a very rapid rise in pressure and by the 

formation of a shock wave. The shape of the pressure profile depends on the type of 

explosion involved. The initial shape differs for explosions of high explosives, nuclear 

weapons and flammable vapour clouds. 

The initial pressure profile for nuclear explosions is probably the most readily defined. 

The pressure at the edge of the fireball is approximately twice that at the centre and the 

shock wave travels outwards with the higher pressure parts moving at higher velocities. 

After it has travelled some distance the shock wave reaches a constant limiting velocity 

which is greater than the velocity of sound in the air, or in the unburnt gas in the case of a 

vapour cloud.  

The shock wave has a profile in which the pressure rises sharply to a peak value and 

then gradually tails off. As the shock wave travels outwards the peak pressure at the shock 

front falls. 

 

Missile damage 

 

Another principal effect of an explosion is the generation of missiles, and this takes 

up most of the energy not transmitted to the blast wave. A description of missile damage 

involves both the generation and flight of missiles and the damage caused by missiles to 

structures. 

Whenever an explosion occurs in a closed system, fragments of the containment 

may form missiles. In addition, objects may also be turned into missiles by the blast. A 

significant source of large missiles in process plant incidents is BLEVEs 

Primary fragments include those generated by the disintegration of the vessel. 

Secondary fragments include fragments from the crater and objects set in motion by the 

blast wave, not only objects travelling in a more or less horizontal direction. The blast wave 

may also cause translation of the human body, causing it to fly through the air or to tumble 

along the ground, and possibly to impact with some hard object. There may also be other 

effects. For example, in some large explosions of explosives in ships at docks, hot 

fragments have been ejected which then caused secondary fires.  

 

 

 



Thermal Effects 

 

The combustion process involved in a chemical explosion can give rise to intense 

local heat radiation, which may cause damage or injury. Information on the effects of 

thermal radiation in explosions, mostly derived from nuclear explosions 

  

Fire Balls 

An important significant fire hazard is that, from fireballs. Most treatments of fireballs 

relate to liquefied gas. Here a distinction needs to be made between a fireball resulting from 

the bursting of a pressure vessel and one resulting from the formation of a vapour cloud. In 

the first case the bursting may occur under fire conditions and be part of a BLEVE or it may 

occur in the absence of fire. Injury from the fireball occurs due to engulfment in the fireball 

or thermal radiation from it. 

A fireball is of relatively short duration, but it passes in its life cycle through several 

distinct stages 

Stage 1 involves the rapid mixing of the fuel with air and rapid combustion of the fuel 

and is dominated by the initial momentum of release. In Stage 2, the residual fuel is mixed 

with air already in the cloud or entrained into it and is burned; this stage is more affected by 

buoyancy and combustion effects and less by the initial energy. In Stage 3, with combustion 

essentially complete the fireball rises due to buoyancy, entraining further air and cooling; in 

this stage the size may be increasing or decreasing depending on the relative rates of air 

entrainment and of heat loss 

 

 

 
 

 

 



Ground shock 

In industrial explosions ground shock effects are usually small and less than those due to 

blast. For an explosion at or near the surface, damage by blast will extend to a much 

greater distance than damage by ground shock. 

 

Crater 

A condensed phase explosion tends to give rise to a crater. The factors which affect 

the crater produced by an explosion are the position of the charge relative to the ground 

surface, the nature of the ground and the type and quantity of explosive. A charge exploded 

at the ground surface gives a wider and shallower crater than one exploded just beneath the 

surface. The crater is larger in rock than in soft sand. In soft sand there is very little shock 

transmission; in rock, however, the initial shock propagates and produces cracks as the 

pressure wave passes. The expanding gases enter the cracks and accelerate the 

fragmented rock 

 

Injury 

The effects of an explosion on people include injury caused by (1) blast, (2) missiles, 

(3) thermal effects, and (4) toxic effects. 

The different types of explosion injury due to the above causes include The modes of 

explosion injury due to these causes includes  

(1) Eardrum ruptures 

(2) Lung haemorrhage 

(3) Whole body displacement injury 

(4) Missile injury 

(5) Burns 

(6) Toxic injury 

(6) Falling masonry  

(7) Asphyxiating dust 

 

There are also certain differences between the outdoor and indoor situations which 

modify the effect of some of these causes. Indoors the distances which the body can travel 

before impact are short and there are many more objects which can become missiles, 

including walls and windows. A large proportion of indoor casualties are due to the two 

causes specific to the indoor situation, falling masonry and asphyxiating dust, and a large 

proportion of the casualties are therefore in the two injury modes of crushing and 

asphyxiation.  

The shattering of window glass is an important blast damage effect, since flying glass 

can cause severe injury. 

 

 

 



Dust explosion 

Factors affecting 

➢ Combustible nature of the dust  

Like presence of combustible dust like iron , aluminium, magnesium, zinc and 

agricultural , chemical dusts, carbonaceous ,plastic dusts 

➢ Size of the particles 

As dust becomes finer, the contact between solid particles and air becomes intimate 

and easily combustible like highly flammable gas. Ease of ignition increases. Finer 

particles dispersed more easily and remain in suspension for a longer time  

➢ Concentration 

Only when concentration is within explosible range ignition occurs. A fine particle 

may ignite but unless other particles are close enough reaction can’t continue 

➢ Temperature 

Dust cloud at elevated high temperatures is more susceptible to ignition 

➢ Moisture presence 

Acts as coolant. Heat from a particle is absorbed for evaporation of water. This acts 

as an inert gas. 

Causes particles to cling together thereby forming larger masses- less tendency to 

ignite 

➢ Presence of inert solid particles 

Incombustible inhibits reaction. 

Principles and mechanism of dust explosion 

➢ Dust-combustible 

➢ Ignition sources 

➢ Dust in suspended form or in a state of cloud 

➢ Dust –have sufficient oxygen  

➢ Dust –concentration within explosible range 

➢ minimum ignition energy 

Combustible dusts 

Combustible dust is defined as a solid material composed of distinct particles or pieces, 

regardless of size, shape, or chemical composition, which presents a fire or deflagration 

hazard when suspended in air or some other oxidizing medium over a range of 

concentrations. 

Such as: 

Milk powder  apple  carrot beetroot corn cotton seed coffee dust linseed oat  

flour potato rice wheat sunflower seed  tea tobacco  coal 



 lignite cellulose zinc magnesium aluminium bronze melamine resin

 polymer vinyl chloride Ethylene polypropylene  Egg white Starch Rice 

 Sugar  wood flour. 
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Annexure 2. 

Paper 7 - Unit 2: INSTRUMENTATION FOR SAFE PLANT OPERA-
TION 
 

1. Work Permit Application, Adoption and Enforcement 

 
Definition of Safe Work Permit: 
 
A Safe Work Permit is a written record that authorizes specific work, at a specific location 
for a specific period of time. 
 
A Safe Work Permit is an agreement between the issuer and the receiver, which docu-
ments the conditions, preparations, precautions and limitations before work commences. 
 
A Safe Work Permit must identify: 
 

 The work to be done - a brief description of it. 
 

 The location where the work will be done - as specific as possible. 
 

 The hazards involved in the work - any toxic, corrosive, flammable materials in 
the work area. 

 

 The length of the work - date and time the work will commence and finish. 
 

 The precautions to be taken to do the work - equipment and/or procedures that must 
be worn/ followed; isolation, ventilation and testing requirements. 

 

 All hazards and precautions related to the work have to be determined before the 
work starts. 

A Safe Work Permit must also outline: 
 

 The date the permit was issued and the name of the issuer. 
 

 The date the permit was received and the name of the receiver. 
 

 All the steps to prepare the equipment, building or area to be worked on. 
 

 The emergency and rescue plan, if it is necessary. 
 

 The date and time when the permit was returned and name of the person who signed 
it off. 
 

Use of Safe Work Permits: 
 
Safe work permits should be used by: 
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 Any industry that has a significant risk because of a particular hazard.  
 

 Any organization that has its own maintenance program and personnel. 
 

 Any contractor who allows sub-contractors work to do maintenance or other hazard-
ous work. 
 

Organizations that have individual employees working in isolated areas. 
 
 
Safe Work Permits should be used in activities such as: 
 

 Maintenance 

 Work in confined spaces 

 Work in flammable or explosive atmospheres 

 Exposure to harmful substances 

 Work with high voltage 

 Excavations 

 Blasting 

 Use internal combustion engines in enclosed areas. 
 

Types of Safe Work Permits: 
 
The range of work activities and locations makes impossible for a single type of permit to 
suit all situations. For this reason, there are several different types of Safe Work Permits. 
  
Hot Work Permit: 
Used when heat or sparks are present due to the work activities. For example: welding, cut-
ting, grinding, etc. The heat or sparks can ignite flammable or explosive materials/vapours 
that may be present close to the work place. 
 
Cold Work Permit: 
Used in maintenance work that does not involve hot work. Cold work permits are issued 
when there is no reasonable source of ignition and all contact with harmful substances have 
been eliminated or appropriate precautions been taken. 
 
Confined Space Entry Permit: Used when entering confined spaces. 
 
Special Permits – used to cover special hazards, such as radioactive materials. 
 
Each one of the five types of permits described above provides a checklist for the person 
preparing the equipment, a list of the hazards involved in the activity and the precautions to 
be taken. 
 
Safe Work Permits are usually made out in three copies: 
  
One retained by the issuer, the second for the workers directly involved in the task and the 
third for the safety department.  
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The workers’ copy is returned to the issuer when the work is completed. 
 
A Safe Work Permit should be issued only by a competent person, who is completely 
familiar with the work and the work area.  
The issuer should review the place where the work will be performed prior to issuing the 
permit. 
 
Written instructions alone are often insufficient in the effective use of a permit. Prac-
tical training exercises for the people who issue and receive permits should be con-
sidered. 
 

 

PRECAUTIONS IN THE PROCESSES AND OPERATIONS INVOLVING 

 EXPLOSIVES OPERATIONAL EXPLOSIVES LIMITS: 

The quantity of explosives at an operating location shall be the minimum necessary to carry 
out an operation in a safe and efficient manner. 
 
In no case shall the quantity of explosives permitted in an operating building exceed the 
maximum permitted by the Quantity-Distance (QD) criteria. 
 
PERSONNEL LIMITS: 

The number of personnel at an operating location shall be the minimum consistent with safe 
and efficient operation. 
 
Personnel not needed for the hazardous operations will not be allowed in hazardous loca-
tions. 
 
Sufficient personnel shall be available to perform a hazardous operation safely and, in the 
event of accident, to obtain help and aid the injured. 
 
A system shall be established to control the presence of personnel within explosives oper-
ating areas. 
 
GENERAL: 

 Develop and maintain a safe attitude toward work with explosives. 

 Define and understand the potential hazards involved. 

 Teach correct skills for safe performance of the task. 

 Prepare personnel for unexpected hazardous conditions. 

 Ensure that personnel read and understand the appropriate operating procedures. 

 Information on physical and health hazards. 

 The purpose and proper use of engineering controls, work practice controls, and pro-
tective equipment. 

 Labeling systems and Material Safety Data Sheet (MSDS) terms. 
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 Detection methods for the presence or release of a hazardous material in the work 
area. 

Electrical power line  

Electrical service lines required to be in proximity ao an explosive operating facility sall no 
closer to that facility. 

 

 

FIRE PROTECTION: 

 Fire fighting procedures, training of fire personnel, use and maintenance of fire-
fighting equipment and vehicle, provision of water supply and alarm system, first aid 
measures required in fire fighting. 

 Automatic fire suppression systems shall be installed in all buildings containing high 
explosives with the exception of storage magazines. 

 Appropriate fire symbols shall be displayed on all facility buildings and storage site 
containg explosives, purotechnics, and similar hazardous materials. They will be dis-
played in such a manner as t make them easily vicible to approaching firefighting 
personnel from the maximum practicable distance. 

 A master list of all storage explosive sites and their locations fire symbols will be kept 
current and maintained by the local fire service and security office. 

Fire hydrant system: 
 

 Storage of water for fire fighting shall be in accordance with NFPA Standard 13. 
 

 Automatic sprinkler systems should be provided in accordance with NFPA 13 
 

 Deluge systems, in addition to sprinklers, should be provided for the protection of 
operating personnel in high hazard occupancies. 

 
VEGETATION CONTROL: 
 
Vegetation around storage magazines and explosives operating facilities should be con-
trolled to minimize potential damage to the facility from grass, brush, or forest fires, or from 
erosion. 
 
LIGHTNING PROTECTION: 
 
Lightning protection systems for facilities involved in the development, manufacturing, test-
ing, handling, storage, maintenance, and disposal of explosives, pyrotechnics, and propel-
lants. 
 
 
 
GROUNDING, BONDING AND SURGE PROTECTION: 
 
Grounding: 
 

Resistance of 25 ohms or less to ground for a lightning protection system is the de-
sired optimum. If 25 ohms resistance cannot be achieved with ground rods alone, a coun-
terpoise system is acceptable even if it is greater than 25 ohms. 
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Bonding: 
The bonding of metallic bodies is required to ensure that voltage potentials due to 

lightning are equal everywhere in the facility. The resistance of any metal object bonded to 
the lightning protection system shall not exceed 1 ohm to the grounding system. 
 
Surge Protection: 

A lightning protection system for structures housing sensitive materials such as initia-
tors, pyrotechnics, and igniters shall be designed for surge protection as well as lightning 
strokes interception. Consequently, one or more of the following shall be provided: 

 Surge arrestor. 

 Lightning arrestor 

 Surge protectors. 

 Surge suppressor. 

 Isolation transformers. 
 
BUILDING AND WALL STRUCTURE DESIGN: 
 
Building Exteriors: 
Exterior wall and roof coverings of buildings containing explosives should be constructed of 
noncombustible materials. 
 
Buildings must be without basements and not more than one story high, except where re-
quired by process requirements. 
 
Floors and Work Surfaces: 
 

 Floors and work surfaces in explosives facilities shall be constructed to facilitate 
cleaning and to preclude cracks or crevices in which explosives may lodge. 

 

 Facilities where the atmosphere is expected to contain combustible dusts, or flam-
mable vapors or gasses, shall not have ferrous metal surfaces coated with aluminum 
paint due to potential sparking hazard. 
 

 Floors, Floor Coverings, and floor treatment should be noncombustible expect that 
vinyl, ethylene acetate, and similar floor coverings are acceptable where special 
characteristics such as conductivity are required.  

Interior walls ,roofs and ceilings 
 

Interior surface finishes of explosive operating buildings shpuls be smooth, fire re-
tardant material, free from cracks and crevices, and have joints taped or sealed. If painted 
thesshould be covered with a hard gloss paint to facilitate cleaning and to minimize the im-
pregnation of finished wall and ceiling material with explosives. 
 
 
Emergency exits and fire escapes 
 
 Exits shall remain unlocked while personnel are in the facility and shall not be fas-
tened with locks other than anti-panic catches or other quick releasing device. 
 All interior doors should open in the direction of exit through the buildings and shall 
open upon unobstructed passageways. 
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STATIC ELECTRICITY: 

 Personnel entering operation in an electrostatic discharge (ESD), sensitive area shall 
check all personnel grounding devices for proper resistance by a calibrated ohm me-
ter on a daily basis prior beginning the operations. 

 The resistance of leg stats and conductive shoes should measure between weater 
and facility ground 2500 ohms and 1 megohm. 

  Wriststats resistance should measure between wearer and wristat ground slip 
25000 ohms and 1 megohm. A retest shall be made if the ground device is remove. 

 Conductive floors and footwear are not required throughout an entire building. Bay or 
room if the hazard remains localized. Conductive mats or runners may be where re-
quired.  

 
 
 
EQUIPMENT GROUNDING/BONDING: 
 
The use of appropriate bonding and grounding practices is the first line of defense against 
ignition of an energetic material by static electricity. The generation of static electricity can-
not be totally prevented, because its intrinsic origins are present at every interface. 
 
In terms of the results to be achieved, bonding is necessary for: 
 
(1) Protection of equipment and personnel from the hazards of lightning discharges. 

(2) Establishment of fault current return paths. 

(3) Protection of personnel from shock hazards arising from accidental power grounds. 

(4) Prevention of static charge accumulation. 

 
HOUSEKEEPING: 

 Structures containing explosives shall be kept clean and orderly.  
A regular program of cleaning shall be carried on as frequently as local conditions require 
for maintaining safe conditions. 

 General cleaning shall not be conducted while hazardous operations are being per-
formed. Explosives should be from the area prior to general cleaning operations. 

 
SMOKING: 

Smoking shall be prohibited in, on, or within 50 feet of any motor vehicle, trailer, rail car, or 
material handling equipment loaded with explosives or similar hazardous material items. 
 
PERSONAL PROTECTION CLOTHING AND EQUIPMENT 

Clothing  

Explosives coveralls commonly referred to as powder uniforms must meet the following re-
quirements 

 Fasteners shall be nonmetallic fasteners. 

 Coveralls shall be removable. 

 Pockets should be of the lattice type  

 Trouser legs, stacks and sleeves should be tapered 

 There shall be no cuffs on legs or sleeves 

 Coveralls should extend over shoes /boots 
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 The waist and neck should be fitted snugly to prevent ingress of powder dust, but not 
so tight as to cause skin irritation or dermatitis 

 Garments should be made from tightly woven, smooth fabric 

Eye Protection: 
Suitable devices must be worn by all personnel when working or visiting in eye hazard are-
as including aisles and hallways. 
 
Hearing Protection: 
All personnel exposed to noise hazards, either intermittently or when assigned to a noise 
hazard area, must wear hearing protection.  
 
 
Respiratory Protective Devices: 
Persons employed in dusty or toxic atmospheres where adequate ventilation or engineering 
controls are not feasible shall be provided with and required to wear respiratory protective 
devices approved by NIOSH for the particular hazard present. 
 
Sweatbands: 
Operators shall wear sweatbands when necessary to avoid perspiration falling on material 
such as finely divided magnesium or aluminum, which may be ignited by moisture. 
 
Head Protection: 
Face shields shall be provided for personnel exposed to flying sparks, shavings, splashing 
liquids, or similar hazards. Safety helmets or hard hats shall be worn when there is expo-
sure to falling objects. 
 
Footwear: 

 Personnel who work upon conductive flooring conductive mats or conductive runners 
where explosive or flammable vapors are present must wear non –spaking conduc-
tive footwesr meeting requirements of standards. 

 Visitng personnel who enter these areas and who walk on conductive flooring mate-
rials must also wear non sparking conductive footwear.  

HAND TOOL SAFETY 
 
Only non-sparking tools will be used in locations where sparks may cause a fire or explo-
sion, e.g., for work in locations that contain exposed explosives or hazardous concentra-
tions of flammable dusts, gases, or vapors. 
Hot work permits 

A written permit s required for temporary use of heat producing equipment (e.g. 
welders , torches, soldering, heat guns, etc) in the vicinity of operations involving explo-
sives, flammable, or critical materials. 
 
Fencing and placarding restricted areas 
 Fencing required for security or other purposes should not be placed closer to mag-
azines than magazines distance nor closer to explosive operating buildings than interline 
distance. 

Parking of privately owned vehicles 

 Parking of private owned vehicles shall be controlled to minimize fire and explosion 
hazards and prevent congestion in the event of emergency. Automobiles shall be parked in 
designated areas outside of restricted areas. They should not be parked close enough to a 



 

8 
 

buildings to either enable spread of fire from an automobile to the building or hinder access 
by fire fighters. 

Explosive recovery and reuse  

 All loose explosive recovered from sweeping floors of operating facilities shall be de-
stroyed. Explosives that are recovered from breakdown and cleaup operation shall be thor-
oughly inspected by operating supervisors and reused ,screened , reprocessed or de-
stroyed as the situation warrants. Explosives contaminated with dirt dust grit or metallic ob-
jects will be reprocessed to remove foreign matter before use.  

 

Precautions In The Processes And Operations Involving Flammable Dust 

 

The following precautions are commonly applied to plant for storage and handling of  
Flammable dust: 

 Locate plant in the open air or in a lightweight building so that the roof and wall clad-
ding panels can act as explosion relief. On older brick/stone built premises, provide 
the maximum area of explosion relief which is reasonably practicable. 

 

 Enclose plant and equipment to prevent escape and accumulation of dust in the 
building. 

 

 Maintain scrupulous cleanliness including, normally, a centralised piped vacuum 
cleaning system. 

 

 Maintain slight negative pressure on storage vessels such as bins and silos. 
 

 Provide adequate arrangements for separating powder from its transporting air when 
pneumatic conveyor systems are used. 

 

 Fit silos or bins with explosion relief. 
 

 Equip dust collecting silos with explosion relief and a rotary valve at the base to act 
as an explosion choke. If the explosion relief is located above the vortex finder it is 
essential that the strength of the vortex finder (‘thimble’) is adequate to withstand an 
explosion within the cyclone without collapsing. If it collapses, the explosion relief 
would be useless.  

 

 Preferably, fit bucket elevators with underspeed switches and alignment monitors.  
 

 Use an effective permit-to-work system to control hot work, welding etc. law method. 
This allows more careful tailoring of vent. 

 

 Equip all explosion reliefs with index switches to close down the plant in the event of 
explosion relief being activated to prevent the onward transmission of burning mate-
rial. 

 

 To prevent arcing from static electricity all metalwork of powder handling systems, 
including delivery tankers, should be electrically bonded and earthed. The resistance 
to earth should not exceed 10 ohms. 
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 To prevent arcing from static electricity all metalwork of powder handling systems, 
including delivery tankers, As a general rule explosion reliefs should be ducted di-
rectly to open air by means of a strong straight duct  not much longer than 3 m.  

 
 
 

VAPOUR CLOUD FORMATION AND COMBATING 
 

 
The release of a flammable gas into the atmosphere with ignition of the mixture may lead to 
a fireball and pressure wave. This is known as a vapour cloud explosion (VCE). If this 
takes place away from buildings, plant, etc. it may be an unconfined vapour cloud explo-
sion (UVCE).  
 
A vapour cloud explosion is one of the most serious hazards in the process industries be-
cause a vapour cloud may drift some distance from the point where the leak has occurred 
before exploding; it may thus threaten areas lying far away from the source of the vapour 
cloud. 
 
Researchers have developed numerous models such as the TNT and TNO models to cal-
culate the peak overpressure from the explosion hazard. The TNT equivalent model is the 
simplest model and is used to estimate the consequences of vapour cloud explosion haz-
ards. 
 
 A flash fire occurs when a vapour cloud, formed from a leak, is ignited without any signifi-
cant overpressure. The major hazard of flash fires is the heat effect from thermal radiation 
affecting objects in the nearby vicinity of the flash fire or in the path of the flash fire whether 
on land or water. 
 
A jet fire occurs when the flammable gas emitting from a pipe or equipment is ignited and 
burns on the orifice. 
  
A fireball occurs when there is a release of some considerable violence and when vigorous 
mixing and rapid ignition take place. The fire is burning with sufficient rapidity as to cause 
the burning mass to rise into the air as a cloud or ball.  
 
Leakage of flammable material, mixing of material with air, formation of flammable vapour 
cloud to a source of ignition, leading to a fire or an explosion affecting the site and possibly 
a populated area. 

Leakage of toxic material, formation of a toxic vapour cloud and drifting the cloud, affecting 
directly the site and possibly populated area. 

 

Depending upon the state of released chemical, cause and on its consequences, the major 
hazards in chemical process industry are classified as: 

 Fire 

 Explosion  

 Toxic release 
 
 
 



 

10 
 

RUNAWAY REACTIONS 

In the chemical process industry, raw materials are converted into commercial products. 
Exothermic chemical reactions can lead to a thermal runaway if the heat generation rate 
exceeds the heat removal rate. The runaway itself is characterised by an exponential in-
crease in the rate of heat generation, temperature and pressure. Pressure build-up during 
the runaway is caused by an increasing vapour pressure of liquid components and by the 
production of non-condensable gases. A runaway reaction may lead to severely damaged 
equipment or even a physical explosion if pressure build-up inside the reactor exceeds the 
design pressure. 

A runaways reaction occurs when the reaction temperature continues to rise even after full 
coolings is applied to the reactor. This can occur for exothermic reactions which produce 
heat that makes the reaction go faster with more and more heat produced. Without suffi-
cient cooling the reaction goes out of control. 

Causes of runaway reactions  
    

 Loss of cooling  

 Loss of agitation  

 Change in fed composition  

 Excess concentration of catalyst  

 Loss of  reaction retarding chemicals. 

 Failure of stirrer, accumulation of reactants, loss of solvent in reflux systems, fire 
etc.. 

 Presence of contaminants like moisture in some cases. 
 

Actions to be taken to control a runaway reaction include 
 

 Shutting down the reactor (killing or inactivating) 

 Reducing catalyst flow to the reactor if the catalyst is injected into the reactor  

 Deliberately poisoning (killing or inactivating) the catalyst already in the reactor  

 Reducing the flow of one reactant in order to reduce the reaction rate 

 Increasing the floe the reactant to dilute the reaction 

 Shutting off the heat supply to the reactor  

 Cooling the reactor exterior  
   

Precautions and Preventions: 

1. Modify processes to improve inherent safety: 
 

Consider inherently safer processes to reduce reliance on administrative controls. 
 

2. Minimize the potential for human error: 
Anticipate possible human errors and carefully evaluate scenarios where an error 
could have catastrophic results. Implement various protective measures, such as 
temperature control, instrumentation, and interlocks to eliminate opportunities for 
human error, especially in critical manual operations. 
 

3. Understand events that may lead to an overpressure and eventually to vessel 
rupture: 
Ensure that all chemical and process hazards and consequences are understood, 
evaluated, and appropriately addressed. Examine scenarios that include the failure 
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of engineering and/or administrative controls. Evaluating these hazards may require 
detailed process hazard assessments.  
 

4. Use lessons learned: 
Learn from near misses and similar incidents and foster an environment where any 
deviation, no matter how small, is raised and addressed. Identify root causes and 
recommend changes to prevent recurrence 
 

5. Evaluate SOPs: 
SOP’s should include critical operating parameters and why they are important. Each 
numbered step in the SOP should include only one action. Evaluate SOP’s and mod-
ify when necessary to minimize the likelihood of an undetected human error. Super-
visors should audit SOPs regularly, including the direct observation of employees 
and conducting employee interviews to ensure the SOPs are fully understood. This 
information will help supervisors identify deviations from SOP’s and will help supervi-
sors recommend and ensure revision of SOPs. 
 

6. Evaluate employee training and oversight: 
Ensure that operators are adequately trained and supervised before assignment to 
critical manual operations. Be aware that a limitation of on-the-job training is that 
trainees are prepared to handle only a limited number of problems, primarily those 
encountered before. To offset this limitation, trainees should work alongside an ex-
perienced operator and be supervised when using new procedures.  

7. Evaluate measures to inhibit a runaway reaction: 
A runaway reaction, if caught early, can sometimes be halted by adding chemicals to 
cancel the effect of the catalyst. Common measures include neutralization, quench-
ing with water or other diluents. 
 

8. Evaluate the effectiveness of the emergency relief system: 
Proper vent sizing for potential runaway exothermic reactions is complex and re-
quires data on the heat and pressure generation that may occur during a runaway.  
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DOW INDEX 
 
There is a number of hazard indices which have been developed for various purposes.  The 
most widely used hazard index is almost certainly the DOW chemical Company’s Fire & 
Explosion Index , the DOW Index .   This index is described in the Fire and Explosion Index, 
Hazard classification guide by DOW Chemical company 1976.  The original purpose  of the 
DOW fire &Explosion Index , was to serve as a guide to the selection of fire protection Sys-
tem. 
 
In  addition it contains,  an evaluation of maximum  Probable Property Damage (MPPI) 
which is determined from  the Fire & Explosion Index (F&EI).  It also introduces a Toxicity 
Index (TI) ,  Which  is determined separately. 
 
The guide is intended to apply only to process conditions and not to auxiliary units such as 
fired heaters, Power generating  Plants, Plant water systems, Control rooms and Office 
buildings.     But it can be applied to bench –scale laboratories and pilot plant. 
 
F&EI is determined for several unit of processes.  The guide states “A unit is defined as a 
part of a plant that can be readily and locally characterised as a separate entity.  Generally 
a unit consist of a segment of overall process.  In some instances, it may contain a portion 
of plant that is separated from the remainder by a distance or by fire and/or barrier walls.  In 
other words, it may be an area where hazard exists.    
 
F and EI is a number which indicates the Fire and / or explosion Index of a particular unit. 
 
In evaluating the tank farms the storage of individual item should be treated separately.  In 
evaluating plants handling combustible dusts the division of the plant into units demands 
special care. 

 

The factors which are used in calculating this index are (1) Material factor (2) General Pro-
cess Hazard (3) Special Process Hazard. 
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The procedure for calculating Fire &Explosion index is shown below:  
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Material factor is the measure of the energy potential of the most hazardous material or 
mixture of materials present in the unit in sufficient quantity actually to present the hazard.  
The MF is a number in the range 1 to 40 and is determined using only two properties, the 
flammability & reactivity.  For substances for which there is an NEPA fire rating Nf and reac-
tivity rating Nr, the MF is obtained from these as follows: 
 

Nr 
Nf 

Material Factor 

0 1 2 3 4 

0 0 14 24 29 40 

1 4 14 24 29 40 

2 10 14 24 29 40 

3 16 16 24 29 40 

4 21 21 24 29 40 

 
For substances for which there is no NEPA classification, the following method is applied.  
For Flammability rating use is made of the flash point of the factor HCV.  This latter factor is 

calculated by multiplying the heat f combustion (4cal/mol) by vapour pressure at 80F (atm), 

taking a vapour pressure of 1.0 for materials boiling below 80F.   

 

For reactivity rating use is made of decomposition temperature to which is computed from 
chemical structure thermal data.  The relations applied are:  
 

Flash point F HCV Nf Td (K) Nr 

None < 10 0 <830 0 

>200 10 – 0.6 1 830 - 935 1 

100 - 200 0.5 - 10 2 935 - 1010 2 

0 - 100 10 - 150 3 1010 - 1080 3 

<0 >150 4 >1080 4 

 
The MF is for dusts is determined by a separate method.  The approach is based on the 
explosive severity of dust as determined by vacuum of mines method. This explosive sever-
ity is the product of maximum pressure and maximum rate of pressure rise in the test.  
The General Process Hazard GPH and Special Process Hazard SPH are taken into ac-
count as penalties which are applied to the material factor: 
F&EI = MF x { 100 + GPH } x { 100 + SPH } 
  { 100     }   {  100    } 
The Toxicity Index is calculated for the purpose of evaluating the process exposure level for 
toxic hazard. 
 
It is defined as TI =  Th (P + S)  
           100 (100) 
 
Where the Th is the factor for the most hazardous material in the Process that is present in 
an appreciable quantity with lowest threshold limit value (TLV); P the total GPH penalties 
used and S the total SPH penalties used.  The Th factor is obtained from the NEPA health 
rating Nn as follows: 
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Nn         Th 

 
0 0 
1 50 
2 125 
3 250 
4 325 
 

In some cases the TLC of a material is not consistent with Nh rating and where this is so 
the following guide is used to calculate Th factor.  

 
      Added to Th factor 
 
TLV – TLV 550 ppm    125 
5 ppm < TLV 550 ppm    75 
500 ppm < TLV< 100 ppm   50 

 
F & EI values computed using the above methods are classified as under: 
 
                                 F & EI   Degree of hazard 
   1 – 50    Light 
   51 – 81   Moderate 
   82 – 107   Intermediate 
   108 – 133   Heavy 
   134 up   Severe 
 
The object of F & EI is to provide guidance in degree of fire protection required.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


