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UNIT 1 ANATOMY OF FIRE AND CASE STUDIES 
Anatomy of Fire: Fire properties of solid, liquid and gases - fire spread - toxicity of products of 
combustion - theory of combustion and explosion – vapour clouds – flash fire – jet fires – pool 
fires – unconfined vapour cloud explosion, shock waves - auto-ignition – boiling liquid 
expanding vapour explosion. 
 
Case Studies: Flixborough, Mexico disaster, Pasadena, Texas, Piper Alpha, Peterborough and 
Bombay Victoria dockship Explosions. 
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Anatomy of Fire : 

 
Fire properties of solid, liquid and gases: 
 
Fire is not a solid, liquid, or gas; it is a self-sustaining chemical reaction (combustion) -emits 
heat and light. The visible flame consists of glowing soot particles and excited, superheated 
gases, often existing partially as plasma. 
 
Solid Fuels State of Matter:  
Wood, paper, coal, and plastics are solids which  have a definite shape and a fixed volume. 
Solids do not burn directly. Heat breaks them down into volatile gases in a process called 
pyrolysis.Pyrolysis is a chemical decomposition process that breaks down the solid structure into 
flammable gases and volatile vapors. These gases then mix with atmospheric oxygen to ignite 
and support a flame. 
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Liquid Fuels State of Matter:  
Gasoline, alcohol, and oil are liquids which have a definite volume but take the shape of their 
container. Liquids do not burn in their liquid phase. Instead, they must evaporate or volatilize. 
When a liquid reaches or exceeds its Flash Point, it releases sufficient vapour to form a 
flammable mixture above its surface. The ignition of this vapour-air mixture creates the visible 
flame. The lowest temperature at which this occurs at is known as the flash point. High-energy 
flames consume the vapours while the liquid continues to evaporate beneath them. 

 
Gaseous Fuels State of Matter:  
Gases are already in the molecular state required for combustion. They require the lowest 
activation or ignition energy compared to solids and liquids. If a flammable gas mixes with 
oxygen within its specific explosive limits, ignition occurs almost instantly. Propane, natural gas, 
and methane are gaseous fuels that have no definite shape or volume.  
 
Because they are already in a gaseous state, they require no transition phase (like solids and 
liquids) before igniting. Gaseous fuels easily mix with oxygen and burn with the highest 
efficiency, often producing the cleanest and hottest blue flames with fewer soot particles. 
 

 
FIRE Definition 
           
Fire is an associated series of chemical reactions, which releases the energy stored in fuel such as 
heat and light (flame). Fire is a rapid oxidation process and chemical reaction resulting in the 
evolution of light and heat in varying intensities. 
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Combustion: The gaseous vapors mix with oxygen and ignite to produce a flame. Solid ash and 
glowing char (soot) remain behind. 

 
 
Fire Triangle:  A model that describes three components necessary for ignition: fuel, heat and 
oxygen. 
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Fire Tetrahedron: A model that describes four components necessary for continued combustion: 
fuel, heat, oxygen and an uninterrupted chemical chain reaction. 

 
Fire Spread: Fire spread is the physical process by which a fire expands, advances, or extends 
from its original point of ignition to new combustible materials. It involves the transfer of 
thermal energy (heat) from flames and burning gases to unignited fuel.Fire spreads through four 
primary mechanisms: conduction, convection, radiation, and direct burning. 

 
Conduction: Heat transfers directly through solid materials as vibrating molecules pass thermal 
energy to neighbouring molecules. While slow, conduction allows a fire to travel through 
metallic structural elements like steel beams, pipes, and metal fasteners to ignite materials on the 
opposite side of a wall or floor without the flame itself ever crossing. 
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Convection: This is the most common and dangerous driver of indoor fire propagation. As air 
and smoke are heated, they become less dense and rise, creating powerful convection currents. 
These currents carry hot gases and superheated air upward through stairwells, elevator shafts, 
and ventilation systems, rapidly trapping heat against ceilings and spreading the fire horizontally. 
 

 
Radiation: Heat travels through space via invisible electromagnetic infrared waves without 
needing a physical medium or direct flame contact. High-intensity radiant heat can pass through 
glass windows and ignite combustible materials up to 30 feet away, facilitating rapid fire 
transmission between adjacent buildings. 

 
Direct Burning: This is the literal advancement of the physical flame front across a continuous 
surface of combustible material. Flame fronts typically advance anywhere from 3 to 30 feet per 
minute, directly consuming fuel as they move. 
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Toxicity of Products of Combustion: The toxicity of combustion products constitutes the primary 
cause of death and incapacitation in fires, outnumbering fatalities from direct thermal burns.  
 
When carbon-based materials burn, they release a highly complex effluent mixture of asphyxiant 
gases(CO, CO2), irritant chemicals(HCl, Formaldehyde, Ammonia) and complex molecules( 
particulate matter).  
 
The specific severity of this toxic mixture is driven heavily by the type of material burned and 
the combustion conditions (such as temperature and oxygen availability). 
 
Carbon Monoxide (CO): Produced by incomplete combustion. It binds to human haemoglobin 
with an affinity roughly 200 times greater than oxygen, forming carboxyhemoglobin, which 
induces cellular asphyxiation. 
 
Hydrogen Cyanide (HCN): Released when nitrogen-containing synthetic plastics, polyurethane 
foams, or acrylics burn. It paralyses cellular respiration processes. 
 
Theory of Combustion and Explosion: 
The theory of combustion and explosion centres on the rapid chemical reaction between a fuel 
and an oxidant that releases heat and light.While combustion is typically a self-sustaining 
exothermic reaction that propagates at subsonic speeds, an explosion occurs when energy is 
released so rapidly within a confined space that it generates a destructive pressure wave.The 
fundamental framework of this science is governed by chemical kinetics, thermodynamics, and 
fluid dynamics. 
 
Combustion is a high-temperature, exothermic (heat-releasing) redox reaction. For it to occur 
and sustain itself, it relies on the Fire Tetrahedron: fuel, oxidizer, heat, and an uninhibited 
chemical chain reaction. 
 
Key Mechanisms 
Activation Energy: Reactions don't start spontaneously. A specific threshold of energy (heat) is 
required to break chemical bonds in the fuel so they can reform with the oxidizer. 
Mass and Heat Diffusion: Once ignited, the heat generated must feed back into the unburned fuel 
to vaporize it and continue the cycle, while oxygen diffuses into the reaction zone. 
 
The Theory of Explosion 
 
An explosion is a rapid, violent release of energy that creates a sudden, destructive pressure wave 
(shockwave). It is essentially combustion happening at an extreme, accelerated pace, usually 
because the fuel and oxidiser are perfectly premixed or the reaction is tightly confined. 
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Vapour Cloud: A vapour cloud is a localised accumulation of evaporated gas, mist, or volatile 
liquid droplets suspended in the air. In industrial safety, the term most often refers to accidental 
releases of flammable or toxic chemicals.If mixed with air and ignited, these clouds can cause 
devastating explosions (VCEs). 
 
Vapour Cloud as Industrial Hazard: Large, accidental releases of hydrocarbons, such as 
Liquefied Petroleum Gas (LPG), from pipelines or storage tanks. If the vapour drifts into a 
congested area and catches fire, it can trigger a massive unconfined vapour cloud explosion. 
 
 

 
Flash Fire: If a vapor cloud encounters an ignition source while floating in an unconfined area, it 
burns rapidly. The flame front sweeps through the cloud with high velocity but does not produce 
a significant overpressure wave or damaging blast blast-force. 
 
Jet Fire: Occurs when a pressurized combustible gas or liquid escapes rapidly from a narrow 
orifice, pipe split, or hole and ignites immediately. It produces a stable, highly directional, 
torch-like flame with high kinetic energy capable of cutting through structural steel. 
 
Pool Fire: Occurs when a spilled flammable liquid forms a horizontal pool on the ground or 
within a containment dike and is ignited. It burns as a relatively low-velocity diffusion flame 
governed by the surface area of the pool. 
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Unconfined Vapour Cloud Explosion (UVCE): An Unconfined Vapor Cloud Explosion (UVCE) 
is one of the most destructive phenomena in industrial process safety. It occurs when a large 
quantity of flammable vapor or gas is suddenly released into the atmosphere, mixes with the 
ambient air to form a combustible cloud, and is subsequently ignited in an unconfined or 
partially unconfined area.The destructive force of a UVCE is caused by cloud and the turbulence 
that accelerates the flame front. 
 
The UVCE  follows this sequence: 

●​ Release: A catastrophic failure in pipelines, storage tanks, or processing units causes a 
major release of liquefied hydrocarbons (e.g., propane, methane, butane). 

●​ Dispersion: The leaked substance forms a dense, often invisible, vapor cloud that drifts 
and spreads across the surrounding area. 

●​ Accumulation: The cloud seeks out an ignition source (such as static electricity, an open 
flame, or a hot engine) 

●​ .Ignition: When the vapor-air mixture catches fire, the flame accelerates, transitioning 
into a blast wave that generates severe overpressure and widespread destruction. 
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UVCE Prevention and Mitigation 
●​ Detection & Shut-off: Installing automated gas and vapor detection systems linked to 

emergency shutdown valves to immediately stop leaks. 
●​ Ventilation & Containment: Using ventilation in semi-enclosed areas and building  to 

safely burn off excess gases. 
●​ Ignition Source Control: Ensuring all electrical equipment in classified hazardous zones 

is explosion-proof or intrinsically safe. 

 
 
Shock Waves: Shock waves are intense, supersonic pressure disturbances typically generated by 
explosions. They are utilised as a secondary fire suppression method to extinguish volatile, 
unapproachable fires. Shock waves only emerge when a fire transitions into a detonation, which 
is a rapid, supersonic form of combustion driven by an explosion. 
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Shock Waves in Detonations vs. Deflagrations: The presence and behaviour of a shock wave 
define the severity of an explosion. 
 
In Deflagrations: The chemical reaction front is subsonic at low speeds; it does not form a true 
supersonic shock wave. 
 
In Detonations: A powerful shock wave travels faster at supersonic speeds, compressing the 
unburned explosive mixture and instantly heating it to its auto-ignition temperature.  
 
A shock wave extinguishes a fire by displacing the oxygen. It also breaks the Fire Tetrahedron 
by destabilising the boundary between fuel and heat. 
 
Auto Ignition: Auto-ignition, also known as spontaneous combustion, is the minimum 
temperature at which a substance spontaneously ignites in a normal atmosphere without any 
external source of ignition, such as a flame or spark. It is a fundamental concept in fire dynamics 
where heat alone initiates combustion. The Auto-Ignition Temperature (AIT) is the lowest 
temperature at which a material will spontaneously ignite in a normal atmosphere without an 
external ignition source like external spark or flame. 
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Boiling Liquid Expanding Vapour Explosion (BLEVE):A Boiling Liquid Expanding Vapour 
Explosion (BLEVE) is a violent, catastrophic explosion caused by the rupture of a vessel 
containing a pressurised liquid that has been heated well above its boiling point. The vessel is 
subjected to intense external fire exposure.  
 
The liquid absorbs heat, increasing internal pressure, while the metal walls in contact with the 
vapour space overheat and lose structural integrity. The vessel splits catastrophically. The instant 
pressure drop causes the superheated liquid to flash violently into expanding gas, which ignites 
into a colossal thermal fireball accompanied by blast waves and fragmentation missiles. 
 
 When the container fails, the sudden pressure drop causes the liquid to instantly flash into 
rapidly expanding vapor. Understanding the mechanics and dangers of a BLEVE is vital for 
industrial safety and emergency response. 

 
 
 
BLEVE is a potentially hazardous event that can occur when a vessel containing a pressurized 
liquid is ruptured, leading to the rapid release of the liquid and the formation of a vapor cloud. 
If the vapor cloud ignites, it can result in a violent explosion. BLEVEs are a concern in industries 
that handle pressurized liquids, such as the storage and transportation of liquefied petroleum gas 
(LPG) or other hazardous materials. 
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Case Studies:  
 
Flixborough disaster:The Flixborough disaster (June 1, 1974) is a seminal case study in chemical 
engineering and process safety management (PSM). It stands as a textbook example of what 
happens when engineering modifications are rushed without proper calculation, hazard 
evaluation, or Management of Change (MOC) procedures. 
 
The incident resulted in an Unconfined Vapor Cloud Explosion (UVCE) that killed 28 people, 
injured 36 others, and completely destroyed the Nypro chemical plant in Flixborough, England. 

 
The Background and the Process 
 
The plant produced caprolactam, a chemical precursor used to make nylon. The process involved 
a train of six interconnected reactors where liquid cyclohexane was oxidized into cyclohexanone 
and cyclohexanol by injecting compressed air. 
 
Operating Conditions: The reactors operated at a high pressure of 8.8 bar (about 127 psi) and a 
temperature of 155°C (311°F).Crucial Property: At this temperature, the liquid cyclohexane was 
heavily superheated—meaning its temperature was well above its atmospheric boiling point (. If 
exposed to the open air, it would flash instantly into vapor. 
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The Chain of Errors:  
The "Bypass" Pipe Two months before the disaster, a vertical crack was discovered in Reactor 
No. 5, leaking cyclohexane. To keep the plant running while Reactor 5 was removed for repairs, 
engineers decided to bridge the gap by connecting Reactor No. 4 directly to Reactor No. 6. 
Because the plant lacked a formal Works Engineer at the time, the task fell to mechanical 
engineers who, while capable, were not specialists in chemical process design. They fabricated a 
temporary dog-leg (flexible, bent) bypass pipe to link the reactors. 
 

 

Fatal Design Flaws: 

●​ Mismatched Sizes: The reactor nozzles were 28 inches in diameter, but the only pipe 
available at the plant was 20 inches in diameter. 

●​ Bellows Stress: The reactors were joined together by flexible expansion bellows. The 
20-inch temporary pipe was inserted into these 28-inch openings and supported by 
temporary scaffolding. 

●​ Lack of Engineering Calculations: No formal design calculations or stress analyses were 
performed to see if the dog-leg shape could handle the high-pressure fluid dynamics. No 
drawings were made, and no pressure testing was executed before restarting the system. 

The Explosion (UVCE) 

On June 1, 1974, following a system restart, the internal pressure fluctuated normally but placed 
severe twisting (torsional) stress on the uncalculated dog-leg pipe. 
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1.​ Structural Failure: The temporary bypass pipe buckled and tore away completely from 
the expansion bellows. 

2.​ Massive Release: A massive jet of superheated liquid cyclohexane erupted from the 
28-inch reactor openings. Within less than a minute, roughly 30 to 50 tons of 
cyclohexane escaped, instantly flashing into a massive vapor cloud spanning hundreds of 
meters. 

3.​ Ignition: The cloud drifted toward a nearby hydrogen plant furnace. The furnace acted as 
an ignition source, sparking a massive Unconfined Vapor Cloud Explosion. 

The blast was estimated to be equivalent to 15 to 45 tons of TNT, leveling the site and damaging 
over 1,800 buildings in the surrounding communities. The main office block collapsed, killing all 
the control room operators inside. The loss of life would have been significantly higher had the 
accident not occurred on a Saturday afternoon. 

Key Takeaways and Lessons Learned 

The official Court of Inquiry highlighted that the disaster was entirely preventable. It 
revolutionized how industrial safety is managed globally, giving rise to modern safety 
regulations: 

●​ Management of Change (MOC): Flixborough proved that any temporary or permanent 
change to a process must undergo a rigid, formal engineering review. You cannot simply 
swap a pipe size or reroute a flow without re-calculating the physics of the entire system. 

●​ The Need for Proper Expertise: The inquiry emphasized that critical engineering 
decisions must be checked and signed off by qualified professionals with specific domain 
expertise. 

●​ Control Room Placement: The control room was completely obliterated because it was 
located too close to the hazardous process units and lacked blast-resistant engineering. 
Modern plants now build heavily reinforced or remotely located control centers. 

●​ Inherently Safer Design: The disaster popularized the concept of "inherently safer design" 
(pioneered by safety expert Trevor Kletz), which teaches that it is better to reduce the 
inventory of hazardous materials on-site rather than relying on complex safety systems to 
manage a massive hazard. 
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Mexico Disaster 
The "Mexico disaster" often refers to the San Juanico (San Juan Ixhuatepec) disaster of 1984. 
 
PEMEX LPG Terminal, Mexico City, Mexico.  
 
500 individuals were killed and the terminal destroyed.  
 
Three refineries supplied the facility with LPG on a daily basis. The plant was being filled from a 
refinery 400 km away, as on the previous day it had become almost empty. Two large spheres 
and 48 cylindrical vessels were filled to 90%, and 4 smaller spheres to 50% full.  
 
A drop in pressure was noticed in the control room and also at a pipeline pumping station. An 
8-inch pipe between a sphere and a series of cylinders had ruptured. Unfortunately, the operators 
could not identify the cause of the pressure drop. The release of LPG had been going on for 
about 5-10 minutes when the gas cloud, estimated at 200m x 150m x 2m high, drifted to a flare 
stack. It ignited, causing violent ground shock.  
 
A number of ground fires occurred. Workers on the plant now tried to deal with the escape, 
taking various actions. At a late stage, somebody pressed the emergency shut-down button.  
About fifteen minutes after the initial release, the first BLEVE occurred.  
 
For the next hour and a half, there followed a series of BLEVEs as the LPG vessels violently 
exploded. LPG was said to rain down and surfaces covered in the liquid were set alight. 
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The San Juanico or Mexico Disaster (November 19, 1984) 

The disaster took place at a Petróleos Mexicanos (PEMEX) LPG (Liquefied Petroleum Gas) 
terminal in San Juan Ixhuatepec, a densely populated suburb of Mexico City. Over the course of 
several hours, the facility suffered a sequence of explosions that effectively leveled the terminal 
and decimated the surrounding neighborhood. 

1.The Initial Leak:05:30 AM. 
A pipe connecting a storage sphere to a series of cylinders ruptured, likely due to 
overpressurization. For 5–10 minutes, a massive amount of LPG escaped, forming a low-lying, 
flammable vapor cloud. 

2.The First Ignition (UVCE):05:40 AM. 
The cloud drifted into a flare pit and ignited. The initial flash fire immediately transitioned into 
an Unconfined Vapor Cloud Explosion (UVCE), which heavily damaged the terminal's 
infrastructure and storage tanks. 

3.The Chain Reaction (BLEVEs):05:45 AM – 11:00 AM. 
The ensuing fires caused the remaining storage tanks to overheat. As the liquid inside hit critical 
temperatures, the tanks suffered Boiling Liquid Expanding Vapor Explosions 
(BLEVEs)—violent, sudden ruptures that turned the tanks into "missiles" and sent massive 
fireballs (some 300 meters wide) into the air. 

Why It Remains a Critical Safety Case Study 
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San Juanico is studied not just for its chemistry, but for its failures in process safety management 
and urban planning. 

1. The Domino Effect (Facility Layout) 
The storage tanks were spaced too closely together. When the initial UVCE occurred, it wasn't 
enough to contain the damage; the radiant heat from the initial fire and the subsequent BLEVEs 
immediately compromised the neighboring tanks. Because there was no adequate passive fire 
protection (like fireproofing insulation on the tank supports) or effective cooling, the entire 
facility went up in a chain reaction. 

2. Lack of Isolation 
The plant lacked remote-operated Emergency Isolation Valves (EIVs). When the pipe ruptured, 
there was no way to instantly cut off the flow of gas from the tanks. The system continued to 
feed the fire until the inventory was exhausted or the tanks ruptured. 

3. Proximity to Residential Areas (Facility Siting) 
The terminal was built in 1962 when the area was sparsely populated. Over the next 20 years, a 
shantytown grew around the fence line, with some homes situated as close as 130 meters from 
the storage spheres. When the BLEVEs launched tank fragments (some weighing 30 tons) into 
the air, they rained down on homes, and burning LPG liquid rained onto the neighborhood, 
incinerating everything in the blast zone. 

Key Lessons Learned 

●​ Buffer Zones: High-hazard facilities must have adequate distance from public and 
residential areas. 

●​ Fire Protection: Tank supports must be fireproofed to prevent collapse during a fire, and 
water deluge systems must be robust enough to cool tanks under attack. 

●​ Emergency Isolation: Every large storage vessel needs an emergency valve that can be 
triggered remotely, so a leak doesn't become a continuous fuel source. 

This disaster is often cited alongside Flixborough in chemical engineering curriculums to 
emphasize that process safety is not just about the equipment inside the fence—it is about how 
that equipment interacts with the world outside. 
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Pasadena Texas Disaster: The "Pasadena, Texas disaster" refers to the 1989 Phillips 66 
Explosion, which occurred on October 23, 1989, at the Houston Chemical Complex in 
Pasadena.While Flixborough highlights the danger of poor design and San Juanico emphasizes 
the risk of bad facility siting, Pasadena is the definitive case study on procedural shortcuts, 
inadequate lock-out/tag-out (LOTO) safety, and human factors in routine maintenance.The 
catastrophic Unconfined Vapor Cloud Explosion (UVCE) killed 23 people, injured 314 others, 
and registered a shocking 3.5 on the Richter scale (equivalent to a minor earthquake). 
 

 
The Background and the Mechanism: 
The facility produced high-density polyethylene (HDPE), a common plastic. The plastic was 
made by reacting ethylene gas inside heavy settling legs (large vertical tubes). 
 
During normal operations, polyethylene solid debris would occasionally clog the discharge 
valves at the bottom of these settling legs. To clear a clog, maintenance crews had to take the 
specific leg offline, isolate it from the rest of the high-pressure system, and clear the block. 
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What Went Wrong: The Fatal Shortcut: 
On the day of the disaster, a contract maintenance crew was tasked with clearing a plug in 
settling leg No. 4. The isolation protocol required a heavy-duty demco valve (a large ball valve) 
to be closed tightly. 
 
To ensure the valve could not accidentally be opened while workers were working downstream, a 
standard safety mechanism called Lock-out/Tag-out (LOTO) should have been enforced, 
physically locking the valve in the closed position. Furthermore, a steel blind flange (a blank 
metal plate) should have been bolted over the pipe downstream of the valve as a secondary 
physical block. 
 
The Chain of Failures: 
No Secondary Barrier: The maintenance crew did not install the secondary blind flange to save 
time. 
 
The Air Hose Hazard: The pneumatic (air-powered) hoses that operated the demco valve were 
connected in reverse configuration during the maintenance layout. 
 
The Control Room Action: In a bizarre twist of human error or procedural confusion, someone in 
the control room or on the deck applied air pressure to the pneumatic system. Because the hoses 
were reversed, this action fully opened the valve instead of keeping it closed. 
 
The Explosion: 
At approximately 1:00 PM, the 8-inch demco valve suddenly opened. 
 
Because the reactor loop was fully pressurized at over 40 bar (600 psi) and filled with hot, highly 
flammable ethylene and isobutane gas, a massive sonic torrent of gas blasted out into the 
atmosphere. 
 
Within just two minutes, more than 38 tons of flammable gas escaped, forming a massive, 
low-lying vapor cloud. The cloud drifted past a nearby control room and heavy machinery. It 
found an unknown ignition source and erupted into a massive UVCE. The force of the explosion 
was so immense that it ruptured the plant's fire water mains, rendering the facility's automated 
fire protection systems completely useless. 
 
Key Takeaways and Regulatory Impact: 
The Pasadena disaster drastically reshaped the regulatory landscape for industrial manufacturing 
in the United States: 
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The Birth of OSHA PSM (1910.119): Before 1989, OSHA primarily focused on worker-level 
hazards (like fall protection or hard hats). The Phillips disaster forced OSHA to realise that 
chemical plants required systemic, process-level federal oversight. This led directly to the 
creation of the Process Safety Management (PSM) standard in 1992, which mandates strict 
hazard analyses for any facility handling large amounts of hazardous materials. 
 
Strict Lock-out/Tag-out (LOTO): The incident proved that safety procedures cannot rely on a 
single valve or human memory. It standardised the strict rule of physically locking out energy 
sources and requiring secondary isolation barriers (like blind flanges) before exposing a process 
line. 
 
Contractor Safety Management: The inquiry highlighted a deep disconnect between plant 
operators and transient third-party contract maintenance crews. Modern safety standards now 
require facility owners to rigorously train and audit contractors on local plant hazards. 
 
 
 
Piper Alpha Disaster:The Piper Alpha disaster (July 6, 1988) is the deadliest offshore oil 
platform accident in history, resulting in the loss of 167 lives. Situated in the North Sea off the 
coast of Scotland, the platform was operated by Occidental Petroleum. 
 
While the other disasters we've examined occurred on land with room for vapor clouds to 
disperse, Piper Alpha is the definitive case study on confined offshore layout hazards, 
shift-handover communication failures, and the terrifying reality of the domino effect in a closed 
space. 
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The Background and the Trigger: 
Piper Alpha was a massive platform that processed both crude oil and natural gas. To transport 
the gas to shore, it had to be pressurized using large, high-pressure gas condensate injection 
pumps (Pump A and Pump B). 
 
The Fatal Communication Gap 
On the morning of July 6, Pump A was taken out of service for routine maintenance. Its pressure 
safety valve was removed for calibration, and the open pipe was temporarily sealed with a blind 
flange (a flat metal disk) that was only hand-tightened because the work wasn't finished by the 
end of the day shift. 
 
The Maintenance Log: The engineer filled out a permit stating Pump A was not ready for use. 
However, the permit was separated from the main log. 
 
The Handover: During the evening shift change, the oncoming operators were not verbally 
informed that Pump A was dismantled and dangerous to start. 
 
The Chain Reaction 
At 9:45 PM, Pump B suddenly tripped and failed. The crew tried to restart it, but it wouldn't 
budge. Facing a total production halt, the supervisor looked at the logs and saw that Pump A had 
been undergoing maintenance but believed the work was complete. 
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The Initial Leak & Explosion 21:57 
Operators started Pump A. Condensate instantly blasted past the hand-tightened blind flange at 
60 bar. The highly volatile gas ignited almost immediately, causing a massive explosion that 
ripped through the platform's firewall. 
 
The Structural Breach 22:20 
The initial fire ruptured a nearby oil line, creating a massive pool fire. Because the firewalls were 
designed for fire protection but not blast protection, the structural integrity of the platform was 
immediately compromised. 
 
The Gas Line Rupture (The Turning Point) 22:30 
The intense heat from the oil fire melted a massive 24-inch high-pressure gas pipeline connected 
to neighboring platforms (Tartan and Claymore). When this line ruptured, a terrifying torch of 
gas erupted under the platform, engulfing it in a fireball hundreds of feet wide. 
 
Why the Loss of Life Was So High 
The disaster highlighted severe flaws in emergency response and platform design: 
 
The Living Quarters Trap: Crew members were trained to gather in the insulated living quarters 
to await helicopter evacuation. However, the initial explosion destroyed the platform's fire 
pumps, meaning there was no water to fight the fire. Toxic smoke quickly penetrated the 
ventilation system, suffocating men inside the safe haven. 
 
Neighboring Platforms Kept Pumping: The Tartan and Claymore platforms continued to pump 
gas and oil into the shared network even after seeing Piper Alpha on fire because their managers 
didn't have the authority to shut down production without corporate approval. This actively 
fueled the inferno for hours. 
 
Key Takeaways and Global Legal Impact 
The subsequent public inquiry, led by Lord Cullen, resulted in the Cullen Report, which 
completely overhauled offshore safety regulations worldwide (particularly in the UK North Sea): 
 
Shift Handover Standardized: It revolutionized how industrial shift handovers are conducted. 
Written, logged, and verbal confirmation of isolated equipment became legally mandatory. 
 
Temporary Safe Refuges (TSR): Living quarters on modern rigs must now be completely 
blast-proof, smoke-tight, and thermally insulated, with completely independent life-support 
systems. 
 

23 



 

Safety Case Regulations: Instead of just following a checklist of rules, offshore operators are 
now legally required to submit a comprehensive "Safety Case"—proving mathematically and 
systematically that they have identified every major accident hazard and have mitigated the risk. 
 
Automated Isolation Valves: Subsea isolation valves (SSIVs) were mandated on all pipelines 
close to platforms so that a fire on one platform can be instantly cut off from the rest of the 
offshore network. 
 
Peterborough Disaster: 
The term "Peterborough Disaster" primarily refers to a highly unusual and significant 
transportation-to-industrial accident in the United Kingdom: the 1989 Peterborough Lorry 
Explosion (or Fengate Explosion or 1916 Quaker Oats Grain Dust Explosion in Peterborough, 
Ontario, which killed 24 people. However, in modern process safety and explosives regulations, 
the 1989 UK lorry event is the prominent case study.  Here is the breakdown of the 1989 
Peterborough disaster, which serves as a major lesson in explosives transport safety, packaging 
sensitivity, and emergency response awareness. 
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The Incident (March 22, 1989) 

A commercial box van operated by Nobels Explosives Company (a subsidiary of the chemical 
giant ICI) was driving through the Fengate Industrial Estate in Peterborough, England. It was 
carrying a mixed cargo of commercial blasting explosives, detonators, and pyrotechnic fuseheads 
destined for a local fireworks factory. 

The driver missed a turn and decided to pull into the yard of a tool-hire company (Vibroplant 
Ltd) to turn the vehicle around. 
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The Mechanism: Shock-Induced Friction 

The layout of the yard entrance included a standard concrete speed bump ("sleeping policeman"). 

●​ The Trigger: As the lorry drove over the speed bump, the vehicle jolted. This sudden 
mechanical vibration destabilized a poorly packaged, unauthorized metal box containing 
cerium fusehead combs (components used to ignite fireworks). 

●​ The Ignition: The jolt caused impact and friction among loose chemical compositions 
within the box (sensitized by the presence of trace rust on the packaging). This triggered 
a minor, localized flash explosion inside the cargo hold that blew open the rear roller 
shutter door. 

●​ The Thermal Escalation: The initial flash ignited the surrounding wooden boxes and 
materials. The driver noticed blue smoke, parked the truck in the center of the yard, and 
evacuated the cab to call emergency services. 

For roughly 12 minutes, the fire raged inside the vehicle, transitioning from black smoke to thick 
yellow smoke. The sides of the vehicle began to bulge as the heat rapidly raised the temperature 
of the main cargo—800 kg of high-density blasting explosives (Powergel)—past its critical 
thermal threshold. 
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The Explosion and Its Impact 

At 9:45 AM, the cargo underwent a complete Thermal Runaway and detonated en masse. 

The fire brigade had just arrived on the scene and was preparing their hoses. The supersonic 
shock wave obliterated the truck, killed one firefighter (John Humphries) who was positioned 15 
meters away, and injured 107 other people. The blast entirely demolished the surrounding 
industrial buildings and damaged over 130 cars in the area. 
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Why This Case Is Studied: Key Takeaways 

The Peterborough explosion changed the laws governing how hazardous materials are 
transported on public roads across Europe: 

The Danger of Mixed Co-Pregnancy (Incompatible Cargo) 

The truck was carrying highly sensitive components (fuseheads) right alongside stable bulk 
explosives (Powergel) and detonators. In explosives theory, separating initiator mechanisms from 
bulk explosives is rule number one. Putting them in the same un-segregated box van meant that a 
minor, easily triggered fire instantly escalated into a mass detonation. 
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Lack of Hazardous Placarding 

At the time of the incident, the vehicle did not display external hazard placards (like the orange 
diamond signs seen today) indicating it was carrying Class 1 Explosives—only a standard 
company logo. While this technically didn’t break the laws of the era, it meant the arriving 
firefighters did not fully grasp the immediate, extreme risk of a mass detonation until it was too 
late. 

Regulatory Reform 

Just three months after the disaster, the UK implemented the Road Transport (Carriage of 
Explosives) Regulations 1989. This mandated: 

●​ Obligatory external hazard placarding on all vehicles transporting explosives. 
●​ Strict legal requirements for the segregation of different types of explosives within a 

vehicle. 
●​ Rigorous specialized safety training for drivers carrying hazardous cargo. 

This case stands alongside the others as a stark reminder that combustion and explosion hazards 
aren't just limited to fixed factories and oil rigs—they travel on public roads every day. 

 
Bombay Victoria dockship Explosions:The Bombay Docks Explosion (April 14, 1944) is one of 
the most catastrophic non-nuclear maritime disasters in history. It occurred during World War II 
at the Victoria Dock in Bombay (now Mumbai), India, when a British-built cargo ship, the SS 
Fort Stikine, caught fire and detonated. 
 
The disaster resulted in the deaths of an estimated 800 to 1,300 people, injured thousands more, 
obliterated the entire port infrastructure, and decimated a highly populated surrounding 
commercial district. 
 
In the study of explosions, it serves as a definitive lesson on the danger of mixed ammunition 
storage, the chemistry of thermal runaway in closed cargo holds, and flawed emergency 
command structures. 
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1. The Cargo: A Recipe for Disaster 

The Fort Stikine was a freighter traveling from Birkenhead, UK, to Bombay via Karachi. 
Because it was wartime, the ship was packed with a highly volatile, completely incompatible mix 
of military supplies and commercial goods: 

●​ The Explosives: Roughly 1,400 tons of high explosives, including cordite, TNT, 
torpedoes, sea mines, and ammunition. 

●​ The Combustibles: Hundreds of bales of raw cotton, barrels of lubricating oil, timber, and 
sulfur. 

●​ The Wealth: £4.7 million worth of gold bullion bars packed in 31 crates (intended to 
stabilize the local Indian currency). 
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The Fatal Placement 

The raw cotton bales were stored directly underneath and adjacent to the ammunition holds. 
Cotton is notoriously prone to spontaneous combustion (auto-ignition) if it absorbs moisture or 
oil and is stored in poorly ventilated, hot environments. 
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2. The Timeline of the Incident 

12:30 PM – The Discovery 

While the ship was being unloaded at Victoria Dock, crew members noticed thick smoke rising 
from Number 2 cargo hold. The deep-seated fire was burning silently within the tightly packed 
cotton bales. 

1:30 PM – 3:00 PM – The Bureaucratic Delay 

A series of critical command failures doomed the ship: 

●​ Fireboats and local dock fire brigades arrived but could not find the exact seat of the fire 
through the dense smoke. 

●​ They began pumping millions of gallons of water blindly into the hold. This caused the 
hot, smoldering cotton bales to float, shifting them closer to the explosives stored above. 

●​ The Red Tape: The port authority and the ship's captain argued over whether to scuttle 
(sink) the ship in shallow water or tow it out to the open sea. Because moving a burning 
ammunition ship required complex bureaucratic permissions, no action was taken. 

3:45 PM – The Thermal Point of No Return 

The temperature inside the hold skyrocketed. The intense heat caused the TNT and cordite to 
undergo a rapid thermal breakdown. The smoke changed from black to a blinding, brilliant 
orange-yellow—a classic indicator that the chemical explosives had begun to actively burn and 
gasify. 
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3. The Twin Explosions 

The disaster did not happen in one single burst; it occurred in two distinct shockwaves: 
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The Scale of Destruction 

The blast was so immense that a neighboring 4,000-ton ship, the SS Jalapadma, was lifted 
completely out of the water by the tidal shockwave and thrown onto the roof of a 17-foot-high 
dockside warehouse. 

Burning debris and flaming cotton bales rained down across a 2-mile radius, sparking a massive 
urban firestorm in the densely populated slums and commercial districts surrounding the docks. 
The fire burned uncontrolled for three days. 

 

4. Key Takeaways and Safety Lessons 

The Bombay explosion resulted in an immediate overhaul of wartime and peacetime maritime 
safety rules: 
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●​ Absolute Segregation of Cargo: It permanently reinforced the maritime law that bulk 
combustibles (like cotton, coal, or oil) must never be transported in the same vessel—let 
alone the same hold—as Class 1 military explosives. 

●​ Unified Command Structure: The disaster proved that during a port emergency, there 
must be a single, absolute authority capable of making immediate decisions (such as 
towing or sinking a vessel) without waiting for corporate or military committees. 

●​ Modern Firefighting Protocols: The Indian Fire Services were completely reorganized 
after this event. April 14 is still observed as National Fire Service Day in India to honor 
the 66 firefighters who lost their lives in the first blast while trying to cool the ship. 

●​ The Lost Gold: The blast scattered the millions of pounds of gold bullion across the 
harbor floor and into the city streets. For decades afterward, pieces of the Fort Stikine's 
gold were occasionally dredged up by port workers during routine harbor cleaning. 

----------------X--------------- 
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