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Abstract 

The world needs oil, and it may still need it for a long time. To gather it is dangerous because of the 

risk of the hydrocarbons catching fire. There have been a lot of accidents involving offshore 

platforms and hydrocarbon fires that killed a lot of workers and causing extremely expensive clean-

up work. In this thesis a literature study has been made to gather information about the accidents 

that have happened in history. This to be able to learn the lessons these accidents can teach us. It 

also focuses on the most common fire scenarios that are likely to happen on an offshore platform. 

Which one of these is the most common? Which one is the most dangerous? The most common fire 

accident is the gas blowout explosion. This happens when a drilling platform reaches a gas pocket 

and a large amount of gas is released. This gas rushes to the surface, expanding while it goes, and 

eventually gets ignited when it reaches the platform. The explosion is seldom enough to destroy the 

entire platform but it can be a part of a cascading effect. The fire with the most impact on the 

structure of a platform is the jet fire. These fires have very high convective heat transfer and can 

destroy equipment very fast even when cooled by deluge systems.  
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1 Introduction 
Petroleum is one of the biggest contributors to shaping the world to what it is today. Almost 

everything around us is either manufactured by or transported here by oil, often both. Finding oil 

however is increasingly difficult, because of the oil wells running dry, and new and possibly more 

dangerous ways of obtaining it is unavoidable. Between the years 2003 and 2010 it had a collective 

fatality rate of around 27 out of 100.000 workers  (Gunter, 2013), seven times higher than for all of 

U.S. workers. The 11 lives lost in the Deepwater Horizon is a reminder of this. (Vinnem, 2007) Worker 

transportation is the cause of about half of these deaths (a majority involving air travel to and from 

the offshore installations). The first accident that really opened the eyes of the world for the dangers 

in the offshore industry was Piper Alpha in 1988.  Since then, a lot of accident preventing work has 

been done to make sure it is not repeated.  

The oil rigs are packed with highly flammable substances, ranging from crude oil and natural gas from 

the well to helicopter fuels and diesel to keep the transportations and equipment running, and this is 

a part of why it is such a risk exposed industry. If the stored hydrocarbons are for some reason 

released, they can quickly find an ignition source (malfunctioning electric equipment or hot work on 

the platforms) and cause a huge fire or blast that will continue to ruin the pipework or 

accommodation areas. Since the platforms are often built quite high, escaping by jumping into the 

water isn’t always an option, and if the sea is rough from a storm and no boats are in close proximity 

to pick the persons up, the chance to survive in the water is low.  

Because of the stored fuels, one fire can sometimes escalate into another fire, and eventually reach 

some source of hydrocarbons big enough to cause total collapse of the platform and possibly a huge 

loss of lives. Fortunately, this does not happen very often and the worst case is definitely the Piper   

Alpha accident.  

Since the type of hydrocarbon available is often different on different platforms, (some are 

processing only oil, some gas and some both) the fires are also very different depending on the type 

of fuel burning.   

There are different types of offshore installations made to extract the oil and gas from under the 

seabed and processing it. The first offshore platform was installed 1947 off the coast of USA in a 

water depth of 6 m. Today there are around 7000 offshore platforms in the world in depths up to 

1850 m. The platforms are divided into 3 different depth classes: Shallow water, deep water and 

ultra-deep water. The shallow water platforms are operating in depths between 0 and 350 m, the 

deep water between 350 and 1500 m and the ultra-deep water platforms are the ones that goes 

deeper than 1500 m.  

The platforms uses pipes, called “risers”, to transport the oil from the seabed to the surface. The 

risers are kept in place due to their own self-weight.  

The installations are calculated to withstand many different weight loads, including wind, wave and 

operating loads. (Slideshare, 2012) 
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The platforms connected to the seabed are fitted with a device called a Blowout Preventer (BoP). In 

case of an accidental release of gas and oil from the well the BoP will quickly seal the well from the 

rest of the riser. The BoP uses hydraulics to quickly cut the riser completely off. ((USCSB), 2014) 

The most likely fire and/or explosion scenarios as a result of an accidental hydrocarbon release are: 

- Pool fires 

- Jet fires 

- BLEVEs (Boiling Liquid Expanding Vapor Explosions) 

- VCEs (Vapor Cloud Explosions) 

- Flash fires 

In chapters 5, 6 and 7 these will be examined and explained more closely. 

To prevent the platforms from capsizing when there is a fire, scientists will make simulations of these 

fires to get an idea of how they will behave, and in order to be able to make these simulations, 

design fires needs to be made. This is why the aim of this thesis is to answer the question: “How large 

do the offshore fires usually become?”. When this question is answered, we can simulate realistic fire 

scenarios and then understand a little bit more about this subject, and hopefully in the future be able 

to prevent the loss of lives. 
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2 Method 
The method of this thesis was a literature study.  Information about the different accidents was 

gathered with the help of different articles mainly found in the library, databases gathered by HSE 

and articles found on the Internet. In some cases the original investigation reports was available and 

used.  The information was later used to write short, explaining paragraphs about every large 

offshore accident.  

The literature study also included information about the most common fire scenarios in these kinds 

of environments, most common accidental hydrocarbon releases, frequencies of accidents and 

methods of mitigating the fires.  

The literature study also revealed information about the most common hydrocarbon releases: gas, 

oil and condensate. Which one is most common, and what kinds of fires they will result in. 5 different 

fire scenarios was later investigated and ways to calculate the Heat release rates was found and 

explained.   

The hydrocarbon release amounts gathered in the literature study was together with information 

about the energy content of the fuels used in calculations and the result was an approximation of the 

Heat release rate (HRR) of the fires. This Heat release rate was also compared with amounts of water 

it could evaporate every second.  

The aim of the thesis was to determine the HRR of the major accidents that has happened in history. 

It did, however, prove very difficult to obtain the information needed to do so. Instead the leak 

amounts from “major accidents” from the HSE database was used to determine HRR:s from real 

accidents. Hopefully this thesis will still shine a little bit of light upon how much energy is released 

during one of these fires.  

This report will cover only offshore accidents and focuses mainly on fire or explosion accidents, it will 

neither focus very much on the underlying causes of the accidents. Rather the focus will be on when 

the fires have already become a large accident.  
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3 Accidents on offshore platforms 
Since the aim of this thesis is to evaluate and predict the size of possible offshore hydrocarbon fires, 

there could be a lot to learn from past fire accidents. Not all of these were catastrophic, but they 

could still give a picture of how the worst offshore accidents have unfolded.  The huge amounts of 

hydrocarbons processed and stored on these platforms does make the fires very big and devastating. 

However the reports does not provide information about the exact amounts of fuel burning, this will 

be covered later in the thesis.  

3.1 Ekofisk Bravo 
23rd of April 1977 there was a well workover and the blowout preventer was not in place. There was 

a blowout that resulted in 20.000 m3 of oil spilled outside the coast of Norway but none of it reached 

shore. There were no ignition and no fatalities in this incident. The important ignition barriers were 

working correctly. (Vinnem, 2007) Blowouts will be covered in chapter 4.2.  

There are not many lessons to learn from this accident that could be beneficial for this thesis, since 

there was no fire. At the time of the accident, one out of three blowouts caught fire.  (Vinnem, 2007)  

3.2 Ixtoc 
The 3rd of June 1979 a drilling platform was drilling the Ixtoc one well in the Gulf of Mexico and a 

sudden loss of drilling fluid caused a blowout. The main function of drilling fluid is to keep different 

fluids released during the drilling out of the bore. It also cools and cleans the bore. (Rigzone, u.d.) 

The platform was evacuated and later oil and gas leaked onto the platform and ignited. The platform 

collapsed and fell on top of the well head. The wreckage of the platform lying in the way made the 

work of controlling the well and the spill difficult. The estimated total spill is around 560 000 m3. 

There were no fatalities due to the fire, but large amounts of oil leaked into the Gulf of Mexico.  

(Vinnem, 2007) 

The failure in well control measures lead to the accident. Loss of mud circulation is an operational 

failure of well control. The accident occurred during a known hazardous part of drilling. The source of 

ignition is unknown. The methods of preventing ignitions and blowouts are now refined. (Vinnem, 

2007) 
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3.3 Alexander L. Kielland 
The Alexander L. Kielland was a platform used as a floating hotel for the workers on the Ekofisk Edda 

platform outside of Norway. It was built as a drilling platform with accommodation for 80 people 

with five base columns in a pentagonal structure. 1978 the accommodation capacity was increased 

to 348. Annual inspections were carried out for the columns and pontoons to make sure they did not 

suffer from any damage, age-related or other.  

On March 27th, 1980 one of the leg columns came loose from the structure. And the platform 

capsized, killing 123 and leaving 89 survivors.  

The official investigation showed that the weld where the column had failed had contained cracks 

that had existed ever since the rig was built. The cracks had become bigger over time and were not 

discovered during the column inspections.  

When the leg came loose the rig immediately started tilting severely and within only 20 minutes after 

the start of the accident, it had capsized completely lying upside-down in the sea.  

Only two out of the seven available lifeboats was successfully deployed. Because of the bad weather 

and high waves some of the boats was smashed against the rig when lowered, causing many 

casualties. Some workers managed to swim to the Edda platform but many was swept away by the 

waves or died from the cold water.  (Officer of the watch, 2013)  

3.4 West Vanguard 
6 Oct 1985. A gas blowout caused gas to leak onto the cellar deck from below on the platform West 

Vanguard outside of Norway. The gas reached the generator room and the diesel engine generators 

ignited it in spite of the engines being protected against causing sparks. This caused a violent gas 

explosion and subsequent fires and explosions inside the engine room. The wall of the engine room 

was completely blown away but there was no fire outside of the engine room. The fire barriers, 

keeping the fire inside the engine room were successful. The accident caused one fatality; one 

person was probably very close to the initial explosion and was never found.  

The lifeboats were successfully launched and two from the personnel escaped the platform by 

climbing down one of the forward columns, wearing survival suits. They were later saved by the 

standby vessel. (Vinnem, 2007) 

The lessons that can be learnt from this accident are that ignition was probably caused by engines 

that were specifically built to not to cause ignitions. There is no sure way to know if this actually 

caused the ignition but it is likely.  

During the rescue work it was learnt that rescuing people from lifeboats and from the water in good 

weather conditions can be very successful despite the darkness of night, the light from the fire on the 

platform was helpful when trying to find people in the water. (Vinnem, 2007) 
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3.5 Piper Alpha. 

3.5.1 Background  

The Piper Alpha oil production platform was built for the Piper field in the North Sea. Oil production 

started in 1978 and it became one of the North Sea’s largest producers. Later it was converted to 

produce and gather gas as well as oil.   

Piper Alpha was a central part of a system including the Tartan, Claymore and MCP-01 platforms, and 

it received gas from both Tartan and Claymore, which it send on to MCP-01. The gas was then sent 

from MCP-01 to shore. (Scott, 2011) 

In 6th of July 1988, ten years after it started production, it was destroyed in the worst offshore 

accident that has ever happened. This accident killed 167 out of the 226 people on board.  The first 

part of the accident is very similar to an accident on the platform Brent Alpha the day before, also in 

the North Sea. This accident started with a gas explosion that started a fire, but it was almost 

immediately extinguished by the fire system, and didn’t lead to any subsequent fires. 

The Piper Alpha was unfortunately not built in the same way.  The morning before the accident the 

safety pressure valve (SPV) was removed from condensate pump (A) to undergo a routine 

calibration. This left the pump (A) unusable, and condensate pump (B) was instead used. However, 

the following working shift did not receive the proper information forbidding them to use pump (A). 

When pump (B) later malfunctioned pump (A) was started which led to the disaster. (Vinnem, 2007) 

3.5.2 Event sequence 

About 45 kilograms of hydrocarbon gas escaped and before the operator could respond to any of the 

gas alarms and activate the evacuation alarm the gas ignited and exploded. The force of the 

explosion was about 0.3 bar overpressure, and destroyed the fire walls around the process module. 

Debris from this explosion destroyed oil pipes adding both oil and more gas to the fire.  

The explosion also destroyed parts of the fire system, and the diesel firewater pumps were at this 

point set on manual activation (more on this under 1.5.3.). There was unfortunately no way to get to 

the manual activation for these pumps because of the fire. This is one of the main reasons the fire 

could continue to destroy the whole platform and kill 167 people.   

Immediately after the initial explosion emergency shutdown was activated, this would have been 

enough to keep the fires controllable if not for the continued supply of hydrocarbon gas from the 

Tartan and Claymore platforms. This gas supply caused very intense fires that melted the steelwork. 

As mentioned above, the Piper Alpha received a huge gas and oil supply from the Tartan and 

Claymore platforms. About 20 minutes after the initial explosion the main gas pipeline from Tartan 

melted and burst adding probably a few tons of gas per second to the fires. 

Fire boats could not use their water cannon effectively because the risk of hitting and killing 

personnel. This is also a general problem when trying to put out fires with boats when personnel are 

still on the platform. The huge water flow and velocity needed to reach the platform could easily kill 

or flush away any unfortunate escaping person. 
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50 minutes after the initial explosion the gas line to MCP-01 burst and caused a huge explosion. 1 

hour 20 minutes after the initial explosion the Claymore gas pipeline burst causing even more fires 

and explosions. 1 hour and 50 minutes into the accident the largest part of the platform slipped into 

the sea and the Piper Alpha platform was lost. (Vinnem, 2007) 

3.5.3 Causes 

 There was a permit-to-work system that was intended to keep the workers from using condensate 

pump A during a routine check (some vital parts had been removed). This information was misplaced 

and for this reason the pump was later used by another working shift. The subsequent fires would 

have been prevented if the process module C had been built with blast walls instead of fire walls. 

Since the Piper Alpha was originally build for oil, but at the time of the accident handled both gas and 

oil, it was vulnerable to gas explosions. The gas processing module (where the accident started) was 

not built for withstanding explosions, but for withstanding oil fires only.  

The firefighting diesel water pumps when set on automatic mode could be a danger for the divers 

around the platform. If activated, the intakes for these pumps could suck divers into them with 

deadly results. At the time of the accident, there was a group of divers in the water, hence the 

firefighting system was set on manual activation.  

At the time of the accident Claymore and Tartan continued to pump their natural gas, for as long as 

an hour after the initial accident, despite the optically visible fire on Piper Alpha. This has been 

explained with the loss of command and communication on the Piper Alpha and the fear of shutting 

of production that would cause long interruptions in production and very large costs. In the end, 

cutting Claymore and Tartan supply might not have made almost any difference since the gas was 

already in the line under pressure. (Cornell, 1993) 

What we can learn from the Piper Alpha accident is that some structural changes must be made to 

make sure the risers are better protected in case of explosions and fire. Emergency shutdown valves 

should also be installed on the risers, to be able to stop the flow of hydrocarbons. The deck layout 

must effectively separate and isolate different modules from each other, the living quarters should 

not be located as close to the processing module as it was on Piper A, and definitely not above it. If 

the platform is rebuilt to be able to process gas as well as oil, structural changes must be made to 

make sure it can withstand different fires and explosions from the different substances processed. 

There should also be a limit of how much hydrocarbons that should be stored on the platforms.   

Deluge water systems should be on automatic activation most of the time, the fact that it was never 

activated contributed a lot to the explosions, fires and the great loss of lives. A lot of workers think 

that helicopter rescue is a possibility, but even if there wasn’t too much smoke for the helicopter to 

be able to land, the helicopter could not work fast enough to help even half of the workers before 

the total collapse of the platform. 

Jumping into the water proved to be the best way to survive, the water was not very cold because it 

was summertime and the surface water was also likely heated from the radiation heat given by the 

fires. (Vinnem, 2007) 
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3.6 Brent Alpha 
This accident happened the day before the Piper A. accident and should therefore have been 

presented before Piper Alpha, but because of many similarities between the two it will be presented 

after instead.   

5 July 1988 there was a leak from a ruptured flange gasket in the gas processing module on the 

platform Brent Alpha outside of Scotland. The gas ignited within seconds. The following explosion 

had an overpressure of about 0,3 – 0,4 bar (slightly higher than the first explosion on Piper A). 

Subsequent fires burned for about 45 minutes and could then be controlled.  

Lessons we can learn from this accident is to build the gas compression module on the top of the 

platform, as far away from the accommodations as possible. This is what gave the workers enough 

time to evacuate instead of the catastrophe that happened on Piper A. The door blown away by the 

Brent A. explosion could absolutely have destroyed pipework if the gas processing module had been 

more poorly placed. The availability of cooling water is very important. The deluge system on Brent 

Alpha activated instantly after the gas leak and is believed to have reduced the overpressure of the 

explosion. This is because of the energy needed to vaporize the water is taken from the reaction. This 

slows the reaction rate and reduces the explosion. This also stopped subsequent fires from erupting. 

(Vinnem, 2007) 

One of the two injured persons was running towards the leak to try and isolate it. This behavior is 

common even though the company policy is to run to shelter as soon as a leak is present. Process 

operators often want to confirm if a gas leak is real or false, which is why this behavior is quite 

common.   (Vinnem, 2007) 

3.7 Ocean Oddesey 
A gas blowout caused gas to leak at 22th of September 1988 outside of Scotland. There were two 

explosions that caused subsequent fires that burned for 10 hours, and eventually caused the 

platform to collapse. One fatality occurred when a radio operator was ordered from the safety of the 

life boat back into the radio room. He did not use breathing equipment and died from smoke 

inhalation. (Vinnem, 2007) 
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3.8 Santa Fe Al Baz 
On April 28th there was a shallow water gas blowout on the Santa Fe Al Baz drilling platform outside 

of Nigeria. The gas ignited by sparks caused by the rocks and sand involved with the drilling. The 

explosion and following fires killed 5 rig workers and eventually melted and sank the platform. 

(Versatel) 

3.9 Petrobras p-36 
The Petrobras 36 was originally built as a floating drilling unit but was 1997 modified to a floating 

production unit operating outside of Brazil. In 2001 it suffered a serious accident that killed 11 and 

injured 137 of the workers on board and led to the sinking of the platform.  

At 14th of March 2001 drainage operations begin on the portside emergency drain tank (EDT) used 

for storage of oil and water during maintenance or emergencies. The oil-contaminated water was 

supposed to be pumped into the production units, which also received oil, gas and water from the 

well.  Operational difficulties with the depletion pump led to a backwards flow of water mix into the 

starboard EDT through a damaged or partially open valve. The continuous pressurization of the 

starboard EDT finally led to an overpressure and the tank burst.  Oil, gas and water flowed out over 

the platform. The rupture also damaged the seawater service pipe (feeding the fire-fighting 

equipment with water). About 1300 m3 of natural gas was released and migrated through open 

doors and ventilation to the upper levels. The fire-fighting equipment suffered from low pressures 

and could not stop the gas from igniting. The gas exploded, killing 11 fire fighters and also damaged a 

column compromising the stability of the platform, and it eventually sank. (Vinnem, 2007) 

One of the main contributing factors to the accident was the position of the EDTs relative to the 

production heaters, permitting the initial flow of hydrocarbons into the starboard EDT when the 

depletion pump couldn’t be started.  

One problem was the lack of training and communication, the crew did not follow the procedures to 

prevent flooding of the platform, and when the fire –fighting team opened sealed doors, they were 

not closed afterwards. This can be blamed on Petrobras using a lot of subcontracted workers with 

less training than the other crew.  (Wander, That sinking feeling, 2008) 

3.10 Adriatic IV 
The 10th of August 2004 Adriatic IV was drilling for natural gas when a blowout occurred. Gas leaked 

onto the platform, ignited and exploded. The explosion caused subsequent fires that spread to an 

adjacent platform where it raged for a week. The Adriatic IV was destroyed in the accident and more 

than 150 workers were evacuated without any casualties.(Christou M., 2012) 
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3.11 Usumacinta – kab 101 
The Usumacinta was a moveable jack-up rig, which means it is a floating drilling rig that is mainly 

used for exploratory drilling. Its main role was drilling support for stationary platforms. In October 

2007 it was contracted to drill a well for the kab-101 platform in the Bay of Campeche in the Gulf of 

Mexico. The Bay of Campeche is the second most productive oil field in the world, it is also a main 

breeding spot for Atlantic hurricanes during the summer and is known for its extreme weather.  

The 21st of October 2007 the Usumacinta arrived to the Kab-101 platform. A few days later a storm 

hit, with winds reaching 130 km/h and waves reaching 8 m height. The weather conditions were 

described as extreme. The waves caused the floating Usumacinta to oscillate and at noon on October 

23rd there was a collision with the Kab-101’s top production valve tree. The collision caused an oil 

and gas leak. The rig was later evacuated and it was during this evacuation several deaths occurred 

because of the small life rafts notwithstanding the extreme weather. At 14th of November well 

control personnel attempted to stop the leak but a spark occurred and the oil ignited causing a 

significant fire. The day after the oil fire was extinguished. At 20th of November a second fire started 

causing the collapse of the Usumacinta platform. (Hanlon, 2013) 

There is 22 reported or assumed dead from this disaster and all of them were in connection to the 

evacuation in the extreme weather, not the fire.   

When the accident occurred, four fire fighting ships were assigned to support in case a fire would 

break out. This was a very good strategy since 2 fires had started before the whole work was over.  

When such extreme weather conditions can occur, the life boats have to be strong enough to keep 

the personnel safe.  

The spark that ignited the first fire was a result from human errors during an on-going containment 

work. It could have been avoided if stricter protocols for those involved with such a dangerous 

environment had been kept. (Hanlon, 2013) 
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3.12 Deepwater Horizon 
The Deepwater Horizon was an ultra-deepwater semi-submersible exploratory drilling rig. It was built 

in 2001 and in April 2010 it was drilling a well in the Macondo Prospect and suffered a blowout and 

explosion that killed 11 workers and eventually led to the destruction of the rig.  

The rig had been troubled by unusually frequent and forceful contact with high pressurized natural 

gas deposits, known in the industry as “kicks”. According to one worker gas had escaped onto the 

platform at several occasions before the accident. And at one point enough gas had escaped that the 

rig had to stop all “hot works”, including all the different uses of fire.   

20th of April 2010 BP was going to seal the well with a cement plug.  The process of doing this 

includes installing a first cement plug on the bottom of the well, then removing the drilling fluid from 

the drill hole. This step is dangerous since if the first cement plug doesn’t work, the drilling fluid is the 

only thing stopping the hydrocarbons from escaping. After this a second cement plug can be installed 

on the sea floor. There was some misinterpretation of the results from the cement integrity tests 

made on the first plug, which lead to the faulty decision to pump out the drilling fluid allowing the 

hydrocarbons to escape. Only this day more lines of defense would also fail, each being able to 

protect against the accident on its own. One of them was the blowout preventer that, because of 

unforeseen buckling of the pipe when exposed to very high pressures, failed to sever the pipe when 

the blowout occurred. (I.R.E.A.T., 2014) 

Large quantities of high pressurized natural gas escaped up the riser and pushed sea water and mud 

in front of it. It all erupted on the platform in a 75 m high geyser. And it was immediately followed by 

huge amounts of gas. The gas then found an ignition source and created huge explosions and fires. 

This event also caused the worst oil spill in U.S. history and cost BP up to 90 billion U.S. dollars in 

fines and cleanup costs. (I.R.E.A.T., 2014) 

The cement integrity tests were misinterpreted and this caused the hydrocarbons to escape.   
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3.13 Lessons learned from the accidents 
These are the examples of the worst case scenarios that have ever happened. Obviously the worst 

part is the massive loss of lives in the Piper Alpha disaster, but in most of the cases the platform also 

got destroyed and/or there was a huge leak of oil into the sea. This causes very large expenses in 

production interruptions and clean-up. In most of these it is an initial gas explosion that causes the 

critical damage, the damage that starts the disaster. If the specific module isn’t built to withstand an 

explosion, as in the case of Piper Alpha, the walls may instead cause damage when they break and 

become projectiles, destroying pipework as they fly.  

It is very important to understand the behavior and force of this explosion and the other possible fire 

scenarios to be able to prevent disasters from happening and save a lot of lives and money.  

The accommodation module should never be placed close to or above the gas processing module, 

because fires breaking out could then prevent escaping personnel. The Brent Alpha explosion taught 

that functioning deluge systems can be the difference between an accident with no deaths vs. a 

disaster costing 167 lives and the platform.   
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4 Characteristics of offshore accidents 

4.1 Types and frequencies of the offshore incidents 
 
Table 1 Accident frequency for Fixed Offshore Units on the UK continental shelf between 1990 and 2007. N is the number 
of occurrences and F is the frequency in occurrence per unit- year. (Veritas D. N., 2007) 
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Table 2 Accident frequency for Mobile Offshore Units on the UK continental shelf between 1990 and 2007. N is the 
number of occurrences and F is the frequency in occurrence per unit- year. (Veritas D. N., 2007) 

 

The two tables above contain all the reported accidents on offshore installations on the UK 

Continental Shelf (UKCS) between the years 1990 and 2005. The category “F” is the incident 

occurrence frequency, the likeliness of an incident to occur per unit per year. There will be no 

comparison between the earlier years and the later because of changes in the reporting 

requirements, instead the difference in frequency between the different accidents and floating 

platforms or fixed will be of interest. 

For fixed platforms, there is a blowout risk of about 0.1 % per unit per year. This number for floating 

platforms is considerably higher, about 1.2 % risk. This is probably because most of the exploratory 

drilling is made by floating platforms, which is the activity that is most likely to induce a blowout. 
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Explosions and fires, with the likeliness of about 1 % and 20 % is almost the same for floating and 

fixed platforms. On fixed platforms, there is a hydrocarbon spill/release risk of 88 %, while the 

number for floating platforms is 59 %.  

 

Figure  1: Extent of damage in relation to blowouts with resulting fires and explosions as "Main events” or "Event in 
chain". (Christou M., 2012) 

Figure 1 shows the relation between blowouts and the damage to the platform, and it can clearly be 

seen that the blowouts themselves do very rarely cause total loss or severe damage to the platform. 

It can be assumed that the blowout explosions are usually not big enough to destroy the platforms 

but can still be a part of the chain of accidents. For example, the Piper Alpha accident started with an 

explosion that was not enough to destroy the platform, but the resulting jet fires were. (Christou M., 

2012) 

Fire accidents have an occurrence rate of 0,203 per unit-year for fixed units and the corresponding 

number for mobile units is 0,173 per unit-year. This however includes all the possible fire scenarios, 

with or without accidental hydrocarbon releases and all the different sizes. There are 107 oil 

platforms and 181 gas platforms on the UK continental shelf (Oil and gas UK) and the numbers are 

assumed to be the same for the matching years of 1992 to 2002 of the HCR statistics. This makes a 

total of 288 offshore platforms.  There was a total of 2312 accidental hydrocarbon releases during 

this time, out of which 6,4 % where major, 55,4 % where significant and 38,2 % where minor. This 

makes the occurrence rate of accidental hydrocarbon releases 0,803 per unit/year. About 6,2 % of 

these are ignited, which makes the hydrocarbon fire occurrence rate of 0,05 per unit-year. Compared 

to the average fire rate of 0,188 fires per unit-year (fixed and mobile) it can be calculated that about 

26 % of the offshore fires are due to hydrocarbon spills.  

Can it be assumed that the platforms can stand for thousands of years without one collapsing, 

causing a significant oil spill or a large loss of lives? The US Nuclear Regulatory Commission (NRC) 

specifies that a reactor designs must have a core damage rate of less than 1 in 10,000 years. 
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(Commission, 2004) Some requires a rate of less than 1 in 100,000 years and the reactors built today 

are even far more secure than that. Nuclear power plants have the possibility to damage the earth to 

the point of making some places inhabitable for many years (the radiation levels in an area around 

the Chernobyl plant is so high that authorities do not expect the area to be inhabitable for between 

180 and 320 years (Sanders, u.d.)). While oil rig accidents have less impact on the nature we humans 

live in they can be devastating for the marine life, and cause very large costs due to the very 

expensive clean-up work. 0,05 hydrocarbon fires per unit-year equal 5000 fires in 100,000 years. To 

meet the same safety requirements of nuclear plants only 0,02 % of these fires can be large enough 

to cause a collapsing platform or a large oil spill (1 𝑝𝑒𝑟 100.000 𝑦𝑒𝑎𝑟𝑠/ 5000 =  0,0002 ). Since 6,4 

% of the spills are considered “major” this cannot be assumed and the answer for the  question is no, 

according to the available statistics, it cannot be assumed that the oil platforms will stand for 

thousands of years without collapsing.   

4.2 Blowouts 
Before the 1920s there was no oil well pressure control equipment and the sudden uncontrollable 

release of oil and gas was known as an oil gusher or wild well. While this is a sure sign of new-found 

wealth, it is of course very dangerous since an accidental spark could cause an inferno.  

Since gas is the most common accidental release of hydrocarbon and the worst fire hazard for 

offshore platforms gas blowouts deserves a mention. In the study made in this work, 7 out of 11 oil 

rig disasters discussed here have been because of gas blowouts. As mentioned earlier, when drilling a 

new oil field, it is not uncommon to come upon pockets of highly pressurized gas, this is called a 

“kick”. Sometimes for different reasons, this gas overpowers the systems installed to keep it inside 

the well bore and escapes. It is then called a blowout and this is a much more serious event, oil and 

gas can then sometimes flow uncontrollably to the surface and the platform. It is important for the 

drilling platform to have a blowout preventer (BoP) installed to be able to seal the well and 

connection between the sea floor and the platform in case of a blowout. In the case of the 

deepwater horizon accident, the pipes inside the BoP had been buckled by the incredible high 

pressures, an occurrence that had not been foreseen, and could not be cut off by the BoP. 

(I.R.E.A.T., 2014) 

A problem with ultra deepwater platforms is that the BoP is not located hundreds of meters below 

the sea floor, but only about 20 m below the rig floor. If the personnel is unable to detect kicks in the 

drilling the gas would have expanded a huge amount when it reaches the BoP and it would almost 

guarantee a geyser of mud, gas and oil on the rig. Imagine an ultra-deepwater platform drilling at 

depths of 3000 m. One cubic meter of natural gas escaping into the bore and rushing towards the 

surface (since gas is much lighter than water). Assuming ideal gas behavior it would have expanded 

about 300 times when it reaches the surface, being 300 m3 of gas. Since the amounts normally are 

higher this could pose a serious risk. (Youtube, 2014) (Rigzone)  
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4.3 Hydrocarbon fuels 
Hydrocarbon fuels released in an offshore accident consist of combustible gas, oil, condensate and 

mixture of them. 

The reasons these fuels are so highly wanted for fuel in the world are because of a few 

characteristics that makes them easy to ignite. The first one being the high vapor pressure, they 

evaporate easily. The vapor pressure is highly temperature dependent, and high temperature gives 

high pressure. When a liquid is on fire it is important to note that it is not the liquid itself that is 

burning but the flammable gases that evaporate from the liquid. The second important property is 

the low flash point. Temperatures above the fuel flash point will make the liquid evaporate into 

flammable gases, but if the ambient temperature is lower than the flash point, no flammable gases 

will be released. However, if this liquid is heated by a pilot flame, it can create enough vapor to catch 

fire and then this fire will heat the rest of the liquid to evaporate even if the pilot flame is removed. 

Gasoline has flash point of around – 40 oC and diesel above 52 oC. The flash point of crude oil is 

variable around 38 °C. 

The third reason why hydrocarbons are such good fuels is the low LFL (lower flammability limit). As 

seen in the table 5 the flammability range is often between  ~ 3 and  ~ 15 %. The LFL is the lower 

limit of volume percent of fuel in air that will be able to burn.  

The fourth reason is the low ignition energies needed to trigger the combustion chain reaction. These 

energies can come from the parting arc in an electric switch for instance. The ignition source have to 

be in contact with the gases, and the contact have to be long enough to ensure that enough energy is 

transferred to the fuel cloud. Glowing ignition sources have to be very hot, above 1000 oC. The heat 

from a glowing cigarette for instance, is not capable of igniting gasoline vapors, probably because the 

ash surface temperatures being too low.  (Howard A. Marcus, 2014) 

4.3.1 Gas 

The most common hydrocarbon fire on an offshore installation is the natural gas fire. Since the 

blowouts contains natural gas and the gas processing units often handle that kind of gas under high 

pressures there is no surprise they also cause a lot of fire accidents. Natural gas has the flammability 

range of 4 – 15 %, which is a big range. The vapor density is the molecular weight divided with air 

molecular weight (29 g/moles) and if it is <1.0 it means it is lighter than air. Gases lighter than air will 

rise and form a layer in the ceiling if confined, or just disappear into the atmosphere if in an open 

area. Gases heavier than air (vapor density >1.0) will sink and form a layer at the ground or pools in 

trenches. In the unconfined environments at offshore platforms the gases much lighter than air 

wouldn’t pose a high risk since they would just float away. The natural gas has the density ranging 

from 0,6 to 1 and will sometimes stay where they are and slowly rise if there is no strong wind at the 

site.  

Ignited gas leaks can create three different types of fires: jet fires, flash fires and explosions. The 

differences are explained later.  

Natural gas have the energy content of about 35 – 43 MJ/m3, or 53 MJ/kg, which is the amount of 

energy released when the gas is ignited. This value will be used when calculating the HRR for the 

fires.  
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Table 3 Hydrocarbon gases and their density and flammability range. (DeHaan, 1996) 

 

4.3.2 Oil 

Crude oil refers to the heavy oil pumped from the ground. It is a mixture of hydrocarbons that forms 

a liquid underground and remains a liquid when brought to the surface. Petroleum products are 

produced from this oil at petroleum refineries.  

The heat of combustion for crude oil is 45.6 MJ/kg. 

4.3.3 Condensate 

Condensate is the low density mixture of hydrocarbon liquids that condenses out of the raw natural 

gas. It is composed of propane, butane, pentane, hexane and higher hydrocarbons. The heat of 

combustion for this fuel is in this study assumed to be 50 MJ/kg. 

The value for condensate is assumed from that it contains mostly propane, butane and pentane, and 

a mean value has been used. 
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4.4 Hydrocarbon releases 
The consequences from hydrocarbon releases are the most important knowledge in order to 

evaluate their hazards. The different consequences divide the releases into three different severities, 

the major, minor and significant release and they are set by the Health and Safety Executive (HSE). 

4.4.1 Major release 

“Potential to quickly impact outwith the local area, e.g. affect the Temporary Refuge (TR), escape 

routes, escalate to other areas of the installation, causing serious injury or fatalities.” (HSE, 2002)  

If a major release is ignited, it is likely to cause a “major accident”. This would be capable of causing 

multiple casualties or rapid escalation affecting the temporary refuge, escape routes, etc. 

Liquids – Either quantities over 9000 kg or mass release rate of 10 kg/s and lasting over 15 minutes. 
It may result in pool fire larger than 10 m in diameter, lasting for longer than 15 minutes. 
Gas – Mass release rate higher than 1 kg/s for longer than 5 minutes results in jet fires longer than 10 
m, capable of causing significant escalation. 300 kg gas release produces approximately 3000 m3 
explosive cloud, enough to fill an entire deck area. 
2-phase – Combination of the other two. Limits are the same as for gas. (Worst case scenario can be 
assumed, where it may be a very high gas to fuel ratio.) 
(HSE, 2002) 

4.4.2 Significant release 

“Potential to cause serious injury or fatality to personnel within the local area and to escalate within 

that local area, e.g. by causing structural damage, secondary leaks or damage to safety systems.” 

(HSE, 2002) 

If a significant leak is ignited it could escalate into an accident viewed as a “major accident” or spread 

quickly through the local area it was started.  

Liquids – Pool fire with a 2 to 10 m diameter lasting for 5 to 15 minutes.  
Gas – Jet fires 5 to 10 m long, explosions containing 1 to 300 kg or 10 to 3000 m3 gas. 
2-phase – Combination of the other two.  
 (HSE, 2002) 

4.4.3 Minor release  

“Potential to cause injury to personnel in the immediate vicinity, but no potential to escalate to 

cause multiple fatalities.”  (HSE, 2002) 

A minor leak cannot escalate into an accident causing multiple fatalities or major structural damage, 

but could be hazardous to people in the immediate proximity.  

Liquids – Either less than 60 kg fuel released or a mass release rate of 0,2 kg/s and 5 minutes. It will 
result in pool fires smaller than 2 m in diameter, lasting no longer than 5 minutes.  
Gas – Either a gas release rate of less than 0.1 kg/s lasting for less than 2 minutes or total mass 
released being less than 1 kg. Jet fires shorter than 5 m, explosions of 10 m3 gas. 
2-phase – Combination of the other two. 
 (HSE, 2002) 
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4.4.4 Statistical data concerning release 

Some different fire accidents have been explained. But the one question these reports do not answer 

is the most important one for this thesis: How big amounts of hydrocarbons have been burning? The 

Offshore Hydrocarbon Release Statistics (HSE, Offshore Hydrocarbon Releases Statistics and Analysis, 

2002) does have information about a lot of cases, they can however not be paired with a specific 

event, but still contains the information about hydrocarbon releases, and will give a picture of how 

big some releases can be. The focus is on release size and release rate of fuels. According to these 

statistics there were a total of 2312 hydrocarbon releases on offshore platforms on the UK 

continental shelf between 1992 and 2002. 6.4 % of these are considered major releases, 55.4 % 

significant releases and 38.2 % minor releases. The size of the leaks is explained in Cpt. 5.   

The hydrocarbon releases are divided into three categories: Liquids, gas and 2-phase. The gas 

releases, when ignited, results in explosions and jet fires, the liquid releases results in jet fires or pool 

fires depending on the properties of the liquid fuel and the 2-phase releases is a combination of the 

earlier two. Gas releases are much more common than the two other fuels, this is because almost all 

offshore installations handle gas, but only around 40% of them handle liquid hydrocarbons. Gas is 

also usually compressed to higher pressures than liquids and may be more difficult to contain for that 

reason.  

Table 4 gives the release percentage of different hydrocarbon phase categories with the severity. The 

most common by far is the significant gas release.  

Table 4 Release statistics on the UK continental shelf between 1992 and 2002. (HSE, 2002).  

 
Major Significant Minor 

Liquids 14 329 497 

Gas 103 808 356 

2-phase 30 145 30 

tot 147 1282 883  
% % % 

Liquids 0,6 14,2 21,5 

Gas 4,5 34,9 15,4 

2-phase 1,3 6,3 1,3 

tot 6,4 55,4 38,2 
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When ignited, the major releases are devastating. Huge jet fires with high radiation and convection 

heat, explosions destroying walls and pipes on the platform and large pool fires burning for a long 

time. If a major release is ignited the result might very well mean the loss of the platform and many 

lives. The minor releases result in such small fires and explosions it is unlikely it will damage the 

structure or the pipes, they may cause injuries or even death for personnel in very close proximity 

but even this is considered unusual. They are easily controlled before any major damage can occur. 

The significant releases are in a range from the not so dangerous minor- and the very dangerous 

major release. Obviously they will also range from being very devastating to not so dangerous. (HSE, 

2002) 

4.4.5 Hydrocarbon releases ignited 

Not all of the releases are ignited, only 6.2 % of them have been between the years 1992 - 2002. Out 

of these 6.2% none have been a major release and he minor releases are not probable to cause any 

big fire hazard. The ignited significant releases will be studied since they are big enough to cause 

serious hazards.  These releases and ignitions will be presented below in table 4 along with the type 

of fire and the estimated energy content of the fires.  

Table 5  Estimated energy content for the 21 largest hydrocarbon releases on the UK continental shelf between 1992 and 
2002 (HSE, 2002). Energy content determined together with the heat of combustion values from chapter 5, 6 and 7. 

Ref. 

nr 

Type of 

fuel 

Volume 

released 

Amount 

released, kg 

Release 

speed kg/s 

Fire type Estimated 

Energy 

Content, MJ 

1 Oil 0,32 268 0,3 Pool 12200 

2 Gas 6 54 0,03 Flash 2900 

3 Oil 0,79 663 0,56 Flash 30400 

4 Gas 95,63 153 0,15 Jet 8200 

5 Gas 131,25 210 0,35 Jet 1130 

6 Gas 51,25 41 2,73 Flash 2200 

7 Gas 262,5 210 0,7 Jet 11300 

8 Oil 9,12 7287 60,76 Flash 332500 

9 Gas 26,67 40 0 

Flash, 

Explosion 2100 

10 Gas 12 14 0,03 Flash 800 

11 Oil 0,16 128 12,45 Flash 5800 

12 Gas 0,01 8 0,03 Flash 100 

13 Gas 0,56 5 0,04 Explosion 300 

14 Gas 8,57 6 0,02 

Explosion, 

Jet 300 

15 Gas 2,34 122 0,01 Jet 6500 

16 Gas 2,83 25 0,85 Explosion 1400 

17 Gas 1,43 1 0,03 Explosion 100 

18 Gas 0,56 5 0,04 Flash 300 

19 Condensate 0,21 99 0,83 Pool 5000 

20 Gas 0,02 2 0,01 Jet 100 

21 Gas 2,56 2 0 Flash 100 
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Flash fires are the most common fires on the platforms; this is because it is likely to occur with both 

liquid and gaseous releases. In the cases of gas blowouts from the wells the flash fire is the most 

probable result if ignited. When a gas cloud is released from a leaking pipe, ignition probably occurs 

before the gas cloud is big enough to be able to become an explosion, and any possible jet fire 

continuing after can probably be shut down by turning off the gas flow from the pipe. When releases 

of liquid fuels forms a pool, and the temperature is higher than the specific fuel’s flash temperature, 

some of the liquid will flash into vapor. When this vapor is ignited it is not unlikely to create a flash 

fire, and the subsequent pool fire is likely to be put out by the deluge systems. This explains that in 

most scenarios flash fires can occur, but since they rarely destroy equipment or piping (because of 

the low blast overpressure and the low fire time) the subsequent fires are likely to be controlled. 

(Margolin, 2013) 

4.5 Fire-related phenomena in offshore platforms 
There are a lot of different ways a hydrocarbon leak can result in a destroyed platform and 

sometimes also a loss of lives. Since offshore platforms always have a lot of piping, tanks and stored 

barrels filled with natural gas and/or crude oil and different fuels, the fires are very likely to become 

very large by spreading and causing further explosions and fires. The accidents most likely to be as a 

result of a hydrocarbon spill are:  

- Pool fires 

- Jet fires 

- BLEVEs (Boiling Liquid Expanding Vapor Explosions) 

- VCEs (Vapor Cloud Explosions) 

- Flash fires 

Jet fires are the ones that are most likely to weaken steel and cause structural collapse of a platform. 

This is because of the high heat flux from the intensive combustion gas in the jet fires, this will be 

explained in more detail later. Pool fires are likely to cause huge amounts of smoke to fill the space 

with soot particles, making the platform a deathtrap for escaping personnel, both due to the air 

being unbreathable and due to the visibility becoming low. BLEVEs aren’t very common, but they 

have to be included since they can occur when fuels are stored in tanks. And the result could be 

devastating. Flash fires and VCEs are the most commonly occurring fires in the offshore oil industry, 

this is because gas leaks are the most common way of hydrocarbon releases, and gas leaks often 

result in these kinds of fires. The factors contributing to a flash fire instead of a VCE will be presented 

below.  
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5 Pool fires on offshore platforms 
A pool fire can occur when liquefied fuel escapes from a pipeline or a storage tank, and the ambient 

temperature is not high enough to flash all the ejected liquid into vapor. However, the liquid gathers 

to form a pool on the ground and can be ignited by a flame or spark.  

It is more common with pool fires when the fuels involved have a higher carbon number, because 

they have a higher flash point and are more likely to form a pool on the ground. Fuels with lower 

flash points will probably flash instantly when released from the high pressure it is usually stored or 

transported in. Examples of fuels that are likely to form a pool are diesel of kerosene.  

If the diameter of the pool above 1 m the flame will mostly be turbulent and optically thick. Optically 

thick flames will release higher amounts of radiative heat than optically thin flames.  

Radiation from hydrocarbon pool fires mostly comes from glowing soot from within the fire. For large 

diameter soot-producing hydrocarbon pool-fires, large amounts of soot can be released. Then the 

unburnt soot can escape the flame and form a film around it. This limits the radiation to external 

structures somewhat.  

Confined fuel spills makes smaller pool area and thus deeper spill pools, this will make the fire 

duration longer for any given volume of fuel spilled.  In contrast, spilled fuels indicate much larger 

burning areas that could make fire spread much easier.  

In order to determine the heat release rate (HRR) from a pool fire the formula below can be used: (E. 

Ufuah, 2011) 

�̇� = �̇�"∞∆𝐻𝐶,𝑒𝑓𝑓(1 − 𝑒−𝑘𝛽𝐷)𝐴𝑝𝑜𝑜𝑙     (1) 

Where �̇� is the Heat release rate, MW    

Where �̇�"∞is the mass burning rate for an infinite diameter pool, kg/m2s  

∆𝐻𝐶,𝑒𝑓𝑓 is the effective heat of combustion, MJ/kg  

𝑘𝛽 is empirical constant, m-1  

𝐴𝑝𝑜𝑜𝑙  Is the pool area, m² 

The pool area can be calculated with:  

𝐴𝑝𝑜𝑜𝑙 = 360 ∙  𝑉𝑠𝑝𝑖𝑙𝑙 (if spill > 0,095 m3.) 

𝐴𝑝𝑜𝑜𝑙 = 1400 ∙  𝑉𝑠𝑝𝑖𝑙𝑙 (if spill < 0,095 m3.) 

𝐴𝑝𝑜𝑜𝑙  : Spilled fuel pool area (m2) 

𝑉𝑠𝑝𝑖𝑙𝑙 : Volume spilled fuel (m3) 

(SFPE Handbook of Fire Protection Engineering 3rd edition page 3 - 25, 2002)  
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The height of the flames above the pool fire can be calculated once the HRR and pool diameter is 

known: 

𝐿 = −1,02 ∙ 𝐷 + 0,235 ∙ �̇�2/5  

Where 𝐿 is the flame height, m 

𝐷 is the pool diameter, m  

And �̇� is Heat release rate, kW 
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6 Jet fires on offshore platforms 
Jet fires occur when a highly pressurized fuel, usually in the form of gas or a vapor, escapes through a 

safety valve or a crack in the pipe/vessel containing it and is ignited somehow. These fires have a 

very high heat release rate. Since a lot of fuel get mixed with a lot of air very fast. This will make the 

gas hit the flammability limit shortly after release and it will then be ready for combustion in the 

presence of a heat source. These fires have very high convective heat transfer because of the high 

gas velocities within the flame. A domino effect have been observed in 50 % of the cases where an 

accidental jet fire has been involved, this means further fires or other accidents because of the initial 

jet fire. (Kozanoglu, 2011) 

6.1 Starting location 
The system with the highest failure rate is gas compression. This system has a leak rate of 0,29 leaks 

per system-year. High operating temperatures and vibration has a high impact on the vulnerable 

equipment item such as seals, instruments and small bore pipework etc., and is considered to be a 

big contributor to the failure rate. Next highest leak rate is oil export and fuel gas with 0,14 and 0,16 

leaks per system-year. These systems are also likely to produce quite large and dangerous jet fires, 

the high pressure and huge amounts of fuel involved would probably make export pipelines the 

worst case scenario if a jet fire would erupt there.  

6.2 Two phase jet fire 
A two phase jet fire will occur when a liquid/gas mixture (often live crude or gas dissolved in liquid) 

releases through a small hole and ignites. It does however not work exactly as in the case of the gas 

jet fire. The liquids will have to evaporate into flammable gases before ignition. If it is a mixture of 

gas and liquids, the gas will help the liquid evaporating by splitting the liquid into small droplets and 

vaporizing them when they are released in high velocities. The heat from the already ignited gas will 

in most cases be enough to create flammable gas from the liquid.  

Pressurized liquids can also make two phase behavior if the ambient temperature is above its boiling 

point. Then the released liquid will evaporate quickly, and ignite. Liquids with a high boiling point are 

unlikely to create a two phase jet fire (unless supported by another flame or heat source). Leaks will 

instead create a pool, which may later ignite if the temperature is high enough. 

6.3 Characteristics of jet fires 
The combustion rate in a jet fire will be approximately the same as the fuel release rate. In offshore 

contexts the gas is often stored in high pressures and the release speed will then be very high. The 

gas close to the outlet will have very high velocity and create a blue flame with low radiation, further 

out more air will mix with the fuel at lower speeds and create a yellow flame with higher radiation. In 

flashing liquid releases the exit speed will be lower, with shorter but more luminescent flame, 

because of the higher hydrocarbon content.  

Unlike pool fires, jet fires have almost no delay time in terms of combustion. The combustion 

happens instantly, and they can be turned off equally fast if the gas flow is stopped. 

Jet fire flames are usually long, thin and highly directional. Close to the outlet they are unaffected by 

wind but with slower gas velocities further out the flame can be bent by strong winds as can be 

foreseen in oil platforms. 
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The flame stability is dependent on the size of the hole, the fuel and the geometry of the 

surroundings.   

The flame size will depend on the mass release rate. The release rate in gas releases will depend 

mainly on the hole size and the pressure within the storage. For released liquids and mixtures of gas 

and liquids the mass release rate is more difficult to calculate. A simplified formula uses only the 

power of the jet fire to calculate the length: 

 𝐿 = 2,8893 �̇�0,3728 

𝐿 : Jet fire length (m) 

�̇� : Net rate of heat released by combustion (MW)  

(Lowesmith, 2007) 

A more reasonable expression for estimation of jet flame length was proposed by Heskestad  (P. 

Dinenno, 2002): 

𝐿 = 1.02𝐷 ∗ 0.235�̇�(2/5)  

As the jet becomes momentum dominated, the flame length will depend on the size of the hole. The 

length of the jet is then generally 200 to 300 times the jet nozzle diameter.  (P. Dinenno, 2002) 

6.4 Hazards from jet fires 
An estimate of the release rate and the jet fire hazard from different hole sizes is presented below: 

Table 1 A leak classification system which is often used relates the hole diameter to release rate in pressurized pipelines 
(100 bar). (Lowesmith, 2007) 

Hole diameter (mm) Release rate (kg/s) 

3 0,1 

10 1 

30 10 

100 100 

Gas in pipelines is pressurized between 10 to 100 bar, (Naturalgas.org, 2013) at less pressure the  

density of the gas would be less and as a result also the release rate.  

Table 2 Hazards as a result of jet fires with different release rates (Lowesmith, 2007). 

Release rate (kg/s) Hazard 

0,03 – 0,3 Small 

0,3 – 3 Medium 

3 – 30 Large 

> 30 Major failure 

Jet fires do a lot of damage to objects or structures caught in the flame due to the very high 

convective heat released with the high gas velocities, and with high radiative heat from higher 

hydrocarbon fuels.   

Lowesmith’s report state that Heat transfer to objects comes from convection and radiation. 

(Lowesmith, 2007)  It also states that: Higher gas velocities will increase convection heat transfer, 
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slower gas speeds creates a bigger, yellow flame with higher radiation. The overall heat flux is larger 

at the end of the flame. For example if a thin enough object is placed in the jet fire close to the outlet 

(not obstructing it, instead being engulfed by it) it may receive as large or sometimes larger total heat 

flux on the back of the object than it receives on the front facing the outlet. This is because the 

radiation from the brighter and bigger flame on the back of the object is bigger than the convective 

heat on the front. On the front of the object close to the outlet the mixture is fuel rich, temperature 

is therefore low, because the flame is not fully developed.)  

 

Figure 2 Variation of total heat flux over the surface: (a) pipe at 21 m; (b) pipe at 15 m; (c) pipe at 9 m. (Lowesmith, 2007) 

6.4.1 Heat release rate from jet fires 

With the reasonable assumption that all of the fuel is combusted within the jet flame, the heat 

release rate formula can be derived:  

�̇� =  �̇�  ∙  ∆𝐻𝑒𝑓𝑓      (2) 

�̇� is the heat release rate, MW 

�̇� is the mass fuel release rate, kg/s 

∆𝐻𝑒𝑓𝑓 is the effective heat of combustion, MJ/kg 
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6.4.2 Heat transfer to objects caught in the jet fires 

  

Figure 3 Maximum heat flux received by objects caught in jet fires. (Lowesmith, 2007) 

The objects caught in jet fires will be subjected to far higher heat loads than from flames controlled 

by natural convection. This is because the high gas velocities which result in 70 – 90 % of the total 

heat transfer from jet fires. Jet fires average heat transfer is between 250 and 350 kW/m2.  

 

Figure 4 Flame temperature depending on fuel type and release rate. (Lowesmith, 2007) 

 

  



34 
 

Table 3 Convective heat transfer coefficient depending on release rate. (Lowesmith, 2007) 

Release rate (kg/s) Convective heat transfer 
coefficient (kW/m2K) 

0,1 0,08 

1 0,095 

10 0,095 

100 0,095 

 

Multiplying the temperatures given by figure 5 with the right convective heat transfer coefficient 

table 8 one can estimate the convective heat transfer to an object caught in a jet fire.  

�̇�𝑐𝑜𝑛 = (𝑇𝑓 − 𝑇𝑜) ∙ ℎ  

Where 

�̇�𝑐𝑜𝑛 = Convective heat transfer, kW/m2 

𝑇𝑓 = Flame temperature, K 

𝑇𝑜  = temperature of the object, K 

ℎ = Convective heat transfer coefficient, kW/m2K  

 ((1300 + 273) − 293) ∙ 0,095 = ~120𝑘𝑊/𝑚2  

An object caught within a jet fire with a flame temperature of 1300 degrees Celsius would receive 

120 kW/m2 convective heat transfer.  

The radiation from a jet fire may be calculated using the formula: 

�̇�𝑟𝑎𝑑 = 𝜑𝜀𝜎(𝑇𝑓
4 − 𝑇𝑜

4) kW/m2  

Where  

�̇�𝑟𝑎𝑑 = Radiative heat transfer kW/m2 

𝜑 = configuration factor 

𝜀 = emissivity/absorption factor 

𝜎 = Stefan Boltzmann’s constant (56,7 * 10-12 kW/m2K) 

𝑇𝑓 = flame temperature, K 

𝑇𝑜  = temperature of the object, K. 
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The flame temperature of 1300 oC can be used in the radiative heat transfer calculations.  For objects 

totally enveloped by the flame the 𝜀 value can be estimated to 1 and depending on the flame 

thickness the product of 𝜀 and 𝜑 may vary from 0,7 to 0,9. A typical average value can be calculated 

by using the 𝜑𝜀 value of 0,7 and T = 1300 oC to 240 kW/m2. However the total heat transfer depends 

on the fuel, the size and turbulence of the jet fire, the region of the jet (middle or the end. 

(Lowesmith, 2007) 

As mentioned above a jet fire averages between 250 and 350 kW/m² in total heat transfer. Figure 4 

gives us that the average should be closer to 250 than to 300 kW/m². Taking away the radiation part 

(120 kW/m²) leaves 130 kW/m². Assuming the jet flame temperature of 1300 °C which according to 

figure 5 is the most common temperature the 𝜑𝜀 value should be around 0,4.   
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7 Other fire related phenomena on offshore platforms 

7.1 VCEs and Flash fires 
An explosion is when a source of energy suddenly released and creates a blast wave. Often the 

energy is in the form of a rapid combustion. To be able to explode, first there must be a release of 

flammable gases. If this release is ignited too early, the result will probably be a jet fire or a fire ball. 

If however the gas forms a big cloud with parts of it within its flammable range an ignition could 

cause a rapid flame front. That means the gases burning outward from the ignition source. This flame 

front is what causes the blast wave, and a faster flame front creates a stronger wave. Normally, if 

there is no constricting objects in the vapor cloud, no turbulence will be in the gas and the flame 

front will not be fast enough to create an explosion, it will instead be a flash fire. Flash fires is 

considered to never exceed 3 seconds of burning time, (Margolin, 2013) and they can be dangerous 

for people caught in the flame but it will not generate a strong blast wave or enough heat to be able 

to damage any steel structures. The danger to personnel can be mitigated by protective clothing. 

(Vinnem, 2007) 

For a Vapor Cloud Explosion (VCE) to be created 5 things must occur at the same time: 

1. The released fuel have to be flammable and able to form a vapor cloud, some of the fuel in 

the cloud must mix with air and create concentrations within the flammable range for the 

specific fuel. 

2. Ignition source. The higher energy in the source, the possible more severe explosion as a 

result. 

3. Ignition must be delayed until sufficiently big cloud of vapors is created, or else, (as 

mentioned above) it will become a flash fire.  

4. Some sort of turbulence in the vapor, the cloud will mix faster with air and it will burn faster 

and create a faster flame front. In some cases the flame front is fast enough to create a blast 

wave that can cause damage to personnel and even structures. 

5. Confinement in the form of structures and obstacles can increase pressure and flame front 

speed due to the smaller accessible space for the expanding gases. Obstacles also help to 

create turbulence in the released vapors. 

Paradoxically, the safety measures to prevent ignition can be the very thing responsible for an 

explosion. If the gas cloud is ignited very early it is unlikely to be big enough to become an explosion, 

if however ignition is delayed, the gas cloud can grow in size until it eventually reaches a potential 

ignition source (hot surface or broken electrical equipment). By then it would be big enough to 

become a violent explosion. (Margolin, 2013) 

In an email Jean Evans at HSE explained to me that the typical flash fire has a flame front less than 

100 m/s and the properties of it depend on several parameters (Evans, 2015): 

- Fuel energy 

- Ignition source energy and location in the flammable cloud 

- Size of cloud 

- Concentration of cloud 

- Confinement due to obstacles resulting in turbulent flame front with increased acceleration.  
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VCE’s are those ignitions where the above parameters maximize the flame front velocity and can 

produce deflagrations with overpressures up to 8-10 bar.  

Typically a hydrocarbon cloud, in the flammable range, of 64 cubic meters volume (5m diameter) will 

produce flame front velocities of up to 100 m/s this is what is considered to be a “Critical cloud” and 

is typically used as the basis for gas detector placement criteria.  
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7.2 BLEVEs 
Boiling Liquid Expanding Vapor Explosion (BLEVE) can occur when a storage tank filled with a 

liquefied flammable gas is subjected to a continuous flame. The tank contains liquids that will absorb 

the heat from the flame and start to boil. The expanding vaporization of the liquid will increase the 

pressure inside the tank until the safety valve releases it. After the overpressure has been released 

the liquid levels inside is lower than before. After a while if the heating rate is high the liquid could 

not be able to absorb heat from the metal  rapidly and the metal weakens. When the metal weakens 

and at the same time the pressure builds up again it may eventually give in and burst. Before being 

released, the liquid will be heated to temperatures well above its boiling point in normal pressure. 

The liquid may be heated so much it reaches a state called “superheated”. When a superheated 

liquid is released most of it instantly vaporizes into a gas that takes up a much larger volume. The 

expanding gases due to immediate liquid vaporization can make a strong blast wave which could 

throw heavy pieces of metal hundreds meters away. These metal pieces can cause a domino effect if 

they destroy other tanks or equipment. This information is based on the reports (Casal, 2001) 

(Safety, 1996). 

They also state that this may give the expression that the safety valve is the problem. This is not true; 

if the tank is not depressurized the structure temperature will rise to the point of the steel breaking, 

causing a vapor explosion. The main cause is when a storage tank is caught in a high density heat 

source, e.g. a jet fire.  

If the vapor released is flammable, as in the case of stored fuels the gas may ignite into a large ball of 

fire. The ball could burn only a couple of seconds, from the outside and inwards. Initially there could 

be no air inside the ball and it only burn when air gets mixed in, depending on the ignition time. The 

ball can be very large and cause very high thermal radiation. The combined hazards from a BLEVE and 

fireball are pressure wave, flying fragments from the storage tank and heat. 

It is also stated in the report that there has been BLEVES occurring as soon as 69 seconds after the 

initial fire, but from past accidents, the time is usually longer. Theoretical values have been 

established, an insulated tank should be able to withstand a pool fire (turbulent flames with a 

thermal flux of approximately 100 kW/m2) for about 20 to 30 minutes. The same tank would only be 

able to withstand a jet fire (thermal flux up to 350 kW/m2) for about 5 minutes. These values 

however are very dependent on the insulation of the tank, cooling devises and pressure value. If the 

tank has been damaged before in the initial explosion/fire and the explosion can occur at any 

moment after the accident is initiated. (Casal, 2001) 

The diameter and duration of the fire ball can be calculated with (Casal, 2001): 

𝐷 = 6,14 ∗ 𝑀0,325𝑑  

𝑡 = 0,41 ∗ 𝑀0,340  

𝐷 : Diameter (m) 

𝑡 : Time (s) 

𝑀 : Mass (kg) 
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8 Rough estimation of heat release rates (HRRs) 
Below are the calculated values of the Heat Release Rate (HRR) of the 21 significant releases that was 

ignited (mentioned in table 4) the combustion time for the flash fires are estimated to 4 seconds, and 

the same value has been assumed for the explosions. In the case of the jet fires, an ideal jet flame is 

assumed where all the fuel released every second is combusted and contributes to the HRR.  

The first one (Ref nr. 1) was a pool fire, to calculate the HRR of the pool fire the equation (1) from 

chapter 5 is used:  

�̇� = �̇�"∞∆𝐻𝐶,𝑒𝑓𝑓(1 − 𝑒−𝑘𝛽𝐷)𝐴𝑝𝑜𝑜𝑙     (1) 

Where �̇�"∞ is estimated to 0,022 – 0,045 kg/m²s (for crude oil (Babrauskas, 1983)) 

∆𝐻𝐶,𝑒𝑓𝑓 is estimated to 42,5 MJ/kg  

𝑘𝛽 is estimated to 2,8 m-1 

𝐷, is the pool diameter 

(Babrauskas, 1983)  

Pool area is for this release estimated to: 𝐴𝑝𝑜𝑜𝑙 = 1400 ∙  0,32 = 448 𝑚2 

And because (1 − 𝑒−𝑘𝛽𝐷) ≈ 1 the formula (1) can be adjusted to: 

 �̇� = �̇�"∞∆𝐻𝐶,𝑒𝑓𝑓𝐴𝑝𝑜𝑜𝑙      (3) 

The HRR of the pool fire is then calculated with �̇�"∞ = 0,022 :  

�̇� = 0,022 ∙ 42,5 ∙ 448 ≈ 𝟒𝟐𝟎 MW 

And with �̇�"∞ = 0,045 :  

�̇� = 0,045 ∙ 42,5 ∙ 448 ≈ 𝟖𝟔𝟎 MW 

These flames would have the height: 

𝐿 = −1,02 ∙ 23,9 + 0,235 ∙ 860000
2

5 = 31,2 𝑚  

According to (Babrauskas, 1983), the burning rate for crude oil ranges between 0,022 and 0,045 

kg/m²s. A possible explanation to this could be that different crude oil types over the world have 

different burning rates.   
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Energy content is the product of multiplying “Amount released” with “Estimated energy content” in 
table 5. Combustion time for a flash fire is more or less instant. Almost all the energy is released 
within 3 seconds from ignition. (Margolin, 2013). The explosion time is estimated to only 1 second.  
 
Table 4 HRR calculated for some of the flash fires 

Ref nr Energy content MJ 
Estimated combustion 
time, s HRR, MW 

2 2900 3 970 

3 30400  10100 

6 22000  7300 

8 332700  110900 

9 2100  700 

10 800  260 

11 5800  1930 

12 100  30 

18 300  100 

21 100  30 

 
Table 5 HRR calculated for the jet fires 

Ref nr Energy content, MJ release time, min HRR, MW 

4 8200 17,0 8,0 

5 11300 10,0 18,7 

7 11300 5,0 37,5 

14 300 5,0 1,0 

15 6500 300,0 0,3 

20 100 3,0 0,5 
 
Table 6 HRR calculated for the explosions 

Ref nr Energy content, MJ Estimated combustion time, s HRR, MW 

9 2100 1,0 2100 

13 300  300 

14 300  300 

16 1400  1400 

 17 50  50 

 

Combustion time for flash fires is estimated in Margolin’s report. The combustion time for explosions 

is my own approximation.  An explosion combusts almost instantly, the sudden release of energy is 

what categorizes it as an explosion.  
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9 Mitigation measures 
A lot of safety measures have been taken to prevent and/or limit the release of hydrocarbon fuels in 

offshore platforms. However the fire occurs as seen from the accident data. Passive protection 

measures are widely to mitigate the fire effects, e.g. protection of lifts. Further, the use of water 

deluge system in offshore platforms is common.  

A water deluge system can either be designed for general area coverage, or a directed water spray 

protecting a specific equipment item. These systems can: control pool fires and reduce the risk of 

escalation, provide cooling of equipment not impinged by jet fires, and limit the effects of fires to 

make evacuation possible.  

The four types of deluge systems are: 

 Area protection designed to provide non-specific coverage of pipework and equipment 

within process areas 

 Equipment protection designed to provide dedicated coverage of critical equipment 

 Structural protection designed to protect important parts of the structure 

 Water mist curtains designed to reduce the thermal radiation and to control the smoke to 

make evacuation possible. 

9.1 The key performance for water deluge systems 
The first and most important objective for a water deluge system is to cool surfaces in a fire incident. 

The time until the water arrives is of great importance, if the surface intended to be cooled is already 

above 100 oC, the water will boil instantly and not “wet” the surface. If the surface is well above 100 

oC, the water will not be able to cool it and a hot spot will occur. Depending on where this occurs and 

what kind of offshore construction is affected this can lead to collapse within minutes. 

9.2 Hydrocarbon pool fire  
Hydrocarbon pool fires can be effectively extinguished by adding a fire retarding foam to the existing 

water deluge. The fire extinguishing time is significantly faster when foam is used.  

9.3 Jet fire control 
The most common forms of active water deluge are water curtains used to protect an escape 

corridor.  The deluge systems are either made to reduce the incident thermal radiation or to protect 

engulfed objects. The stability of the jet flame can in some cases be affected by water deluge 

systems, but in general, the stability is too great for the common deluge systems available offshore 

(minimum water output is around 12 L m-2 min-1). Most likely, the deluge system will have little effect 

to size, shape and thermal characteristics of a high pressure gas jet fire. Even dedicated fire boats 

have proven unsuccessful in this task, as the water is unable to form a film over the surface engulfed 

by the jet fire and the temperature is not reduced.  

Deluge systems with higher water output (24 – 40 L m-2 min-1) have been tested with greater success 

in reducing the flame length and heat fluxes to engulfed objects. Arguably the best way to fight jet 

fires would be a system with higher water output combined with a fire fighting vessel.  
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9.4 Water amounts  
The amounts of water needed to handle the heat release rates in chapter 8 can be calculated with 

the thermodynamic properties of water. The water is assumed to have an ambient temperature of 

around 20 °C. The water put on any fire will first heat to 100 °C and then evaporate. Both the heating 

of the water and the phase shift into steam will steal energy from the fire.  

Water has the specific heat of 4,187 kJ/kgK, and a latent heat of evaporation of 2257 kJ/kg. To heat 

water from 20 °C to 100 and then evaporate it will take: (4,187 ∗ 80) + 2257 = 2592 kJ/kg.  

The energy released from a few fires in table 5 will be compared with how much 20 °C water it could 

evaporate with the formula: 
𝐻𝑅𝑅 (𝑀𝐽/𝑠)

𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 (𝑘𝐽/𝑘𝑔)
= 𝑊𝑎𝑡𝑒𝑟 𝑎𝑚𝑜𝑢𝑛𝑡𝑠 𝑛𝑒𝑒𝑑𝑒𝑑 (𝑘𝑔/𝑠) 

 Pool fire (reference number 1): 860 MW or 860000 kJ/s.  

860000

2592
= 332 𝑘𝑔 𝑤𝑎𝑡𝑒𝑟/𝑠𝑒𝑐𝑜𝑛𝑑  

Largest jet fire (reference number 7): 37,5 MW or 37500 kJ/s. 

37500

2592
= 14,5 𝑘𝑔 𝑤𝑎𝑡𝑒𝑟/𝑠𝑒𝑐𝑜𝑛𝑑  

The other fire categories would be less interesting in this comparison since the combustion time is 

very fast, and it would be very difficult to get the water in place at the right time. The pool fire, and 

jet fires are however often mitigated with water. 
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10 Conclusions 
There have been a lot of horrible offshore fire accidents during history, but none as spectacular as 

the Piper Alpha accident, the accident claimed 167 lives. Some lessons to be taken away from this 

particular accident would be to place living quarters further away from the process modules, and 

that blast walls are needed in case of a gas explosion.  

The platforms are often built high from the water surface, and it is often impossible to jump from the 

platform into the water and survive in case of a fire.  

Today, deluge systems have proven very effective against gas explosions if activated before the 

ignition.  

While a sign of prosperity, the actually quite common blowout, is also very dangerous. However, a 

blowout seldom by itself leads to the sinking of a platform and a large loss of life. This is because the 

explosion, dangerous for the people in close proximity, is not enough to melt the steel in the 

columns. Out of a hundred floating platforms, approximately one per year is involved in this kind of 

accident.  It is known that many accidents have started with a blowout, and then lead to other types 

of fires and explosions.  

Not only are these accidents dangerous to the people working on the platform, it can be very bad for 

the environment, specifically the sea environment. While compared with nuclear power plants for 

instance, the oil extraction business sees a lot more accidents that impact not only the people on the 

platform, but the nature as well. The Nuclear Regulatory Commission specifies that a nuclear reactor 

must have a core damage rate of less than 1 in 10.000 years. An oil spill does not do as much damage 

as a nuclear meltdown, but it is still impacting the environment on a large scale, and as history has 

shown us, it happens a lot more often.   

Natural gas is the most common fuel involved in offshore fire accidents. It is because it is extracted 

on many of the platforms, it is transported in high pressured pipelines and it has a quite large 

flammability range of 4 – 15 %. When a blowout occurs, there is a lot of equipment that can 

accidentally cause a spark and an ignition of the gas if it’s within the flammability limit. The weight of 

the gas ranges from 0,6 to 1 of the weight of air and will sometimes float away and sometimes stay 

where it is if not ignited.  

There are 5 different kinds of fires that are common hydrocarbon- related fires. Pool fires, jet fires, 

BLEVEs, VCEs and flash fires. The strength of a vapor cloud explosion, or a BLEVE can cause damages 

to vulnerable equipment close by and cause further effects, but they aren’t enough to melt steel 

themselves, and pool fires require large amounts of fuel to be hot enough. Jet fires however are an 

entire different thing. When gas rushes from a highly pressurized tank or pipe and then is ignited, it is 

likely to become a jet fire. To be compared with a laser focusing all the light into one incredibly hot 

point, jet fires does essentially the same thing, focusing all of the released high energy contents of 

the hydrocarbon into one small area. To objects caught within the flame, the effects can be 

devastating. The heat produced by a jet fire, is more than enough to melt or weaken steel structures, 

both history and calculations have shown this.  

The reports from the accidents around the world very seldom reveal exact (or estimated) fuel 

amounts involved. A blowout, the most common offshore fire hazard, releases large amounts of gas 



44 
 

instantly, and they can be of very varying sizes. This makes evaluating the heat release rate curves of 

the fires very difficult, which was the original aim of the thesis. 

The accidental hydrocarbon releases given by HSE are divided into 3 categories: major, significant 

and minor, in decreasing hazard probability. The major releases are likely, if ignited, to destroy the 

entire platform, whilst the minor release can probably be handled on site by the firefighting 

equipment available. This information was used to estimate the energy release rate of these fires 

very roughly.  

Out of the 21 significant releases that were evaluated during by this thesis, the biggest one was a 

flash fire, the release of 332 GJ in a few seconds is a huge amount. It is as much energy as the 

Swedish Forsmark nuclear power plant (3 reactors) would produce in 100 seconds in electricity.  

Systems made to prevent fires have been tested successfully, a good combinations seems to be gas 

alarms and water systems against gas explosions. However jet fires are more difficult to protect 

against. The heat release rate is more than enough to evaporate large amounts of water and the 

most sure way to cool objects would be using a fire fighting vessel with a very high water output. The 

problem is if it’s a large accident with panicked personnel running around, a person hit with the 

water jet from one of those vessels could easily be killed or washed overboard.  

This thesis has studied the worst offshore accidents throughout history, and what we can learn from 

them. The most common accident is the blowout that sometimes leads to a gas cloud reaching the 

platform and then ignites, creating an explosion. This first explosion is seldom what leads to a total 

catastrophe. It is often a first step in a chain of fires and explosions. It is very important to know what 

the hazards are and the strength of the explosions that can happen when building a platform, that 

way it can be built to withstand the first explosion, and then preventing the whole chain of events. 

The jet fire is the most dangerous to steelwork on the platform, due to its high heat transfer abilities. 

The thesis has also roughly estimated the heat release rate from the different offshore fire accidents 

found. Since hydrocarbons are so energy rich, there are incredible amounts of energy released in 

these kinds of accidents.  
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11 Parting words 
In order to calculate the heat release rate of the fires (which was one of the objectives of this thesis) 

the fuel release rate had to be known. This information however is very difficult to find. A lot of time 

of the literature study was put on finding this. Unfortunately it could not be found, and instead the 

values from the HSE Hydrocarbon Release Statistics were used. The problem with using this 

information is that it cannot be connected to any specific event or accident. The only reference is a 

number telling nothing about the platform or the date of the accident and for this reason each 

release could not be evaluated more closely. The information could however be used to calculate the 

heat release rate of some of the ignited releases. The thesis then gravitated more toward evaluating 

different accidents in how common and how dangerous they are. 

It is my hopes that this thesis can assist someone that is interested to learn about the hazards 

involved with the producing of hydrocarbon fuels.  
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