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1. Introduction

a) Context

On the 1st of June 1974, an explosion to a chemical plant that “rattled the confidence of every chemical engineer in the country” took place in the village of Flixborough, North Lincolnshire, England. This disaster, known as the Flixborough Disaster resulted in the death of 28 personnel, and 36 of the remaining 44 who survived were left injured.

The plant focused on the production of caprolactam, which is an organic compound which is mainly used to make Nylon 6 and is a crucial compound in the manufacturing of different fibers and plastics. In order to produce caprolactam, Flixborough utilised a cyclohexane plant using the partial oxidation of cyclohexane by compressed air. 

The cyclohexane plant consisted of cyclohexane being heated to a temperature of 155°C being filtered into a series of six reactors all connected by steel pipes. The plant utilised gravity when passing through each reactor, as each reactor was constructed to be slightly lower than the previous one so the liquid would flow through easily.


b) Scope & Purpose 

The aim of this essay is to analyse the function of the Flixborough plant, highlight the main causes of this disaster and relate them to the dirty dozen of human factors, discussing if the outcome of this disaster would have been the same if it weren’t for the human factors at play. 


2. Discussion

a) Causes

There were many factors that led to this disaster, but there were some that were more prominent reasons that played a factor in how things ended up like they did.  Human error playing a big part in each of the causes, as the decisions made that resulted in this disaster were made by people trying to bypass standards and take advantage of shortcuts. 

Cause 1 – Reactor 5 failure

The result of the Flixborough Disaster stemmed from the initial failure of Reactor 5.
During normal production in the cyclohexane plant, it was noticed that reactor number 5 was leaking. The thermal insulation of the reactor was then stripped away, revealing a 1.8-meter crack in the reactor. 



Cause 2 – Temporary Pipe

In the finding of the crack in reactor 5, a decision was made to remove reactor 5 and temporarily replace the reactor with a large pipe that connected reactor 4 to reactor 6. The pipe used to link both reactors together was only 20 inches in diameter, yet the optimal pipe that would have been needed was 28 inches in diameter. This decision was made solely due to the 20-inch pipe being the only one they had on site, already being an example of financial strain causing hazards. 

The testing stage was where the crucial mistake was made, since (using nitrogen) the pipework was tested to 4kg/cm2, 9kg/cm2 both presenting no leaks. But like the entire design process, this failed to meet British Standard 3351 as if the proper standards were met, then the pipework would have needed to be hydrostatically tested to a pressure of no less than 11kg/cm2 which is the pressure the safety valve was set to operate at. Therefore, the temporary pipe was never tested up to the maximum pressure that could be experienced.


Cause 3 – Continuing Failures

In the constant use of the cyclohexane plant with the temporary pipe, another leak was discovered resulting in the shutdown of the plant in order to carry out repairs. After repairs and testing were completed, the reactors seemed once again leak free, which commenced the restart of the plant. Just 1 hour after the plant was restarted after repairs, even more leaks were discovered, which according to inspectors seemed to have repaired themselves and the plant was again started up.

Eventually the 20-inch temporary pipe had failed, releasing upwards of 60 tonnes of cyclohexane. This resulted in the ignition of the flammable vapour released by the cyclohexane after coming into contact with the nearby hydrogen plant.


b) Human Factors

Human Factor 1 – No background check on reactor 5 failure (Lack of assertiveness)

After the crack in reactor 5 was discovered, the decision to switch to the temporary pipe was swiftly made without proper assessment of the cause of the initial leakage of reactor 5. The lack of assertiveness of the management team on site caused the problem to further as the decision to use the temporary pipe was used instead of shutting down the plant to assess the failure and take the proper steps to safely repair and get the plant back working as intended. 

Human Factor 2 – Decision for Temporary Pipe (Pressure)

The decision to use the 20-inch pipe instead of the recommended 28-inch pipe was made due to the pressure the plant was under. They were being told that they had to produce 70,000 tons per annum but were only producing 47,000 in early 1974. Due to the already struggling production, they were under pressure to produce the intended outcome that was expected of them. Shutting down the plant temporarily to make the necessary repairs to reactor 5 would only hinder them further on their production which only continued the chain of bad decisions that resulted in this disaster.

Human Factor 3 – Continuing Mismanagement (Lack of knowledge)

The lack of knowledge of the management team at flixborough singlehandedly brought upon the demise of many people. The management team were all qualified chemical engineers and were able to deal with chemical engineering issues competently, but not a single on-site senior manager had mechanical engineering expertise which resulted in mechanical engineering issues being overlooked by the management team all while suggested modifications were being approved and consequences of failure were never properly assessed.
The plant relied on an external mechanical engineer to take position when needed but it is noted that during the discussion following the initial failure of reactor 5, the external mechanical engineer was not present.


c) Prevention

Prevention 1 – Find reason for reactor 5 failure

Instead, the management team should have carried out the proper assessment needed to identify what the cause of the failure of reactor 5 was and note what the proper measures that needed to be taken were to repair it to a state where it was safe and ready to be restarted for production.

Prevention 2 – Shut down plant

If the management team had made the decision to temporarily shut down the plant, they would have been able to call in the external mechanical engineer who would most likely have given the correct guidance in what the next steps were in order to repair the reactor and get the plant back into production. Rather than making an impulsive decision to take things into their own hands and approve modifications to the plant that weren’t in their area of expertise.

Prevention 3 – Follow Standards

If the correct standards were followed in the decisions leading up to the explosion, then the chances of the disastrous outcome may have been significantly lower. The decision to wait for the proper sized pipe in place of reactor 5 would have been a much better decision in hindsight but due to the pressure and financial strain they were under, they chose to not obey the standards. The choice to also not perform a pressure test to the pipe at its maximum pressure was again another decision to cut corners which would have ended up being a better choice as they would have gained insight into the fact that the pipe that was used could not withstand the pressure it was being handed.



3. Conclusion

a) Summary

In conclusion, there were many factors that played into the deadly outcome of the flixborough disaster, and many that could have been easily avoided. The main reasons for things turning out like they did was the result of incompetent management, rash decision making and people trying to cut corners while not keeping to standards that were ingrained into the industry. The aftermath of this disaster had a long-lasting effect on chemical plants across the world, and lessons were learned the hard way that companies look back at nowadays and try to avoid. This disaster unfortunately resulted in the loss of life, damage to the environment and a mass loss of recourses. Everything that happened was solely up to human error, and the many human factors at play.


b) Future Research

If ever pursuing additional research into the flixborough disaster, I would look more into the initial cause of the crack in reactor 5 and see if there was ever a post disaster analysis to what caused the crack which eventually led to the failure.

Another avenue of research I could look into would be the Court of Enquiry report, which contains the contents of the investigation that took place after the disaster happened. It covers the causes, the assessment of evidence, procedural and engineering failures, management and operational oversight and the physical evidence collection. It would be interesting to see what they derived from the physical evidence and what they think evaluating them shows, and if it helps explain things any clearer.
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