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Introduction

The Flixborough Disaster took place on the 1st of June 1974. This unfortunate and preventable event was a chemical explosion in the Nypro chemical plant in Flixborough. This disaster claimed the lives of 28 operators, injured 36 others and injured 53 members of the public. 2000 houses, shops and factories were also reported to have been damaged by the explosion which was estimated to be proportional to over 16 tonnes of TNT.
The Nypro plant in Flixborough produced caprolactam, a chemical used in the manufacture of nylon. This was the only plant in the UK producing caprolactam, an ingredient in nylon used for carpet and clothes. Part of this process involved cyclohexane which in this case, was believed to have escaped from piping and met an ignition source. It is believed that should this explosion occurred during a weekday; the death toll would be far greater.

Events leading to disaster
In the weeks leading up to this disaster there were a handful of events which when added together formed the main events which ended up in a devastating explosion.
· The process involved the oxidation of cyclohexane in six stirred reaction vessels in series operating at 8.6 barg and 155°C. To allow for thermal expansion, the vessels were linked together by 28 in (700 mm) diameter expansion bellows.
· Late in 1973, during a miners’ overtime ban, the reactor stirrers were switched off to save power. No reduction in process efficiency was noted and the plant continued to be operated without the stirrers.
· At some stage, a leak occurred on Reactor 5 and cooling water was sprayed on the reactor to dilute the leak.
· Early in 1974, the site mechanical engineer left for another job.
· On 27 March a leak occurred on Reactor 5. Following shutdown, a massive 2 m crack was found in the 13 mm thick mild steel vessel which had a stainless steel liner
· To restore production, it was decided to continue without Reactor 5 and construct a dogleg piece to connect Reactors 4 and 6, with expansion bellows at each end
· After the modifications were completed, the plant was back on stream on 1 April and operating without any problems
· On 29 May the plant was shut down again to repair a leak on a sight glass
· Following the repair there were problems in establishing the temperature/pressure conditions normally required for startup, with some pressure surges
· At 15:00 on 1 June the shift changed. It is impossible to recreate exactly what happened over the next 90 minutes since the control room was destroyed and nearly all those operating the plant at the time were killed by the explosion
· At 16:35 the bellows and the connecting piece failed. This resulted in two 700 mm openings and the rapid release of 10–15 t of cyclohexane – 75°C degrees above its atmospheric boiling point – which vaporised immediately
· The vapour cloud spread across the plant, quickly reaching a fired heater and igniting. 1


Discussion

Human factors are often a major cause for disasters in the workplace. These are described as the “dirty dozen”.

- Lack of communication	- Complacency 	- Lack of Resources	- Pressure
- Lack of Knowledge	- Lack of assertiveness		- Distraction 		- Stress	
- Lack of Teamwork 	- Lack of awareness 		- Fatigue 		- Norms

The Flixborough disaster is considered to be a disaster primarily caused by human factors. Below each will be outlined in regard to this disaster and then the three main causes will be discussed.

1. Lack of communication
When Reactor 5 failed there were was no communication with the on call engineer. Had the engineer been contacted and a discussion had in regard to the failure and the reasons for said failure the whole plant would’ve been shut down temporarily and the other reactors inspected. This would’ve prevented the bypass and poor construction of the pipework that failed and caused the chemical leak.
“Had there been present at the time a properly qualified works engineer with sufficient status and j authority to impose his views, he would, we consider, have insisted that there should be no start-up j until the other reactors had been thoroughly inspected and the cause of the failure of Reactor No. 5 ascertained.”2
2. Complacency 
This ties in with the lack of communication above. In addition, the plant had worked successfully for years leading up to the disaster. This can create a complacent attitude in a workplace and cause the workforce to discount any potential issues.
It is possible that as there were no initial issues with the bypass pipework that an assumption was made as to the pipework being adequate for purpose and no further thought into the possible long term effects of small and doglegged pipework.
“The design and construction of the by-pass assembly would not I then have been conducted as a rush job as in fact it was”3


3. Lack of Resources
The plant pipework was connected with 28 inch openings, according the disaster report the only pipework on site at the time was 20 inch pipe. Though calculations were made to ensure that the pipe could provide an adequate flow of liquid, there was no calculation for a dog-leg pipe and only for a straight section of piping. 
The lack of an engineer on site at the time was also a lack of human resource. Had the engineer been readily on site these issues would have been prevented.
4. Pressure
According to the report of enquiry “the emphasis at the meeting was directed to getting the oxidation process on stream again with the minimum possible delay.”4
This creates pressure on the workforce, these pressures may have pushed them make rash and uneducated decisions and may have been the ultimate reason that the on-call head engineer was not contacted and the rest of the reactors tested when N0. 5 failed.
5. Lack of Knowledge 
As discussed above there was no head engineer on site when the bypass pipework was put into place between reactors 4-6. This lack of expertise caused inadequate testing of pipework for its use and the lack of knowledge on the flow of fluids meant that those who made the modification did not take into account the flow through a dog-legged pipe in oppose to a straight pipe.
6. Lack of Assertiveness
It is possible that more junior members of the workforce felt that they could not question management decisions. It is also possible that the work culture that discouraged speaking up about safety concerns at this time contributed to the chain of events which then lead to many errors in judgment.
7. Distraction
The focus on long term functionality and process continuing in the plant, as mentioned above in number 4. , may have distracted from the main concern which should have been the safety of the plant on a whole. This distraction meant uninformed decisions were made by engineers not fully qualified for the work being undertaken.
8. Stress
As with pressure, the stress of the plant continuing production as quickly as possible can cause people to make rash and uneducated decisions.
9. Lack of Teamwork
As discussed above in lack of communication, the lack of collaboration between the mechanical engineers, chemical engineers and operations staff meant that teamwork was severely lacking , the teams failed to work together to share knowledge and ensure that the modifications and bypass of the reactors was safe and fully functional.


10. Lack of Awareness
The team which carried out the bypass of reactor 4-6 although having carried out tests to ensure the pipe could take adequate flow, had not taken into account the difference when the pipe was not straight and instead dog legged. There was inadequate awareness of the chemicals in the plant and the risks that a leak could cause.
11. Fatigue
People working at the plant worked long shifts and long hours, it is well known that a fatigued workforce do not function as well. This was not a named factor in the official report but it is a factor worth note.
12. Norms
During the time of the Nypro plant, it had become a norm that modifications were made without sufficient testing and safety measures. The assumptions that the plant was safe due to its many years of functionality and process meant that those norms caused assumptions and complacency.

Conclusion
The Flixborough disaster was a combination of many different human and organisational factors. In this case the Lack of Knowledge and Resources along with the Complacency caused critical engineering decisions to be made which ultimately led to the chemical leak in the modified section between reactors 4-6 which resulted in a huge explosion which destroyed the plant, lives and damaged surrounding local buildings.
The disaster stemmed from the installation of the temporary bypass, it was designed without professional mechanical and engineering knowledge, particularly the lack of knowledge that the doglegged pipe would react differently to a straight pipeline. The pipework was not adequately supported which caused shifting and then a chemical leak which released the highly flammable cyclohexane. The Inquiry identified a number of deficiencies in the temporary bypass. Calculations showed that, although the bypass could withstand normal operating conditions, it was highly likely that the bellows would “squirm” and fail at a pressure of 10.3–10.4 barg, below the relief valve setting of 11.0 barg. However, the plant had operated for almost two months without any obvious problems and a large part of the Inquiry was therefore devoted to examining alternative explanations. The Inquiry concluded that the most probable explanation was that “the disaster was caused by the introduction into a well-designed and constructed plant of a modification which destroyed its integrity”. 5
This also shows severe lacking of knowledge to the safety concerns when using chemicals, the flammability of the cyclohexane was not taken into account and the spread to a very easily accessed heat source was therefore missed.
The disaster also calls into question the location of the control room which was completely destroyed. This was a huge downfall in the construction of the plant and caused the deaths of all of the controllers on site at the time.
It is believed that had this event taken place during a normal working day during the week, many more lives would have been lost.
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