Investigating the Human Factors which led to the Flixborough Disaster on 1st June 1974.

The Flixborough Disaster took place at the Nypro Chemical Works Plant at Flixborough in Lincolnshire at 4.53 pm 1st June 1974. A leak of cyclohexane formed a vapour cloud, leading to an explosion which destroyed the plant. There were 28 individual deaths and serious injury to 89 others (on and off site) [1]. This was caused by failure of a bypass pipe between two reactors. The accident was a result of several human factors that caused, “by the introduction into a well designed and constructed plant of a modification that destroyed its integrity” [1]. The ‘Dirty Dozen’ [2] (Table 1) will be used as a framework to determine the three key failings that led to the accident: Pressure, Lack of Knowledge and Lack of Resources.
	Lack of Communication
	Lack of Resources

	Complacency
	Pressure

	Lack of Knowledge
	Lack of Assertiveness

	Distraction
	Stress

	Lack of Teamwork
	Lack of Awareness

	Fatigue
	Norms
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The failure that led to the accident occurred in a bypass pipe between Reactors 4 and 6. During a startup of the plant, resulting in higher than normal pressures and temperatures, the pipe squirmed before jack-knifing, causing the bellows to tear, resulting in the release of cyclohexane at high pressure and temperature [3].  The decision to add in a bypass was the result of a failure in Reactor 5 with a large crack being identified in it on March 27th [1]. The bypass was approved at a meeting of management the following day, with the pipe installed in short order without proper design and utilising materials on site. This meant a 20-inch pipe was used instead of the 28 inches on the rest of the system [1]. The dog-leg design combined with the smaller pipe diameter and lack of support for the system resulted in significant flow alterations to the liquid in the system as well as creating, in the bypass, effectively a mass spring  [4]. The resulting vapour cloud, created by the release of 10-15 tons of cyclohexane [4] was sufficiently confined by the industrial plant creating the required density for the formation of a vapour cloud explosion. These explosion typically cause a large degree of overpressure and are thus extremely destructive [5] as was the case at Flixborough where the explosion was between 15-45 tons TNT equivalent [1] and, caused the almost complete destruction of the entire plant.
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The introduction of the bypass pipe introduced a latent error into the system. A latent error, as defined by Reason is that “whose adverse consequences may lie dormant within the system for a long time, only becoming evident when they combine with other factors to breach the system’s defences” [6]. Latent errors are normally caused by failures in the Health and Safety management system [7] as was the case with the introduction of the bypass pipe at Flixborough as is made clear by the official government report [1]. The key factors therefore that led to the disaster lie in the management and their decision to install the bypass pipe.

The plant at Flixborough had recently completed, in 1972, a £15 million overhaul and reconstruction that transformed its operational capacity from 20,000 tons of caprolactam (a chemical used in the production of Nylon) to 70,000 tons per year [1]. The cyclohexanone required from the manufacture of caprolactam would now be produced by the oxidation of cyclohexane rather than the hydrogenation of phenol. A potentially more dangerous process as the cyclohexane (a highly flammable and toxic chemical [8]) would be circulated at pressure (8.8 kg/cm2) and temperature (155◦C) [1]. The plant however, had not reached this new production level and was producing 47,000 tons per year and was facing sizeable financial losses in the wake of the miners strike the previous year [9]. The continued production through the use of generators and the ceasing of the use of the agitators in the reactors (the agitator in reactor 4 was never reactivated due to its deterioration) [9] demonstrates the pressure the management were under to continue production and run the plant profitably. This pressure continue production is one of the three key failings from the ‘Dirty Dozen’.
It is the meeting of the management on the morning of the 28th of May in response to the discovery of a large crack in Reactor 5 that must be focused on to highlight explicitly this pressure to pursue production. “The emphasis at the meeting was directed to getting the oxidation process on stream again with the minimum possible delay” [1]. There was only one dissenting voice, a Mr Blackman the engineer in charge of Areas 1 & 2 (Area 2 was where the incident took place), who argued in favour of investigating the reason behind the failure of Reactor 5 and stopping production until then but, he was overruled [1] [10]. The proposed solution, a bypass pipe to replace reactor 5, was approved without proper engineering calculations to its safety. The assumption was that it was merely plumbing job with no other solutions considered [1]. There were no technical drawings made of the design only a basic one in chalk on the floor of the workshop, no reference was made to the manufactures guide for the piping and bellows used in the manufacture of the assembly and pressure tests carried out were not to British Standard [1]. This work was carried out in 30 hours an impressive feat of speed that merely reaffirms the desire of management to restart production [10]. This is not the attitude of a company with a good safety culture. Despite the government report at the time stating that, “Nypro were safety conscious” [1] the management at the Flixborough plant were not. The decisions by management to prioritise production over safety is a symptom of a poor safety culture [11]. The management felt pressure to pursue production, and it was a key human error that led to the disaster.

The Flixborough plant at the time of the disaster had a weakness when it came to Suitably Qualified and Experienced Persons (SQEPs). The consideration of having a suitable number of SQEPs is standard practice in the UK Defence and Nuclear industry in regard to ensuring safe working practice [12]. At Flixborough it was the engineering department that was weak, with the site lacking a SQEP mechanical engineer at the time of the installation of the bypass pipe in addition to the disaster [1]. The previous work engineer (Mr Rigall who was a chartered mechanical engineer) had not been replaced with someone of similar experience or qualifications by the time of the accident. The role in the meantime was given to an electrical engineer who held an A level equivalent qualification in electrical engineering [10]. This was an individual who was, “not qualified to act as a co-ordinator of the engineering department of a plant such as Flixborough and should not have been asked to assume this responsibility even for a short while” [1]. In the entire engineering department despite individuals having some experience and technical qualifications there were no professionally qualified engineers [1]. The management did recognise that there was a weakness in the engineering department and had a specialist from the National Coal Board (NCB) available on call. This was however, implemented prior to Mr Rigall’s departure as it was already a problem even with a qualified mechanical engineer on site. The plant was now reliant on an engineer who would rarely visit the plant, had many other duties in his role at the NCB and any communication would likely involve a delay. There was therefore no SQEP on site with suitable authority ensure that proper measures would be taken to ensure safe working practices. It is likely that such an engineer would have prevented the plant starting back up until the reason behind the failure of Reactor Number 5 could be ascertained [1]. 
This is a linked failure from both lack of resources and knowledge with one feeding into the other. There are both strongly interlinked and enhance each other. There was a severe lack of knowledge caused by there being no SQEP mechanical engineer and, while there were SQEP chemical engineers (including both the general works manager and managing director [1]) this is what allowed for the management to have a critical lack of awareness of what the consequences would be for fitting a dog leg bypass pipe between Reactors 4 an 6. It must be noted that while the lack of awareness is important it is caused by a lack of knowledge. They were also aware that there was a potential lack of knowledge but did not seek to properly rectify it. It is for this reason that the lack of knowledge is a more important reason than the lack of awareness in causing the accident. A competent management seeks to rectify a lack of knowledge when it occurs and would ensure resilience in an organisation such that it would not be hamstrung, in this case by a resignation, (this could easily be an illness or accident as well) by the absence of a single employee [13]. 

The lack of resources (outside there being no SQEP mechanical engineer) helped to create both the initiating event for the final leak as well as the failure of Reactor 5. The cracking that occurred on the reactor was found to be because of nitrate induced metal fatigue (this was a phenomenon that was understood at the time but that the engineers at Flixborough had no knowledge about [13]). This was caused by the cooling of the reactor vessels by plant water that contained nitrates. This was a There was no provision for a separate source of water for such cooling and the use of this water directly led to the failure of Reactor 5. The more directly linked to the initiating event was the changed startup procedure due to insufficient supplies of nitrogen which was used to render the system inert. This would prevent the venting off of gas to control pressure within the system [14] which meant that during startup the system experienced a higher pressure than normal (although this would still be below that of the blow off valve). This marginally higher pressure and temperature was enough to cause the catastrophic failure of the bypass despite the two months of previous service [3]. These lack of resources did directly cause the conditions for the accident by the workarounds that the employees were forced to implement. 
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The other factors of the ‘Dirty Dozen’ did help contribute to the disaster but in smaller ways or as part of the aforementioned main three. Lack of communication with the NCB mechanical engineer meant that the work continued in ignorance that he would have stopped [1]. The use of large stockpiles of chemicals and the siting of the control room next to the production facilities with no proper blast protection were concerned norms as they were standard industry practice at the time [15] this directly contributed to the loss of life with there being no survivors in the control room. The final leak occurred when critical decisions were being made in the startup process so the operators would be distracted [14]. Mr Blackman was overworked and fatigued [1], was not assertive enough in carrying his point or in ensuring there was sufficient scaffolding to support the bypass [1]. All these and more helped contribute to the accident but were not as key as the main three.
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	The Flixborough disaster was ultimately caused by multiple human errors with the key failings being: the Pressure to resume production, the lack of Resources in both material and personal, and the Lack of Knowledge in mechanical engineering that led to a complacency in dealing with problems of that nature. Understanding these problems and how they arise will help accidents like this from occurring in the future. Safety is, after all, a collective effort and ensuring the correct people are in the right roles, are properly qualified and informed and that any change in procedure or process is fully understood before implementation will undoubtedly help with the prevention of an accident [7]. At Flixborough this was not the case, and industry must be aware that human errors will happen but that appropriate measures can prevent such a tragedy from taking place. 
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