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INTRODUCTION
On the 1st of June 1974, the UK’s largest industrial explosion took place at the Nypro Power chemical plant in Flixborough, causing 28 deaths and 36 injuries to the 72 workers on site [1]. The explosion is believed to be the result of a leak of cyclohexanone from a crack in a temporary bypass pipe connecting reactors 4 and 6. Then, this was initiated by a superficial blast from a nearby office, triggering the detonation of the cyclohexanone cloud [2]. The site suffered complete destruction, with fires lasting for over 10 days and with significant damage to the surrounding country and residential area [3].  Subsequent investigations, including an official Court of Inquiry, uncovered serious faults with the operations of the plant [4]. This paper will explore the most critical human shortcomings that contributed to the disaster, suggesting possible reasons for why they happened and how it could have been prevented.  Interestingly, Flixborough is a ‘thankful village’ with no deaths recorded from the Great War [5], serving as a solemn reminder that advancements in modern systems exposes us to greater risks from systematic human and organisational failures. 
LACK OF KNOWLEDGE
The disaster itself was ultimately a result of the introduction of a poorly executed modification to fix a previous issue. Two months prior to the disaster, reactor 5 developed a crack in its bellows for a seemingly unknown reason, and to bypass this a temporary pipe connecting reactors 4 and 6 was installed – taking reactor 5 out of the loop. The reactors themselves were positioned to form a staggered waterfall, with each, importantly, being equally lower than the subsequent other. The importance of each reactor being equally separated is to ensure that the flow of the liquid through the pipes happened at a set flow rate and speed in accordance with the reactor and pipes’ pressure handling capabilities. However, the modified bypass pipe used a “dogleg” configuration and had a different internal diameter than normal (20mm compared to 28mm) [4]. This resulted in not just a geometric modification, but in huge alterations to the dynamics of the flow. In fact, the height of the liquid doubled between reactor 4 and 6 (from 178mm to 356mm) [4], leading to an axial force on the pipe that it was not designed to handle. The engineers failed to investigate the changes this caused, such as the shearing forces on the bellows and the extra force on the buckles from the additional thrust. The British standards for such a task (BS3351:1971) were not followed or referenced. The drawings for the design modification were done in chalk on the floor of the building, and there was no testing prior to implementation. Knowledge of what to do and how to do it properly was severely lacking, and the awareness and confidence to admit this was also not present. Moreover, at the time of the disaster the person responsible for making such design decisions should have been the ‘Works Engineer’, a role that had been vacant for months. The design and implementation of the temporary fix was therefore handled by someone outside of their original role and specialisation. The senior executives of the company were unable to recognise the care needed for the decision making in this role and instead made decisions on simple engineering problems without the knowledge to back up their reasoning. The company had no proper policy in place to handle the decision making for vacant roles and this only demonstrates a further lack in leadership ability to confront and question such mistakes. When it comes to safety, knowledge of how to act and handle situations is key.
The failure of reactor 5 was a crucial component in the events leading to the disaster, and through a proper investigation into why reactor 5 failed this disaster may have been prevented and lessons would have been learnt. From the findings of the official enquiry, there was no investigation into why reactor 5 failed, in which the Court of Inquiry found unacceptable. At the time of the disaster there were not many working standards in place. The factories act 1961 was the primary legislative act at the time, however it was not designed to manage complex processes or risks, and neither was it effective for hazard classification. At the time, there was no technical regulations covering flammable liquids such as cyclohexanone (but there was for those with flashpoints similar to petroleum). However, there were drafts being written, such as the Highly Flammable Liquids and Liquefied Petroleum Gases Regulations (1972 DRAFT) suggesting that a few were realising the dangerous it could present if something went wrong. This gap highlights a lack in knowledge of the importance in handling flammable liquids at the Nypro plant, and an improper view on working safety practices.  
PRESSURE
Pressure is often seen as a negative influence in safety cultures; however, it can also serve as a valuable marker for situations where decisions carry significant risk. Often, the absence of pressure allows for complacency, making organisations their most vulnerable when they feel the most secure. As an example, only eight years after the Aberfan disaster exposed the systematic failings within the National Coal Board, their now co-ownership of the Flixborough Nypro power plant placed renewed attention on the safety culture of the government, and their respective safety management system [6]. What happened in Aberfan was the primary decision for the Health and Safety at Work etc Act (1974) to be drafted, with the National Coal Board facing surmounting pressure to avoid any further involvement in serious disasters. The pressure should have been felt with Nypro’s management and should have reinforced the need for rigorous testing and adherence to safety procedures. However, Flixborough suffered a similar tragedy with a lack of a safety culture in place. The fact that another disaster happened under ownership of the same governmental body showed a real systemic inability to learn from their mistakes, and a complete disregard for a proper safety culture. With both disasters happening within a decade of each other, there were calls for a major policy and safety regulation reform, and just weeks after the Flixborough disaster the surmounting pressure allowed the 1974 Act to pass through parliament [7] [8].
As seen, some amount of pressure can be a good thing, but where the pressure is applied is also crucial. In the case of the engineers working on the bypass pipe, the pressure was on time. The 20mm pipe was designed and installed in around a weeks’ time, disallowing the opportunity to detect any stress or design flaws in the failed reactor 5. This pressure was directed by the management, as the recent oil crisis caused a dramatic increase in the cost of raw materials, including those used in cyclohexanone [9]. Therefore, the plant was facing pressure to maintain its profitability during the period of inflation. The expectation was to not only maintain but increase their output and succeed their targets, giving internal pressure to perform. 
The vacant role of ‘Works Engineer’ would also increase the workload on the remaining team, leading to them improvising solutions under the strain of managemental pressure to complete their tasks on time. The leadership structure prioritised production over safety and risk management. Some engineers, such as Mr Blackman, had in fact raised concerns over the time constraints and lack of investigation, but no formal escalation occurred [4]. The culture discouraged staff from challenging decisions, and when they did the stress felt by the company executives overcame their ethics and likely caused a normalisation of deviance within the group [10] [11]. Even the labelling of the bypass as a temporary solution lowered the safety culture and highlighted what was most important to the executives was speed, amplifying the groupthink mentality. 
LACK OF COMMUNICATION 
Communication errors in high-risk environments allow for unsafe assumptions to exist and for warnings to go unheard. In Flixborough, there was no system for documenting engineering changes and no formal method to explore safety concerns.  The bypass that was installed was done so without any technical drawings in place, and no formal stress calculations were recorded or reviewed. The alterations to the flow dynamics were not formally documented and there were even discrepancies from surviving workers as to the condition of the reactors that morning. Without formal documentation, there is no chance to cross check work or very clearly communicate an idea. Many safety concerns were raised about the bypass but there is no evidence to show any action being taken against them, showing a fundamental error in operational procedures. Proper leadership involves making assertive decisions, especially when it comes to keeping people safe in high-risk environments. Frontline engineers should have been made to feel empowered and given the ability to stop work when they believed something was wrong or unsafe. This requires trust in your team and a commitment to provide a proper safety bubble, something talked about frequently by Captain David Marquet [12]. By doing so, the engineers may have had the chance to disagree with the sudden implementation without the pressure being put on them by management.
CONCLUSION
The Flixborough disaster was ultimately a combination of many different human factors and is hard to narrow down to just three contributors. They are all interlinked and can even be prerequisites of each other, like for example lack of knowledge becoming a lack of awareness. Or, similarly, that pressure can become a lack of assertiveness and complacency, and that the pressure itself may be due to a lack of resources. These are all the case for the Nypro power plant, as well as many others. The order that this paper takes is that lack of knowledge is above all else. The knowledge to correctly design the bypass tube, knowing that it needs to be documented and tested, that they shouldn’t succumb to influences, and that they could cause a massive explosion if things went wrong could have been a massive deterrent in stopping what happened. Next was pressure, as this fed into their human desires and affected their ethical thinking. Pressure is at times a very important thing, as it’s your bodies way of telling you to take care with a task. Too much pressure, however, only harms critical thinking. Communication came third, with this being the line drawn for when an organisation has truly failed. Without proper communication, no cross-domain task can ever be complete. With hindsight it becomes easy to pinpoint what went wrong, yet at the time these decisions were accepted as routine. What has been recognised as systematic and human failures were perceived as normal practice. This highlights the truth in that failures are often not caused by a singular error, but from unquestioned routines embedded into organisations and society. Preventing future disasters requires an everchanging regulatory framework, with leaders that actively promote a collective safety culture and challenge behaviours, even when nothing appears wrong.
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