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[bookmark: _Toc236055230]1.0 INTRODUCTION
On 1 June 1974, a major explosion occurred at the Nypro chemical plant in Flixborough, North Lincolnshire. The plant produced caprolactam, which is used to make nylon. The explosion killed 28 people and seriously injured 36 of the 72 people who were on the site. Buildings and homes in the surrounding area were also badly damaged [1], [2].
The explosion happened after a large amount of hot and pressurised cyclohexane escaped from a temporary pipe. The liquid quickly formed a large flammable vapour cloud, which then ignited and exploded.

The immediate cause of the accident was the failure of a temporary bypass pipe. This pipe had been installed between two reactors after one reactor was removed for repair. However, the accident was not caused only by a mechanical failure. The temporary pipe was designed and installed without proper calculations, detailed drawings, testing or specialist mechanical engineering advice [1], [3].

The decisions made before the accident were affected by several human and organisational factors. These included poor communication, lack of knowledge, weak teamwork, production pressure and unsafe working practices.

The “Dirty Dozen” is a human-factors model that identifies 12 common conditions that can lead to human error:

[bookmark: _Toc236055223]Figure 1: The 12 Dirty Dozen in Human Factors [4], [5].

Although the Dirty Dozen was originally developed for aviation maintenance, it can also be applied to chemical plants and ordnance, munitions and explosives environments. These industries involve dangerous materials, complex equipment and serious consequences if errors are made.


This essay identifies the three most important human factors that contributed to the Flixborough disaster. 

These are:

1.	Lack of knowledge and competence;
2.	Lack of communication and teamwork;
3.	Norms and complacency.

Lack of knowledge is placed first because it directly affected the design of the temporary pipe. Communication and teamwork are placed second because stronger checks and cooperation may have identified the design problems. Unsafe norms and complacency are placed third because they created a working environment where an unsafe temporary repair was accepted.

[bookmark: _Toc236055231]2.0 FLIXBOROUGH (NYPRO UK)
The Flixborough plant used six large reactors connected in a sequence. Cyclohexane flowed through the reactors at high temperature and pressure.
In March 1974, a crack was discovered in reactor number 5. The reactor was removed so that it could be repaired. This left a large gap between reactors 4 and 6.

To continue production, a temporary bypass pipe was installed between reactors 4 and 6. The existing pipework was 28 inches wide, but the temporary pipe was only 20 inches wide. Expansion bellows were used to connect the smaller pipe to the larger pipework.
The two reactors were not directly in line with each other. Therefore, the temporary pipe had to be designed with a bend, sometimes described as a dog-leg shape. The pipe was supported using scaffolding.

However, the scaffolding was not designed as a proper engineering support structure. No full engineering drawing was produced, and no detailed calculations were carried out to confirm that the pipe and bellows could withstand the pressure and forces created during operation [1], [3].

On the day of the disaster, the temporary pipe failed. It is estimated that between 10 and 15 tonnes of hot cyclohexane escaped [3], [6]. The material formed a large vapour cloud, which reached an ignition source and exploded.

The explosion destroyed much of the plant, including the control room. It also damaged buildings outside the plant. The accident shows how poor engineering decisions and weak safety management can lead to a major disaster.
[bookmark: _Toc236055232]2.1 Lack of Knowledge and Competence
Lack of knowledge and competence was the most important human factor in the Flixborough disaster. It had the strongest and most direct connection to the failure of the temporary bypass pipe. 

The people involved in operating the plant had experience in chemical processing. However, the bypass pipe required specialist knowledge of mechanical engineering, pipe design, pressure systems, expansion bellows and structural supports. At the time of the modification, the company’s senior mechanical engineer had left. There was no person with the same level of mechanical engineering experience available at the plant [2], [3].

The team that designed the bypass did not fully understand the forces that would act on the pipe. Pressure inside the pipe created forces on the expansion bellows. The bent shape of the pipe also created bending and sideways forces. These forces were not properly calculated. The scaffolding supported the weight of the pipe, but it was not designed to control all the forces created by pressure and movement.

Competence means having the correct knowledge, training, experience and skills for a specific task. A person may be experienced in chemical processing but may not be competent to design a high-pressure pipe system. This is important because different engineering tasks require different areas of specialist knowledge. A chemical engineer may understand the chemical process but may not have enough knowledge to approve a complex mechanical modification.

The temporary bypass was installed without a complete drawing and without calculations proving that it could safely operate [1]. 

[bookmark: _Toc236055215]Table 1: Factors, Pipework engineers should consider.
	Internal pressure.

	Thermal expansion.

	Movement of the expansion bellows.

	Bending forces.

	Vibration.

	Pipe support locations.

	Flange alignment.

	The consequences of pipe failure.



These checks were either missing or not completed properly. As a result, the plant restarted without enough evidence that the bypass was safe.

There was also a lack of understanding of the possible consequences of a major cyclohexane release. The cyclohexane was stored and processed at high temperature and pressure. If the pipe failed, the pressure would drop quickly and part of the liquid would turn into vapour.
This created the possibility of a large flammable cloud. A full understanding of this risk should have resulted in stronger safety controls or a decision to keep the plant shut down until a properly designed pipe was installed.

Lack of knowledge is directly led to the unsafe design. If a competent mechanical engineer had designed and checked the bypass, the problems may have been identified before the plant restarted.

This lesson is also important in OME-related work. For example, a temporary change to an explosives processing machine, safety interlock, ventilation system or protective structure must only be completed by people with the correct knowledge. 

A modification may appear simple, but it can create new hazards. It may change pressure, temperature, ignition risk, movement, containment or the way operators use the equipment. For this reason, organisations must clearly identify what competence is needed for each safety-critical task.

[bookmark: _Toc236055233]2.2 LACK OF COMMUNICATION AND TEAMWORK
Lack of communication and teamwork was the second most important human factor.
Complex systems cannot normally be made safe by one person working alone. Safety depends on different specialists sharing information, reviewing decisions and challenging unsafe assumptions.

The temporary bypass affected several areas of the plant. It involved mechanical engineering, chemical processing, pressure containment, maintenance and plant operation.
However, there was no strong formal process that required all relevant specialists to review and approve the modification. The people responsible for operating the chemical process did not receive enough specialist mechanical engineering support. At the same time, the limitations of the temporary design were not clearly communicated through detailed drawings, calculations, inspection records or written instructions.

Safety-critical information should be accurate, recorded and easy for others to review. Verbal discussions are not enough when making major changes to dangerous equipment.
Engineering drawings, calculations, technical specifications and inspection reports allow other people to check whether a design is suitable. Without these documents, it is difficult to identify mistakes or challenge incorrect assumptions.

Teamwork also requires people to speak up when they have concerns. Staff should feel able to say that they do not understand a design, that more specialist support is needed or that the plant should not restart. This is linked to another Dirty Dozen factor, lack of assertiveness. If workers are not confident that their concerns will be taken seriously, they may remain silent.

A strong project team should include all relevant departments and technical specialists. For the Flixborough modification, this should have included operations, maintenance, chemical engineering, mechanical engineering and safety personnel.
The team should have completed a formal management-of-change process. 

[bookmark: _Toc236055216]Table 2: Management-of-change process.
	A clear description of the proposed change.

	The reason for the change.

	Identification of hazards.

	Design calculations.

	Specialist review.

	Inspection and testing.

	Operating limits.

	Formal approval before restart.



Lack of communication and teamwork is ranked second because good teamwork could have reduced the effects of the knowledge gap. No single person can be expected to understand every part of a complex plant. Organisations therefore use teamwork and independent review to prevent one person’s mistake from causing a serious accident.

After the Flixborough disaster, industry placed more importance on formal management of change. Significant plant changes now normally require written safety assessments, technical review and approval by competent personnel [3]. These controls improve communication and make it clear who is responsible for each decision.

Communication is especially important in OME environments. For example, a designer may change a material without telling an explosives specialist. An operator may also continue using old instructions after equipment has been modified. These situations can create serious risks. Effective teamwork therefore requires formal handovers, updated procedures, configuration control and clear responsibilities.

[bookmark: _Toc236055234]2.3 NORMS AND COMPLACENCY
Unsafe norms and complacency were the third most important human factors.
An unsafe norm is a poor way of working that has become accepted within a team or organisation. Complacency happens when people become too confident and stop giving enough attention to hazards. 

The temporary bypass may have been treated as less important because it was only intended to be temporary. This may have encouraged the team to believe that full engineering controls were not required. However, temporary equipment can be more dangerous than permanent equipment. It may be designed quickly, use improvised supports and receive less testing. Calling a modification temporary does not reduce the pressure, temperature or dangerous chemicals within the system.

The decision to restart production suggests that returning the plant to normal operation was an important concern. This does not mean that individuals deliberately ignored safety.
Unsafe conditions often develop slowly. Small shortcuts may be accepted because they save time and do not immediately cause an accident. When unsafe behaviour does not result in harm, workers may begin to believe that the behaviour is acceptable. Over time, the unsafe practice can become normal. This is sometimes called the normalisation of deviance. It means that people gradually accept working outside normal safety standards because previous occasions did not lead to an accident.

Complacency may also have affected the assessment of the possible consequences. The team focused on reconnecting the reactors and restarting production.
They did not fully consider the worst possible outcome if the bypass pipe failed. Although a large release may have been seen as unlikely, the possible consequences were extremely serious. Risk assessment must consider both the chance of an event happening and the possible level of harm. Unsafe norms were also linked to pressure and lack of resources. The plant did not have enough specialist mechanical engineering support. There may also have been pressure to reduce production delays.

These conditions can influence people to accept temporary or incomplete solutions.
A strong safety culture would have required the plant to remain shut down until the bypass had been properly designed, checked and tested. Unsafe norms and complacency are ranked third because they explain why the weaknesses in design and communication were accepted. However, they are placed below lack of knowledge because complacency alone did not cause the pipe to fail. The direct physical weakness came from the poor design.
[bookmark: _Toc236055235]3.0 OTHER DIRTY DOZEN FACTORS
Other Dirty Dozen factors also contributed to the accident.
Lack of resources was important because the plant did not have a suitably experienced senior mechanical engineer available. 

Pressure may also have influenced the decision to restart production as quickly as possible.
Lack of awareness was shown by the failure to fully understand the possible consequences of a major cyclohexane release. Lack of assertiveness may have prevented individuals from challenging the decision to operate the plant. However, there is less clear evidence that fatigue, stress or distraction were major causes. These factors should not be included without evidence.

The Dirty Dozen is useful because it helps investigators look beyond the final technical failure. It helps identify the conditions that made human error more likely.
However, it should not be used to blame individual workers. Saying that someone made a mistake is not enough.

Investigators should also ask:

•	Why was the mistake possible?
•	Why was it not identified?
•	Why did the safety controls fail?
•	Why was the work allowed to continue?

[bookmark: _Toc236055236]4.0 LESSONS FOR SAFE SYSTEMS OF WORK
The main lesson from Flixborough is that all changes to safety-critical systems must be formally controlled.

A management-of-change process should be used whenever plant, equipment, materials, software or operating procedures are changed. This process should include hazard identification, design calculations, technical review, inspection, testing and formal approval.

Temporary modifications should be controlled to the same standard as permanent modifications. In some cases, temporary changes may need even more attention because they are often completed quickly. The purpose and expected length of the temporary change should be recorded. It should also be reviewed regularly to make sure it does not remain in place longer than intended.

Organisations must also ensure that competent people are available. Safety-critical roles should have clear competence requirements. When a task is outside the team’s knowledge, specialist advice should be obtained. If the correct competence is not available, the work should not continue.

Independent review is also important where failure could cause death, serious injury or major damage. Organisations should also create a culture where employees can challenge decisions. Workers should have the authority to stop work if they believe conditions are unsafe. Concerns should be reported without fear of punishment. Near misses and accidents should be investigated and used to improve procedures and training.

These lessons are very important in OME environments. Explosives and energetic materials can react quickly and cause severe harm. Safe systems of work must therefore include clear procedures, competent supervision, controlled modifications and strong communication.
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More than fifty years later, Flixborough remains one of the UK's most important process safety accidents. The disaster demonstrates that technical failures are often the result of deeper human and organisational weaknesses. Applying human factors principles, competent engineering and effective change control remains essential for preventing similar accidents in modern OME and chemical industries.

The organisation accepted a temporary modification that had not been properly assessed.
The disaster shows that human error should not be blamed only on individual workers. Human performance is affected by training, resources, communication, management decisions and organisational culture. In chemical and OME industries, these weaknesses can lead to fires, explosions and multiple deaths.

Safe systems of work must therefore include competent design, formal management of change, clear communication, independent review and continuous hazard assessment.
Safety must be treated as an essential part of the system and not as something that prevents production. 
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