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Introduction
This case study is based on the fire and a series of explosions that occurred in 2004 at the 
Formosa Plastics Corporation, Illiopolis, Illinois. This case study shows how human factors 
can contribute to a sequence of events that lead to a major incident.

The operator in this case had a well-established safety management system; however, they 
had not considered the role of human performance in preventing initiation, mitigating the 
impact and improving recovery for a major incident. The following details describe how human 
factors contributed to the incident and the corrective actions that could have been made to 
improve the overall effectiveness of the operator’s safety management system.  
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Incident description
A manufacturing company uses the highly flammable and toxic chemical vinyl chloride in their 
production processes. As part of their processes, this chemical is reacted under pressure and 
heat in several specially designed vessels. Once the reaction process is complete, the new 
product is transferred out of the vessels and the vessels are cleaned before they are used 
again.   

During a regular shift, an operator began cleaning one of the vessels that had just completed 
the process. They used a water blaster on the upper level of the plant to spray down the inside 
of the vessel. The operator then went to the lower level of the plant to drain out the water. 
However, instead of going to the vessel he had just finished spraying down, the operator went 
to one on the opposite side of the plant. This vessel was not in the cleaning phase, rather, it 
was mid-cycle and contained pressurised hot vinyl chloride. 

The operator turned the switches to allow what they thought was the cleaning fluid to drain 
from the vessel. No liquid flowed from the valve. This was because the vessel was fitted 
with a safety interlock system which prevented the valve from opening when the vessel was 
pressurised. Instead of seeking further information as to why the safety interlock system 
had engaged and prevented liquid from leaving the vessel, the operator decided to bypass 
the interlock system. The procedure he used to do this was in place and intended only for 
emergencies; however, it was usual practice for operators to use this procedure for non-
emergency issues. At this stage, the operator was not aware that they were working on the 
wrong vessel and decided to bypass the interlock system.  

When the valve opened, the highly flammable vinyl chloride immediately sprayed onto the floor 
and vapour filled the area. Vinyl chloride detection alarms sounded in the area. This caused 
the shift supervisor to react and, together with two operators, attempts were made to slow 
the release of the vinyl chloride. The shift supervisor and another operator attempted to enter 
the area however retreated due to high vinyl chloride monomer (VCM), a highly flammable 
chemical and known carcinogen and the primary raw material in the PVC manufacturing 
process concentrations. While they were attempting to slow the release within the vicinity of 
the vessel, the vinyl chloride vapour reacted with the atmosphere and a series of explosions 
occurred.  

This major accident event resulted in catastrophic consequences. Four operators were killed 
by the explosions: two working near the top of the reactor and two working on the lower level. 
A fifth operator died in the hospital two weeks later. The shift supervisor and two workers were 
hospitalised, and four workers were treated at the scene. The reactor facility and adjacent 
warehouse were destroyed. The local community were evacuated for two days due to smoke 
from the smouldering fire. 
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Findings and recommendations
Upon investigation, the following human factors were identified.

Human factors

Usable 
procedures

Training and 
competence 

Health and safety 
culture 

There was a lack of clarity around the seriousness of a major vinyl chloride release and 
the appropriate response to this type of event. This represents a knowledge error that 
occurred at all operational levels. It is an indication of a poor health and safety culture, as 
well as a lack of training.  

At the time of the incident, the company had six different evacuation procedures relating 
to a vinyl chloride release in circulation. This likely made determining how to respond 
to the incident difficult. Additionally, adequate emergency preparedness training was 
not provided to the supervisor or the operators. It had been more than 10 years since 
the company had last rehearsed a response to a large vinyl chloride release. This lack 
of training and the ambiguities created through the multiple competing procedures, 
contributed to the uncertainty around the unfolding situation and increased stress, 
compounding the potential for mistakes to be made. 

Corrective actions   

Usable procedures

 • Ensure that only one version of a procedure for each task is live and readily available  
 • Review emergency procedures and ensure they clearly identify and characterise 

emergency scenarios, address responsibilities and duties of responders, describe 
evacuation processes and detail training requirements. 

Training and competence

 • Regularly complete emergency response training for a range of scenarios and 
competency assurance

 • Update training matrix to ensure relevant personnel have the correct training and this 
can be monitored. 

Health and safety culture

 • Ensure the workers and line managers are empowered to escalate emergency 
scenarios, including abandoning the plant in an emergency scenario. 
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Human factors

Staffing and workload 
(including supervision)

Usable 
procedures

Safety-critical 
communication 

Prior to the incident occurring, the company had reorganised and reduced staff numbers. 
In doing this, they removed the role of group leader (working supervisor), who was 
responsible for supporting shift workers in their operational area. This left a single shift 
supervisor, who was responsible for the entire plant. This resulted in a lack of supervision 
and assistance for workers. 

The effects from the lack of supervision were compounded by the fact that operators 
had no means (e.g., a radio) to communicate with others who were not in their 
immediate area. Consequently, operators questioning why the valve at the bottom of the 
vessel was not opening would have to physically seek out assistance. 

The reduced availability of supervisors had flow on effects for the formal procedures 
surrounding the interlock valve. The site did have a specific procedure for using the 
emergency bypass for the interlock value; however, this procedure did not include 
many of the accepted good practices for safety critical procedure. The procedure did 
not require the supervisor’s written sign off (i.e. permit) or monitoring for bypassing 
the interlock. Nor did it require the identification of hazards and controls relating to 
bypassing the interlock valve and the communication of this to all workers in the vicinity.

It is likely that the lack of supervision, combined with the communication issues and 
poorly constructed procedures contributed to the unauthorised bypassing of the 
interlock valve becoming a routine action, despite being a violation of the procedure. 

Corrective actions  

Staffing and workload (including supervision)

 • Review supervision resources to ensure an appropriate level of support can be 
provided for the tasks being undertaken

Usable procedures

 • Review safety critical procedures (e.g., the interlock bypass) and ensure that they 
align with best practice.

Safety-critical communication

 • Provide all workers with the necessary tools (e.g. radio) to allow them to easily 
communicate with supervisors and other workers. 
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Human factors

Designing for people

The plant was designed so that vessels were grouped in formations of four, a common 
configuration in the chemical industry. Both reactors involved were located at the same 
relative position among their grouping. While the vessels were numbered, it is possible 
the similar formations led to the operator going to the wrong vessel. Additionally, on the 
lower level of the plant where the operator was working, there were no gauges, indicators 
or warning lights to indicate the state of the vessel. The result of these issues was that 
the working environment was not designed for optimal human performance which 
likely contributed to assumptions being made (i.e., that the operator was working on the 
correct vessel) and created the opportunity for the vinyl chlorine release and subsequent 
explosion. 

Corrective actions  

Designing for people 

 • When designing plant and determining the layout, conduct a human factors analysis 
to minimise the risks of design-induced human performance issues which can lead to 
major incidents. 

 • Provide adequate indicators and warning lights to ensure workers are easily able to 
understand the current state of the vessels. 

Additional information and resources
Department of Mines, Industry Regulation and Safety 

 • Human factors fundamentals for petroleum and major hazard facility operators: guide
 •  Human factors self-assessment guide and tool for safety management systems at 

petroleum and major hazard facility operations
 • Human factors: Usable procedures: information sheet
 • Human factors: Five principles of human performance: information sheet
 • Human factors: Integrating human factors into bowtie analyses of major accident events: 

information sheet
 • Human factors: Integrating human factors into major accident event and major Incident 

Investigations (pending approval)
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https://www.dmp.wa.gov.au/Safety/Guides-and-procedures-16202.aspx
https://www.dmp.wa.gov.au/Safety/Guides-and-procedures-16202.aspx
https://www.dmp.wa.gov.au/Safety/Guides-and-procedures-16202.aspx
https://www.commerce.wa.gov.au/worksafe/human-factors-usable-procedures

