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[bookmark: _Toc156316385]Introduction
In this assignment I will be explaining the elements required to ensure the safe operation of an industrial process. I will also explain the strategies and procedures required to ensure an industrial process meets legal and regulatory requirements, and how safe systems of work are established. These will include the four-pillar risk-based process safety management method as well as examples from a place of work. 	Comment by Rhys Hutton: Clear and concise introduction.
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[bookmark: _Toc156316387]Task 1 
Explain the key elements of a process safety management system. Using four pillars of risk-based process safety, in order to deal with loss of containment incidents that might lead to disastrous incidents, as applied to a process plant environment. 
When dealing with loss of containment incidents, the four pillars risked based process safety approach is used in order to prevent future accidents from occurring. The four foundational pillars are 1. Commit to Process Safety, 2. Understand Hazards and Risk, 3. Manage Risk and 4. Learn from experience, each of the foundational pillars include elements that are investigated to create an accurate risk-based process safety environment. 
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Description automatically generated]	Commit to Process safety – commit to process safety includes five different elements which begin with Process Safety Culture. Process Safety Culture is the acceptance of a standard of behaviour that the company has, if the company were to have the behaviour where “acceptance of situations as normal that pose hazards (such as ignoring an alarm because it goes off regularly)” (American Institute of Chemical Engineers, 2017) then the company would have greater chance of incidents occurring and this behaviour should be changed for the better if the Process Safety Management were to improve. Compliance with standards is the second element, this is to ensure companies are complying with relevant standards and regulations to keep their business and employees safe. Without standards and regulations companies would cut corners and not necessarily take the safest path which will impact their process safety, to guarantee the companies compliance with standards, audits are completed. 	Comment by Rhys Hutton: 







[bookmark: _Toc156316411]Figure 1 - 4 Pillars of Risk-Based Process Safety.
(Baker Risk, 2020)



If problems are found when auditing, “Action items identified by audits must be completed in a timely fashion” (American Institute of Chemical Engineers, 2017). The company must act on audits as they may find themselves under fire from authorities through fines or imprisonment. The third element is Process Safety Competency, employees cannot act safe or have the correct behaviour if they have never been educated in how to do so, “Knowledge about process safety concerns need to be continuously improved and that information must be available to others and consistently applied” (American Institute of Chemical Engineers, 2017). The next element under Commit to Process Safety is Workforce Involvement, this requires every level in the company to have some sort of responsibility regarding process safety. If each role in the company has their own safety responsibility, it is harder for problems and hazards to be missed therefore creating a safer process environment. He final element in this foundation is stakeholder outreach and it requires the company to build a relationship with groups that are more prone to being dangerous and working with them to educate and improve their work behaviours.	Comment by Rhys Hutton: 
	Understand Hazards and Risk – there are two elements that fall under this foundation, the first being Process Knowledge Management. This provides a paper trail for “all aspects of the process including design, fabrication, and installation of equipment in the process as well as the chemicals in the process” (American Institute of Chemical Engineers, 2017). The use of documentation is vital in Process Safety Management as the correct PPE can be provided as well as the correct training to individuals involved in the process. The second element is Hazard Identification And Risk Analysis (HIRA) requires assessments for hazards and risks to take place throughout the lifetime of facilities to consider the impacts on employees, other process, the public and the environment.
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Description automatically generated]Manage Risk – under this element there are nine elements, beginning with operating procedures, these are used to set safe operating limits and if there are deviations outside of these procedure limits, the company are open to consequences. The second element is Safe Working Practices, this ensures all non-routine work is documented so that safe working practices are adhered to. Permits can be used for non-routine work so risk assessments and operations monitoring can be completed to assure the work is safe to do. Asset Integrity and Inspection is the next element under this foundation and requires the systematic inspection and testing of equipment to prove it will work suitably for its intended use and remove any extra threat to injury through failure.  	Comment by Rhys Hutton: Figure 2 - Risk Management. (Peak Govournance, 2018)






Moreover, Contractor Management is an element in which contractors must work to a certain standard which will not increase the operational risk of the process. Contractors must be able to prove they can work safely prior to starting the job by showing training certification and completing various bits of paperwork to assess the area before beginning the work. This leads onto the next element which is Training Performance and Assurance and requires training to be provided to employees for safe working. Management Of Change is required to “review and authorization of proposed changes prior to implementation to ensure no unforeseen hazards are introduced” (American Institute of Chemical Engineers, 2017). Operational Readiness ensures the safe start-up and shutdown throughout the life of facilities, when shut down, process must be left in a safe state ready for start-up. Conduct of Operations involves the execution of operation and management tasks in a structured process to ensure workers at all levels perform their duties properly. The final element is Emergency management which requires the planning for emergency situations including allocating resources, practicing and improving the plans, and effectively informing employees and stakeholders in the event of an incident.
Learn From Experience – Incident Investigation is the first element, and it requires a follow up investigation of an incident to record what went wrong and what can be done to stop it happening again. Measurement and Metrics are used to ensure everything prior to the incident was up to date and how many safety system reliefs where used. Auditing is used to provide documentation to tag along with investigations in order to provide evidence. Finally, Management Review and Continuous Improvement is used to check and monitor safety control systems to evaluate if they are performing as intended and producing the affects that are required.	Comment by Rhys Hutton: The of the four pillars of process safety management explained in detail.
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At your place of work, examine how process control measures are used to prevent incidents in a process plant environment of your choice. 
Process safety control measures have a large part to play in the daily running within my place of work. Valero Pembroke refinery is dependent on carious control measures to ensure the workers are in a safe environment when entering work. “Work safe, Home safe” (Valero, 2024)  is a phrase greatly used by Valero and can only be enforced with the use of control measures across site, some more complex than others. Within the Fluid Catalytic Cracking Unit (FCCU) plant environment alone there are a plethora of different control measures to prevent incidents occurring, these begin with the isolation system for equipment. Isolation of equipment must only be completed by trained individuals such as Operators or in an electrical problem then electrical engineers are called in to isolate the equipment. Lock Out Tag Out (LOTO) is one of the methods used within the refinery and requires a cable to be fed through the handwheel of the valve and secured using a wheel which is tightened with a special key. Only Operations have access to these keys therefore maintenance cannot de isolate equipment which could cause harm. Equipment is drained down and drains left open to prove Zero Energy for the equipment. Zero energy is checked every shift and signed up by the operator ready for maintenance. Once equipment is isolated, permits can be issued for work to commence. Permits are legal documents that enable an individual to complete a job that has already been risk assessed and planned. A permit system is used site wide in order to organise various jobs and enable people to complete the work on equipment (HSE, 2023). On a permit information can be found such as Job Type, Time Frame, Equipment Name, Risk Assessment, PPE Level and the Joint Jobsite Visit (JJSV). If an individual is found to be completing work without a work permit, stop work authority is used and the incident must be reported as it could impact the individuals and surrounding workers safety. The next control measure implemented is a Joint Jobsite Visit, these are found on the back of the permit and must be signed by the operator on the unit and the individual that is completing the work. A JJSV is a process completed at the job site between the operator and maintenance confirming that the jobsite is safe and ensuring the maintenance personnel know what they are working on. No work can be started until the JJSV has been completed as there is no confirmation to say the equipment is safe to work on prior to an Operator attending the area and signing the form. Once the permit and JJSV have been signed, the next control measure to complete a task is to follow the procedure for the job. “A procedure is a method for completing something with steps and instructions for each aspect of the task.” (Indeed, 2022), all tasks within the refinery will have a procedure that needs to be followed to ensure it is done safely and correctly. Procedures must be signed at each step and kept on record in case of an incident, a procedure is another legalised [image: VCL - Fluid catalytic cracking - Minimum Cooling & Exchangeable Cooling  Rings]document that must be completed with the task. A further process control measure on the FCCU include various control valves and two main slide valves that activate in the event of a major equipment failure.  Several control valves and the two slide valves operate based on many different readings being taken throughout different vessels, if these readings fall under the setpoint or out of tolerance, control valves will fail open or closed depending on their operation and the slide valves will slam shut to prevent major failure in the unit and causing potential harm to surrounding workers. 	Comment by Rhys Hutton: 	Comment by Rhys Hutton: Great deatiled explanation of the process control measures is used to prevent incidents on site. You could break this up into paragraphs and include more figures to enhance your answer.[bookmark: _Toc156316412]Figure 3 - FCCU Slide Valve.
(Valve Competence Luxembourg, 2019)
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Explain the process safety procedures that are required to ensure safe operation of a particular process 
Power Recovery Train (PRT)

The FCCU incorporates a PRT within the catalyst recovery system, the PRT is a feat of engineering where it recovers the flue gas from the catalyst recovery system and combining a number of different pieces of equipment such as an Expander, Air blower, Gearbox, Steam Turbine, Gearbox and Mogen, “The purpose of power recovery train is to recover energy from a process regenerator’s flue gases and convert it into mechanical energy to produce power” (Nabil Abu-Khader, Ph.D., 2022). As the PRT is a vital machine in the safe running of the FCCU, it is extremely important there are process safety procedures and measures in place as an incident without these measures and cause catastrophic failure. The first process safety procedure relies on the operator to complete shiftly checks on various gauges and measurements to ensure the PRT is running correctly and nothing is abnormal. These values are then entered into a handheld device which then provides data to monitor changes in the process which could impact the process safety of the equipment but can also be used to help predict signs of failure before they occur. The second process safety mechanism used is an integrated control system, within Valero Delta V is used in order to create logic to respond to incidents which keeps the PRT running correctly. The control system will help the control operator by looking at various values at once and moving a number of valves to keep the process stable, “An integrated control system has been developed to drive, protect, and sequence the entire PRT. Speed, performance, expander, and anti-surge control applications run continuously to coordinate the control of the expander inlet and bypass valves to maintain the proper flow and pressure for a catalyst regeneration process” (Turbo Machinery International, 2022). If the process were to fail, process safety if at the forefront of the control system and it would automatically start to shut the unit down safely in order to prevent major failure. A third process safety system used for the PRT is an auto cut-in system.  This auto cut-in system is used on the PRT lube oil skid, this is because the PRT cannot run without the constant flow of lube oil cooling down equipment. A turbine driven pump is used to pump lube oil around the various parts of the PRT system, if this pump or turbine were to fail, and the pressure exiting the pump were to drop below a certain pressure, an electric motor will automatically cut in to continue the supply of lube oil preventing a trip. As the PRT is a vital piece of equipment, the lube oil skid also incorporates an “emergency auto cut-in turbine so that if the spare motor does not kick in in the event of failure, the steam turbine will start running as needed to ensure safe process operation is retained” (Valero, 2019). Process safety procedures are implemented in the auto cut-in system by testing to see if the pumps do work as needed when pressure is lost.  	Comment by Rhys Hutton: Good explanation of the safety procedures used in a power recovery train to ensure safe operation is completed on site.
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(Instrumentation Basics, 2024)
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