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In industrial plants, there are various control settings that result in either consumption of a high amount of energy among other vital utilities, malfunctioning of various systems, or even accidents. It is important for an operation engineer to minimize the amount of energy required in various operations and prevent possible dangers by altering several control settings. Precisely, in a case study involving Flixborough (UK), an explosion destroyed the systems because of inadequate control systems (Lees, pg. 120). Several people who were on the working site died while others survived with injuries. The reaction, however, did not happen on a normal day of work in which case there would a greater number of deaths and people injured. 

Permanent and temporary shutdowns have significant influences toward an organization. The term ‘shutdown’ from a literal point of view has an extended list of negative connotations that include a decline in revenue, the rise in cost, and susceptibility to hazards (Schwartz, 2016). Majority of safety shutdowns are complex and incorporate substantial risks because of the inherent unpredictability of the outcomes (UOP, 2014). Therefore, unlike typical operational maintenance controls, safety shutdowns adhere to an effective Safety Instrumented Functional Shutdown. The Safety Instrumented Functional Shutdown has become a strategic approach that facilitates operational engineers to improve machinery performance, integrate modifications, in addition, to minimize wastage, risks factors, or energy consumptions. The multifaceted objectives associated with Safety Instrumented Functional Shutdown demonstrate the primary goal of a triple shutdown procedure in a process industry model
Plant Operations 

Effective control systems enhance the plant operating efficiency. In industrial plants, there are various control settings that result in either consumption of a high amount of energy among other vital utilities, malfunctioning of various systems, and even accidents (Polakonda & Ganapathy, 2013). It is important for operators to minimize the amount of energy required in various operations and prevent possible dangers by altering several control settings. Precisely, chemical engineering processes involves the use of emergency procedures with significant focus delegated toward the serious eventualities that result in severe consequences (Lees, 2012). The case of Flixborough (UK) emergency reflects the lack of adequate training and specialized instructions necessary to manage explosion in a chemical engineering plant. 


Moreover, the high rate of casualties associated with chemical engineering plant accidents are manageable and with effective practices. The floor manager need to initiate an initial reaction by the staffs who relies on series of customized instructions and regular training about safety in a chemical engineering plant (Strobhar, 2014). Besides, the special instructions ought to be ease to comprehend. The use of code language in training the workers about the emergency procedure in a chemical engineering plant concerns to detection and characterization of leakages from chemical containers (Lees, 2012). Other emergency procedures pertinent to a chemical engineering plant relates to effective isolation of leakages, raise of alarms, efforts against fire using specialized equipment, and knowledge about the special features of the various chemical proponent in a chemical engineering plant. 

Besides, a handover and permit systems are critical plant operation module that enhances efficiency in chemical engineering plant because it enhances effective handover processes and adequate information exchanges. The process of oxidizing cyclohexanone has led to the emergence of new dimensions in the plant operation management because it advocate for an emphases on written procedures for handover activities (Polakonda & Ganapathy, 2013). The Cyclohexane has similar properties to a petrol-required storage capability. Therefore, a greater volume of cyclohexane had to go through the reacting system in a working pressure of a certain range and under a regulated temperature, which increases the potential of gas leakage when inadequate handover system fails to relate information about the state of oxidation for the Cyclohexane chemical (Lees, 2012). Inadequate handover practices can result in in a significant amount of cyclohexane flowed out of the plant with potential detrimental consequences in plant operation processes.   


On the other hand, the case study about the explosion at Flixborough depicts inadequate use and establishment of permit systems. The permit system facilitates the operation manager to communicate the intended actions to undertake a repair works in a section of a chemical engineering warehouse and planned handover after the repair work (Polakonda & Ganapathy, 2013). In the particular case study involving the Flixborough chemical disaster, the company was under a management transition period and the engineers in the previous shifts had been departed with adequately filing in the handover and permit systems. 


Similarly, the current conditions of the site reflect the need to integrate a supercritical firing capacity. The use of supercritical firing system has been appraised in other engineering disciplines including process industry sector because improving efficiency rate to 40% HVV when used to facilitate coal processing (Vitalis, 2015). The current construction site for the Flixborough Plant entailed inefficiencies because the nearby acid yard and hydrogen plant poise significant threats to the establishment of a heating system (Lees, 2012). Further, the liquid parts of the reacting materials moved from one reacting system to the next under the influence of gravity. In the later stages, distillation was used to separate the unused cyclohexane, which was recycled back to the feeding parts of the reacting systems and the oxidized cyclohexane that is cyclohexanone and cyclohexanol (Ibid). These oxidized substances were then converted into caprolactam. 

On the contrary, enhancing efficiency by 40% HVV require diversification of the heating system in for the Flixborough Plant. Notably, Vitalis reveals that an effective technology that can enhance diversification and efficacies is the use of a supercritical steam capacity (2015). The new methodology also elicits sustainable and positive implications because the construction design and components used in a supercritical steam capacity mitigates emissions and relatively cheaper compared to the typical heating facilities (Ibid). Therefore, a decision to modify the current construction yard and heating facilities is a strategic planning because of the potential positive effects available for the Flixborough Plant to capitalize on in its quest to enhance effectiveness. 

The reaction was exothermic. The heat responsible for initialization of the process as well as the reaction was acquired from a steam exchanger system on the feed of the reacting system. An automatic control valve regulated the flow of the steam to the exchanger system. There was a throughway around the valve, which allowed the passage of large amount of steam required in the initialization of the process (Lees, 2012). The cyclohexane liquid in form of vapor affected removing heat produced during the reaction. Vaporized cyclohexane got out of the reacting system mixed with unreacted oxygen and nitrogen gas (Ibid). Vaporized cyclohexane together with hydrogen and unreacted oxygen went through the heat exchanger at the feed of the reacting system and then via a cooling chamber into an absorbing chamber whereby the cyclohexane was cooled out through an automatic regulatory valve to a flare stack.


The condition in the reacting system was regulated by use of nitrogen from the tanks that stored nitrogen under high pressure. Tankers were used to bring nitrogen to the site for use. The pressure in the reacting system was regulated by altering the regulatory valve (Bradley, 2013). A system closed air to and allowed nitrogen to enter into the reacting system. On the evening before the explosion, it was noted that there was a reactor among the six reacting systems allowing the leakage of cyclohexane (Lees, 2012). The reactor was found to have a crack despite it consisting a three-layer section of steel. The leakage of cyclohexane showed that the inner layer of steel was weak. The management decided to stop the operation in order to investigate the leakage. It was later found out that the crack had extended.

A consultative meeting was called to decide on way forward as the incident was very crucial. It was later decided that the reactor number five was to be extracted from the system. A way through in form of a pipe was to be installed to replace the reactor number five and connect the reactor number four to reactor number six in order to enhance continued production (Polakonda & Ganapathy, 2013). There were calculations done to ensure that the flow, as well as the pressure of the reactants, was fully accommodated by the pipe.

Subsequently, the plant was commissioned into function after the modification. No problems were encountered but the whole plant consumed a greater amount of nitrogen than normal. On a later date, another leakage was identified on one of the separating valves (Lees, 2012). The team decided to stop the operation in order to repair the defective valve. Later in the day, the plant was started up again (Ibid). The order of happenings is not clear. The most vital part, however, is that the reacting system received pressure greater than the regulated level. After initialization, it was noted that there was limited nitrogen for oxidization and the team had to wait until late night for additional nitrogen supply. In such a situation, conserving nitrogen was the only option for preventing reduction of pressure through discharging.

Assessing the Level of Control System 


The industrial tribunal under the consultation of engineers, scientific advisers, and the involvement of governmental corporations conducted the investigation over the event. A number of possible causes of failures for the throughway pipe were outlined (Strobhar, 2014). They included failure of one of the pipes due to low increase in pressure, initial failure of some of the sections of the plant and an eruption of the gas layer surrounding the reactors. Several causes of increase in pressure in the pipe were stipulated. They included the inflow of nitrogen under high pressure into the plant because of poor performance of the system, influx of water into the plant, increase in temperature because of too much heat from the steam, steam leakage, eruption of the peroxides emitted in the process, and eruption because of gases in the plant.

They came up with the pipes hypotheses and the ultra-hot water hypothesis. The report mainly focused on the pipes hypotheses but the first larger pipe was focused on greatly than the others. This hypothesis was that the way through pipe busted due to inward pressure and high temperatures (Lees, 2012). It was revealed that the pipe was intensively and permanently damaged. There are many lessons that can be learned from the above case. These include both controls by the public as well as the industry ensuring safety and good management of any danger fittings. In the aspect of the industry, the management, as well as the technological aspects, play a very vital role in matters concerning the planning and performance matters. 


Similarly, there are other critical lessons that include the role of the public in matters concerning danger fittings. The consequence of the disaster above was to create awareness to the public on the dangers of chemical installations as well as making the available control measures kept in place seem insufficient in ensuring that there is safety. Therefore, the availability of control measure forces the government to take intensive measures by creating a relevant committee on main dangers to control and give advice on how to control various hazard plants. 


Another great lesson is on the location of danger fittings. In the case above, the number of victims of the disaster would have been greater being it not for the fact that the plant was installed in a plain area with a sparse population. The committee formed by the government should thereby make the location of such integral firms a major consideration in their planning (Lees, 2012). The case above shows the importance of effective ways of making the main danger installations known to local control organizations in order for them to offer guidance for safe storage. 


Moreover, the control of pressure systems is another integral aspect of the industry system. In the case above, the outflow of cyclohexane was because of pressure failure. Effective legislation system on pressure units for steam systems could be of great significance in regulating industry operations for safety purposes (Polakanda & Ganapathy, 2013). The directorate system for integral hazard plants enhances the focus on the management orders. The plant lacked skilled and experienced personnel. In addition, the management team could not monitor the workers as well as their qualifications, positions and their responsibilities and whether their competence suited their current positions (Ibid). Besides, the plant lacked a qualified mechanical engineer on the operation. Management should keep a look at every operation by doing things such as replacing those who have resigned among others.


Safety of workers is more important than the production. In the case of the firm focused more on production than the safety of workers as well as the good condition of the plant. The result was losing not only the firm but also the lives of some workers as well as the health of others.  The rules of practice should rule in every industrial situation (Bradley, 2013). In the case of the way, through the pipe was constructed in a manner that did not resonate with the codes of practice. Other vital aspects emerging from the case above include limiting the exposure of individuals to hazard installations. In the case of the effect would have been worse if the plant exploded on a normal working day. In addition firms, location of other buildings around hazardous plants as well as regulation on accessing dangerous chemicals is integral aspects in industries.

Triple Shutdown Processes

A successful operational-shutdown involves an audit process to monitor the variances inherent to the planned vis-à-vis actual instrumented functional shutdowns. The lifecycle phases comprise of the pertinent shutdown curves in a Safety Instrumented Functional Shutdown (MHPS, 2018). Tracing actual data variance along the shutdown curves also influences the assessment of the functional safety performance in a process industry archetype because the operational engineer can plot a trend graph (UOP, 2014). The use of trend graphs is critical toward influencing the cadre of corrective intervention and measurement of the profound milestones. 

The shutdown curves are essential for management of triple shutdowns and optimization of an Integrated Activity Planning process can be summarized into six phases. Phase one focuses on the definition of scopes regarding the understanding of the safety hazards that engulf the physical, social, and political milestones of the project (UOP, 2014). The second phase front-end planning stage to define the resources required to influence the attainment of the triple shutting goals (Ibid). The phase three, on the other hand, concerns with the detailed planning, coordination, and procurement activities to ensure compliance with overall safety requirements during the shutdown as well as the post-shutdown stages. 

Ultimately, phase four is characterized by an actual functional shutdown of the process industry activity. An effective execution of the Integrated Activity Planning involves modification and decommissioning of the reviewed and authorized plans with an aim to enhance the system integrity (MHPS, 2018). Phase 5 is a return to service stage, which involves transfer and documentation of the lessons learned during the pre-shutdown and shutdown processes in a spreadsheet. Undertaking a functional safety assessment and auditing of the adherence to the overall safety requirements are vital activities that influence the effectiveness of the subsequent shutdowns. 

Figure 1: Critical Phases of a Triple Shutdown Model in a Process Industry Setting
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(Source, Bradley, 2013)


Distinctive Sequences of a Process Industry Shutdown


Enhanced automation technique in the process industry has positive influences toward the plant operations and shutdown activities. The current system aims to minimize the shutdown risks associated with human errors during the Safety Instrumental Functional Shutdown in a process industry setting using the standard software capabilities (Schwartz, 2016). The two profound process shutdowns planning strategies include an Integrated Shutdown Plan (ISP), which merits because it influences an operation engineer to monitor and document the high-density shutdown risks in the short-term (Beck, 2013). The Integrated Shutdown Plan paradigm enables a high-level planning to undertake a quarterly based Safety Instrumental Functional Shutdown because long-term goals, scopes, and duration of the particular shutdowns are communicated to the stakeholders in advance.  


Alternatively, another process shutdown strategy relates to a Separate Shutdown Planning that is ideal for use in low-level shutdowns. The low-level shutdowns have a short window frame and low critical path during the implementation process (Bradley, 2013). The use of a Separate Shutdown Planning procedure to achieve the triple shutdown objectives incorporates a project-based management approach for an optimum performance. Therefore, the operation engineer ought to establish the flexible scopes, durations, and time allocation to facilitate adjustment toward the changes in the intensity of the work. 

Therefore, a Safety Instrumental Functional Shutdown in a process industry sector requires a high-level shutdown planning that adheres to the principle of an Integrated Activity Plan. Consequently, an Integrated Activity Plan facilitates the accomplishment of the eleven – shutdown lifecycles in a process industry sector. 


Lifecycle One: Hazards Identification and Risk Assessment Stage


The Hazard Identification and Risk Assessment stage is an initial pre-shutdown activity that aid in mitigating the adverse consequences of Safety Instrumental Functional Shutdown in a process industry sector. The operation engineer determines the events that can elicit negative consequences to the process and equipment (Bradley, 2013). The requirement for the risk mitigation is another undertaking inherent in the Hazard Identification stage because it involves determining the acceptable level of events considered as hazardous. An effective technique to enhance risk assessment in a triple shutdown process is the use of cross-discipline methodology to enable brainstorming, clustering, and deliberation on the hazardous activities (Lees, 2012). For example, a cross-discipline approach involves members from the hot work and welding units to deliberate about the factors hamper efficiency in the fabrication activity because of the similarity in their working environment. 

Similarly, a Hazard and Operability Framework (HAZOP) is another technique that enhances the efficiency in identifying potential dangers inherent in a Safety Instrumental Functional Shutdown in a process industry setting. Bradley (2013) describes a Hazard and Operability Model as an effective technique because it facilitates anticipation of deviations from the standard of operation to triggers the need for a safety and functional shutdowns. Besides, the ease of application of a Hazard and Operability Framework influences the adoption in the majority of triple shutdown procedures. Specifically, the development of project derivatives and schedules in a manual system results in significant errors, which can hamper the efficiency of the plant operation. 


Therefore, integrating a Hazard and Operability Study technique exerts pressure on the engineers to review the schedule and derivative activities to identify potential hazards inherent in the outcomes. The profound items necessary to influence the efficiency of a Hazard and Operability Framework include the plant layout diagram, documentation of the process description, cause-and-effect template, in addition to the standard operation and maintenance practices (Bradley, 2013). An operation engineer is tasked to undertake a full description of processes and practices inherent in a functional system with an aim to compare the current operations against the recommendations of a Hazard and Operability Study. 


Lifecycle 2: Allocation of Safety Function 

Another strategic pre-shutdown planning activity relates to the establishment of measures to protect the layers using effective allocation of safety functions as a key performance indicator. The protection of functional layers phase requires the operation engineer to describe the inputs from a safety requirement and integrity requirement point of views (Bradley, 2013). Consequently, the description of the outputs concerns with the dissemination of information about the safety function, target failures, and internal integrity levels. Determining the level of system integrity and safety requirement as the input process involves determining the demand modes as well the reliability of the plant engineering (Ibid). Particularly, the nature of the operation mode used to enhance the functionality of a system is a critical determinant of the demand mode and continuous mode.


Moreover, a system characterized by a low frequency of demand that is less than one year, demonstrates an input model of demand mode influencing the system integrity and safety requirement. A typical prototype that utilizes a low-frequency demand mode is a batch-process in chemical engineering technology used to facilitate fermentation process, which involves a single element throughout the process with negligible changes in nature of the original form. On the other hand, a pool-filter system in a chemical research demonstrates the integrity and safety requirements using a continuous mode of operation because of the high frequency in the change of material form. Therefore, two critical techniques facilitate a design engineer to influence the system integrity and safety input-requirement. First, a Probabilistic of Failure on Demand (PFD) is applicable in a system characterized by a low-frequency demand mode because it increases the safety requirement of a particular prototype (Lees, 2012). A second technique involves the use of Probabilistic risky Failure per Hour (PFH) in a system archetype that has a continuous mode of operation attribute (Ibid). A mathematical equation, PFD = 1/ PFH, summarizes the nature of relationship involving the application of the two techniques in representing the outcomes of a system’s integrity and safety requirements.  

The emergent of reliability engineering approach has gained traction among the system designers since the Second World War. A basic principle that influences the adoption of a reliability engineering to facilitate the allocation of safety function emanates from the argument that a chain is at its strongest point as its weakest point (Lees, 2012). Further, the adoption of mathematic principles of probability has influenced the adoption of the reliability engineering to determine the allocation of safety function because it outlines that the rate of failure is relative to time. Therefore, the modification has yielded the formula, ƛ = F / T, which quantifies the failure rate as the distribution of the failures posted during the investigation period divided by the total number of device hours (Bradley, 2013). The reliability engineering perceives the failure rate in a system as a building block that influences the safety and integrity requirements in a system design process. 

Besides, the use of reliability engineering in the process industry focuses on enhancing the assessment and improvement. The assessment and improvement aspects influence the reliability of the system work because they influence the area of improvement. According to Lees, the building block of a system integrity and safety hinges on the level of assessment as well as the improvement aspects (2012). Reliability engineering influence toward the allocation of safety function focuses on the influence of quality control. Reliability helps to determine the level of quality control because of the symmetrical relationship involving the two parameters of system integrity and safety. For instance, a reliable system incorporates a high level of reliability in the specification, design, and implementation processes (Ibid). Therefore, a reliability engineer has an obligation to an emphasis on the system quality control in the various stages to bolster the layer of protection analysis. 

Lifecycle 3: Safety Requirement Specifications 


The third post-shutdown process seeks to enhance communication of overall safety requirement to enhance the system integrity aspects during the execution of the Safety Instrumental Functional Shutdown in a process industry. The enactment of effective specifications that regard to the safety requirement facilitates the validation of the allocation of the safety function on the protection of the layers in the system (Bradley, 2013). Particularly, the use of a Trip-capability, as well as adherence to IEC 61511-1/2 Clause 10 and 12, facilitate the operation engineer to enhance the specification of the safety and integrity requirements.


Specifically, the IEC 61511-1/2 Clause 10 and 12 outlines the frameworks that an operation engineer ought to communicate in a structured manner to the other stakeholders involved in a Safety Instrumented Functional Shutdown. Among the prominent frameworks to validate a Safety Requirement Specification input, include clear statements that describe the safe-state in a Safety Instrumental Function, effective operational criteria, response to system mode failures, and the ideal mode of operation (Bradley, 2012). Another pertinent statement relates to a description of the functional relationship involving the input and output properties using the reliability engineering capabilities. 

Alternatively, a Trip System influences the efficiency of the Safety Requirement Specification in a system because it bolsters the application of hazard identification techniques. Lees perceives a Trip System as essential because it influences the automation of the shutdown process when the system is susceptible to a certain caliber of hazards (2012). Adequate modifications to the Safety Requirement Specification facilitate the provision of a sophisticated Trip System, which accords protection during the typical operationalization processes and in extreme conditions of start-up (ibid). Further, temporary decommissioning of a Trip System facilitates the reliability of a system because it hedges against human errors that include failure to restore the system after temporary disarmament process. 

Lifecycle 4: Installation, Validation, and Commissioning 


An immediate pre-shutdown process regards to installation, commissioning, and validation activities, which is in accordance with the IEC61511-1, 14 and 15 respectively. For example, the Safety Instrumental Functional Shutdown requires the installation of safety integrity- specifications that enhance the reliability, quality control, in addition to the assessment-and-modification aspects (Bradley, 2013). The commissioning of the Safety Instrumental Functional Shutdown should herald the validation of the process. Subsequently, the validation activity has a goal to ensure that the Safety Instrumental Functional Shutdown installation and commissioning processes match the various aspects of Safety Requirement Specification (Ibid). The validation processes need to address the availability of the mode of operation and enhance the system performance because it facilitates start-up overrides, the operationalization of the redundant channels, and provision of a manual shutdown process when a Trip System exists. 

Lifecycle 5: Modification and Decommissioning 


The execution of a Safety Instrumental Functional Shutdown involves modification and decommissioning processes that are defined in the IEC 61511-1, 17, and 18. The modification of the Safety Instrumental Functional Shutdown requires the use of a Change Request Note to document and seek authorization to enhance the system integrity specification (Bradley, 2013). Adequate planning toward the intended changes should also adopt a multidiscipline approach similar to the hazard identification process in the first lifecycle process. For instance, the reliability engineer in collaboration with the operation designer can evaluate a Change Request Note from the Operation and Maintenance staff member to determine the influence of the planned change toward the design. 

Similarly, an impact assessment test can result in a partial or complete overhaul of the previous lifecycle process. Therefore, the modification process is stayed to facilitate the operation engineer to re-enact the affected lifecycle (Bradley, 2013). Lees outlines the prominent identification measures that influence the modification process and avoid consequential errors (2012). The valve-identification is a common modification process because it addresses the difficulties associated with users in recognizing the appropriate valves when a system has multiple opening and closing Process Separator Vessels. 

Moreover, an in-plant labeling is another cause of modification in a chemical engineering process because of the substantial influence toward the design when errors occur.  Inappropriate labeling of chemical containers can elicit significant consequences when the wrong chemical is used for another process (Schwartz, 2016). Therefore, an effective modification that regards to mislabeling includes provision of three pieces of information in the entire containers to detail the substance name, hazardous properties, and manufacturer’s name. 

Alternatively, decommissioning process is both an independent lifecycle and modification activity in a Safety Instrumentation Functional Shutdown. As a lifecycle, the decommissioning process necessitates an impact-assessment process that aims to quantify the overall functional safety from the process (Schwartz, 2016). A critical focus on the hazard identification is vital to facilitate revision of the documented risks after a decommissioning process takes place. 

Lifecycle 6: Post Shutdown Activities 


Achieving a triple shutdown process has become a strategic approach that facilitates operation engineers to improve machine performance, integrate modifications, and minimize wastage, risks factors, energy consumptions, and host of adverse parameters. Therefore, establishing an After Action Review (AAR) facilitates documentation and transfer of the critical lessons from the current Safety Instrumental Functional Shutdown (UOP, 2014). A reliable AAR relates to a spreadsheet that details the policy and communication strategy for use to disseminate key lessons learned from the shutdown process. Another key content in the AAR is the review of the current distribution of duties and responsibilities to facilitate competency as well as safety practices details (Bradley, 2013). The third item in of an AAR document relates to implementation and monitoring activities to ensure the existing procedures facilitate the adoption of the recommendations. The fourth key item concerns with the level of functional safety assessment and reliability, which is used to demonstrate the compliance with the PFD or PFH entailed in the Safety Requirement Specification. 

Conclusion 


Plant operation management involves making an effective decision regarding vital decisions in emergencies, restarting the firm after it has become defective, regulation, and security on reaching the chemical plant. Making various plans in case of emergencies such as the use of fire extinguishers and asbestos clothing in case of fire among others can enhance the control aspect of the plant operation threats. Therefore, case study that regard to the devastating explosion on the Flixborough Chemical Engineering Plant demonstrates the strategic role of plant operation systems that improve efficiency and mitigate calamities. Particularly, an effective Chemical Engineering Plant is characterized by having reliable emergencies procedures and robust heating capability.  Besides, a focus on flexibility and efficiency propels an Engineering Plant to integrate a supercritical steam capacity with an aim to minimize on the cost and emissions typical with ineffective plants that include Flixborough. 

Conversely, a triple shutdown process differs from the ordinary operational and maintenance practices because it involves strategic approaches to enhance the compliance with the developed system integrity and system integrity specifications. The six broad lifecycle processes involved in a System Instrumental Functional Shutdown strives to facilitate an operation engineer to achieve machine performance, integrate modifications, and minimize wastage, risks factors, energy consumptions, and host of adverse parameters. 
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