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There are several types of maintenance strategies available for maintenance planners to utilize when creating a maintenance plan for pieces of equipment that require one. 

Unplanned corrective maintenance is the simplest form of maintenance as it consists of allowing a piece of equipment to run until failure, typically when vital spares or complete replacements are available. This type of maintenance is also used when the mean time to repair is of an acceptable duration or when a piece of standby equipment has been fitted and is ready for use when the online equipment fails. 

Planned preventative maintenance consists of calendar based scheduled maintenance, servicing, and equipment modification. Planned preventative maintenance overcomes the risk of critical equipment failing due to the routine checks that would be conducted on the equipment as part of this maintenance plan. Planned preventative maintenance is implemented and schedules are set where there is a statutory or mandatory requirement to be met, an example of this at Valero Pembroke Refinery would be the static inspections conducted on pressure safety valves every two years. Due to pressure safety valves providing pressure protection to systems, allowing pressure to be exerted if a certain pressure is exceeded ensuring the system does not explode, there is a legal requirement for them to be routinely inspected to ensure that they are in good working order. 

Condition based maintenance is providing maintenance to a piece of equipment due to its current observed condition. This maintenance technique is used when there are several indications that a piece of equipment is on the brink of failure. Condition based maintenance is conducted on equipment and includes routine monitoring, allowing for the deterioration of condition to be noticed. 

Continuous improvement is another maintenance strategy that consists of constantly improving or upgrading equipment to improve efficiency, cost efficiency, to reduce the risk of future failure or to improve the facility. Companies should be looking to constantly implement continuous improvement to ensure that their facility keeps up to date with modern technology and does not fall behind the times. Examples where Valero Pembroke Refinery have implemented continuous improvement include Hudson upgrades to fin fans and seal upgrades to pumps. In both cases, manufacturers have created better components for equipment that Valero possess and therefore when this equipment is maintained the upgrade is fitted. Another example of continuous improvement implemented at Pembroke Refinery is swapping out their old ladder gates for new and improved ones. Figure 1 shows an image of the new and improved ladder gates, they are fitted in place of scaffolding pole swing gates. The new ladder gates are larger in size and are yellow making them stand out.

Figure 1: (W.S. Safety, 2022)
[image: See the source image]

All the maintenance techniques listed above should be considered when creating maintenance strategies for given equipment. There is no single strategy that best fits all types of equipment and therefore a combination must be used to extract the maximum out of the given equipment. Creating maintenance plans to include varying maintenance strategies allows for each asset to be utilised to its maximum potential to include the maximum lifetime, cost efficiency, output efficiency and minimum downtime. 
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The amine regeneration column is the heart of the amine regeneration unit and therefore without it, the unit does not function. The regeneration column system comprises of feed pumps, shell and tube heat exchangers, the column itself, fin fan heat exchangers, an overhead drum, reflux pumps, kettle reboilers, reboiler condensate pots and bottoms pumps. The components within the system work in tandem to remove H2S from rich amine to produce lean amine. 

Figure 2 shows a simple flow diagram of the regeneration column system that an asset care assessment will be conducted on. Excluded from the image are the feed pump which pump rich amine into the regeneration column, bottoms pump which pumps lean amine from the regeneration column, the shell and tube heat exchanger which transfers heat between the rich amine and lean amine and the reboiler condensate pot which receives condensate from, and feeds steam to, the kettle reboilers. 

Figure 2: (Johansen, 2020)
[image: https://www.topsoe.com/hubfs/IMAGES/IMAGES%20-%20Products%20(2000x1125)/Process%20licensing/Odd%20formats/amine-regeneration_01.png]

The process of creating an asset care assessment comprised of assessing the equipment with respect to failure modes, equipment criticality and safety. This consisted of scoring individual pieces of equipment based off how their failure impact on several factors, to include safety, product quality and risk of secondary equipment damage. Each piece of equipment receives a score between 1 and 5 for each factor and then the scores are multiplied together resulting in a total of between 1 and 390,625. The scores represent how critical the equipment is to the amine regeneration column system and which will allow for maintenance strategies to be created accordingly. 

Figure 3: The image below shows the scoring system for the first four factors that each piece of equipment received a score for in the asset care assessment.
[image: Graphical user interface, application, table, Excel
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Figure 4: The above image shows the scoring system for the final four factors that each piece of equipment received a score for in the asset care assessment.
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Figure 5: The image below shows the asset care assessment that was conducted on the equipment that compiles the amine regeneration column system. 
[image: A picture containing application
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Figure 5 shows that the regeneration column with a score of 78,125, the kettle reboilers with a score of 30,000, and the reflux drum with a score of 15,625 are the highest scoring pieces of equipment in the amine regeneration system. Due to this each of these pieces of equipment can be considered as critical to the system which is why each is fitted with sensors, such as level, temperature, flow, and pressure to constantly monitor their condition. They are also maintained once every 7 years as part of a shutdown to ensure that they can run at their maximum efficiency and reduce the risk of failure. The shell and tube heat exchangers are the next highest scoring with a score of 1,200 which is why they are also maintained during the shutdown as part of a planned preventative maintenance strategy. The heat exchangers are also fitted with pressure and temperature sensors so that they can be monitored. Each set of pumps have relatively low scores of 480, 320 and 320 due to there being a support pump for every online pump. They are monitored regularly to include their vibration and temperature, with their visual condition being a routine check for the unit operator. The fin fan heat exchangers have the next lowest score which is 240 as they are not essential however improve the efficiency of the system. Due to this they are maintained under a run to failure plan. The kettle reboiler condensate pots have the lowest score, which is 20, and are also under a run to failure maintenance plan. 
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Monitoring equipment routinely is a fantastic way to obtain information on the equipment’s current condition. With the information on a piece of equipment’s current condition obtained, maintenance planners will have a greater understanding of when the equipment is likely to fail and can adjust their individual maintenance plans accordingly. 

Vibration monitoring is the process of checking the vibrations that a piece of equipment is producing using a vibration probe. Vibration monitoring should be conducted routinely by Solero on the bearings in the pumps and their motors and to help them prevent them from failing unexpectedly. The benefit of conducting vibration monitoring routinely is that vibration history can be created which would allow for the vibration to be compared with history to see if it has changed and if the change is large enough to signify a deterioration in condition. With both pumps and their motors being identical their vibration can also be compared with one another to help detect deviation. 

Another monitoring technique that Solero should use is temperature monitoring using an infra-red temperature sensor or a thermal imaging camera. The use of monitoring the temperature of the pumps and their motors will allow for detection of faults such as overheating bearings. Due to the output of the pumps being cooling water the temperature off both the suction and discharge lines should be cold, temperature monitoring will confirm this. If this is not the case and the suction or discharge line temperatures are high, then the cooling effect of the water may not be sufficient for the vessel’s needs. 

Visual monitoring is another type of monitoring that should be conducted on the cooling water system. Types of visual monitoring should include checks of the water supply tank level to ensure that it is sufficient, checks on the oil sediment pots on the pumps to ensure that the oil is in good condition and visual inspection for any signs of damage or wear. The unit operator should conduct all these checks daily. 
[bookmark: _Toc99545725]Part B

The main consideration for the cooling water supply system is the reaction that occurs within the chemical processing vessel. Within the vessel is an endothermic reaction, meaning that the reaction requires heat to be absorbed for it to occur Due to the reaction being endothermic, the vessel will be constantly absorbing heat energy and will require continuous cooling to prevent the heat from getting too extreme. If the vessels temperature were not to be cooled, then it is likely that the reaction will continue to absorb heat into the vessel and the speed of the reaction will increase. Depending on the type of endothermic reaction within the vessel, speeding it up may lead to affecting the efficiency of the reaction or in the worst-case scenario, an explosion. 

Implementing a run to failure strategy on a new piece of equipment is a viable option as the mean time between failure would be unknown. There is also a standby pump that can be operated if the online pump were to suddenly fail. Implementing a run to failure maintenance strategy will reduce the need for planning as maintenance will only need to be conducted when the online pump fails. Run to failure maintenance is advantageous where the time to obtain parts is low enough that they can be obtained as and when required and it does not have a significant effect on the downtime of the pump and motor, this is the case when spares are kept onsite. 

The main disadvantage to implementing a run to failure maintenance strategy is that failure is unpredictable. With a standby pump this is not so bad however if the standby were to also fail then Solero would be left with no cooling water to their vessel in which an endothermic reaction is occurring. 

The decision to implement a planned preventative maintenance strategy would be beneficial as it would drastically reduce the likelihood that the pumps would fail unexpectedly. Due to the equipment being new, the secondary risks to other equipment due to failure of the pumps is unknown. However, given that the cooling water system cools a vessel, which within is an endothermic reaction, the secondary damage due to failure can be expected to be quite high. Implementing a planned preventative maintenance strategy would be beneficial as it would allow for the standby pump to be placed in use whilst the primary pump is being maintained which allows for the chemical processing vessel to be kept online, reducing the amount of downtime. The cost of planned preventative maintenance is also usually lower than a run to failure maintenance strategy. 

There would be a few disadvantages to implementing a planned preventative maintenance strategy on a new piece of equipment such as Solero’s cooling water pumps. The main disadvantage is that the mean time between failure for the pumps is unknown, due to this maintenance might be conducted more often than is necessary on the pumps which causes financial waste on material and workforce. Another disadvantage is that running a planned preventative maintenance strategy would require spare parts to be purchased ahead of time, this could also lead to financial waste if the spare parts go unused. 
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The maintenance strategy that I would adopt as the lead of Solero’s maintenance department on the pumps are a combination of planned preventative maintenance and condition based maintenance strategies. To begin with, as the equipment is new, the strategy that I would adopt is condition based maintenance. Personally, I would conduct vibration and temperature monitoring on the pumps every two weeks. The purpose of this would be to identify faults before they lead to the equipment failing. I would make it required that the unit operator conducts daily visual inspection on the pumps ensuring that the oil is clean and that there are no signs of wear.

After a while, the mean time between failure and mean time to repair the pumps will become known, this is when I would alter the maintenance strategy to planned preventative maintenance. The required maintenance will be scheduled to be conducted a month earlier than the mean time between failure predicts to be on the safe side of failure. 
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