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Executive Summary 	    

 Looking into the corrosion of pipe work on the refinery and how inspection produce IANs (inspection advice notes) to be able to keep track of the work which is required to be changed out by certain dates. When the IAN for the project was issued for the 2020 shutdown it came into light that the metallurgy needed to be upgraded due to the new CTEMS documents that were produced for the new alkylation unit.
These documents were produced by the engineering department to upgrade the unit and keep it into the correct spec for the health and safety purposes of the refinery.
Once the planner would have been issued the IAN, the first objective would have been to scope to work on the alkylation unit to be able to produce a draft drawing and order materials for the work in question.
The draft drawing would be sent to the engineering department where a CAD drawing would be produced where a final reviewed drawing would be submitted for fabrication. 
Costs would have been calculated by the planner for a like for like replacement in the field using carbon steel and also to suite the new CTEMS documents produced by engineering which would be to use Monel. This would give a few solutions of the replacement pipe work and different costings.
Due to the CTEMS Monel had to be used regardless of the cost due to the corrosion rates to give the pipe work a better life span in the field which would mean less maintenance work in the long run.
A P6 plan would be put together to show how the pre turnaround work and execution work is completed and to see if the plan would come in on time and in budget.
Once the fabrication would be complete from an outside contractor the project would then be fitted into position on the unit.
This proved very successful and the project came in on time and in budget with no safety or environmental issues.
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[bookmark: _Toc38881868]2.0 Introduction and background of the project 

Looking into and understanding corrosion rates that are caused by product flowing though pipe work and equipment on the oil refinery. The refinery is due to have a shut down in 2020 to remove and replace sections of pipe work and equipment that are coming towards the end of life span. This is determined by our inspection department which on a daily basis will inspect certain areas on the site.
Inspection engineers will have trackers which will show when the pipe work and equipment were last inspected to show corrosion damage.
By doing weekly, monthly and yearly checks the engineers can keep on top of the corrosion rates and understand the life span and when end of life is due.
Inspections engineers will produce an IAN (inspection advice note) document which will provide the information with the corrosion rates and issues on to see where the pipe work or equipment is affected. This document is issued once the replacement is required. Looking at the information on this document will enable the planner to look into the possible solutions to replace the pipe work or equipment within the time scale that’s require on the IAN (inspection advice note) required.

[bookmark: _Toc38881869]2.1 Background research on the company   

Valero Energy Corporation is an international manufacturer and marketer of transportation for petrochemical products and fuels. Valero is a fortune 50 company and is based in San Antonio. It operates an additional 15 petrochemical sites worldwide which has a combined throughput capacity of around 3.1 million barrels per day. Valero in Pembroke has a throughput capacity on its own of 270,000 per day of crude plus 50,000 barrels per day of other feed stock. Pembroke originally opened in 1964 and was acquired by Valero in 2011. It occupies approximately 450 acres of a 1,275 acre site on the shore line of Milford Haven. Pembroke has around 550 employees and 400 term contractors. Pembroke produces include gasoline, diesel fuel, kerosene, liquefied petroleum and petrochemical feed stocks. About 44 percent of the products produced are gasoline, including ultra-low sulphur gasoline, and about 40 percent of products are distillates.
(Energy, 2011)


[bookmark: _Toc27998019][bookmark: _Toc28001218][bookmark: _Toc31438726][bookmark: _Toc31438829][bookmark: _Toc31442677]Figure 1- Pembroke Refinery
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[bookmark: _Toc38881870]3.0 Aims and objectives 

the aim of the project is to replace a section of pipe work that is coming towards end of life. Will go into detail on how it’s trying to be achieved and how the outcome and progress the life of the pipe work. 
By upgrading the metallurgy of the pipe work this will give a longer life span of the material as the corrosion rate will be a lot less. When looking into the extra cost of the upgrade, compared to the life span of the pipe work charts and results show that’s it beneficial. 

[bookmark: _Toc38881871]3.1 Inspection requirements    

The plant equipment and pipe work are regularly inspected by Valero inspection engineers. Due to the nature of corrosion on the refinery a team of engineers will inspect and NDT on pipe work across the plant. Once inspected they can gather the data and see if the pipe work is due for renewal due to the affected corrosion. 
An Inspection advice note will be produced, see appendix 11 for the IAN that was produced for this project and what the aims are for the renewal of the pipe work. The IAN will give you the design pressure, temperature and process fluid.
The observation found was that the thread was not fully engaged in the drain and was recommended that this will be fixed on the next shut down due to not being able to be taken offline on the run. 
With the new CTEMS documents and the temperature being in the range on Alloy 400 it was recommended that the entire spool is to be upgraded and replaced. Once the new design has been fabricated and installed the IAN will be signed off by the inspection department and closed out. It will be put into folder to be able to keep track of when it was changed so when the inspection is carried out on the new pipe work they can work out the corrosion loss and the life of the new pipe work over the coming years.
[bookmark: _Toc27998024][bookmark: _Toc28001224][bookmark: _Toc31438727][bookmark: _Toc31438830][bookmark: _Toc31442678]Figure 2-Location of thread engagement
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[bookmark: _Toc38881872]3.2 Materials performance in HF service  

The use of materials for HF service is based on field testing which has been performed since the early 1940. The fabrication and specifications for the HF service in pressure vessels and piping systems have been defined by the licensors of the HF allylation process. Unexpected deteriorations and corrosion can be avoided by maintaining the operation of the plant and by following the materials specification and fabrication requirements.  The maintenance and inspection guidance provided is that the recommended practice is based on many years of experience from the owner and operator. The operator and the owner should develop and maintain comprehensive written inspection procedures aimed at the integrity of an HF alkylation unit. Keeping to the up keep of these procedures is one off the most important measures to prevent any release in HF acid service. The terms main acid and trace acid are used due to selected services within the HF alkylation process unit. Trace acid is defined to include streams of primary liquid hydrocarbon and with only small amounts of acid. Any other service which has free acid is known as main acid. In addition to this any service which is regularly subject to free acid will be classed as main acid for inspection purposes.  The materials that are used for construction for the alkylation unit are nickel copper alloy 400 and carbon steel. Other materials have been selected for use in HF service before such as 70-30 copper nickel base alloys C-276 and B-2 (Hastelloy).  (institute, 2005) 
See appendix 2 for safe operations of HF alkylation plants

[bookmark: _Toc27980604][bookmark: _Toc27980724][bookmark: _Toc27980772][bookmark: _Toc27994147][bookmark: _Toc27998020][bookmark: _Toc28001219][bookmark: _Toc31438728][bookmark: _Toc31438831][bookmark: _Toc31442679]Figure 3- Valero alkylation plant
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[bookmark: _Toc38881873]3.3 Carbon steel          

Corrosion or carbon steel in HF service can be caused by temperature, water content, velocity and contaminants. Carbon steel has shown it can resist concentrated HF to approximately 150F but this temperature should not be considered as a limit. Depending on the exposure to the HF condition is dependent on the temperature as some cases have shown to perform up to 200F so it can vary. Carbon steel relies on its film of iron fluoride for its protection against HF corrosion. If the carbon steel was to loss this film the increase in corrosion would accelerate. Welding slag is also rapidly attacked by HF. (Cr, Ni, Cu) in carbon steel will also speed up the corrosion rate as well.
 (institute, 2005)

[bookmark: _Toc27980605][bookmark: _Toc27980725][bookmark: _Toc27980773][bookmark: _Toc27994148][bookmark: _Toc27998021][bookmark: _Toc28001220][bookmark: _Toc31438729][bookmark: _Toc31438832][bookmark: _Toc31442680]Figure 4-Cross section of carbon steel pipe showing corrosion of pipe with low and high residual
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[bookmark: _Toc38881874]3.4 Alloy 400  

Alloy 400 is a lot more resistant to HF than carbon steel and would usually be used on the plant were carbon steel is not suitable for the service or scale build up is a lot more detrimental. Alloy 400 can withhold a greater temperature than carbon steel as its resistance to HF is around 300F – 350F depending on the exposure. Oxygen contamination in HF can increase the corrosion rate in the Alloy 400. This can cause rapid pitting attack on the material. The presence of the oxygen will also increase the possibility of cracking in the Alloy 400 containing high tensile stresses resulting from weld fabrication or cold work, especially when exposed to HF vapour. Hat treatment can be used to help prevent cracking of the Alloy 400 in HF service. (institute, 2005)
[bookmark: _Toc27980606][bookmark: _Toc27980726][bookmark: _Toc27980774][bookmark: _Toc27994149][bookmark: _Toc27998022][bookmark: _Toc28001221][bookmark: _Toc31438730][bookmark: _Toc31438833][bookmark: _Toc31442681]Figure 5-localized corrosion in 3/4" Alloy 44 nipple dead leg
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[bookmark: _Toc38881875]4.0 Project Specification and Testing Plan  

[bookmark: _Toc38881876]4.1 Project specification         

Maintenance: This will be done on the run though our daily schedule. If any issues were to arise on the alkylation pipe work it would get addressed with a clamp until the replacement of pipe work could proceed.
Target costs: The total cost of this project should not exceed £20,000. This will include all labour costs and materials for the project.
Environment: All environmental plans and procedures will be put into place before the project execution. 
Life in service: With the upgrade to Alloy 400 the pipe work will not be changed out until the next shut down.
Shipping: All material of the required project will be shipped from America from our approved Valero suppliers. They will be flown over by plane. All costs for shipping are inclusive in the materials quote.
Specification and standards: Gem spec PJ053 will be used to order materials as per the Valero standard and the GR800 will be used to ensure a leak free start up. See appendix 3 for Gem specs.
Safety: All rams and method statements must be reviewed by Valero personnel and sign or before the project starts. All PPE must be compliant to the alkylation standard. All permits must be sign by all personnel working on the project. All lift studies to be sign by an appointed person, lift supervisor and Crane driver.
Completion: Completion of the project must be within the time scale of the IAN provide by inspection.
Reliability and quality: The project must undergo a QA/QC procedure which is put in place by the contractor and signed off by Valero on completion of the project.
Process: All repairs that are done by maintenance on the run must be signed off by process to ensure it does not affect the running of the unit. 
Ergonomics: All work will be accessible from scaffold to ensure operations can get to all valves to ensure the plant is shut down correctly and tagged. 
Testing: NDT must be complete on all welds which are done and signed off in the QA/QC document. 
Lifting: Lifting of the required pipe work in and out of the structure will be done by a 50T crane which will have a signed lift study for approval to be used on the road side of the plant.
Disposal: Disposal of the alkylation pipe work must be put into a VAT to ensure it’s clean of any acid deposits and certification signed before leaving site. 
Documentation: All documents will be provided by the contractor and verified and signed off by Valero personal. 
[bookmark: _Toc38881877]4.2 Project Planning
   
Planning of the project will be taking place 12 months prior to the execution. The Valero turn around team will undergo a series of tasks to get all the required planning in place. The software that will be used to plan the project will be Primavera P6. By using this program each step in the plan is linked by predecessors and successors. A duration is given to each activity, which will give an overall duration for the project plan in total. Labour recourses will be assigned to each activity to show the required amount of labour needed to complete the project. This will give an accurate cost for labour which will be added to the overall cost of the project. See appendix 4 and 5 for P6 project plan and execution.
 Daily progress reports will be driven from P6 to give an update on the project time scale to see if it’s on target. Man hours are entered to burn up the hours in P6 which will be reflected in the S Curve. If any additional hours are required for the project this will be reflected on a difference S curve so you can see the difference between the planned hours and the actual hours if needed.

[bookmark: _Toc38881878]4.3 Budget     

The project budget will come from the AFE (Approved funding expenditure). This is the amount of money which has been decided that can be used for the 2021 turn around. Within this budget a certain number off allocated tasks and projects must be completed. A contingency of around 10% will be available if it is needed to complete the overall shutdown. Anything after this will need to be approved for additional funding requirements.
This affects the Solomon score whereby refineries are all compared on the amount of moneys spent.
The overall cost of the project is £20,000 which can exceed 10% should need be all inclusive of materials and labour.
Two quotes went out to the suppliers, one for Alloy 400 material and one for Carbon steel in HF service. This cost gets reflected in the upgrade to show the benefits that even though the material is more expensive, the life span is a lot longer and saves on expenditure in the long run. See appendix 6 for materials quote on Alloy 400 and Carbon steel. 



[bookmark: _Toc38881879]5.0 Solutions 

The most obvious solution is a like for like replacement of the pipe work that is currently in place. Due to the change in CTEMS documents seen in appendix 7 page 13, 7.2.1.1 and page 33, there will be a change in the drain due to the dead leg system and the metallurgy of the pipe work due to the temperature change.
This will be reflected in the new design drawing which will be produced by the drawing office for fabrication prior to the execution stage. 
[bookmark: _Toc27994150][bookmark: _Toc27998023][bookmark: _Toc28001222][bookmark: _Toc31438731][bookmark: _Toc31438834][bookmark: _Toc31442682]Figure 6-Pipe work currently in service
[image: ]
The current pipe work as seen in figure 6 has a drain which drops down for drainage purposes. Due to the new CTEMS documents that drives the new pipe work installation on the Alkylation plant the new drain will come off on the side of the pipe work. This is so the product will keep flowing and won’t cause a dead leg which will cause less corrosion over time. The new pipe work will be manufactured from Alloy 400 instead of Carbon steel which is also due to the new CTEMS. Any process which runs between 160F and 300F will be subject to change. (Valero, 2018).  This will make the pipe work last longer due to less corrosion. 

[bookmark: _Toc31442683]Figure 7- Draft drawing
[image: ]
Figure 7 shows the drawing which was produced based on the measurements and new CTEMS documents for the fabrication of the new spool. Once the drawing is complete it gets sent to the drawing office to be put into CAD and gets approved by the design engineer. Once approved the materials will then be ordered and sent the contractor’s yard where the fabrication of the spool will take place before installed on site. 
[bookmark: _Toc38881880]5.1 Solution 1 costs 
The cost of the project comes down to the manning of the project plus the materials and fabrication costs. Man hours are based on £55 an hour per head. Taken the total manning hours from P6 the overall length of the project is 49 hours. The cost came in at £2695 for the installation of the new spool. The materials cost £11,664.38 and the fabrication came back at £3500. Total cost for the fabrication and installation of the Alloy 400 would be £17,859.38 (valve cost added from solution 2).
[bookmark: _Toc38881881]5.2 Solution 2 costs 
This would be based on the same labour costs as solution 1 (£2695) but cheaper materials and fabrication due to using carbon steel. The material for carbon steel came in at £7,110.72 and the fabrication cost £2500. The overall cost for this would come in at £12,305.72. This come’s in £5553.66 cheaper than the Alloy 400. Due to the new CTEMS documents and the high corrosion rate on this line in carbon steel, the more expensive option has been chosen to be used to keep the pipe work to the correct standard.
[bookmark: _Toc38881882]5.3 Solution 3 costs  

Looking into the cost of replacing the entire line from the 55” rise back to the pump to ensure the entire line has been upgraded to the new spec rather than just the flanged spool as per the IAN. The cost to purchase the pipe work in Monel would be roughly £60,000 as this is priced at 18m of pipe work at £2636.30 for 1m plus 2 extra flanges at £1734.62 plus the original quote in solution 1. Man hours would be approximately 200 hours coming in at £11,000 plus the extra fabrication cost with a rough estimate at £8,000 this would bring the cost of the project well over budget  with an estimate of  just under £80,000 when unnecessary.

[bookmark: _Toc31442684]Figure 8-Disinvestment diagram                                                                Figure 9- Model of settler and 55" riser
[image: ] [image: ]

[bookmark: _Toc38881883]6.0 Final design and implementation  
[bookmark: _Toc38881884]6.1 drawings

Below in figure 10 is the final design which has been issued for review ready to sign off for completion. This will be sent to the fabrication company which will fabricate, inspect, post weld heat treat, pressure test and painted before sending out to site.
Once this is on site and ready for the shut down it will be fitted as per the schedule in Primavera P6 
See appendix 8 for full scale CAD drawing.

[bookmark: _Toc31442685]Figure 10- Final design CAD drawing	
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[bookmark: _Toc38881885]6.2 Analysis and Evaluation 

Safety: No safety incidents happened while project was executed 
Target Costs: The AFE was raised for £20,000 even though the costs were estimated below this value. The Project came in under budget and on time.
Shipping: All materials arrived from the states on time 
Quality and Reliability: All certificates were signed up by QA/QC and Valero personnel
Size and Weight Restrictions: All lifting activates were complete in a safe manner using the 50t crane as planned. 
Ergonomics: Stand of boxes were fitted and scaffolding stripped as per P6 plan on post TA.
Environment: No environmental incidents happened whilst ops chemical cleaned the pipe work prior to removal to removal all the HF acid.
Standards and Specifications: A leak free start-up was a success due to using the GR800 and official sign of by QA/QC personnel.

[bookmark: _Toc38881886]7.0 Discussion of results and conclusion                                                                                

The reason for changing out this pipe work was originally due to the IAN which has an end by date so this drives the work load. Once finding out that the material Monel had to be used due to the new CTEMS docs is ruled out one of the cost solutions which was to use carbon steel.
Once the evaluation was done on the final 2 costs it proved that solution 1 was the correct method of fabrication which was required. This was due to the fact that the project would come under budget and the life span of the pipe work would last longer in Monel rather than carbon steel.
Solution 3 which would have been to change out the entire line would have been over budget but in time could of proved to be more reliable due to no carbon steel being in the line which would of meant a longer life span for the material. 
This was not considered to be changed as when inspected by inspection the thickness checks proved fine which meant the IAN which was produced for only due to the threaded engagement of the drain.
Again due to the new CTEMS docs all the pipe work had to be changed out with the new drain to meet the new requirements. If the thread engagement was correct in the first place this would have not needed to be changed out. This comes down to poor QA/QC when this pipe work was originally installed as if this was picked up it could of saved time and money on this particular line.
When the exaction took place this would have been done under the coordination of Valero. There were no accidents or environmental issues which proved to be a great success when working on the unit.
Lastly the project came in on time and within budget as per the AFE which was £17,859.38 with a budget of £20,000.
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