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[bookmark: _Toc1285061876]Introduction
Within this assignment the knowledge and understanding of a unit that makes up an industrial process is demonstrated being linked to Valero Pembroke, while also an ability to describe specific hazards present at Valero, while also the process equipment operation and an informed awareness of the process is shown. 	Comment by Rhys Hutton: Clear and concise introduction.


















[bookmark: _Toc2006708576]Task 1
My chosen equipment is a compressor that is used in our Hydrotreater 1 Unit. 3K1, is a recycle compressor throughout the unit. It increases the pressure of the hydrogen at the end of the ‘cycle’, It will increase the pressure and push it back through the start of the unit. This reduces hydrogen usage as less is lost and it is reused. 
Figure 1.0 - HP Section of HTU 1 
The main purpose of 3K1 is to compress and circulate high volumes of hydrogen which is required for the reactions in the reactors (3C1, 3F101). The compressor is a five-cylinder reciprocating double acting compressor. Double acting means that it compresses gas on both sides of the pistons, for example on the forward and return strokes (Valero, 2017). 3K1 is a positive displacement machine which will compress gas by using a piston driven within a cylinder. Due to 3K1 being a double acting compressor, compression happens on both sides during each stroke, this makes it more efficient and is capable of higher outputs (Cengel and Boles, 2015). During the suction stroke, gas will enter through the suction side, and when it is compressing it forces gas out of the discharge side at a higher pressure (Arora, 2010). Double acting compressors are common in industry where large volumes of gas are used due to the efficiency of them however require more complex maintenance and can have costly repair bills (Eastop and McConkey, 1993). 
The operating pressure of 3K1 is from 28-32Kg/cm2. With operating temperature of 40-60*C. With a design pressure of 36.9Kg/cm2 and a design temperature of 329*C (Valero, 2024).	Comment by Rhys Hutton: Good.

There are many ways operation of 3K1 could lead to failure, it could be triggered by operational or environmental factors. For example, Issues with Flow, such as surges or loss of flow, can cause the compressor to be unstable and can damage the internals of the compressor, within Valero we have many trips which should stop it in time to stop pistons damaging the internals, but there are always chances where these are too slow. Pressure fluctuations can damage seals, valves, and cylinders. This can in turn cause failures due to fatigue and increased temperature can cause thermal expansion and can damage internal components or lead to thermal cracking and a breakdown in lubrication (Bloch and Hoefner, 1996). Contamination can be a major factor as it leads to moisture, or corrosive gases causing internal wear and corrosion (Boyce, 2006). High vibration, which can be caused by a factor of reasons such as imbalances, can lead to fatigue of bearings and other internal components which can reduce the longevity of the compressor (Henshall, 2009). Over extended periods deterioration such as fatigue, wear, corrosion, and thermal degradation will occur, this is obvious due to the high number of sensors on the compressor which shows increases in vibrations, temperature or abnormal noises and poorer performance. A major issue that could occur is poor combustion/poor operational conditions, such as having a slug of liquid which can lead to internal stresses and can lead to catastrophic failures. Due to the compressor being at high pressure and compressing hydrogen, extra care around it must be taken. Another major hazard is when draining the snubbers, the gas being drained away is at 30Kg/cm2 doing into vessel which is at 7Kg/cm2 meaning extra care has to be taken when draining and ensuring it is not left open as it will lead to rupture of the other vessel due to major differences the PSV’s (Pressure Safety Valves) may not have an opportunity to lift and reduce the pressure in the vessel as its design pressure is only around 11/12 Kg/cm2 (Valero, 2024). 
To combat these hazards a major HSE framework is used such as a risk assessment, such as FMEA (Failure mode and Effects Analysis), which helps us identify potential failures of process before they occur. Preventative maintenance is vital, and it is done based of monitoring of vibration and temperature and in many cases lube oil surveys. Strict limits of operating are put in place for pressure, temperature, and flow rates to keep the equipment safe. Emergency shutdowns are in place to mitigate damages encase of worst-case scenario. Training of personnel is vital to ensure they are competent to use the equipment and regular audits to ensure that equipment is in correct condition. Having engineering controls such as PSV and fail safes will directly eliminate the risk or reduce it (Mannan, 2014). By integrating all these factors, the HSE framework ensures that 3K1 operates safely with acceptable risk. 	Comment by Rhys Hutton: Great knowledge shown of the hydrotreater. You have shown that you know how it operates and the physical hazards that can occur while on site.
 









[bookmark: _Toc53536455]Task 2
Within Valero there are many process units, firstly in the Crude. It separates crude oil into its components by fractional distillation. The Vacuum Distillation unit removes gas oil fractions from crude atmospheric residual. The Vis breaking Unit. Upgrades vacuum residue by thermal conversion into primarily middle distillate and stable heavy fuel oil. Hydrotreaters remove sulphur, nitrogen, metals, and other impurities from diesel. The Unifier removes sulphur, nitrogen, metals, and other impurities from naphtha. The isomerisation unit uses hydrogen to increase the RON of light naphtha. The platformer increases octane rating of heavy naphtha while also producing hydrogen for the site. The FCCU, catalytically cracks heavy hydrocarbons compounds into lighter oils and gases. The ULSG reduces the sulphur content of gasoline. The Alky combines olefins with isobutane in presence of HF acid to make alkylate. Butamer will separate nC4 from iC4 in a fractionation column. ARU regenerates rich amine by stripping out acid gas while lastly the SRU recovers sulphur from acid gas. 	Comment by Rhys Hutton: Good.
[bookmark: _Int_RTF2ZDRE]The ULSG, (Ultra low Sulphur Gasoline). The function of the ULSG unit is to reduce the Sulphur content of the following naphtha streams as produced by the FCCU (Fluid Catalytic Cracker Unit) while minimizing the amount of olefin saturation as high olefin saturation reduces the RON (Research Octane Number) of the naphtha product. The higher the RON rating, the more compression it can withstand in a spark-ignition engine before igniting. In the Uk, the standard RON is 95. In most cases as engine compression increases, so does the amount of power and efficiency.
The naphtha streams that are fed into the ULSG are Light Cat Naphtha (LCN). Heavy Cat Naphtha (HCN) and lastly Heavy/Heavy Cat Naphtha (HHCN). These will thereby produce Desulphurized Light Naphtha (DSLN) and Desulphurized Heavy Naphtha (DSHN) Which are suitable components for gasoline blending.
The reason Sulphur is reduced from the content of gasoline is due to the European legislation, which is targeted to reduce the Sulphur content in gasoline. The FCCU Naphtha’s LCN, HCN & HHCN have a major impact on the site gasoline Sulphur which is around half of the entire site's gasoline pool. The Sulphur content of this stream can reach upwards of 2800 ppm of Sulphur, which will then be reduced to less than 50 ppm in the ULSG. The way this is done is through specific processes within Phase I such as Hydrogenation, Desulphurization, Stabilization, Amine scrubbing, and hydrogen compression/recycle (Valero, 2023). 	Comment by Rhys Hutton: 
European legislation will eventually require the level of Sulphur in gasoline to be further reduced to below 10ppm, and so an addition is built onto the ULSG unit called Phase II. This process takes the ULSG I DSHN product and reduces the Sulphur content level below 10ppm which can be done in Phase II 	Comment by Rhys Hutton: P
[image: ]Figure 1.1 - ULSG
[image: ]Figure 1.2 - ULSG Vessel Description

Hydrogenation or CDHYDRO, is a process where olefin recovery is maximized in the Desulphurized Light Naphtha (DSLN) side draw product. The total Sulphur content in the DSLN is also limited while Fractionate Mercaptans and primary diolefins into the catalyst section for conversion to heavier stable olefinic sulphide. 
This reaction occurs in 05-F-501 (CDHYDRO Column) which sits atop of 05-F-503 (CDHYDRO Surge Drum). 05-F-501 were Mercaptan Sulphur & Olefin distil up through the Catalyst Beds. Mercaptans and primary diolefins react with H2 to form heavier stable sulphides, which then flow down, and out of the column into 05-F-503. 2 different catalysts are used. The lower bed contains nickel for mercaptan conversion, the upper bed contains palladium for olefin isomerization as stated by Valero (2023) 	Comment by Rhys Hutton: P
05-F-503 were bottoms liquid product from the CDHYDRO column drains via gravity into this surge drum, where it mixes with HCN/HHCN from the FCCU. These products are preheated by E505 taking its heating medium from the CDHDS overheads. Light ends will flash up via a vent line directly into the lower section of F501. Any free water in the mixed stream will collect in the inlet compartment and will be routed to the FCCU. 
                   
Desulphurization or CDHDS occurs in 05-F-504 (CDHDS Column), done by using the catalyst beds to separate by distillation and convert Sulphur compounds into H2S by reaction with hydrogen, whilst minimizing olefin saturation. Approximately 85% of the tower feed is removed as overhead product and 15% is routed as lower feed to the Stabilizer (05-F-509). This bottom product contains dissolved H2 and trace H2S. The partly condensed overhead stream is separated in the reflux drum 05-F-505 (Hot drum). A portion of the hot drum liquid is refluxed back to the CDHDS column to ensure adequate wetting of the catalyst beds. The balance of F505 liquid is routed as middle feed to the Stabilizer. 05-F-506 (Cold drum) receives any free water that has collected in the boot of 05-F-505. Valero (2012) states that it also provides upper feed to the Stabilizer as cold liquid. This contains approximately 0.7% H2S. Any condensed water in 05-F-506 is routed through LC529 which is a boot drum drain valve from the vessel to the FCCU.
Stabilization is done to remove light hydrocarbons (cracked products), hydrogen and H2S from the heavy product (DSHN). The light ends are removed as off gas to the LPGRU. This maintains the desired RVP of this light gasoline stream. The balance of the DSHN is routed to storage. Amine Scrubbing is done when Off gas from the cold separator (05-F-506) is scrubbed in the packed bed amine absorber (05-F-507) to remove the bulk of the H2S. A slipstream of off gas can be manually bypassed around 05-F-507, to maintain the desired level of H2S in the recycle gas for the CDHDS column.  Hydrogen recycling systems provide the correct amount of hydrogen atmosphere in the CDHDS column, while optimizing the amount of available fresh import hydrogen. The scrubbed off gas passes through knockout drum 05-F-508, before recycling to the CDHDS column via 05-C-501 Recycle Gas Compressor. The unit can run without recycle gas however with reduced throughput depending on the availability of makeup gas from the CRU/Unifier the H2S Stripper tower is where the desulphurized naphtha streams from the CDHDS system are stripped free of light hydrocarbons, H2S and dissolved hydrogen to less than 1ppm. So that the DSHN bottoms product is suitable for further treatment in the Merox Unit	Comment by Rhys Hutton: US Sp	Comment by Rhys Hutton: P
ULSG (Ultra Low Sulphur Gasoline) is in Pembroke refinery to reduce the Sulphur content of naphtha that is fed into it by the FCCU while minimizing the amount of olefin saturation, this unit can make DSLN and DSHN which is suitable for gasoline blending. They reduce the PPM of Sulphur to under 50 but due to stricter legislations they can reduce it to below 10 ppm	Comment by Rhys Hutton: P	Comment by Rhys Hutton: Great knowledge shown on task two, you have taken through the chemical and physical process of specific units well done.
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ULSG VESSEL DETAILS & DESCRIPTIONS.
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