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[bookmark: _Toc196852881]Introduction

In a refinery there are combination of different process units that all have different specific properties, each unit takes feed from an upstream area and alters the chemical properties of the feed to make products for sale or the next process unit. When on a process unit there are many different pieces of equipment that must be operated in the correct manner in order to operate safety, procedures should be followed at all times to comply with HSE and sit regulations.	Comment by Rhys Hutton: Good introduction.


[bookmark: _Toc196852882]Task 1

In the refining process there are many different types of equipment due to the complexity of the process to achieve effective operation. One of the most common pieces of equipment to find on a process unit would be a Fractionation (Distillation) column.

[bookmark: _Toc196852883]Basic principals	Comment by Rhys Hutton: Sp

A distillation column is a tall cylindrical tower that is used to split raw crude oil into various fractions based on the difference in there boiling points. Heavy oils have a higher boiling point than light oils which means that the differential temperature in the column allows light and heavy oils to be separated at different points in the column with the bottom sitting around 300 degrees centigrade and the top around 120 degrees centigrade. When Crude oil enters the Crude unit the first stage of the process is to preheat, to do this a series of heat exchangers are used. Once preheated to around 220 degrees Celsius the feed oil will enter a furnace which will raise the temperature to around 350 degrees Celsius. The heating train on the unit is held under a back pressure of roughly 8 Kg/Cm^2 using a pressure control valve (PCV) this pressure will prevent to feed from vaporising before entering the column due to Daltons law of partial pressure. As the liquid feed enters the column which is held at atmospheric pressure the light components of feed will rapidly evaporate and the residual heavy oils will remain liquid. The heavy oils will settle onto trays in the column and flow down the downcomers to the bottom of the column. At the bottom of the column stripping steam is injected at 17.5 Kg/Cm^2 the steam will rise through the column and travel through the bubble caps in the trays (Luyben, 2012). The purpose of the stripping steam is to lower the partial pressure stripping any remaining light ends out of the residual heavy oil. Lowering the partial pressure means that thermal cracking is reduced therefore limiting coke build up on the trays which would limit efficiency (Coker, 2018). As the light ends and steam rise through the column, they provide cooling for the down coming components this allows for optimal separation with lighter ends being allowed to continue rising and any oils that has got to its condensing point to settle on the trays. As a tray becomes full of liquid the differential pressure above/bellow will rise this allows the control operator to know when the tray has sufficient oil settling at each level of the column. All of the light naphtha components rise to the top of the column where the pressure sits at around 2.5 Kg/Cm^2, this pressure is produced by the rising gasses in the column pushing against the top. The overhead gasses are then cooled using fin fans which condenses the naphtha where it collects in an overhead accumulating drum (Speight, 2010). 	Comment by Rhys Hutton: Gr	Comment by Rhys Hutton: Gr	Comment by Rhys Hutton: Gr	Comment by Rhys Hutton: Great work. Watch spelling and grammar.

The column also utilises reflux in order to control the temperature in the column, reflux is when side draws are cooled using fin fans and then pumped back into the column higher up than where they were drawn from. The cascading liquid cools rising gasses lowering the column temperature, without the reflux entering the column thermal cracking can take place. Thermal cracking is when molecular bonds between the hydrocarbons are broken producing small chain hydrocarbons. This is undesirable within a distillation tower as it leaves coke build up on the column trays, over long periods this can damage the column internals lowering efficiency (Luyben, 2012).	Comment by Rhys Hutton: 
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When operating a distillation column there are three main conditions that can lead to failure these include;

· Water ingress 
· Over pressure 
· Vacuum

[bookmark: _Toc196852885]Water ingress

When pumping feed oil into a distillation column it is essential that water removal is optimised, this is done using a desalting vessel. A desalter uses electrostatic precipitators which run at 800 Volts, when the crude feed emulsion enters the desalters the precipitators cause the water droplets to coalesce due to the dissolvable salts in the water. The water then drops out of the crude oil due to gravity where it can be pumped away. 
If the desalters are not operating correctly then water can carry over to the distillation column. 

Another way in which water can enter the distillation column is through introducing stripping steam. Stripping steam is introduced into the column under two scenarios these include unit start up and the event of a stripping steam trip. The stripping steam will trip under the event of a high bottoms level in the column this happens in order to lower the column temperature. When the stripping steam trips the flow controllers on the steam will fail closed stopping the flow into the column. When the flow is stopped condensate will build up in the dead legs. Before resetting the controllers, the dead legs must be drained in order to remove all of the condensate until the steam being vented is dry. Only once this is done can the controllers be reset to introduce the steam into the column (Valero, 1-OPS-SUP-0001 - CDU START UP USING NITROGEN, 2023). If this procedure is not followed correctly large quantities of water can be introduced into the column. If the water enters the distillation column it will rapidly evaporate causing a high-pressure scenario. Water causes this due to the steam expanding to 1600 times the volume of water that enters this can cause the internal trays in the column to become dislodged within the section of the column in which the water enters. This will require a shutdown of the process unit and can take weeks to repair requiring personal to enter the vessel.	Comment by Rhys Hutton: Good.

[bookmark: _Toc196852886]High pressure 
[image: Spring loaded PSV model A spring loaded pressure safety valve is a... |  Download Scientific Diagram]On every vessel in a process unit pressure safety valves (PSV) are located on top, these are spring loaded valves that are set to lift at a preset pressure. If the desired pressure is reached at the inlet of the valve, it will lift dumping the excess pressure to a blowdown system or to atmosphere. Figure 1 Shows the internals of a PSV (RS UK, 11)


In the event that the PSV’s do not work as designed the pressure within the vessel will not relive, this can cause catastrophic failure of the vessel this is a major process safety incident and can cause further damage to the process unit. This can be cause on a distillation column through water ingress and the loss of reflux into the column. When the reflux is lost into the column cooling is lost. This causes the column to run hot evaporating heavier oils to the top of the column. As these gasses rise to the top the pressure increases which when uncontrolled can cause over pressure. The HSE require that all pressure vessels must have a PSV’s online even when units are shut down. This can be due to thermal expansion causing overpressure due to ambient temperature. At Valero a PSV authorisation sheet must be filled out and signed by the shift team leader before adjusting any PSV block valve. When the authorisation sheet is complete the valves can then be moved, and the moment sheet must be signed. The HSE require all critical safety valve movements to be logged and authorised (HSE, 2025).	Comment by Rhys Hutton: Sp.

[bookmark: _Toc196852887]Vacuum
When operating a distillation column, it is essential to maintain atmospheric pressure or higher this is because the columns are a cylindrical design. This design is strongest under outward pressure as pressure due to the forces being equally distributed across the surface of the vessel. When a vacuum is pulled on a vessel the inward pressure will target the weakest points of the vessel (equidistant from the top and bottom) this weak point is susceptible to collapsing. This condition can be met when cooling of the column is achieved without displacing the collapsing gases to maintain a positive pressure. The most common way in which this can be achive is during shut down when the column has feed taken out, as the feed is reduced the column temperature will drop therefore lowering the pressure. One way in which this is mitigated it to have a flow control valve on top of the column, the flow controller will detect the pressure drop in the column and begin to open supplementing the collapsing gasses with fuel gas (Propane and hydrogen). When the fuel gas is added the pressure in the column will begin to rise to a set point where the flow controller will begin to close off. 	Comment by Rhys Hutton: Sp

In order to run a distillation column effectively the three main failure factors must be avoided, if these conditions are met then it can cause damage to the column and put workers in an unsafe environment due to the possibilities of vessel failure and a large loss of containment. 	Comment by Rhys Hutton: Very good content on the distillation column and what is produced, how it operates and the hazards. A lot of good knowledge and references used. Spelling and grammar errors are frequent. Proof read work.





[bookmark: _Toc196852888]Task 2


[bookmark: _Toc196852889]Refinery overview 
In the refining process there are many different process units that make up the refinery, each of the units process different feeds in order to achieve valuable final products.

[bookmark: _Toc196852890]Blending and shipping 
The first stage of the refining process is to receive raw crude oil feed, crude oil is shipped into the jetty from large tanker ships holding roughly 40 million litters of crude oil. The crude oil is transferred from the ships and is pumped up to storage tanks, in the storage tanks water settles out to the bottom of the tank and is drawn off to dry out the feed this process ensure that the de-salters found on the crude unit are not overcome with water.

[bookmark: _Toc196852891]Crude Distillation Unit (CDU)

The crude distillation unit receives crude oil feed from blending and shipping, the feed oil is pumped up to the CDU any residual water is removed from the feed by the desalters. The crude feed then enters a furnace where it is preheated before entering the distillation column. The distillation column splits the crude feed into its different fraction based upon the difference in boiling point between each fraction. Heavy oils will fall to the bottom of the column and the lighter oils (diesel, kerosene, naphtha and LPG) rise up the column. When the rising gasses reach a point in which they condense the side draw can be pumped out. 	Comment by Rhys Hutton: Good.

[bookmark: _Toc196852892]Atmospheric residual oil
At the bottom of the column atmospheric residual oil is collected, this is a long chain hydrocarbon which will need further processing in order to maximise profitability. This oil is used to feed the Vacuum braker unit and the Fluidised catalytic cracking unit, from the CDU this is pumped over to the respective units for feed. 	Comment by Rhys Hutton: Sp

[bookmark: _Toc196852893]Heavy and light diesel 
Heavy and light diesel is a mid-length hydrocarbon that is found in the middle section of the distillation column. The light and heavy diesel is then combined and is pumped over to the Hydrotreaters for sulphur removal.

[bookmark: _Toc196852894]Kerosene
Kerosene is a midchain hydrocarbon that settles in the top third of the distillation column. When the Kerosene is drawn off the column it is pumped to the Kero-Merox Unit for further processing where mercaptans and other impurities are removed to make a final product.

[bookmark: _Toc196852895]Naphtha 
Naphtha is a short chin hydrocarbon and leave the distillation column as a gas through the overhead line where it is condensed through a series of fans and collected in an overhead accumulator. Liquid naphtha is pumped over to the Unifiner for sulpha removal.	Comment by Rhys Hutton: Sp

[bookmark: _Toc196852896]Vacuum breaker unit (VDU) and Viscosity breaker unit (VBU) 
The Vacuum breaker unit works from utilising the use of a vacuum in order to achieve the split of long hydrocarbon chains at lower temperatures. Due to the presence of a vacuum the amount of energy needed to break long chain hydrocarbons is reduced meaning that thermal cracking is limited. The VDU provides diesel feed to the hydro treaters, gas oil feed to the fluidised catalytic cracker and residual oil to the viscosity breaker unit. 
The viscosity breaker unit works by using a high temperature column to thermally crack long chain hydrocarbons into diesel, naphtha and gas oil which are used to feed the hydro treaters, unifier and fluidised catalytic cracker.	Comment by Rhys Hutton: 

[bookmark: _Toc196852897]Fluidised catalytic cracker unit (FCCU)
The FCCU utilises a fine platinum-based catalyst in order to break hydrocarbon chains the catalyst accelerates the chemical reaction in the fractionation column meaning that less heat is needed to break the hydrocarbon chains limiting thermal cracking. The FCCU takes feed from the CDU, VDU and VBU, the FCCU produces light and heavy gas oil which is pumped to the tank farm for sale and gasoline which is sent to the ULSG for sulpha removal (Occelli, 2010).

[bookmark: _Toc196852898]Hydrotreaters (HTU) and Unifiner 
The Hydrotreater Units and Unifiner work using the same principal they take feed from the CDU and VDU. The HTU is designed to remove sulpha from diesel whereas the Unifiner processes Naphtha. They do this this by using a catalyst reactor, when high sulpha diesel/ naphtha enters the reactor hydrogen is added. When the hydrocarbon hydrogen mix enters the reactor, the catalyst latches the hydrogen to the sulpha molecules forming hydrogen sulphide. When the hydrocarbons leave the reactor, it enters a separating drum where the hydrogen sulphide lifts out of the diesel/ naphtha and is routed to the LPGRU where amine is used to scrub out the sulphur leaving 98% pure hydrogen. The low sulphur diesel and naphtha are then pumped to storage where they are sold (Marcello Rigutto, 2007).

[bookmark: _Toc196852899]Ultra-low sulpha gasoline unit (ULSG)
The ULSG is the newest unit at Pembroke refinery being built in 2008, the ULSG is fed Heavy cracked naphtha (HCN) and light cracked naphtha (LCN). The purpose of the ULSG is to lower the sulphur content of gasoline from roughly 2500PPM to 50PPM. Like the HTU and Unifiner the ULSG utilises a catalyst bed with the addition of hydrogen to bond sulphur and hydrogen molecules to form hydrogen sulphide (H2S). When separated the H2S is routed to the LPGRU from sulpha removal (Kohl & Nielsen , 1997). 

[bookmark: _Toc196852900]Alkylation Unit (ALKY) and Butamer
The ALKY unit combines olefins and isobutane (IC4) to produce alkylate which is a key component of high-grade petrol blending. The alky does this by using hydrofluoric acid as a catalyst, the catalyst breaks the double bonds in the olefins and turns them into branched alkylates. The removal of the double bond allows for a cleaner burn when combusted which is essential to meet motor vehicle specifications.
The Butamer is used to separate Butane and iso butane is does this in a distillation column this column stands at roughly 80 meters this is due to the boiling point of butane being -1 degree and IC4 being -11.7 at atmospheric pressure. The column must be tall in order to distinguish fine control of temperature, when the butamer has split the C4 from the IC4 the IC4 can be sent to the ALKY and the C4 is sent to store for sale (Kohl & Nielsen , 1997).	Comment by Rhys Hutton: Good.




[bookmark: _Toc196852901]Kerosene Merox Unit (KMU)

[bookmark: _Toc196852902]Feed
The KMU is primarily fed from by hot kerosene feed from the CDU but can be supplemented with cold feed from storage. Hot feed is cooled though a series of cooling fans upstream of the of KMU feed pumps this drops the feed temperature to around 40 degrees Celsius this allows for a more efficient reaction in the KMU. The cold feed will enter the KMU through a low-pressure steam heat exchanger this will raise the temperature of the feed form ambient to around 50 degrees. When the feeds combine, they will sit at 45 degrees the feed is then be pumped into the KMU through the 1-G-50 pumps at 9.5 KG/Cm^2 at a rate of 100M^3/Hr. Upstream of the Caustic prewash vessel a 3% mix of NAOH (caustic) and water is injected into the feed ready for the prewash (Krohne, 2025).	Comment by Rhys Hutton: Good point made.

[bookmark: _Toc196852903]Pre-wash (5-C-1)
In the KMU it is essential that all naphthenic acids are removed from the feed to avoid the formation of gelatinous/ solid sodium naphthenate which is prone to fouling or deactivating the catalyst found in the KMU reactors. This is why the prewash in 5-C-1 is completed before entering the main KMU process.  The feed enters the bottom of 5-C-1 where more 3% caustic is added this is to lower the total acid number (TAN) to less than 0.01. Once the feed has entered 5-C-1 it will rise through the water/ caustic section and through the interface. At the top of the prewash vessel there are petrolite electric precipitators these are designed to coalesce entrained caustic/ water from the kerosene allowing the caustic to drop out and back to the bottom of 5-C-1. Naphthenates have surfactant properties which will cause a gelatinous layer to form on top of the interface in 5-C-1, this must be drained manually by the operator in order to maximise efficiency of the prewash. As caustic/ water builds up in the bottom of 5-C-1 a level controller will open up to maintain an interface level of 50% in 5-C-1 (Stone, 2022). 

[bookmark: _Toc196852904]KMU Reactors (5-C-2 and 5-C-8)
When kerosene exits 5-C-1 through the top outlet it is split before entering the two reactors (5-C-2 and 5-C-8). A dual reactor set up is used due to the high flow rate allowing for a longer contact time between the kerosene and the catalyst beds.  The Kerosene enters the reactors through the top inlet and is fed down through the fixed catalyst beds these catalyst beds are made from cobalt phthalocyanine. The cobalt catalyst accelerates the oxidisation of the mercaptans found in the kerosene, converting them into disulphides, the mercaptans are converted to eliminate future reactions such as polymerisation and degradation. Weekly each reactor must be caustic flushed in order to maintain clean catalyst, if this is not performed the catalyst beds can become fouled lowing the contact area between the kerosene and the catalyst. To perform this 7% caustic is pumped into the inlet of each reactor through a 3” line, the 7% caustic then goes through the catalyst beds removing build up. This increases the life span of the catalyst meaning that a catalyst change is required less frequently (Masatoshi Nagai, 2001).

[bookmark: _Toc196852905]Caustic separator (5-C-9) 
After the Kerosene has been treated in 5-C-2 and 5-C-8 the reactor outlets common back up before entering the caustic settler (5-C-9). The purpose of 5-C-9 is to remove as much entrained caustic from the kerosene. As the feed enters the top of 5-C-9 the entrain caustic will begin to drop out due to gravity, 5-C-9 is a large vessel which aids the removal of the caustic due to long retention time in the vessel.  All of the removed caustic will settle into the boot of 5-C-9 which is manually drained each shift by the outside operator.

[bookmark: _Toc196852906]After-wash (5-C-4) 
As the Kerosene exits the top outlet booster pumps (5-P-5’s) boost the pressure from 4.8Kg/Cm^2 up to 7.5Kg/Cm^2 the pressure is boosted in order to aid the kerosene through the back end of the KMU as the filters can drop the pressure due to flow restrictions. After the pumps have boosted the pressure, treated water is injected into the kerosene this is done as caustic is aqueous in water and will ensure a more affective after wash. Kerosene enters 5-C-4 just below petrolite electric precipitators these encourage the water molecules to coalesce and fall to the bottom of the after-wash vessel. The water level is controlled by a level controller at the bottom of the vessel that will open in order to keep the interface level at 50%. Excess water carry over into the salt filter can result in a loss of salt due to it being aqueous (McKetta, 1992). 
[bookmark: _Toc196852907]Salt filters (5-C-5 and 5-C-10)
When the dry kerosene leaves 5-C-4 from the top outlet and splits into two lines which flows into the bottom of 5-C-5 and 5-C-10 salt filters which run in parallel. The salt filters have a rock salt filter made up of gains of salt from 0.3-10 mm designed to remove any last water, caustic and other impurities. These impurities will be caught by the salt filters and will drop out into the bottom of the vessel, this must be drained down by the outside operator in order to maintain proper filtration. Each filter has a distributing baffle bellow the salt bed this will limit channelling through the salt filter meaning that there is an equal flow through the salt. The salt level should be dipped monthly to ensure the level has not dropped below a set minimum if this has happened the filter must be bypassed and refilled with fresh salt (Coker, 2018).

[bookmark: _Toc196852908]Clay Filters (5-C-6 and 5-C-11)
From the top outlet of the salt filters the kerosene flows into the top of the clay filters 5-C-6 and 5-C-11, these filter are the final stage of the KMU process and work similarly to the salt filters. The clay is finer than the salt meaning that it is the final polishing before storage. Like the salt filters the clay filters have distributing baffles internally to equally distribute the flow through the clay bed. Finally, once the kerosene has been through the clay reactor there is a pressure control valve (5-PCV-25) this controls the back pressure through the filter section at 3.0-3.5 Kg/Cm^2. From this valve the KMU runs down to storage for high grade jet fuel blending as a final product (Stone, 2022). 	Comment by Rhys Hutton: A comprehensive piece of work regarding the unit and the chemical and physical transformation. Word limit of assignment is 1300 words more than expected. Spelling and grammar errors, proof read.
[image: ]
Figure 2 Sows an overview of the Pembroke KMU (Valero, Valero Pembroke KMU, 2025)

[bookmark: _Toc196852909]Concussion	Comment by Rhys Hutton: Sp.
	Comment by Rhys Hutton: Different font?
In the refining industry it is essential to always follow procedures in order maintain safe and effective operation the key points to remember when operating a distillation column are keep all required PSV’s online at all times, maximise water removal from all potential sources and to follow up to date shutdown procedures to mitigate pulling a vacuum. The second part of this report touches on the importance off all of the units found at Pembroke refinery and the importance of the correct operator round in order to keep the units optimal.
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