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Introduction
The purpose of this assignment is to show a knowledge and understanding in the industry chosen and the equipment key to that plant. The following explains specific equipment and how the units are used in situ to achieve a well run plant.



Task 1 (LO4)Figure 1- A Centrifugal Pump (Taken From Work) 

Centrifugal Pumps
[image: ]Centrifugal Pumps play a key part in transporting media all across the refinery. These pumps are imperative to the operation of the site and can be used for many different applications and can run in differing conditions. 
A pumps definitive function is to increase liquid pressure in order to cause the liquid to flow in a given direction. For this to occur, the pressure must be higher at the pump side of the system. Centrifugal pumps convert mechanical energy into kinetic energy by accelerating the liquid to the outer part of the impeller. The rate at which this can be done can be differed by increasing the speed at which the impeller moves or by increasing the size of the impeller which would therefore increase the angle of rotation. The purpose of increasing the rate here can be in order to overcome system pressure or increase the rate at which the liquid is transported. 
Basically, the liquid is sucked through the section nozzle and pushed through the impellers to the discharge using centrifugal force.Figure 2- A labelled pump diagram 

[image: Related image]Parts of a basic centrifugal pump:
· Suction Nozzle; the suction nozzle is where the pump sucks liquid into the bowl through the impeller. 
· Discharge nozzle; the nozzle that expels the liquid from the pump.
· Pump case; the pump case is the outer shell of the pump.
· [image: ]The impeller is the element attached to the shaft which forces the liquid through vanes on the impeller in order to create a motion in the liquid. Figure 3- A Centrifugal Pump Impeller (Taken From Work) 

· The shaft is the spinning element in pump which will be connected to the driver in order to convert motion to the pump.
· Coupling; this is used to attach the shaft to that of the driver.
· Mechanical seals are used to prevent the ingress or excess of variants in or out of the pump. Figure 4- A Centrifugal Pump Bearing On a Shaft (Taken From Work) 

· [image: ]Bearings are used to support the radial and axial loads of spinning components within the pump. 
Conditions Leading to Failure
When dealing with centrifugal pumps there are many variants that can lead to dangerous conditions and failures. The following are examples of conditions leading to failure. 
Bearing Failure:
Bearings are used to support the loads implemented by the spinning element in the pump. The use of bearing allows for the shaft to spin freely without damaging itself or other components, the failure of this bearing would mean that this support would fail and the implications caused can result in serious damage to the pump and its components. Bearings can dry out leading to the components in the bearing to seize, this would make the bearing stop spinning and damage the shaft which would still be spinning. 
High Vibration:
High vibes in working conditions can lead to misalignment which will continue to cause further problems if not rectified. High vibes can be caused by loose connections, poor alignment, bearing failure or contaminants in the pump. 
Seal Failure:
Seal failure is a serious issue that must be dealt with swiftly, when seals fail product will  leak out of the pump which can lead to many complications. Seals can fail when the flush is blocked or if they are damaged. When the flush is blocked, the seal face can not be cooled or cleared so the contaminants paired with the increasing heat will cause damage to the faces therefore causing the seals to fail. 
Low Flow/ Cavitation:
The amount of suction needed for the impeller to remain full is commonly referred to as the ‘net positive suction head required’ (NPSHR). This level is required so that the vanes can move an appropriate volume of liquid, as the impeller expels this volume of liquid it needs to be replaced with the same volume of liquid. If this system is not replaced then a number of vapour pockets are created, these vapour pockets are referred to as cavitation which can damage the impeller. Cavitation can be identified as it sounds like rocks passing through a pump. also there will be a change in pressures shown on the suction and the discharge. Conditions that can cause this are conditions such as a plugged strainer which will allow less liquid to pass through the suction, lower liquid level in the system meaning there will simply not be enough supply for the pump or a change in the vapour pressure of a liquid therefore creating more vapour pockets.
Solidified Media in the Pump:
[image: ]When pumps in heavy cycle situ are left on standby, the temperature of the heavy cycle liquid will decrease, this can lead to the liquid in the pump solidifying and eventually causing the pump to fail when started, this will stop the pump from spinning and the solids can cause damage if moved as solids. This can be overcome by using small warm up lines which will allow a small amount of the liquid to circulate and keep the heat in the pump.
A number of safety factors are put in place when working with pumps in order to protect personnel and plant such as emergency stops, guards, fire protection rings and PPE. 


Figure 5- A Centrifugal Pump Guard (Taken From Work) 

	
Task 2 LO3
Pembroke refinery uses a various range of methods and principles in order to refine raw crude oil into sellable products such as petrol, diesel and other petrochemical products.  In order to achieve this the refinery is split into three main areas. Blending and Shipping, Refining and Cracking an Olefins. 
Blending and Shipping:
The B&S area of the refinery is the products way in and out of the site. The B&S area handles the import and storage of petrochemical  products and the distribution of finished products through ship, road and main pipeline transport. The use of B&S allows for the refinery to efficiently handle their import and export of raw and finished product. Firstly the crude oil is imported to on tanker ships which then deposit the oil into the in shore crude tanks. From here the B&S operators are responsible for sending the correct mixture of cruse to the refining unit so they can begin to refine the oil. Once the oil has been through the required process, the finished products or blend stock products (products that will be blended to others to make finished product) are sent back to blending and shipping so they can be stored, blended or exported. The stored products are sent to specific tanks within the tank farm, where they are monitored by the tank farm technician and the field ops. The product for blending is mixed by the joint effort of the fieldsmen and the panel operators who liaise to ensure the correct mixture of blend stock has been used to give product meeting the specified standards. This is sampled and sent to the lab for analysis who will inform the B&S ops of any anomalies. Finished  product can be exported in various ways, these ways include the following:
· Shipped- The finished product is transferred offshore to ships that are berthed on specific berths on the jetty, from here they are transported to various locations.
· Road- One position of the B&S ops is the RTW station, which is used to fill incoming road tankers that export product to customers.
· Main Pipeline- The main pipeline is used to send product straight to various locations across the UK. 
In summary, the B&S area of the refinery is imperative for the refinery to operate as otherwise there would be no import or export from the refinery. 
Refining:
The refining area of the refinery is made up of a number of units that handle “black and white” oils. The black oils section is comprised of the following units:
· Crude distillation unit (CDU)- `The CDU is the starting point of the refining process, the raw crude is fed to the crude distillation column, this column is then used to distil the products by using the boiling points to separate them into different sections. 
· Vacuum Distillation Unit (VDU)- The bottom product of the CDU is heavy and viscous, the boiling points to distil this product are a lot higher. To combat this the VDU uses a vacuum to lower these boiling points, which allows it to distil the heavier bottoms products from the CDU.Figure 6&7- Basic Crude  Process & Picture of Pembroke Crude Unit

[image: Crude Unit general arrangement][image: Crude Unit East]
· Viscosity Breaker Unit (VBU)- The VBU handles the heavy cycle product from the bottom of the VDU and uses the process of thermal cracking to break down the heavy VDU residue.
Figure 8&9- Basic VDU  Process & Picture of Pembroke Vacuum Distillation Unit

[image: VDU general arrangement][image: Vacuum Unit East]









· Utilities- This unit handles the steam, air, water and nitrogen for use all over the site. This unit is primarily responsible for ensuring the sites’ utilities are able to meet the supply and demand. 

 White Oils is made up of the following:
· Unifiner- the Unifiner is used to remove sulphur and nitrogen from the naphtha feed by means of hydrodesulphurisation. 
· Catalytic Reformer with Continuous Catalytic Regeneration Unit- The CRU/CCRU takes heavy naphtha feed from the Unifiner to increase the product octane. This unit uses de-hydrogenation, isomerisation and dehydrocyclization in order to reform the feed into that of one with more desirable outputs.
· Hydrotreater 1&2- The HTUs are used to treat light cycle feed from all of the refinery by means of hydrodesulphurisation to remove the impurities from the feed. Impurities such as sulphur, nitrogen, chlorine, oxygen and trace metals are removed to process products which meet required environmentally friendly standards.
· Naphtha Isomerisation Unit- This unit is used for the process of improving naphtha feed to create a more desirable feedstock by means of isomerisation. 
· LPG Recover Unit- The LPGRU is used to recover butane and propane from a feed of light gaseous product from the refinery.
· Hydrogen Recovery Unit- The HRU is used to recover hydrogen from the off gas feed.
The Cracking and Olefins Area:
The C&O area is sent product from the refining unit in which the product is subjected to different techniques in order to gain desirable products. This area is made up of the following units:
· Fluid Catalytic Cracking Unit (FCCU)- The FCCU uses a feed of heavy cycle product from the refining area to crack into lighter, more valuable components.
· Merox Units- The Merox units are used to remove mercaptans from feed. There are three Merox units in C&O these are the naptha, olefin and butane Merox units. 
· [image: http://pem.valero.com/Departments/co/images/Alky.jpg]Alkylation Unit- The Alky uses hydrofluoric acid as a catalyst in order to produce a product known as alkylate, this product is used as a blend stock product which increases the octane number of quality fuel. The alkylation unit takes a feed of C3 and IC4 and combines them with the HF acid, when this happens a chemical reaction takes place in which the feed products combine together which is encouraged by the HF rich environment. The alky consists of a split feed which brings the olefins through a de-ethaniser and an isobutane feed which enters IC4 driers. The de-ethaniser removes water and ethane from the stream of the olefins. Similarly, the driers on the IC4 feed are used to remove water from the stream. After the feeds have been cleared of the unwanted products, they are joined to form a combined feed.
[image: http://pem.valero.com/Departments/co/images/Alky2.jpg]Figure 10&11- Basic Alky Unit Process

· Butamer Unit- The purpose of this unit is to create the IC4 feed for the Alky unit. This is achieved by sending butane feed to a de-isobutaniser column which takes the isobutane out of the butane and sends the IC4 to the Alky unit. 
· Ultra-Low Sulphur Gasoline (ULSG)
· Amine/Sulphur Recovery Unit (ARU/SRU)- Hydrogen sulphide gas is produced through a number of reaction on the refinery, this gas must be removed. This is done by absorbing the H2S in amine. There are a number of Amine scrubbers on the site which remove the hydrogen sulphide from the feed and capture the gas in the amine stream, the amine which has absorbed the H2S (Rich Amine) is sent to the ARU/SRU in order to remove the hydrogen sulphide gas from the amine so it can be used again.
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