
Page 0 of 20 
 

  



Page 1 of 20 
 

Learner Name:  Joseph Underwood. 

Course: HNC Process Operations Engineering Year 2. 

Module Code: PCPO40047. 

Module: Process Engineering Practice. 

Responsibility, operational and maintenance activities. 

  



Page 2 of 20 
 

Contents 

Task 1 (LO1). ............................................................................................................. 3 

Basic arrangement of Steam Generation. ............................................................... 3 

Boiler feed water. ................................................................................................ 3 

Steam drum......................................................................................................... 3 

Boiler tubes. ........................................................................................................ 4 

Mud drum. ........................................................................................................... 4 

Super heater. ...................................................................................................... 4 

Instrumentation. .................................................................................................. 4 

Fundamentals of pumps. ........................................................................................ 4 

Maintenance needs. ............................................................................................... 6 

Task 2 (LO2). ............................................................................................................. 7 

References. .............................................................................................................. 10 

Appendix. ................................................................................................................. 11 

 

  



Page 3 of 20 
 

Task 1 (LO1). 

When working on various processes such as what is found on Pembroke 

refinery, it is important to have a key understanding of the equipment that is being 

used from an operational view and a fundamental view. 

Across all the plant, there is a wide range of equipment being used from 

turbine and motor driven equipment, compressors, vessels for separation and 

stripping and so on. All such equipment can be found on the unit that I am trained to 

manage and operate, known as the Steam plant which is used for utility operations 

and steam generation.  

Found on the steam plant are various steam generating boilers and the 

associated equipment found to operate such boilers including pumps, compressors, 

control valves and various instrumentation. All are required to have at least a basic 

understanding of the fundamentals to operate and a key operational understanding 

to be used effectively.  

Basic arrangement of Steam Generation. 

Boiler feed water. 

Boiler feed water, BFW, is taken from a vessel known as the Deaerator to the 

boiler feed water pumps. The BFW is then pressured up to roughly 700PSI and 

distributed across the boilers and to other users of BFW. The water leaves from the 

distribution pipework into the control valves used to control the water flow into the 

boilers, as seen in appendix figure one. 

Steam drum. 

 The water enters the steam drum, as seen in appendix one, to allow the boiler 

to continuously keep a level of water. Here in the steam drum is where the water that 

has boiled off to exit the steam drum and enter what’s known as the super heater 

pipework. 
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Boiler tubes. 

 The boiler tubes are where most of the heat transfer takes place between the 

boiler’s burners and the water. The burners are located horizontally to the tubes with 

the flames passing between the tube. They are used to cause a thermosiphon effect 

where the colder water enters the steam drum and passes through the down-

commer tubes, where they are then heated up and pass through the mud drum and 

then flow through the riser tubes as seen in the appendix on figure 2. 

Mud drum. 

 The mud drum serves three main functions, a large supply of water to ensure 

boiler tube dry out doesn’t occur, a connection between the boiler down-commers 

and riser tubes and a place to allow sediment to collect to prevent plugging of tubing. 

Super heater. 

 The super heater is consisting of pipework where the hot generated steam 

passes through. The super heater tubes pass by the hottest point of the boiler, which 

is directly facing the boiler’s burners. The use of the super heat is to dry further heat 

the steam in order to dry out the steam and remove moisture which can cause steam 

hammer and damage to pipework and associated equipment such as steam 

turbines. 

Instrumentation. 

 Found on all the boilers are various instrumentation from level control, flow 

readings, temperature readings and analysers. The use of this instrumentation is to 

ensure that all boilers are controlling correctly and are operating within safe 

operational limit.  

Fundamentals of pumps. 

 Pumps are used in the arrangement of steam generation to supply each boiler 

with the needed BFW to boil and generate steam. These such pumps used are 

multistage pumps which can reach pressures above 700PSI needed to overcome 
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the internal pressure of the boiler which operates at 450PSI. For a simplified 

explanation of how pumps operate, there are a few components need. 

• Pump bowl. 

• Impellor. 

• Drive. 

• Suction and discharge. 

The pump bowl is simply a casing that forms the main box of the pump and is 

designed to hold the fluid while the impellor causing a change in pressure. 

 [1]The impellor of a pump the mechanism of the pump that does the work to 

create changes in pressure. Impellors are designed to have a fan, called vanes, like 

shape in order to draw in fluids and discharge them outwards, for cases such as 

centrifugal pumps. The impellor creates a pressure difference at the eye of the 

impellor, which is lower than the surrounding fluid, drawing in other fluids from the 

pipework. As the impellor rotates, the vanes will accelerate the fluid outwards into 

the pump bowl’s volute. The volute is the outward curve of the inside of the pump 

bowl which flows the water from the impellor to the discharge of the pump, the volute 

is designed specifically to cause the fluid to accelerate outwards from the impellor 

and along to the discharge pipework. 

Suction and discharge pipework are simply the pipework which connects the 

pump from the previously part of the process, where the liquid is coming from, to the 

next stage of where the fluid is needed. See appendix for figures three and four of 

arrangements of traditional centrifugal and multistage pumps. 

Multistage pumps are used as stated before to allow the BFW to reach the 

required pressure to overcome the internal boiler pressure. The difference between a 

traditional centrifugal and a multistage pump is the number of impellors inside the 

pump case. The ones used for BFW house five impellors, which after each impellor 

the pressure increases while keeping the flow rate mostly unchanged. 
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[2]All pumps will be given a specific output which it is rate to work to known as 

a pump curve, found in appendix. A pump curve displays the relationship between a 

pumps pressure and flowrate that it can achieve. As can be seen from figure five, a 

pumps flow and pressure have direct correlation meaning as one variable change as 

so will the other. An example of this being controlling the discharge pressure on a 

pump by adjusting the valve on the discharge. As the discharge valve is closed, the 

flow will decrease from the pump but the pressure will increase and the changes will 

follow the figures that are given with a specific pumps curve. This means that a 

pump will only be able to operate along that curve and is unable to deviate from the 

curve, for example the pump would be unable to maintain a higher pressure will still 

achieve the same flow rate. See figure 6 in appendix for a working example of a 

pump curve. 

Maintenance needs. 

 As with all equipment that requires continuous use, said equipment also 

requires planned maintenance to allow it to operate continuously and safely. Most 

equipment will have and stick to its own scheduled maintenance for when it comes to 

routine checks and calibrations and some will fail early and require equipment 

maintenance to be brought forward. 

 Commonly equipment maintenance will include driver PMs (Planned 

maintenance) for pumps which will either require servicing a motor or turbine 

depending on what is needed or online. This will usually include disassembling the 

driver, for example of a turbine, and carrying out quality assurance checks that the 

equipment is not failing or likely to fail. Such checks will include clearance and 

tolerances on seals and mating faces, governor speed checks and general wear of 

bearings and impellor. The bearing lubrication will also be sampled and analysed to 

determine whether the bearing is failing as the oil would show initial signs of bearing 

failure. Mean time between PMs average 2-3 years depending on previous failures 

with the equipment. 

 Other equipment showing maintenance needs would be instrument and 

control systems. Controls valves require stroke checking and calibrations when the 
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boilers come offline due to the need, only being brought forward when the control 

valve fails to operate correctly. Instrumentation average 6-12 months between 

calibration, determined by the service the instrument is in, with shut down equipment 

having more frequent calibrations as they control the safety systems of the 

equipment. Such maintenance can be carried by authorising specific control 

overrides from higher authority to ensure the instrumentation can be tested without 

triggering shut down systems or relaying back into the control loop, all while being 

carried out at a safe time and manner. 

Task 2 (LO2). 

 As a trained operator, my current role is to continue to show interest in my 

work and forward understand of further process found on site to train to manage 

those process further. As can be seen in the appendix, I have included my up to date 

CV. 

 To gain competency of my job role, I have completed various initial basic 

training modules known as the “Valero Basic Operator Training” which takes 

individuals with no previous process knowledge or understanding of key principles of 

operating various equipment, and trains them to gain the relevant knowledge and 

understanding of such process and equipment.  

 Further to carrying out basic training, I have also carried out my unit specific 

training module which is needed to prove competency of operating a given system 

on the plant. The full booklet of training can be found in the appendix. Going through 

this training involves gaining a knowledge of the plant and how to control it, how to 

operate and shutdown the involved equipment and how to prepare the equipment to 

handed to maintenance for maintenance activities. Further to this the training 

involves gaining a strong understanding on how to react during potential 

emergencies such as major process upsets or potential leaks or other release of 

harmful or dangerous chemicals. 

 Upon completing the relevant training to become a plant operator, further 

training is required to understand and use the RAP system, risk assessed permits, 
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which is the key permit system used for all work activities for maintenance 

personnel. The system is required to understand implications involved of carrying out 

gas testing for work locations and what safety measures are required to be put in 

place to ensure that all equipment to be worked on are safe. At current moment on 

plant, a four level of authorisation when it comes to permits with level one being the 

lowest in severity and four being the highest. At the moment, my permit authorisation 

is at level two meaning I can authorise permits that are non-invasive and do not 

include hot working equipment such as cutting and welding equipment. Further to my 

development as a process operator, my permit authorisation will be increased once 

consolidating a second position or control operator position to allow me to authorise 

higher levels of permits. 

 Currently my development plan is stagnant at the moment but will soon be 

involved with training a second process operator position, likely to begin training the 

Crude Distillation Unit before the end of 2021. With training the crude unit, I will also 

begin training level three RAP authorisation. My current plan afterwards would to 

consolidate the CDU outside position before moving onto training either the CDU 

control operator position or Steam Plant control operator position. 

 While monitoring safety aspects of during shift work, I have been 

commemorated for identifying specific safety concerns and highlighting them to the 

relevant personnel. The safety system in use on plant is known as “LPS” or “Loss 

prevention system”. While carrying out various recorded observations for safety 

documentation, I have identified some possible improvements to our system that 

should be included to help aid in the safety of steam plant process operators. During 

an observation, I identified that there was no written risk assessment used to 

identified carrying out a routine task of removing sediment from boiler mud drums 

called “intermittent blowdown”. I raised the problem using the LPS and suggested a 

solution, to generate a risk assessment using the procedures found on site. After 

generating such an assessment, it was forwarded on to my shift team leader and 

complex manager of the refining complex and has now been approved to be added 

to LPSA (Loss prevention self-assessment) booklets that are required to be carried 

by all operators.  
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 Additional jobs carried out by process operators is ensure that equipment is 

isolated safely and correct for an specific maintenance task that is required for it. To 

ensure this LOTO packs are created, lock out tag out. The work pack will be compile 

by the operations and maintenance coordinator and will then require to be verified by 

an additional person before carrying out isolations, this reduces human error by 

ensuring multiple personnel have reviewed the scope and agree it is the correct 

course of action to take. In the appendix, a pack can be found for the isolation of a 

450PSI boiler which I carried out the isolations for. As can be seen, I included 

additional isolations to the pack which were not initially added by the coordinator. To 

limit human error, I asked my lead operator to counter sign the included isolations to 

show that multiple people had witness the isolations and was safe to carry out work. 

Word Count: - 2078 words.  
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Appendix. 

 

 

Figure 1, Basic arrangement of boiler. 
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Figure 2, Simplified boiler diagram. 

Figure 3, Example of multistage pump. 
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Figure 4, Centrifugal pump diagram. 

Figure 5, Example of typical pump curve. 
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Figure 6, Pump curve of multistage pump currently in service for BFW. 

Figure 7, Email from STL. 
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Figure 8, Risk assessment generated in response to safety observation. 
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Figure 9, Page one of LOTO pack, front page of pack. 

Figure 10, Page two of LOTO pack, operations release to maintenance form. 
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Figure 11, Page three of LOTO pack, List of isolations. 
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and assist instrument technicians in the maintenance of instrumentation equipment 
and the associated control circuits which control processes on the refinery. 
Completed Valero’s Basic Operator Training programme by learning from the 
operations departments and gained extensive knowledge of the various plant and 
equipment used. 
Currently trained as a Utilities outside operator, responsible for carrying out 
daily routines and ensuring equipment is running safely and without fail. 
Currently attending Pembrokeshire College, working towards a HNC in 
Operations Engineering, completed first year with Merits and Distinctions. 
January 2017 to July 2017 
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As a customer assistant, I was responsible for stacking the shelves in the store front 
for expended stock. I manned checkout tills, and assisted customers with their 
requests. 
Work Based Qualifications. 
LPS training. 
Self contained breathing apparatus training . 
Trained in the use of risk assess permitry. 
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Have always enjoyed music, currently learning to play piano, previously played 
saxophone and violin. 
I enjoy reading comic books. 
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