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Essential Content 

LO1 Design single-stage analogue amplifier circuits to predict and 
measure, by simulation, the gain, frequency response and input and 
output resistances 

Bipolar junction transistor models: 

The theory of operation of the bipolar junction transistor (BJT), together with 
DC biasing conditions of BJT for linear amplifier applications 

Characteristics of common emitter, common collector and common base 
amplifier configurations  

DC hFE and small signal common emitter h-parameter model and the common 
emitter hybrid-π model of the BJT 

Show gm =~ IC/26mV for silicon BJT at room temperature 

Bipolar junction transistor small signal amplifiers: 

Four-resistor BJT common-emitter amplifier and its predicted AC voltage gain  

ECAD used to determine the mid-band voltage gain and input and output 
resistances  

The effect of input, output and emitter decoupling capacitors and tuned L-C 
collector load 

Bipolar junction transistor large signal amplifiers: 

Examples of class A, B, AB, C and D large signal amplifiers  

Use of ECAD to investigate the characteristics of sample power amplifier 
circuits 

Field effect transistor models: 

The theory of operation of the field effect transistor (FET) and the metal oxide 
semiconductor FET (MOSFET)  

Application of FETs and MOSFETs in switching circuits and linear amplifiers 
including complementary MOSFET stages  

Apply FET AC equivalent circuit models  

Examples of specific applications of FET that have been developed for 
specialist applications 
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LO2 Develop functional subsystems through an understanding of the 
characteristics of operational amplifiers 

Operational amplifier components: 

Circuit configuration and the operation of the long-tailed pair differential 
amplifier, current mirror and class AB amplifiers and relate these to circuits of 
operational amplifiers published in manufacturers’ data sheets 

Operational amplifier characteristics: 

Characteristics of practical operational amplifiers including open-loop gain, 
input offset voltage, common mode input range, saturated output levels, slew 
rate and gain-bandwidth product 

Describe the ideal operational amplifier model and relate these to the 
specifications of practical operational amplifiers. Characteristics of the 
operational amplifier with negative feedback applied 

Operational amplifier applications: 

Description of a range of subsystems including the voltage comparator, 
inverting and non-inverting amplifier, summing amplifier, differential 
amplifier, linear voltage regulator, switched mode voltage regulator, 
differentiator, integrator, filters, sinusoidal oscillator, Schmitt trigger and 
Schmitt oscillator  

Subsystem specifications and evaluations in time and frequency domains as 
appropriate 

Use of ECAD tools 

LO3 Examine the characteristics of information represented in analogue 
and digital format to assess techniques for the conversion of signals 
between analogue and digital formats 

The characteristics of information represented electronically: 

Comparison of the implications of capturing, processing and storing 
information represented by analogue signals and by digital data including 
amplitude range, frequency range, accuracy, resolution, linearity, drift, noise 
and signal-to-noise ratio 









 

Pearson BTEC Levels 4 and 5 Higher Nationals in Nuclear Engineering 
Specification – Issue 6 – September 2019  © Pearson Education Limited 2018 

316 

Recommended Resources 

Textbooks 

LATHI, B. P. and DING, Z. (2009) Modern Digital and Analog Communications 
Systems (Oxford Series in Electrical and Computer Engineering). Oxford: Oxford 
University Press. 

STOREY, N. (2013) Electronics: A Systems Approach. 5th Ed. London: Pearson. 

Links 

This unit links to the following related unit: 

Unit 19: Electrical and Electronic Principles 

http://www.amazon.co.uk/s/ref=dp_byline_sr_book_1?ie=UTF8&text=Lathi&search-alias=books-uk&field-author=Lathi&sort=relevancerank
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Unit 48: Manufacturing Systems 
Engineering 

Unit code J/615/1516 

Unit level 5 

Credit value 15 

 

Introduction 

Manufacturing systems engineering is concerned with the design and ongoing 
operation and enhancement of the integrated elements within a manufacturing 
system. This is a very complex activity even for simple products. The art of 
manufacturing systems engineering is essentially designing systems that can cope 
with that complexity effectively. 

The aim of this unit is to develop students’ understanding of that complexity within 
a modern manufacturing environment. 

Among the topics covered in this unit are: elements that make up a manufacturing 
system including production engineering, plant and maintenance engineering, 
product design, logistics, production planning and control, forecast quality 
assurance, accounting and purchasing, all of which work together within the 
manufacturing system to create products that meet customers’ requirements. 

On successful completion of this unit students will be able to explain the principles 
of a manufacturing system and consider how to design improvements. They will be 
introduced to all the elements that make up a modern manufacturing system, and 
they will learn how to optimise the operation of existing systems through discerning 
use of monitoring data. Some of the elements will be developed in greater depth; 
of particular importance will be looking at the systems of production planning and 
control, which are the day-to-day tools used to manage the manufacturing system 
effectively.  

Learning Outcomes 

By the end of this unit students will be able to: 

1. Describe the principles of manufacturing system engineering and explain their 
relevance to the design and enhancement of manufacturing systems. 

2. Use a range of analysis tools, including value stream mapping, to determine 
the effectiveness and efficiency of a manufacturing system and then develop 
an appropriate future state for that system. 

3. Outline the impact of different production planning approaches on the 
effectiveness of a manufacturing system. 

4. Define the responsibilities of manufacturing systems engineering and review 
how they enable successful organisations to remain competitive. 
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Essential Content 

LO1 Describe the principles of manufacturing system engineering and 
their relevance to the design and enhancement of manufacturing 
systems 

Manufacturing systems elements: 

Elements to be considered include quality, cost, delivery performance and 
optimising output 

Problem solving and managing complexity, maintenance scheduling and 
planning, resource planning and productivity 

Effect of testing and data analysis on performance 

LO2 Use a range of analysis tools, including value stream mapping, to 
determine the effectiveness and efficiency of a manufacturing system 

Analysis tools: 

Introduction to value stream mapping, and the value of both current state 
mapping and future state mapping 

Bottle-neck analysis using process improvement tools and techniques (e.g. 
value stream analysis, simulation, kanban) 

Using key performance indicators to understand the performance of a 
manufacturing system (e.g. overall equipment effectiveness, lead-time, cycle 
time, waiting time, yield, delivery performance, safety metrics) 

Reviewing key performance indicators – methods for presenting metrics and 
performance (e.g. balanced scorecards, performance dashboards, Andon 
boards, Gemba walks) 

LO3 Outline the impact of different production planning approaches on the 
effectiveness of a manufacturing system 

Production planning approaches: 

Examples of production planning strategy – push versus pull factors, Kanban 
systems, make to stock, make to order and engineer to order 

Production planning approaches such as batch and queue, pull/kanban, just in 
time, modular design, configuration at the final point, and master scheduling 

Production planning management tools: 

Enterprise Resource Mapping (ERP) systems, Material Resource Planning  
(MRP 2) and Manufacturing Execution systems, ability to managing 
complexity and resourcing through information technology 

Industrial engineering issues – the importance of standard times and the 
impact on productivity and the costing of products  

Standard work underpins the repeatability of process and quality control 
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LO4 Review the functions of manufacturing systems engineering and how 
they enable successful organisations to remain competitive 

Effectiveness of manufacturing systems: 

Plant layout design, planning and control, productivity and continuous 
improvement, quality control and equipment effectiveness 

Return on investment and capital expenditure, control of the cost of planned 
maintenance 

Manufacturing information technology – the supply of data from the process 
to decision makers (e.g. failure modes for both product and system, 
maintenance and down-time data, standard times for production, material 
control, energy usage) 
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Learning Outcomes and Assessment Criteria  

Pass Merit Distinction 

LO1 Describe the principles of manufacturing 
system engineering and their relevance to the 
design and enhancement of manufacturing systems 

D1 Apply value stream 
mapping to a production 
process to evaluate the 
efficiency of that process 
using the current state map 
to suggest improvements 

P1 Illustrate the 
principles of 
manufacturing 
engineering 

P2 Explain the relevance 
of manufacturing 
systems engineering to 
the design of a 
manufacturing system 

M1 Evaluate the impact 
that manufacturing 
systems have on the 
success of a 
manufacturing 
organisation 

LO2 Use a range of analysis tools, including value 
stream mapping, to determine the effectiveness and 
efficiency of a manufacturing system 

D2 Review value stream 
mapping against other 
production planning 
methodologies and justify its 
use as a production planning 
tool 

P3 Apply value stream 
mapping to visualise a 
production process 

M2 Identify optimisation 
opportunities through 
value stream mapping of 
a production process  

LO3 Outline the impact of different production 
planning approaches on the effectiveness of a 
manufacturing system 

D3 Justify the most 
appropriate production 
planning technique and its 
suitability for a particular 
manufacturing approach 
such as make to stock, make 
to order or engineer to order 

P4 Identify the common 
production planning 
approaches and state 
their impact on 
manufacturing systems 

P5 Define the types of 
manufacturing approach 
such as make to stock, 
make to order and 
engineer to order 

M3 Evaluate the 
effectiveness of 
production planning 
methods 

M4 Explore the 
effectiveness of common 
production planning 
techniques to identify 
which production 
approach they 
complement 
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Pass Merit Distinction 

LO4 Review the functions of manufacturing systems 
engineering and how they enable successful 
organisations to remain competitive 

D4 Critically consider the 
elements of an existing 
manufacturing system to 
appraise why this is 
successful P6 Define the core 

responsibilities of a 
manufacturing systems 
engineer 

P7 Identify the key 
contributing success 
factors of a 
manufacturing system 

M5 Evaluate the impact 
that manufacturing 
systems engineering has 
on successful 
manufacturing 
organisations 
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Recommended Resources 

Textbooks 

BICHENO, J. and HOLWEG, M. (2009) The Lean Toolbox. 4th Ed. Johannesburg: 
PICSIE Books. 

CHOPRA, S. and MEINDL, P. (2015) Supply Chain Management: Global Edition: 
Strategy, Planning, and Operation. 6th Ed. London: Pearson Education Ltd. 

SLACK, N. (2013) Operations Management. 7th Ed. London: Pearson. 

WOMACK, J., JONES, D. and ROOS, D. (1990) The Machine That Changed the 
World. New York: Free Press. 

Websites 

http://www.industryweek.com/ Industry Week 
Five Benefits of an MES 
(Article) 

Links 

This unit links to the following related units: 

Unit 49: Lean Manufacturing 

Unit 50: Advanced Manufacturing Technology 

Unit 51: Sustainability 
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Unit 49: Lean Manufacturing 

Unit code L/615/1517 

Unit level 5 

Credit value 15 

 

Introduction 

Lean manufacturing is a systematic approach to minimising waste in a 
manufacturing system, by focusing on the activities that add the most value 
through the eyes of the customer. The basis of lean manufacturing originated in the 
car industry and was developed by Toyota in Japan. Lean is now used extensively 
worldwide, in all organisation types and sizes, to improve international 
competitiveness. It is therefore crucial for manufacturing engineers to be able to 
design and operate manufacturing systems that employ lean successfully. 

The aim of this unit is to introduce students to the principles and processes of lean 
manufacturing, so that they can become effective and committed practitioners of 
lean in whatever industry sector they are employed in. To do this, the unit will 
explore the tools and techniques that are applied by organisations practising lean. 
Students will consider both the benefits and challenges of using lean 
manufacturing, and become sufficiently knowledgeable about the most important 
process tools and techniques to be able to operate and use them. 

Among the topics included in this unit are: scoping and defining lean 
manufacturing, the benefits and challenges of adopting lean, the Toyota Production 
System (TPS), common tools and techniques associated with lean manufacturing 
and process improvement, and the most appropriate improvement tool(s) to tackle 
a problem. 

On successful completion of this unit students will be able to explain the common 
principles of lean manufacturing, compare the TPS with the now more widely 
adopted generic approaches to lean manufacturing, use a range of the process 
improvement tools used within lean manufacturing and demonstrate effective 
communication skills to lead the process of continuous improvement across an 
organisation. 

Learning Outcomes 

By the end of this unit students will be able to: 

1. Examine the common principles of lean manufacturing and how the 
implementation of a lean production system contributes to business success. 

2. Evaluate the Toyota Production System against the now more widely adopted 
generic approaches to lean manufacturing. 

3. Specify a range of the process improvement tools used within lean 
manufacturing. 

4. Demonstrate effective communication skills to lead the process of continuous 
improvement across an organisation. 
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Essential Content 

LO1 Examine the common principles of lean manufacturing and how the 
implementation of a lean production system contributes to business 
success 

Scoping and defining lean manufacturing: 

The common principles of lean manufacturing philosophy 

Origins of lean  

Defining lean and its importance to the customer  

Identifying and eliminating material and process waste that adds no value 
from the customer’s perspective 

Benefits and challenges of adopting lean: 

Why an organisation would consider adopting a lean philosophy  

Productivity, quality, customer satisfaction, delivery performance 

The benefits of a lean organisation to the customer, employees and 
shareholders  

Outline the benefits of lean in terms of cost, quality, delivery, customer 
satisfaction, management complexity and cost to serve 

Challenges of implementation – change management, managing expectation, 
empowerment, motivation, ‘burning platform’, investment, supply chain 

LO2 Evaluate the Toyota Production System against the now more widely 
adopted generic approaches to lean manufacturing 

Toyota Production System: 

Research the Toyota Production System (TPS)  

Identify the fundamental elements of the TPS and the motivation behind 
creating the TPS 

Compare TPS with the recognised theory and production systems publicised 
by other global  

manufacturers; how they differ and how they are similar 

How the common principles are now being adopted outside manufacturing 



 

Pearson BTEC Levels 4 and 5 Higher Nationals in Nuclear Engineering 
Specification – Issue 6 – September 2019  © Pearson Education Limited 2018 

325 

LO3 Specify a range of the process improvement tools used within lean 
manufacturing  

Common tools and techniques associated with lean manufacturing and 
process improvement: 

7 Wastes, continuous flow, Kanban (Pull System), Just-in-time, lean 
simulation activities, value stream mapping, Poke Yoke, 5 Whys (Root-Cause 
Analysis), Total Preventative Maintenance 

Plan-do-check-act (PDCA), Single Minute Exchange of Dies (SMED), A3 
reporting, Visual Management 

Selecting the most appropriate improvement tool to tackle a problem: 

Tools for improving quality and delivery 

LO4 Demonstrate effective communication skills to lead the process of 
continuous improvement across an organisation 

Communication: 

Facilitate a small group in the application and use of one of the lean tools 
(e.g. 5 Whys technique, A3 report) 

Identify factors that influence engagement within a group, facilitation skills 
and change management 



 

Pearson BTEC Levels 4 and 5 Higher Nationals in Nuclear Engineering 
Specification – Issue 6 – September 2019  © Pearson Education Limited 2018 

326 

Learning Outcomes and Assessment Criteria  

Pass Merit Distinction 

LO1 Examine the common principles of lean 
manufacturing and how the implementation of a 
lean production system contributes to business 
success 

D1 Critically evaluate the 
advantages and 
disadvantages of 
implementing a lean 
production system 

P1 Examine how lean 
manufacturing principles 
can improve business 
performance 

M1 Analyse the benefits 
of adopting lean 
manufacturing 

M2 Analyse the key 
challenges encountered 
when implementing lean 
manufacturing 

LO2 Evaluate the Toyota Production System against 
the now more widely adopted generic approaches to 
lean manufacturing  

D2 Critically evaluate the 
Toyota Production System in 
comparison to a researched 
alternative, determining the 
elements that are critical in 
making the approach 
successful 

P2 Distinguish the 
principles of the Toyota 
Production System 

P3 Research alternative 
lean production system 
approaches 

P4 Examine the origins 
of lean and specify its 
early applications 

M3 Critically analyse 
alternative examples of 
lean production systems 
to determine the 
common principles with 
reference to the Toyota 
Production System 

LO3 Specify a range of the process improvement 
tools used within lean manufacturing  

D3 Make a supported and 
justified recommendation for 
a lean tool to be applied in 
addressing a specified 
process improvement 

P5 Specify which tools 
are commonly 
associated with lean 
manufacturing and 
determine what context 
they would be applied in 

M4 Evaluate how the 
most common lean tools 
can be applied to 
eliminate waste in a 
manufacturing process 
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Pass Merit Distinction 

LO4 Demonstrate effective communication skills to 
lead the process of continuous improvement across 
an organisation 

D4 Critically evaluate the 
importance of the skills 
required to successfully 
deploy change in an 
organisation  P6 Demonstrate and 

deliver a communication 
approach that can be 
taken to manage change 
in an organisation  

M5 Evaluate the impact 
of this communication 
approach, including an 
evaluation of impact on 
employees and personal 
effectiveness 
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Recommended Resources 

Textbooks 

BICHENO, J. and HOLWEG, M. (2009) The Lean Toolbox. 4th Ed. Johannesburg: 
PICSIE Books.  

LIKER, J. and MEIER, D. (2006) The Toyota Way Fieldbook. New York: McGraw-Hill. 

WOMACK, J., JONES D. and ROOS, D. (1990) The Machine That Changed the 
World. New York: Free Press. 

Links 

This unit links to the following related units: 

Unit 48: Manufacturing Systems Engineering 

Unit 50: Advanced Manufacturing Technology 

Unit 51: Sustainability 
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Unit 50: Advanced 
Manufacturing 
Technology 

Unit code R/615/1518 

Unit level 5 

Credit value 15 

 

Introduction 

The ability of successful companies to meet the growing demand of customers is 
heavily influenced by the development of advanced manufacturing technologies. 
Customers expect high complexity products, on demand, and with a growing 
element of customisation. In adopting advanced manufacturing technologies 
successful companies will ensure faster time to market of new products, improve 
products and processes, use new, sustainable materials, and customise to customer 
requirements. Manufacturing Systems Engineering underpins this development. 

To meet the changing customer expectation and gain competitive advantage, focus 
needs to be applied to developing smart factories and advanced manufacturing 
technologies. Manufacturing organisations will seek integration between 
manufacturing technology, high-performance computing, the internet, and the 
product at all stages of its life cycle. 

Industry 4.0 is the term that has been adopted to describe the ‘fourth’ industrial 
revolution currently underway in the manufacturing and commercial sectors of our 
society. It is a revolution based on the integration of cyber-physical systems with 
the Internet of Things and services. For the manufacturing sector, this integration 
has been enabled by successfully combining high-performance computing, the 
internet and the development of advanced manufacturing technologies. Industry 
4.0 is changing the way the world’s most successful companies produce the 
products that their global customers demand. 

On successful completion of this unit students will be able to analyse and evaluate 
the potential of using advanced manufacturing technologies to improve the 
competitive advantage of the organisations adopting them. Students will develop 
knowledge and understanding of advanced manufacturing technologies, 
digitalisation and a range of advanced manufacturing technologies. They will also 
develop their own research activities into latest developments.  
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Learning Outcomes 

By the end of this unit students will be able to: 

1. Recognise a range of advanced manufacturing processes and cite examples of 
where they are most effective. 

2. Analyse advanced manufacturing technologies to determine their 
appropriateness for an application or process. 

3. Analyse an existing manufactured product and associated process to introduce 
proposals for possible improvements based on the introduction of advanced 
manufacturing technologies. 

4. Evaluate the concept of the next industrial revolution to determine the impact 
on both manufacturers and the consumer. 
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Essential Content 

LO1 Rec ognise a range of advanced manufacturing processes to cite 
examples of where they are most effective 

Manufacturing processes: 

Pressing and forming 

Casting and moulding 

Joining and soldering 

Mixing 

Final assembly 

Packaging 

Material handling 

Quality control/inspection 

Advanced manufacturing processes: 

Additive manufacturing technology (e.g. replacing forming, moulding, 
pressing), 

3D printing, impact on rapid prototyping, availability of spares/obsolete parts, 
medical components available and customised 

Mass customisation through 3D printing, opening up a self-serve market  

Robotics/human interface and automation, high-precision technology and 
productivity (e.g. aerospace, automotive, electronics assembly) 

Types of application or industry: 

Industry examples: aerospace, automotive, healthcare, electronics, food and 
beverage, chemical and pharmaceutical, minerals, oil and gas, retail, fashion 

Application examples: assembly, joining, moulding, soldering 

LO2 Analyse advanced manufacturing technologies to determine their 
appropriateness for an application or process 

Manufacturing technologies: 

High-precision robotics and automation – healthcare (components and 
processes), aerospace, automotive, process control and visualisation through 
automation technology 

Improvement in productivity through greater automation  

Quality of manufacturing processes improved through integration of robotics  

Examples of using 3D printing and other forms of additive manufacturing to 
produce medical equipment, spare parts for items that may have become 
obsolete, mass customisation – what the customer wants, when they want it 
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LO3 Analyse an existing manufactured product and associated process to 
introduce proposals for possible improvements based on the 
introduction of advanced manufacturing technologies 

Manufactured product: 

Research the traditional methods used to manufacture an existing product 
and determine the associated processes required to bring it to market and 
identify the limitations of these methods and processes 

Explore how advanced manufacturing technology could be applied to produce 
this product and suggest how applying such processes would influence its 
production, costs, time to market and customer satisfaction (using 
healthcare/medical examples such as hip joint, traditional method versus 
mass customisation and the possible use of 3D printing) 

3D printing and its availability is opening up new markets but also new 
business models for organisations  

Explore the future possibilities for self-serve/self-production of items 

LO4 Evaluate the concept of the next industrial revolution to determine 
the impact on both manufacturers and the consumer 

Next industrial revolution: 

Industry 4.0. 

Internet of Things – over time industry has transformed from being local-
based to communication-based technology  

The possibilities for connected technology and connected factories are ever 
increasing 

Cyber-physical systems – collaborative robotics and highly integrated 
manufacturing systems 

Mass customisation – there is a growing demand and desire for individual 
products. In 1908, referring to the Model T, Henry Ford said, ‘you can have 
any colour as long as it’s black’. In 2015 you can have trillions of variations of 
the Ford F150 

Advanced manufacturing technology and the ability to manage complexity is 
key to that realisation 

Digitalisation and increased automation  

The ability to simulate and create a digital twin has the potential to 
dramatically reduce time to market 

The drive to increase efficiency requires innovation and innovative technology 
– 25 per cent of all energy used is required by industry alone 

Big data – the development of an ever-connected production environment 
alongside cloud computing presents a challenge of having a stream of 
production data and the need to analyse this to make timely, informed 
decisions 
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Learning Outcomes and Assessment Criteria  

Pass Merit Distinction 

LO1 Recognise a range of advanced manufacturing 
processes to cite examples of where they are most 
effective 

D1 Research and evaluate a 
manufactured product and 
identify the technology used  

P1 Recognise a range of 
advanced manufacturing 
process or technologies 
and cite examples of 
where they are most 
effective 

M1 Compare a 
traditional manufacturer 
to one employing 
advanced manufacturing 
to discuss the 
fundamental differences 

LO2 Analyse advanced manufacturing technologies 
to determine their appropriateness for an 
application or process 

D2 Examine the potential 
justification for an 
organisation to invest in 
advanced manufacturing 
technology P2 Analyse advanced 

manufacturing 
technologies to 
determine their 
appropriateness for an 
application or process 

M2 Explore how 
advanced manufacturing 
could be applied, and 
give examples of where 
technology would be 
suited 

LO3 Analyse an existing manufactured product and 
associated process to introduce proposals for 
possible improvements based on the introduction of 
advanced manufacturing technologies 

D3 Critically evaluate the 
impact of using advanced 
manufacturing technology 
rather than the existing 
method on both the 
customer and the 
manufacturer  

P3 Analyse an existing 
manufactured product 
and identify the key 
technology used to 
produce the item 

M3 Evaluate the 
effectiveness of the 
current method and 
suggest an alternative 
advanced manufacturing 
technology 

LO4 Evaluate the concept of the next industrial 
revolution to determine the impact on both 
manufacturers and the consumer 

D4 Investigate and justify 
the types of industry or 
product that would benefit 
most from an innovative 
advanced manufacturing 
approach 

P4 Evaluate the concept 
of a fourth industrial 
revolution 

P5 Identify the key 
elements of Industry 4.0 

M4 Evaluate the impact 
of advanced 
manufacturing on both 
manufacturers and the 
customer 
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Recommended Resources 

Textbooks 

LEFTERI, C. (2012) Making It: Manufacturing Techniques for Product Design.  
2nd Ed. London: Laurence King. 

WRIGHT, P. K. (2000) 21st Century Manufacturing. Upper Saddle River:  
Prentice-Hall. 

Websites 

https://www.gov.uk/ GOV.UK 
Future of manufacturing: a new era of 
opportunity and challenge for the UK 
(Report) 

https://w3.siemens.com/ Siemens 
The Future of Manufacturing 
(General Reference) 

https://hvm.catapult.org.uk/ Catapult 
High Value Manufacturing 
(General Reference) 

Links 

This unit links to the following related units: 

Unit 48: Manufacturing Systems Engineering 

Unit 49: Lean Manufacturing 

Unit 51: Sustainability 
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Unit 51: Sustainability 

Unit code Y/615/1519 

Unit level 5 

Credit value 15 
 

Introduction 

Living and working in the 21st century will bring a range of sustainability challenges 
that our society has not seen before. For many people on our planet key resources 
such as food, water and energy will be in short supply, whilst the effects of climate 
change will be felt by everyone. 

The Brundtland Commission of the United Nations on 20th March 20th 1987 defined 
sustainability as: “sustainable development is development that meets the needs of 
the present without compromising the ability of future generations to meet their 
own needs”. Engineers will be in the frontline of the battle to overcome the 
challenges of creating a sustainable economy, but no single discipline will have the 
capability to tackle the problems alone. Sustainability is a multidisciplinary 
challenge, and engineers of the future will have to work collaboratively with a whole 
range of other stakeholders, such as scientists, politicians and financiers, if they are 
to be able to produce the practical and technological solutions required within the 
necessarily urgent time scales. 

This unit is designed to support the Professional Engineering and Professional 
Engineering Management core units at Level 4 and 5. On successful completion of 
this unit the student with possess a wide range of knowledge and understanding of 
the issues and topics associated with sustainability and low carbon engineering. 
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Learning Outcomes 

By the end of this unit students will be able to: 

1. Determine the nature and scope of the technical challenges of ensuring 
sustainable development. 

2. Articulate the importance of collaborating with other disciplines in developing 
technical solutions to sustainability problems. 

3. Evaluate the use of alternative energy generation techniques in relation to 
their contribution to a low carbon economy. 

4. Analyse a variety of data sources to estimate the carbon footprint of a socio-
technical scenario. 
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Essential Content 

LO1 Determine the nature and scope of the technical challenges of 
ensuring sustainable development 

The scope and social context of sustainability: 

Sustainable development 

Brundtland definition 

Global demographics, trends and predictions 

Population growth 

Standard of living, actual and expected 

Urbanisation and the balance of urban/rural space 

Sustainable design 

Environmental issues: 

Climate change, planetary energy balance, carbon cycle science, the 20 C 
climate change obligation 

Carbon capture and sequestration  

Pollution, pollution prevention and management  

Carbon trading 

Eco-systems and habitat 

Resources: 

Food, water, energy and raw materials 

LO2 Articulate the importance of collaborating with other disciplines in 
developing technical solutions to sustainability problems 

Systems thinking and socio-technical systems: 

The politics and economics of sustainability 

Kyoto Protocol 

UN Climate Change Conference (COP) 

European Union Emissions Trading Scheme 
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Sustainable infrastructures: 

Low carbon transport systems 

Sustainable cities 

Green building 

Power storage and distribution 

Sustainable logistics 

Waste and recycling 

LO3 Evaluate the use of alternative energy generation techniques in 
relationship to their contribution to a low carbon economy 

Alternative energy resources: 

Nuclear, solar, wind, tidal and wave, geothermal, biomass and bioenergy 

Whole life cycle costing 

Precautionary principle 

LO4 Analyse a variety of data sources to estimate the carbon footprint of a 
socio-technical scenario 

Types of carbon footprint: 

Organisational  

Value chain 

Product 

Carbon footprint science 

Calculation methodologies: direct and indirect 

System boundaries 

Case study examples 
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Learning Outcomes and Assessment Criteria  

Pass Merit Distinction 

LO1 Determine the nature and scope of the technical 
challenges of ensuring sustainable development  

D1 Critically analyse 
how the 
interrelationship 
between the three key 
areas of technical 
challenges can be 
managed systemically 
to ensure maximum 
sustainability  

P1 Determine the nature 
and scope of the technical 
challenges of ensuring 
sustainable development, 
considering 
environmental, resource 
and demand issues 

M1 Review existing 
sustainable development 
plans to identify the way 
technical challenges are 
met and overcome 

LO2 Articulate the importance of collaborating with 
other disciplines in developing technical solutions to 
sustainability problems 

D2 Critically analyse 
how a systemic 
approach can be used 
to support 
interdisciplinary 
collaboration in 
developing sustainable 
infrastructures 

P2 Articulate the 
interdisciplinary issues 
associated with the 
construction of sustainable 
infrastructures, with 
attention to the competing 
pressures within these 
infrastructures  

M2 Analyse how political 
and economic issues can 
impact upon technical 
solutions 



 

Pearson BTEC Levels 4 and 5 Higher Nationals in Nuclear Engineering 
Specification – Issue 6 – September 2019  © Pearson Education Limited 2018 

340 

 

Pass Merit Distinction 

LO3 Evaluate the use of alternative energy generation 
techniques in relation to their contribution to a low 
carbon economy 

D3 Critically analyse the 
selection of alternative 
energy generation 
techniques for a low 
carbon economy within 
the wider socio-
technical sustainability 
agenda  

P3 Evaluate the issues that 
need to be considered 
when selecting alternative 
low carbon energy sources 

M3 Analyse the difficulties 
in the evaluation and 
selection of alternative 
energy generation 
techniques for a low 
carbon economy  

LO4 Analyse a variety of data sources to estimate the 
carbon footprint of a socio-technical scenario 

D4 Analyse the 
alternative types and 
methods available for 
calculating the carbon 
footprint of a 
sociotechnical scenario, 
and make justified 
recommendations, 
selecting a best-fit 
method for effective 
comparison of systems 

P4 Evaluate a variety of 
data sources to estimate 
the carbon footprint of a 
number of socio-technical 
scenarios 

P5 Describe the process of 
calculating a carbon 
footprint 

M4 Apply appropriate data 
from a range of options to 
calculate the carbon 
footprint of a socio-
technical scenario 
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Recommended Resources 

Textbooks 

BERNERS-LEE, M. (2019) There Is No Planet B: A Handbook for the Make or Break 
Years Cambridge University Press 

BERNERS-LEE, M. (2010) How Bad Are Bananas? Profile Books. 

BOYLE, G. (2012) Energy Systems and Sustainability: Power for a Sustainable 
Future. Oxford University Press. 

FENNER, A. and AINGER, C. (2013) Sustainable Infrastructures: Principles into 
Practice. ICE Publishing. 

HELM, D. (2015) The Carbon Crunch: Why we are Getting Climate Change Wrong 
and How to Fix It. Yale University Press. 

HONE, D. (2014) Putting The Genie Back: 20c Will Be Harder Than We Think. 
Whitefox Publishing. 

Websites 

http://www.carbontrust.com Carbon Trust 
Carbon foot printing  
(General Reference) 

http://www.fern.org/ FERN 
Trading Carbon How it Works and 
Why it is Controversial 
(Ebook) 

https://www.populationinstitute.org Population Institute 
Demographic Vulnerability report 
(Report) 

http://www.un.org/ United Nations 
Integrating Population Issues into 
Sustainable Development 
(Report) 

http://www.unwater.org/ United Nations Water 
Annual World Water Development 
Report 
(Report) 

https://sustainabledevelopment.un.org/ United Nations Sustainable 
Development  
Knowledge Platform 
(General Reference) 
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Links 

This unit links to the following related units: 

Unit 4: Managing a Professional Engineering Project 

Unit 35: Professional Engineering Management 
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Unit 52: Further Electrical, Electronic 
and Digital Principles 

Unit code L/615/1520 

Unit level 5 

Credit value 15 

 

Introduction 

Almost every aspect of our lives relies on electrical-powered, electronically 
controlled machines and devices, many of them digital in format. To properly 
understand how to make the most efficient use of these devices in a safe and 
economical way, it is vital to have a thorough knowledge of the underlying 
principles on which they rely. 

This unit builds on the preliminary techniques and skills introduced in Unit 20: 
Electrical, Electronic and Digital Principles. 

The emphasis in this unit will be on developing a structured approach to the 
analysis of AC single-phase and three-phase powered circuitry. This will help 
students to arrive at a solution in the most efficient way, with the greatest 
probability of it being correct. In addition, students will be introduced to the 
expanding use of computers, using specialised software to solve electrical, 
electronic and digital circuits. This will allow students to develop the necessary 
confidence and competence in the four key areas of mathematical techniques, 
circuit analysis, circuit simulation and laboratory practice.  

Successful completion of this unit will enable students to cope with increasingly 
complex problems and prepare them for the challenge of Level 6 academic 
programmes. 

Learning Outcomes 

By the end of this unit students will be able to: 

1. Use appropriate mathematical techniques to solve a range of electrical and 
electronic problems. 

2. Apply appropriate circuit theorems to solve problems in electrical networks. 

3. Use appropriate laboratory and computer simulation techniques to investigate 
both analogue and digital circuits and interpret the results. 

4. Explain the characteristics of non-linear circuits to predict their behaviour 
under a variety of conditions. 
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Essential Content 

LO1 Use appropriate mathematical techniques to solve a range of 
electrical and electronic problems 

Formal steady state circuit analysis: 

Determinants, mesh analysis and nodal analysis (and their comparison) 

Analysis using ideal sources, superposition theorem 

AC circuit analysis: 

Complex notation, polar and Cartesian coordinates RLC circuits 

Advanced use of phasor diagrams 

Power: instantaneous power, power factor, apparent power, the power 
triangle 

LO2 Apply appropriate circuit theorems to solve problems in electrical 
networks 

Three-phase theory: 

Application of trigonometric methods to solution of phasor diagrams 

Application of complex numbers to represent quantities in AC circuits 

Single-phase representation 

Solution of balanced three-phase circuits 

Complex notation applied to three-phase, unbalanced loads, unconnected 
neutral point 

Power, reactive power and power factor correction for three-phase systems 

LO3 Use appropriate laboratory and computer simulation techniques to 
investigate both analogue and digital circuits and interpret the results 

ECAD: 

Use of computer modelling and simulation techniques to analyse and solve 
electronic, electrical and digital circuits, such as filters and amplifiers using 
operational amplifiers and discrete devices, digital logic circuit elements and 
simple combination and sequential circuits 
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LO4 Explain the characteristics of non-linear circuits to predict their 
behaviour under a variety of conditions 

Non-linear circuits: 

Characteristics of linear and non-linear circuits, mathematical modelling of a 
number of semiconductor devices including diodes, bipolar and field effect 
transistors and how this can be used to predict their ‘real’ behaviour in 
practice  

Mathematically modelling the behaviour of semiconductor diodes, bipolar 
transistors and field effect transistors 
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Learning Outcomes and Assessment Criteria  

Pass Merit Distinction 

LO1 Use appropriate mathematical techniques to 
solve a range of electrical and electronic problems 

D1 Apply an accurate 
approach to problem solving 
with clear justification of 
methods used with a high 
standard of explanation for 
each method 

P1 Produce basic 
solutions to electrical 
and electronic problems 
to a satisfactory 
standard, but with some 
misunderstandings 

M1 Provide reasoned 
solutions to problems 
showing a logical 
approach and using a 
range of mathematical 
methods 

LO2 Apply appropriate circuit theorems to solve 
problems in electrical networks 

D2 Evaluate electrical theory 
by using a variety of 
mathematical and other 
methods to produce accurate 
solutions with clear 
justification of the methods 
used 

P2 Use electrical 
network theory to 
provide solutions to 
problems to a 
satisfactory standard, 
with some level of 
ambiguity and errors 

M2 Apply electrical 
network theory and 
provide accurate 
solutions to problems 
showing a logical 
approach 

LO3 Use appropriate laboratory and computer 
simulation techniques to investigate both analogue 
and digital circuits and interpret the results 

D3 Present a clear 
evaluation of the operation 
of current analogue and 
digital logic circuits by 
comparing their predicted 
behaviour with the 
simulated, theoretical and 
practical results 

P3 Use appropriate 
laboratory and computer 
simulation techniques to 
explain the performance 
of digital logic circuits 
and analogue circuits  

M3 Explore analogue and 
digital logic circuits to 
show a structured 
approach to the solutions 
of problems using a 
variety of methods 

LO4 Explain the characteristics of non-linear circuits 
to predict their behaviour under a variety of 
conditions 

D4 Evaluate the application 
of theory, simulation and 
practical investigation of a 
number of circuits using non-
linear circuits P4 Describe the 

characteristics of non-
linear circuits and how 
their behaviour differs in 
practice with ‘ideal’ 
devices 

M4 Investigate a variety 
of non-linear circuits by 
calculating the effects of 
non-linear behaviour in a 
number of differing 
circuits 



 

Pearson BTEC Levels 4 and 5 Higher Nationals in Nuclear Engineering 
Specification – Issue 6 – September 2019  © Pearson Education Limited 2018 

347 

Recommended Resources 

Textbooks 

BIRD, J. (2013) Electrical Circuit Theory and Technology. London: Routledge. 

HUGHES, E. and others (2012) Electrical and Electronic Technology.  
London: Pearson. 

REHG, J. A. and SARTORI, G. J. (2005) Industrial Electronics. Upper Saddle River: 
Prentice-Hall. 

WILAMOWSKI, B. M. and IRWIN, J. D. (2011) The Industrial Electronic Handbook: 
Fundamentals of Industrial Electronics. Boca Raton: CRC Press. 

Websites 

http://www.bath.ac.uk/ University of Bath 
Patents  
(General Reference) 

http://www.bsigroup.com British Standards Institution 
Standards 
(General Reference) 

https://www.ieee.org Institute of Electrical and Electronics Engineers  
Standards 
(General Reference) 

https://app.knovel.com/ Knovel 
(Research) 

https://www.esdu.com Engineering Science Data Unit 
(General Reference) 

http://www.theiet.org/ Institute of Engineering and Technology 
(General Reference) 

Links 

This unit links to the following related unit: 

Unit 19: Electrical and Electronic Principles 
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Unit 53: Utilisation of Electrical 
Power 

Unit code R/615/1521 

Unit level 5 

Credit value 15 

 

Introduction 

The supply, processing and usage of electrical energy are leading preoccupations 
around the world today, with significant technical, economic, environmental and 
societal implications. Engineers must engage seriously with this issue and be aware 
of the real and practical impact of their decisions. 

The aim of this unit is to develop students’ understanding of electrical power 
systems and power distribution, giving consideration to the advantages and 
disadvantages of alternative power sources. 

Students will learn about the construction and characteristics of power transmission 
and distribution systems, including the interconnections of systems and their 
necessary protection. Students will also consider the economics of components, 
power systems and alternative energy sources, in line with emerging developments 
within the energy sector. 

On successful completion of this unit students will be able to explain the demands, 
sources and construction of electrical power generation and distribution systems, 
review the interconnections of power systems and their necessary protection, 
identify the requirement for engineering activity, and describe new and emerging 
methods to optimise energy usage. 

Learning Outcomes 

By the end of this unit students will be able to: 

1. Examine the demands, sources and construction of electrical power generation 
and distribution systems. 

2. Explore the interconnections of power systems and their protection to explain 
the critical processes, the effects of failure and the importance of electrical 
safety. 

3. Evaluate the effectiveness of forms of engineering activity to promote 
sustainable development. 

4. Discuss new and emerging methods to optimise energy usage, conversion and 
storage techniques. 
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Essential Content 

LO1 Examine the demands, sources and construction of electrical power 
generation and distribution systems 

Demands of a power generation and transmission system: 

Total power demands of a defined country over a period of a working week, 
identifying average, minimum and maximum demands  

Overall annual energy consumption of domestic, industrial, transport and 
other systems, identifying and quantifying energy losses 

Extent of delivered energy that is in the form of electrical energy 

Comparison between the demands of a G20 industrial economy with that of a 
Third World economy, analysis of the trends of energy supply and demand 
data to predict future energy requirements and budgets  

Identification of the contribution to the energy supplied by each of the 
significant primary sources of energy of a defined country  

Influence of long-term governmental policy on managing the energy budget 

LO2 Explore the interconnections of power systems and their protection to 
explain the critical processes, the effects of failure and the 
importance of electrical safety 

Construction of power generation and transmission systems: 

Comparisons between the distribution of power using DC, single-phase and 
polyphase AC transmission systems, amplitude and phase of voltages and 
currents in three-phase systems with resistive and complex loads  

Power factor and power measurement techniques of AC systems, including 
identification of a range of loads and their respective power factors, 
consequences of loads with poor power factor and the advantages of applying 
power factor corrections  

Calculation of power factor correction components 

Recognition of the effects of perturbations and harmonics within AC systems 
and methods to measure and reduce harmonics  

The need to protect the power distribution network from the effects of 
overload or damage and identification of the requirements of a robust 
protection system  

Evaluation of the impedance of an AC transmission line, its power losses and 
its effect on the power delivered to a load  

Review safety procedures associated with power networks and techniques for 
the safe measurement of system parameters  

Analysis of a power network with multiple generators, transmission lines and 
loads using power systems simulation software 
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LO3 Evaluate the effectiveness of forms of engineering activity to promote 
sustainable development, with consideration of the economics of 
components, power systems and alternative energy sources 

Sources of electrical energy: 

Efficiency, costs, security and environmental implications of energy production 
using coal, oil and natural gas  

Definition of ‘renewable’ in relation to sources of energy  

Evaluation of the efficiency, costs, security and environmental implications of 
energy production using renewable sources of mechanical kinetic energy 
including wave, tidal, large and small-scale hydro and wind  

Evaluate the efficiency, costs, security and environmental implications of 
energy production using solar heating, solar photovoltaics, biomass, fuel cells 
and geothermal techniques  

Current state of research into nuclear, fusion and fission energy and other 
novel forms of energy 

LO4 Discuss new and emerging methods to optimise energy usage, 
conversion and storage techniques 

Techniques for optimising electrical energy generation: 

Techniques for optimising the generation of electricity in power stations and 
small-scale generators using varied and distributed generation systems and 
managing the generation of power 

Techniques for optimising energy usage and conversion: 

Evaluating technologies and techniques for improving the efficiency or 
reducing the energy consumption of equipment in common use including 
lighting, heating, transport and industrial processes 

Energy storage techniques: 

The need for energy storage techniques as part of an energy management 
programme, characteristics of short-term and long-term energy storage 
techniques and their connection to the power grid including hydro, battery, 
super capacitor, flywheel and thermal  

Emerging battery technologies and battery management techniques 
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Learning Outcomes and Assessment Criteria  

Pass Merit Distinction 

LO1 Examine the demands, sources and 
construction of electrical power generation and 
distribution systems 

D1 Critically evaluate 
governmental policies for 
managing the energy budget 
in the long term, making 
justified recommendations P1 Examine the key 

aspects of a country’s 
energy supply, demand 
and losses to create a 
balanced energy budget 

M1 Apply reliable data to 
quantify past and current 
energy trends and 
predict future trends, 
having first established 
the reliability of data 
from a variety of sources 

LO2 Explore the interconnections of power systems 
and their protection to explain the critical processes, 
the effects of failure and the importance of electrical 
safety 

D2 Critically evaluate the 
technologies for maintaining 
a high-quality electrical 
supply to customers and 
demonstrate the advantages 
of applying these by 
computer simulation or 
otherwise 

P2 Explore the key 
aspects of three-phase 
power systems using 
distributed generators 
and loads and protection 

P3 Perform calculations 
and simulations on 
example systems 
showing power losses 
and the advantages of 
applying power factor 
correction 

M2 Analyse and interpret 
the results of computer-
based simulations of 
power networks 
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Pass Merit Distinction 

LO3 Evaluate the effectiveness of forms of 
engineering activity to promote sustainable 
development, with consideration of the economics 
of components, power systems and alternative 
energy sources 

D3 Critically evaluate novel 
forms of energy generation 
using recent, peer-reviewed 
publications, taking into 
account efficiency, costs, 
security and environmental 
implications P4 Evaluate the 

technology of renewable 
sources of energy, 
taking into account 
efficiency, costs, security 
and environmental 
implications 

M3 Illustrate the 
application of renewable 
energy sources to meet 
existing demands, taking 
into account efficiency, 
costs, security and 
environmental 
implications 

LO4 Discuss new and emerging methods to 
optimise energy usage, conversion and storage 
techniques 

D4 Critically evaluate novel 
forms of energy optimisation 
and efficiency and their 
applications using recent, 
peer-reviewed publications P5 Discuss 

representative examples 
of existing and emerging 
methods of energy 
optimisation 

M4 Evaluate the 
environmental effects of 
applying known energy 
optimisation techniques 
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Recommended Resources 

Textbooks 

BAYLIS, C. and HARDY, B. (2012) Transmission and Distribution Electrical 
Engineering. Boston: Newnes. 

BREEZE, P. A. (2014) Power Generation Technologies. 2nd Ed. Boston: Newnes. 

Journals 

Power Engineering Journal (IEEE, online) 

Links 

This unit links to the following related units: 

Unit 41: Distributed Control Systems 

Unit 44: Industrial Power, Electronics and Storage 
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Unit 54: Further Control Systems 
Engineering 

Unit code Y/615/1522 

Unit level 5 

Credit value 15 

 

Introduction 

Control engineering is usually found at the top level of large projects in determining 
the engineering system performance specifications, the required interfaces and 
hardware and software requirements. In most industries, stricter requirements for 
product quality, energy efficiency, pollution level controls and the general drive for 
improved performance place tighter limits on control systems. 

A reliable and high-performance control system depends a great deal upon accurate 
measurements obtained from a range of transducers: mechanical, electrical, optical 
and, in some cases, chemical. The information provided is often converted into 
digital signals on which the control system acts to maintain optimum performance 
of the process. 

The aim of this unit is to provide students with the fundamental knowledge of the 
principles of control systems and a basic understanding of how these principles can 
be used to model and analyse simple control systems found in industry. The study 
of control engineering is essential for most engineering disciplines including 
electrical, mechanical, chemical, aerospace and manufacturing. 

On successful completion of this unit students will be able to devise a typical three-
term controller for optimum performance, and grasp fundamental control 
techniques and how these can be used to predict and control the behaviour of a 
range of engineering processes in a practical way. 

Learning Outcomes 

By the end of this unit students will be able to: 

1. Discuss the basic concepts of control systems and their contemporary 
applications. 

2. Analyse the elements of a typical, high-level control system and its model 
development. 

3. Analyse the structure and behaviour of typical control systems. 

4. Explain the application of control parameters to produce optimum performance 
of a control system. 
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Essential Content 

LO1 Examine the basic concepts of control systems and their 
contemporary applications 

Background, terminology, underpinning principles and system basics: 

Brief history of control systems and their industrial relevance  

Control system terminology and identification including plant, process, 
system, disturbances, inputs and outputs, initial time, additivity, 
homogeneity, linearity and stability  

Basic control systems properties and configurations, classification and 
performance criteria of control systems  

Block diagram representation of simple control systems and their relevance in 
industrial application 

Principles of Transfer Function (TF) for open and closed-loop systems, use of 
current computational tools in control systems (e.g. Matlab©, Simuliunk©, 
Labview©). 

LO2 Explore the elements of a typical, high-level control system and its 
model development 

Developing system applications: 

Simple mathematical models of electrical, mechanical and electro-mechanical 
systems 

Block diagram representation of simple control systems  

Introduction of Laplace transform and its properties, simple first and second-
order systems and their dynamic responses 

Modelling and simulation of simple first and second-order control systems 
using current computational tools (e.g. Matlab©/Simulink©) 

LO3 Analyse the structure and behaviour of typical control systems 

System behaviour: 

Transient and steady behaviour of simple open-loop and closed-loop control 
systems in response to a unit step input 

Practical closed-loop control systems and the effect of external disturbances 

Poles and zeros and their role in the stability of control systems, steady state 
error. Applicability of Routh-Hurwitz stability criterion 

Use of current computational tools (e.g. Matlab©/Simulink©) to model, 
simulate and analyse the dynamic behaviour of simple open and closed-loop 
control systems 
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LO4 Explain the application of control parameters to produce optimum 
performance of a control system 

Control parameters and optimum performance: 

Introduction to the three-term PID controller, the role of a Proportional 
controller (P), Integral controller (I) and the Derivative controller (D) 

General block diagram representation and analysis, effects of each term, P-I-
D, on first and second-order systems 

Simple closed-loop analysis of the different combinations of the terms in PID 
controllers, effect of the three terms on disturbance signals and an 
introduction to simple PID controller tuning methods 

Modelling and simulation using current computational tools (e.g. Matlab©, 
Simuliunk©, Labview©) to analyse the effects of each P-I-D term, individually 
and in combination on a control system 
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Learning Outcomes and Assessment Criteria  

Pass Merit Distinction 

LO1 Examine the basic concepts of control systems 
and their contemporary applications 

D1 Evaluate the ability of the 
PID controller to 
demonstrate high-level 
control techniques P1 Examine the basic 

concepts of control 
systems using block 
diagram representation 
and simplifications 

P2 Model simple open 
and closed-loop control 
systems simulation 
software 

M1 Apply advanced 
modelling techniques 
using commercially 
available control software 

M2 Develop the block 
diagram of a closed-loop 
system for the position 
control of a DC motor 
using a PID controller 

LO2 Explore the elements of a typical, high-level 
control system and its model development 

D2 Perform high-level self-
tuning techniques 

P3 Explore the main 
building blocks for high-
level electrical and 
mechanical control 
systems 

P4 Apply Laplace 
transforms to basic 
mechanical or electrical 
control problems 

M3 Analyse electrical, 
mechanical and electro-
mechanical systems 
using appropriate 
mathematical models 

 

LO3 Analyse the structure and behaviour of typical 
control systems 

D3 Evaluate the 
performance of an electro-
mechanical system 
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Pass Merit Distinction 

P5 Analyse the 
behaviour and response 
of first and second-order 
systems 

P6 Analyse the stability 
of control systems and 
the techniques used to 
improve stability in 
these systems 

M4 Justify the stability of 
a system using analytical 
techniques 

 

LO4 Examine the application of control parameters 
to produce optimum performance of a control 
system 

D4 Evaluate the stability of a 
control system 

P7 Examine the role and 
implementation of the  
P, I, D controllers in a 
simple electrical and 
mechanical control 
system 

P8 Examine the effects 
of the P, I, D parameters 
on the dynamic 
responses of the first 
and second-order 
systems 

M5 Analyse dynamic 
responses of PID 
controllers in terms of 
position control, tracking 
and disturbance rejection 
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Recommended Resources 

Textbooks 

DABNEY, J. B. and HARMAN, T. L. (2003) Mastering Simulink. Upper Saddle River: 
Prentice-Hall. 

DORF, R. C. and BISHOP, R. H. (2014) Modern Control Systems. 12th Ed. London: 
Pearson. 

NISE, N. S. (2011) Control Systems Engineering. 6th Ed. Boston: John Wiley & 
Sons, Inc. 

Links 

This unit links to the following related units: 

Unit 41: Distributed Control Systems 

Unit 16: Instrumentation and Control Systems 

 

http://h/
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Unit 63: Industrial Services 

Unit code K/615/1525 

Unit level 5 

Credit value 15 

 

Introduction 

Behind the scenes in many modern-day manufacturing facilities lies a complex 
system of services that powers production both day and night. The underlying aim 
of this unit is to enhance students’ understanding of the electrical supply systems, 
industrial air compressors, steam services, refrigeration systems and heat pumps 
that are used in an array of industrial engineering environments. 

This broad-based methodology reflects the fact that operations engineering 
encompasses many disciplines and, as such, engineers must be conversant in the 
wide scope of service provision. The intention is to encourage students to develop a 
holistic approach to the design, operation, installation and maintenance of both 
industrial services and operating equipment.  

Students will be introduced to the fundamental principles of electrical power and 
lighting systems, the rudiments of industrial compressed air systems, the provision 
of steam for both power generation and process plants, and the applications and 
precepts of refrigeration plants and heat pumps. 

On successful completion of this unit students will be able to manage and maintain 
a wide range of commonly encountered industrial systems. 

Learning Outcomes 

By the end of this unit students will be able to: 

1. Apply the operating principles of electrical power and lighting systems. 

2. Investigate the applications and efficiency of industrial compressors. 

3. Discuss the provision of steam services for process and power use. 

4. Review industrial refrigeration and heat pump systems. 
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Essential Content 

LO1 Apply the operating principles of electrical power and lighting 
systems 

Electrical power: 

Construction, starting and speed control of polyphase induction motors 

Three-phase transformers: construction, clock number and group, parallel 
operation 

Electrical distribution: power system topologies, efficiency, power factor 
causes and correction: effect on cost of supplies, circuit protection 

Lighting systems: 

Lighting fundamentals: SI units, energy-efficient circuit design and layout 

LO2 Investigate the applications and efficiency of industrial compressors 

Industrial compressors: 

Types and applications of industrial compressors 

Role of intercoolers, dryers and air receivers 

Efficiency and performance of air compressors 

Hazards and faults: safety consideration and associated legislation 

LO3 Discuss the provision of steam services for process and power use 

Steam power plant: 

Use of tables and charts to analyse wet and dry saturated steam  

Circuit diagrams showing steam raising plant 

Process steam: enthalpy of evaporation, available energy 

Overall plant efficiencies for process 

Power steam: superheated steam, turbine efficiency, Rankine cycle, cooling 
towers 

Overall plant efficiency for power  

Efficiencies and improvements 
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LO4 Review industrial refrigeration and heat pump systems 

Heat pumps and refrigeration: 

Typical industrial heat pump and refrigeration systems 

Application of the second law of thermodynamics 

Reversed heat engines: reversed Carnot cycle 

Vapour compression cycle 

Refrigerant fluids: environmental impact 

Refrigeration tables and charts (p-h diagrams) 

Coefficient of performance for heat pumps and refrigerators 
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Learning Outcomes and Assessment Criteria   

Pass Merit Distinction 

LO1 Apply the operating principles of electrical 
power and lighting systems 

D1 Analyse the approaches 
available for reducing 
electrical energy 
consumption/costs in an 
industrial production facility 

P1 Illustrate the 
construction and modes 
of connection of three-
phase transformers 

P2 Discuss the 
applications and 
operating characteristics 
of polyphase induction 
motors 

P3 Apply the principles 
of good lighting design 
to produce a lighting 
scheme for a given 
application 

M1 Compare the 
economics of single-
phase and three-phase 
distribution and assess 
the methods of speed 
control applied to 
polyphase induction 
motors 

LO2 Investigate the applications and efficiency of 
industrial compressors 

D2 Stating any assumptions, 
provide an explanatory 
derivation of the volumetric 
efficiency formula for a 
reciprocating compressor 

P4 Compare three 
types of industrial 
compressor and identify 
justifiable applications 
for each 

P5 Review potential 
industrial compressor 
faults and hazards 

P6 Determine the 
performance 
characteristics of an 
industrial compressor 

M2 Calculate the 
isothermal and 
polytropic work of a 
reciprocating 
compressor and thus 
deduce the isothermal 
efficiency. Explain any 
discrepancies 
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Pass Merit Distinction 

LO3 Discuss the provision of steam services for 
process and power use 

D3 Evaluate the modifications 
made to the basic steam 
raising systems to improve 
their overall efficiency P7 Demonstrate the 

need for superheated 
steam in power-
generating plants 

P8 Discuss the 
requirements for 
process steam and 
determine overall plant 
efficiencies for steam 
process and power 
systems 

M3 Illustrate why the 
Rankine cycle is 
preferred over the 
Carnot cycle in steam 
production plants 
around the world 

LO4 Review industrial refrigeration and heat pump 
systems 

D4 Conduct a cost-benefit 
analysis on the installation of 
a ground source heat pump on 
a smallholding. Present your 
findings in the form of an 
academic poster/presentation 

P9 Discuss the 
operating principles of 
both heat pumps and 
industrial refrigeration 
systems 

P10 Calculate COP, 
heating effect and 
refrigeration effect of 
reversed heat engines 
making use of 
refrigeration tables and 
pressure/enthalpy 
charts  

M4 Assess the limiting 
factors that impact the 
economics of heat 
pumps 

M5 Discuss the 
apparent contradiction 
between refrigeration 
cycles and the second 
law 
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Recommended Resources 

Textbooks 

CIBSE (2002) Code for Lighting. Oxford: Butterworth-Heinemann.  

DUNN, D. (2001) Fundamental Engineering Thermodynamics. Harlow: Longman. 

EASTOP, T. D. and MCCONKEY, A. (1996) Applied Thermodynamics for Engineering 
Technologists. 5th Ed. Upper Saddle River: Prentice-Hall.  

HUGHES, A. (2013) Electric Motors and Drives: Fundamentals, Types and 
Applications. 4th Ed. Boston: Newnes. 

ROGERS, G. F. C. and MAYHEW, Y. R. (1994) Thermodynamic and Transport 
Properties of Fluids: S. I. Units. 5th Ed. Boston: Wiley-Blackwell. 

Websites 

http://www.freestudy.co.uk Free Study 
(Tutorials) 

Links 

This unit links to the following related units: 

Unit 13: Fundamentals of Thermodynamics and Heat Engines 

Unit 38: Further Thermodynamics 

Unit 64: Thermofluids 
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Unit 64: Thermofluids 

Unit code M/615/1526 

Unit level 5 

Credit value 15 

 

Introduction 

In everyday life you’re never too far away from some system or device that relies 
on both fluid mechanics and thermodynamics. From the water circulating in your 
home central heating radiators to the hydraulic door closer on the back of a fire 
door, thermofluids are constantly around us. 

The aim of this unit is to provide a rational understanding of functional 
thermodynamics and fluid mechanics in common industrial applications. The unit 
promotes a problem-based approach to solving realistic work-related quandaries 
such as steam plant efficiency and fluid flow capacities. 

Students will examine thermodynamic fundamental principles, steam and gas 
turbine systems and viscosity in fluids, along with static and dynamic fluid systems. 
Each element of the unit will identify a variety of engineering challenges and assess 
how problems are overcome in real-life industrial situations. 

Additionally, students will develop their perceptions of industrial thermodynamic 
systems, particularly those involving steam and gas turbine power. In addition, 
they will consider the impact of energy transfer in engineering applications along 
with the characteristics of fluid flow in piping systems and numerous hydraulic 
devices, all of which are prevalent in typical manufacturing and process facilities. 

Learning Outcomes 

By the end of this unit students will be able to: 

1. Review industrial thermodynamic systems and their properties. 

2. Examine the operation of practical steam and gas turbine plants. 

3. Illustrate the properties of viscosity in fluids. 

4. Analyse fluid systems and hydraulic machines. 
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Essential Content 

LO1 Review industrial thermodynamic systems and their properties 

Thermodynamic systems: 

Power generation plant 

Significance of first law of thermodynamics 

Analysis of non-flow energy equation (NFEE) and steady flow energy equation 
(SFEE) systems 

Application of thermodynamic property tables 

Energy transfer systems employing polytropic processes (isothermal, 
adiabatic and isentropic processes) 

Pressure/volume diagrams and the concept of work done: use of conventions 

The application of the gas laws and polytropic laws for vapours and gases 

LO2 Examine the operation of practical steam and gas turbine plants 

Steam and gas turbine plant: 

Principles of operation of steam and gas turbine plant 

Use of property diagrams to analyse plant 

Characteristics of steam/gas turbine plant as used in energy supply 

Energy-saving options adopted in steam plants operating on a modified 
Rankine cycle  

Performance characteristics of steam and gas power plants  

Cycle efficiencies: turbine isentropic efficiencies and overall relative efficiency  

LO3 Illustrate the effects of viscosity in fluids 

Viscosity in fluids: 

Viscosity: shear stress, shear rate, dynamic viscosity, kinematic viscosity 

Viscosity measurement: operating principles of viscosity-measuring devices 
e.g. falling sphere, U-tube, rotational and orifice viscometers (such as 
Redwood) 

Newtonian fluids and non-Newtonian fluids: pseudoplastic, Bingham plastic, 
Casson plastic and dilatant fluids 
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LO4 Analyse fluid systems and hydraulic machines 

Fluid systems: 

Characteristics of fluid flow: laminar and turbulent flow, Reynolds number 

Friction factors: relative roughness of pipe, use of Moody diagrams 

Head losses across various industrial pipe fittings and valves, use of 
Bernoulli’s equation and Darcy’s Formula 

Hydraulic machines: 

Hydraulic machines  

Turbines: Pelton wheel, Kaplan turbine Francis wheel  

Pumps  

Centrifugal, reciprocating 

Analysis of systems: 

Dimensional analysis: verification of equations for torque, power and flow rate  

Application of dimensional analysis to determine the characteristics of a scale 
model  

Use of Buckingham Pi Theorem 
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Learning Outcomes and Assessment Criteria  

Pass Merit Distinction 

LO1 Review industrial thermodynamic systems 
and their properties 

D1 Analyse an operational 
industrial thermodynamic 
system in terms of work done 

P1 Discuss the 
operation of industrial 
thermodynamic systems 
and their properties 

P2 Describe the 
application of the first 
law of thermodynamics 
to industrial systems 

P3 Illustrate the 
relationships between 
system constants for a 
perfect gas 

M1 Determine the index 
of compression in 
polytrophic processes 

LO2 Examine the operation of practical steam and 
gas turbine plants 

D2 Evaluate the modifications 
made to the basic Rankine 
cycle to improve the overall 
efficiency of steam power 
plants 

P4 Explain the 
principles of operation 
of steam turbine plants 

P5 Calculate overall 
steam turbine plant 
efficiencies using charts 
and/or tables 

P6 Discuss the 
principles of operation 
of gas turbine plants 

M2 Justify why the 
Rankine cycle is 
preferred over the 
Carnot cycle in steam 
production plants 
around the world 

LO3 Illustrate the effects of viscosity in fluids D3 Compare the results of a 
viscosity test on a Newtonian 
fluid with that given on a data 
sheet and explain any 
discrepancies 

P7 Illustrate the 
properties of viscosity in 
fluids 

P8 Explore three 
viscosity measurement 
techniques 

M3 Evaluate the effects 
of shear force on 
Newtonian and non-
Newtonian fluids  
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Pass Merit Distinction 

LO4 Analyse fluid systems and hydraulic machines D4 Evaluate the use of 
dimensionless analysis using 
the Buckingham Pi Theorem 
for a given industrial 
application 

P9 Examine the 
characteristics of fluid 
flow in industrial piping 
systems 

P10 Discuss the 
operational aspects of 
hydraulic machines 

P11 Apply dimensional 
analysis to fluid flow 

M4 Review the 
significance of Reynolds 
number on fluid flow in 
a given system 
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Recommended Resources 

Textbooks 

DUNN, D. (2001) Fundamental Engineering Thermodynamics. Harlow: Longman. 

EASTOP, T. D. and MCCONKEY, A. (1996) Applied Thermodynamics for Engineering 
Technologists. 5th Ed. Upper Saddle River: Prentice-Hall. 

MASSEY, B. S. and WARD-SMITH, J. (2011) Mechanics of Fluids. 9th Ed. Oxford: 
Spon Press. 

ROGERS, G. F. C. and MAYHEW, Y. R. (1994) Thermodynamic and Transport 
Properties of Fluids: S. I. Units. 5th Ed. Boston: Wiley-Blackwell. 

Websites 

http://www.freestudy.co.uk Free Study 
(Tutorials) 

http://www.khanacademy.org Khan Academy 
(Tutorials) 

Links 

This unit links to the following related units: 

Unit 13: Fundamentals of Thermodynamics and Heat Engines 

Unit 12: Fluid Mechanics 

Unit 29: Electro, Pneumatic and Hydraulic Systems 
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Unit 65: Nuclear Reactor 
Operations 

Unit code D/615/1540 

Unit level 5 

Credit value 15 

 

Introduction 

The safe and effective operation of a nuclear power plant relies on four fundamental 
requirements: (i) control of the fission chain reaction and hence power generation; 
(ii) maintenance of adequate heat removal from the reactor, thus preventing over-
heating; (iii) maintaining effective protective measures against the hazards of 
radiation in routine and accident conditions; and (iv) maintaining appropriate 
chemical and material controls to protect against corrosion or other forms of 
environmental degradation of reactor components.  

The purpose of this unit to provide students with a clear understanding of how 
these requirements, (i), (ii) and (iii), are met in a modern nuclear power reactor 
and, more specifically, the role of operating staff in operating and maintaining the 
plant in a safe and effective manner. Note that the chemistry of nuclear reactors is 
the subject of a separate unit. The topics addressed in this unit are directly relevant 
for control room and reactor system operators, maintenance technicians and 
radiation protection technicians.  

Much of the material in this unit has been aligned with guidance issued by the 
Institute of Nuclear Power Operations (INPO) and, in particular, the Uniform 
Curriculum Guide for Nuclear Power Plant Technician, Maintenance and Non-
Licensed Operations Personnel Associate Degree Programmes; ACAD 08-006 (April 
2011) published by the National Academy for Nuclear Training (NANT).  

Topics included in this unit include: physics of the fission process and the neutron-
induced fission chain reaction; physics aspects of reactor operations covering start-
up, at-power operation and shut-down; thermal-hydraulic aspects of reactor 
operation, focusing on heat removal from the core and the importance of thermal 
limits; radiation hazards and controls during normal operations and accident 
conditions.  
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Learning Outcomes 

By the end of this unit students will be able to: 

1. Apply physics analysis to understand the fission chain reaction and how it is 
controlled in a nuclear reactor.   

2. Show how thermal-hydraulic analysis is used to understand the heat removal 
process in a nuclear reactor and the means of maintaining heat removal 
capability.  

3. Apply physics and thermal-hydraulic analysis to model aspects of reactor 
operation during start-up, sub-power operation, operation at power and shut-
down. 

4. Analyse the processes that generate radiation and radioactivity in a nuclear 
reactor and explain how these are controlled. 
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Essential Content 

LO1 Apply physics analysis to understand the fission chain reaction and 
how it is controlled in a nuclear reactor   

Nuclear reactions and fission: 

Types of reaction; definition of cross section and units; definition of neutron 
flux and units; interaction of neutrons with nuclei; elastic and inelastic 
scattering (qualitative treatment); absorption; radiative capture and 
transmutation 

Derivation and application of three-factor formula for reaction rates; 
mechanics and energetics of fission process; products of fission and their 
significance; derivation and application of formula linking fission rate and 
power density  

The fission chain reaction: 

Fast and thermal neutrons; neutron moderation; moderator effectiveness 
(qualitatively); neutron life cycle; neutron lifetime; neutron multiplication 
factor; fast fission; fast leakage; resonance absorption; thermal leakage; fuel 
utilisation; thermal reproduction; derivation and application of six-factor 
formula for neutron multiplication factor; neutron balance equation; 
conditions for criticality – geometric and material composition aspects; 
neutron flux and power profiles (qualitatively); power peaking; flux flattening 
using neutron reflectors; zoned fuel; fixed absorbers; coolant flow path  

Reactor kinetics: 

Definition of reactivity; prompt and delayed neutrons; significance of delayed 
neutrons in reactor control; response to reactivity addition without and with 
delayed neutrons; derivation of simple first-order exponential equation for 
neutron variation with time; reactor period, doubling time, start-up rate; 
consequences of excessive reactivity addition; prompt criticality 

Reactivity control in nuclear reactors: 

Neutron absorbers and their role in reactivity control; control rods – typical 
design and operational characteristics; chemical methods of reactivity control 
(boric acid); relationship between boric acid concentration and reactivity; 
reactivity control in a PWR and reactor protection; temperature effects on 
reactivity; transient fission product poisons and their effect on reactivity 
(Xe135); mathematical modelling of through-life reactivity effects; fuel burn-
up; permanents poisons; burnable poisons; derivation and application of 
through-life reactivity equations; impact of refuelling cycle; fuel life limitation  
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LO2 Show how thermal-hydraulic analysis is used to understand the heat 
removal process in a nuclear reactor and the means of maintaining 
heat removal capability  

Thermal hydraulics of heat removal in a PWR: 

Heat transfer processes (conduction, convection and radiative); conduction 
(Fourier’s Law); heat conduction coefficient; convection (Newton’s Law of 
Cooling); convection coefficient; material properties related to heat transfer; 
core power distribution; neutron flux and power density profiles; power 
peaking factors; volumetric, surface and linear heat rates and 
interrelationships; mathematical modelling of heat removal from PWR fuel 
pins by conduction and convection; calculation of fuel pin temperature profile; 
whole core heat removal; calculation of axial temperature profiles for fuel, 
clad and coolant; impact of coolant flow rate on temperature profiles 

Thermal limits: design considerations and operational constraints: 

Thermal limits related to fuel and clad temperature; operating limits; thermal 
limits related to critical heat transfer; boiling heat transfer; types of boiling: 
nucleate, pool and flow boiling; departure from nucleate boiling (DNB); critical 
heat flux; operating limits related to DNB  

LO3 Apply physics and thermal-hydraulic analysis to model aspects of 
reactor operation during start-up, sub-power operation, operation at 
power and shut-down 

Physics aspects of reactor operation: 

Shut-down reactor; shut-down reactivity margin; reactor start-up; approach 
to critical; sub-critical multiplication factor; effect of neutron sources; source 
and source-free criticality; the sub-power reactor; vulnerabilities and 
associated protection systems; power reactor; self-regulating and load 
following characteristics; vulnerabilities and associated protection systems; 
shutting down the reactor; response to reactor scram; decay (residual) heat – 
sources; significance and removal 

Thermal-hydraulic aspects of reactor operation: 

Primary circuit design; design and operation of main coolant pumps; design 
and operation of pressuriser, importance of avoiding boiling; saturation 
curves; critical point 

Steam generator (boiler) design and operation; superheated and super-
saturated steam; steam quality; steam tables; thermodynamic cycles and 
efficiency; Rankine steam cycle; steam turbine design and operation; turbine 
efficiency; moisture and steam quality effects; role and function of condenser, 
re-heaters, feedwater heaters, feedwater pumps and moisture separators in 
PWR thermodynamic cycle 
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LO4 Analyse the processes that generate radiation and radioactivity in a 
nuclear reactor and explain how these are controlled 

Source of radiation and controls measures in a nuclear reactor: 

Direct radiation from the operating reactor (neutron and gamma radiation 
fields); shielding arrangements; direct radiation from shut-down reactor and 
shielding arrangements; radiation from activation of primary coolant; 
mathematical modelling of neutron and gamma shielding; shielding 
calculations for simple geometries; neutron and gamma radiation 
measurement and survey techniques 

Activation processes in control of contamination in nuclear reactors: 

Neutron activation process; neutron activation calculations; activation of 
primary coolant; primary coolant treatment to minimise activation and 
remove activated products; importance of primary circuit chemistry control in 
minimising activation and worker doses; activation of components and reactor 
surroundings; radiation and contamination controls during maintenance and 
outages; radioactive effluents (liquid and gaseous) and treatment prior to 
discharge; radiation hazards associated with used fuel in at-reactor cooling 
ponds  
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Learning Outcomes and Assessment Criteria 

Pass Merit Distinction 

LO1 Apply physics analysis to understand the 
fission chain reaction and how it is controlled in a 
nuclear reactor   

D1 Critically assess the 
limitations of the diffusion 
theory approach used in 
reactor physics and make 
recommendations on how 
modelling could be improved 
to provide more realistic 
predictions    

P1 Calculate the 
reactivity of a simple 
homogeneous reactor of 
specified dimensions and 
composition using 
standard physics 
analysis 

M1 Calculate and explain 
the variation in reactivity 
of a homogeneous 
reactor with core age as 
the composition changes 

LO2 Show how thermal-hydraulic analysis is used to 
understand the heat removal process in a nuclear 
reactor and the means of maintaining heat removal 
capability  

D2 Critically assess the 
limitations of mathematical 
models based on first-order 
single-phase thermal-
hydraulic processes and 
make recommendations on 
how the modelling could be 
improved to provide more 
realistic predictions 

P2 Calculate 
temperature using 
thermal-hydraulic 
analysis profiles in the 
core of a reactor 
operating at a steady 
state 

M2 Compare calculated 
temperature profiles with 
thermal limits and 
determine the maximum 
power generation 

LO3 Apply physics and thermal-hydraulic analysis to 
model aspects of reactor operation during start-up, 
sub-power operation, operation at power and shut-
down 

D3 Extend the mathematical 
model of the physics and 
thermal hydraulics of the 
reactor to consider all 
through-life effects – and use 
the extended model in an 
optimisation analysis 
balancing core power and 
core life   

P3 Use mathematical 
models of the physics 
and thermal hydraulics 
of a reactor to explain 
and predict critical 
aspects of reactor 
operation 

M3 Use mathematical 
models of the physics 
and thermal-hydraulic 
behaviour of the reactor 
to estimate advanced 
key parameters including 
maximum power and 
reactivity  
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Pass Merit Distinction 

LO4 Analyse the processes that generate radiation 
and radioactivity in a nuclear reactor and explain 
how these are controlled 

D4 Develop quantitative 
models to predict the 
radiation levels and the 
build-up of radioactivity in a 
reactor plant, apply the 
models to all operating 
states of the reactor, assess 
the limitations of the 
modelling and make 
recommendations on how 
the modelling can be made 
more realistic  

P4 Analyse the sources 
of radiation and 
radioactivity in an 
operating PWR 

M4 Calculate levels of 
radiation and activation 
in an operating PWR 
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Recommended Resources 

Textbooks 

FULCHER, M. (2015) Nuclear Reactor Thermal Hydraulics. New Delhi: ML Books 
International. 

KNIEF, R. A. (1992) Nuclear Engineering. Carlsbad: Hemisphere. 

LAMARSH, J. R. and BARATTA, A. J. (2001) Introduction to Nuclear Engineering. 
3rd Ed. London: Pearson. 

PITTS, D. and SISSOM, L. E. (2012) Heat Transfer. 2nd Ed. New York: McGraw-Hill. 

ZAHOURI, B. and FATHI, N. (2015) Thermal Hydraulic Analysis of Nuclear Reactors. 
New York: Springer. 

Websites 

http://www.nrc.gov/ United States Nuclear Regulatory Commission 
Knowledge and Abilities Catalog for Nuclear Power 
Plant Operators: Pressurized Water Reactors  
(Report) 

Links 

This unit links to the following related units: 

Unit 65: Nuclear Reactor Operations 

Unit 66: Nuclear Reactor Chemistry 

Unit 69: Nuclear Fuel Cycle Technology 
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Unit 66: Nuclear Reactor 
Chemistry 

Unit code H/615/1541 

Unit level 5 

Credit value 15 

 

Introduction 

Understanding the chemistry, anticipating chemical changes and controlling 
chemical processes are central to the safe and efficient operation of a nuclear 
power plant. Past evidence has shown that failure to predict and monitor plant 
chemistry leads to expensive repairs, long periods of shut-down and, in some 
cases, unsafe conditions – all of which are avoidable. 

In water-cooled reactors, in particular, chemical interactions between the coolant 
and the various metal components making up the cooling circuits are of major 
importance. Corrosion can occur in many different forms and has many deleterious 
effects. Uncontrolled corrosion weakens structures and could lead to coolant circuit 
failure and consequent core damage. Corrosion can also lead to fouling and possible 
blockages in the cooling circuit which reduces the effectiveness of heat transfer and 
renders the plant less efficient. 

In addition to controlling the chemistry of the cooling circuits, it is important to 
understand the chemical changes which take place inside the nuclear fuel during 
the fission process. Optimising nuclear fuel performance means extracting the 
maximum possible energy from the material while maintaining safe operating 
margins. To achieve this, chemists must understand the process of fission product 
generation inside the fuel and predict the impact of fission products on fuel 
behaviour. In addition, in the event of fuel pin failure, the chemist must be able to 
predict releases of radioactive fission products into the surrounding coolant and 
ensure that appropriate monitoring and radiation protection processes are in place 
and effective. 

The purpose of this unit is to provide students with a clear understanding of the 
chemistry underlying nuclear reactor operations and enable them to describe, 
analyse and predict various changes and transitions that occur in the system. The 
focus of the unit will be on water-cooled reactors, the most common type of reactor 
used throughout the world. The chemistry of gas-cooled reactors is included, albeit 
in less detail. 

Topics included in this unit are basic water chemistry and reactor water chemistry, 
water chemistry control, corrosion control, crud formation and the chemical 
composition of fresh and used nuclear fuel. 

On successful completion of this unit students will be able to explain, measure and 
control the chemistry and chemical changes relevant to a nuclear reactor and 
advise on chemistry-related matters. 
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Learning Outcomes 

By the end of this unit students will be able to: 

1. Show how the reactions of water, water chemistry control and reactor water 
treatments operate in relation to PWR reactors. 

2. Evaluate chemistry and chemical changes relevant to fresh and used nuclear 
fuel, fuel storage ponds and reactor coolants in PWR. 

3. Discuss the importance, formation, type and characteristics of corrosion and 
corrosion products and mitigation methods present in nuclear reactor cooling 
systems. 

4. Examine the techniques and methods used for coolant chemistry control in 
modern reactors. 
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Essential Content 

LO1 Show how the reactions of water, water chemistry control and reactor 
water treatments operate in relation to PWR reactors 

Revision of fundamentals of chemistry: 

Units of measure, states of matter, elements and molecules, mixtures, 
solutions and compounds  

The periodic table  

pH: acids and bases  

Conductivity  

Ion exchangers  

Properties and uses of gases 

Basic water chemistry control fundamentals:  

Impurities, sources of impurities, ion exchange theory, parameters monitored 
(pH, conductivity, sodium, chlorides, fluorides, sulphates, hardness and 
silica), principles of water treatment, water chemistry control methods (ion 
exchange, O2 control with hydrazine or N2, pH control) 

Reactor water chemistry fundamentals:  

Control/removal of impurities (demineralisation, chemical addition, hydrogen 
addition, hydrazine, degassing), effect of impurities (increased corrosion 
rates, total gases, local radiation level), hydrogen gas in reactor water, 
radiolysis and recombination (water/ammonia), radiochemistry, sources of 
impurities (intrusion, ion exchange exhaustion), types of impurities (e.g. 
chlorides, fluorides, O2 and H2) 

LO2 Evaluate chemistry and chemical changes relevant to fresh and used 
nuclear fuel, fuel storage ponds and reactor coolants in PWR 

Nuclear fuel chemistry:  

Radionuclides in fresh nuclear fuel 

Radionuclides in irradiated nuclear fuel 

Burn up 

Activation:  

Water and impurity activation products 

Activated corrosion products 
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Fuel storage pond chemistry:  

Volatile fission products 

Corrosion processes and instant release factor 

Radiation chemistry in reactor coolants 

LO3 Discuss the importance, formation, type and characteristics of 
corrosion and corrosion products and mitigation methods present in 
nuclear reactor cooling systems 

Corrosion chemistry fundamentals: 

Types, characteristics and prevention of corrosion 

Technical basis for the need to control the coolant chemistry of PWRs:  

Material integrity and fuel integrity considerations in the reactor coolant 
system; radiation field control 

Corrosion products in PWR reactor systems: 

Formation of corrosion products and dose rate concerns 

Steam generator tubing 

Corrosion in AGR reactor systems:  

Radiation-induced graphite oxidation, steel oxidation 

Crud formation and characteristics:  

Crud composition, thickness and evaluation; crud elimination, crud mitigation 

LO4 Examine the techniques and methods used for coolant chemistry 
control in modern reactors 

Corrosion control using chemicals:  

Ferrous alloy corrosion inhibitors (nitrites, molybdates and chromates), 
hydrazine, silicates, phosphates, copper alloy corrosion inhibitors 

Corrosion control without chemicals:  

Corrosion control with pH 
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Learning Outcomes and Assessment Criteria  

Pass Merit Distinction 

LO1 Show how the reactions of water, water 
chemistry control   and reactor water treatments 
operate in relation to PWR reactors 

D1 Calculate the effects of 
water and reactor water 
chemistry and relate these 
calculations to water and 
reactor water chemistry and 
the concepts behind water 
treatment in PWRs 

P1 Show how the basic 
phenomena concerning 
water and reactor water 
chemistry apply to water 
treatment in PWR 

M1 Evaluate the effects 
of the various 
phenomena concerning 
water and reactor water 
chemistry and water 
treatment in PWR 

LO2 Evaluate chemistry and chemical changes 
relevant to fresh and used nuclear fuel, fuel storage 
ponds and reactor coolants in PWR 

D2 Calculate the chemical 
changes that occur in fuel 
storage ponds and use the 
results of these calculations 
to assess the effectiveness of 
strategies currently 
employed for fuel storage 
and cooling systems in PWRs 

 

P2 Evaluate the 
chemistry and chemical 
changes relevant to 
nuclear fuel, fuel storage 
ponds and reactor 
coolants in PWR 

M2 Assess how the 
chemistry and chemical 
changes relevant to 
nuclear fuel, fuel storage 
ponds and reactor 
coolants in PWR provide 
a basis for developing 
corrosion preventative 
measures  

LO3 Discuss the importance, formation, type and 
characteristics of corrosion and corrosion products 
and mitigation methods present in nuclear reactor 
cooling systems 

D3 Critically evaluate the 
importance, formation, type 
and characteristics of 
corrosion and corrosion 
products and mitigation 
methods present in nuclear 
reactor cooling systems 

Suggest possible corrosion 
prevention methods to be 
included in routine 
maintenance at a PWR 
nuclear site 

 

P3 Discuss the basic 
formation mechanisms, 
types and characteristics 
of corrosion and 
corrosion products 
present in nuclear 
reactor cooling systems 

M3 Show how 
calculations related to 
corrosion in a nuclear 
reactor can be used to 
predict the formation, 
type and characteristics 
of corrosion and 
corrosion products 
present in nuclear 
reactor cooling systems 
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Pass Merit Distinction 

LO4 Examine the techniques and methods used for 
coolant chemistry control in modern reactors 

D4 Critically examine the 
various techniques and 
methods used for coolant 
chemistry control in modern 
reactors, and identify the 
best techniques to complete 
particular measurements. 
Support choice with relevant 
calculations 

P4 Examine the 
techniques and methods 
used for coolant 
chemistry control in 
modern reactors 

M4 Discuss the various 
techniques and methods 
used for coolant 
chemistry control in 
modern reactors, and 
carry out calculations 
relevant to coolant 
chemistry control 
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Recommended Resources 

Textbooks 

CHOPPIN, G., LILJENZIN, J-O., RYDBERG, J. and EKBERG, C. (2013) 
Radiochemistry and Nuclear Chemistry. 4th Ed. Cambridge: Academic Press. 

NEEB, K. H. (1997) The Radiochemistry of Nuclear Power Plants with Light Water 
Reactors. Berlin: de Gruyter. 

Links 

This unit links to the following related unit: 

Unit 68: Nuclear Reactor Materials 
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Unit 67: Nuclear Radiation 
Protection Technology 

Unit code K/615/1542 

Unit level 5 

Credit value 15 

 

Introduction 

Radioactive materials – and the radiations they emit – are used in a wide variety of 
industrial, medical and even domestic applications! However, the considerable 
benefits derived from the use of radiation must be weighed against the potential 
hazards, including risks to health in humans and potential impacts on the 
environment. It follows, then, that radiation protection measures must be 
implemented to ensure that all exposures are as low as reasonably achievable and, 
not surprisingly, there are strictly applied regulations covering all aspects of work 
with radiation.  

The operation of nuclear power reactors is one industrial activity which gives rise to 
the generation of radioactive material and potential exposures to ionising radiations 
– during operation of the reactor, large amounts of radioactivity accumulate inside 
the nuclear fuel; in addition, radioactivity is generated in the reactor coolant and in 
some components close to the reactor core. 

All nuclear power plants have dedicated Radiation Protection Advisers, Radiation 
Protection Supervisors and Radiation Monitors. Notwithstanding these specialist 
roles, all staff working in areas where they may be exposed to radiation are 
required by law to undergo specific training to ensure they understand the radiation 
hazards, regulatory requirements, protective measures and procedures adopted to 
ensure exposures are as low as reasonably practicable.  

Topics included in this units are the fundamentals of radiation science (radioactivity 
and radiation, interaction of radiation with matter, radiation units and natural and 
human-made radiation in the environment), radiation principles and standards, 
radiation protection legislation in the UK, radiation detection and measurements, 
and internal and external radiation hazards. 

The purpose of this unit is to provide students with an understanding of the 
properties of radiation, the hazards posed by exposure to radiation and the 
radiation protection principles and practices relevant to nuclear reactor operation. 
On successful completion, students should be able to interpret the advice of 
radiation specialists, formulate plans and radiation protection strategies in relation 
to their own workplace, and understand the rationale for rules, processes and 
procedures. 
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Learning Outcomes 

By the end of this unit students will be able to: 

1. Apply knowledge of the science of radiation to design, implement and measure 
the effectiveness of radiation protection controls. 

2. Interpret radiation protection legislation and formulate management advice on 
radiation protection strategies in accordance with the relevant approved code 
of practice. 

3. Review radiation protection strategies in the workplace to ensure that radiation 
exposures are as low as reasonably practicable. 

4. Review the advice to relevant personnel on the effects of radiation exposure, 
radiation protection regulations and compliance procedures to personnel 
working in radiation environments. 
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Essential Content 

LO1 Apply knowledge of the science of radiation to design, implement and 
measure the effectiveness of radiation protection controls  

Radioactivity and radiation:  

Modes of radioactive decay (alpha, beta, gamma, neutron, spontaneous 
fission) 

Properties of radiations (nature, mass, charge) 

Energetics of radioactive decay 

Activity and activity units 

Radioactive Decay Law (and applications), decay constant, half-life 

Interaction of radiations with matter:  

Ionisation and excitation 

Charged particle interactions, range-energy relationships for alpha, beta 
radiations 

Bremsstrahlung radiation, annihilation of beta(+) 

Gamma and X-ray interactions: photoelectric, Compton and pair production 

Attenuation of gamma, X-ray: linear attenuation coefficient; half-value 
thickness 

Neutron interactions: scattering, absorption; attenuation and absorption of 
neutrons 

Neutron activation 

Radiation units:  

Exposure, absorbed dose, equivalent dose, effective dose, committed 
effective dose 

Definition of Gray, Sievert 

Radiation and tissue weighting factors 

Biological effects of radiation exposure:  

Basic human physiology 

Interaction of radiation with cells 

Deterministic effects of acute radiation exposure, dose-response relationship 

Stochastic effects of chronic radiation exposure, dose-response relationship 

Implications of the linear-no-threshold (LNT) model 

Somatic and hereditary effects 

Epidemiological evidence for radiation effects 
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Natural and human-made radiation in the environment:  

Cosmic radiation 

Terrestrial sources 

Naturally occurring radioactive material (NORM) 

Radioactivity in the human body 

Human-made environmental radiation: discharges, atmospheric bomb-tests 

Summary of doses from natural and human-made sources of environmental 
(background) radiation 

LO2 Interpret radiation protection legislation and formulate management 
advice on radiation protection strategies in accordance with the 
relevant approved code of practice 

Radiation protection principles and standards: 

Justification, optimisation and limitation (examples of each) 

The ALARP principle 

Sources of international guidance (e.g. ICRP) 

The system of dose limitation (employees, members of the public) 

Dose limits for abnormal or emergency situations 

Radiation protection legislation in the UK:  

Key requirements of Ionising Radiations Regulations (IRR 1999) 

Key requirements of Environmental Permitting Regulations (EPR 2010) 

Key requirements of Radiation Emergency Planning & Public Info Regulations 
(REPPIR 2001) 

Key requirements pertaining to transport of radioactive materials (road, rail, 
air, sea) 

LO3 Review radiation protection strategies in the workplace to ensure that 
radiation exposures are as low as reasonably practicable 

Radiation detection and measurement: 

General principles of radiation detection 

Gas-filled detectors (ionisation chamber, proportional counter, Geiger 
counter) 

Solid state detectors (scintillation detectors, semiconductor detectors) 

Energy measurement and spectroscopy 

Personal dosimeters (film, TLD, electronic) 
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LO4 Review the advice to relevant personnel on the effects of radiation 
exposure, radiation protection regulations and compliance procedures 
to personnel working in radiation environments 

External radiation hazards and protection measures:  

Sources of external radiation 

Protection using time, distance, shielding 

Inverse square law (application and limitations) 

Radiation shielding for alpha and beta radiation 

Attenuation and half-value thicknesses for gamma and X-ray shielding 
materials 

Shielding for neutrons 

Designation of radiation areas 

Radiation surveys – monitoring and record keeping 

Internal radiation hazards and protection measures:  

Radioactive contamination (airborne, surface, liquid) 

Routes of entry into human body 

Exit routes and biological half-life 

Dose-per-unit uptake for inhalation and ingestion 

Control of contamination 

Designation of contamination areas; typical barrier controls; administrative 
controls; house rules 

Treatment of contaminated personnel 

Contamination surveys – monitoring and record keeping 
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Learning Outcomes and Assessment Criteria  

Pass Merit Distinction 

LO1 Apply knowledge of the science of radiation to 
design, implement and measure the effectiveness of 
radiation protection controls  

D1 Quantitatively analyse 
the efficacy of radiation 
protection measures using 
the science of radioactivity 
and radiation P1 Discuss the nature 

and properties of 
radioactivity and 
radiation, including the 
interaction of radiation 
with matter, radiation 
units, biological effects 
of radiation exposure, 
natural and human-
made radiation in the 
environment 

M1 Solve numerical 
problems involving 
radioactive decay and 
estimation of radiation 
exposure  

LO2 Interpret radiation protection legislation and 
formulate management advice on radiation protection 
strategies in accordance with the relevant approved 
code of practice 

D2 Critically evaluate and 
interpret radiation 
protection legislation and 
formulate management 
advice on radiation 
protection strategies in 
accordance with the 
relevant approved code(s) 
of practice 

P2 Interpret the basic 
requirements of 
radiation protection 
legislation and the 
relevant approved 
code(s) of practice 

M2 Discuss the underlying 
rationale for requirements 
of radiation protection 
legislation and the relevant 
approved code(s) of 
practice 

LO3 Review radiation protection strategies in the 
workplace to ensure that radiation exposures are as 
low as reasonably practicable  

D3 Critically review 
radiation protection 
strategies in the 
workplace, make 
recommendations to 
enhance radiation 
protection and support 
recommendations with 
quantitative analysis, 
including cost-benefit 
analysis 

P3 Review the key 
elements of radiation 
monitoring and 
protection strategies in 
the workplace and carry 
out simple calculations 
related to radiation 
exposure 

M3 Discuss the key 
elements of radiation 
protection strategies in the 
workplace and carry out 
optimisation studies to 
demonstrate that 
exposures are as low as 
reasonably practicable 
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Pass Merit Distinction 

LO4 Review the advice to relevant personnel on the 
effects of radiation exposure, radiation protection 
regulations and compliance procedures to personnel 
working in radiation environments 

D4 Critically analyse, by 
means of a presentation, 
the guidance for personnel 
working in radiation 
environments on the 
effects of radiation 
exposure, radiation 
protection regulations and 
compliance procedures 

P4 Review the effects of 
radiation protection 
regulations and 
compliance procedures 
on personnel working in 
radiation environments 

M4 Evaluate the current 
guidance given for 
personnel working in 
radiation environments on 
the effects of radiation 
exposure, radiation 
protection regulations and 
compliance procedures 
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Recommended Resources 

Textbooks 

CEMBER, H. and JOHNSON, T. E. (2009) Introduction to Health Physics. 4th Ed. 
New York: McGraw-Hill. 

MARTIN, A. and HARBISON, S. (2006) An Introduction to Radiation Protection.  
5th Ed. London: Hodder Arnold. 

Links 

This unit links to the following related unit: 

Unit 72: Nuclear Safety Case Development 
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Unit 68: Nuclear Reactor 
Materials 

Unit code M/615/1543 

Unit level 5 

Credit value 15 

 

Introduction 

Understanding the fundamental material science and material changes in a nuclear 
reactor is central to the safe and efficient operation of a nuclear power plant. Past 
evidence has shown that failure to select the appropriate materials for key 
components and systems combined with failure to predict and control the changes 
in the material properties over time can result in expensive repairs, long periods of 
unproductive shut-down and, in the worst cases, unsafe plant conditions.     

Materials science is important in all industrial activities. However, in the nuclear 
power industry, there are special considerations to be taken into account, such as 
the need to understand, predict and control the effect of radiation on material 
properties. Major components, such as the reactor pressure vessel, are subject to 
long-term, intense irradiation and this can lead to changes in properties such as 
ductility and embrittlement. These changes have an important impact on reactor 
operations – specifically on the temperature and pressure to which the vessel can 
be subjected. Therefore, the materials scientist on a nuclear power plant has an 
important operational role.  

The purpose of this unit is to provide students with a clear understanding of the 
materials science underlying nuclear reactor design and operation, enabling them 
to describe, analyse, explain and calculate various changes and transitions that 
occur in the system over time. Topics included in this units are basic materials 
science (properties of materials, metals, alloys, phase diagrams and material 
processing), materials used in nuclear reactors (e.g. steels, zirconium) and changes 
that occurs in components due to various types of radiation (alpha, beta, gamma 
and neutron). 

On successful completion of this unit students will be able to explain, measure and 
control materials and material changes relevant to a nuclear reactor and advise on 
materials science-related matters. 
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Learning Outcomes 

By the end of this unit students will be able to: 

1. Illustrate the importance of atomic arrangement on mechanical properties of 
reactor core materials. 

2. Analyse mechanical and thermal properties and manufacturing techniques that 
are considered in the design and materials selection of PWR components. 

3. Analyse the changes in material properties that occur in PWR components as a 
result of radiation (α, β, γ and neutron) exposure. 

4. Discuss the use of zirconium and 20/25/Nb stainless steel in nuclear reactors. 
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Essential Content 

LO1 Illustrate the importance of atomic arrangement on mechanical 
properties of reactor core materials 

Materials science:  

Electronic, atomic, micro and macrostructural arrangements and properties of 
metallic materials, mechanical properties, phase diagrams, material 
processing 

Alloy definition and application, compressive strength, expansion/contraction 
associated with temperature changes, heat treating and annealing related to 
the properties of metals, radiation-induced embrittlement by neutron 
exposure, material strength, torque limits, yield and tensile strength  

Brittle fraction characteristics, mechanisms and temperature effects 

LO2 Analyse mechanical and thermal properties and manufacturing 
techniques that are considered in the design and materials selection 
of PWR components 

Materials used in a PWR primary circuit: 

The different materials used in a PWR primary circuit; sensitisation; 
components and characteristics of stress corrosion cracking (SCC); corrosion 
pit formation 

Irradiation-assisted SCC; the effect of cold work and corrosion potential on 
SCC; low-alloy steel for reactor pressure vessel; master curve approach to fit 
fracture data; fabrication process of a reactor pressure vessel; residual stress, 
primary stress and secondary stress; plastic collapse load; pellet-clad 
interactions in PWR and AGR systems; pellet cracking process; postulated 
clad damage models for AGR and PWR 

LO3 Analyse the changes in material properties that occur in PWR 
components as a result of radiation (α, β, γ and neutron) exposure 

Neutron irradiation and embrittlement: 

The process of neutron irradiation 

Reactor pressure vessel lifetime 

Irradiation-induced embrittlement 

Alpha and beta irradiation 

Gamma irradiation and its effect on the structural materials 

Calculations related to radiation damage and neutron embrittlement 
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LO4 Discuss the use of zirconium and 20/25/Nb stainless steel in nuclear 
reactors 

Zirconium in nuclear reactors: 

Zr metallurgy, Zr phase diagram and Zr properties, Zr tube fabrication and 
fuel assembly manufacture 

Defects in Zr 

Hydrides and oxidation 

20/25/Nb stainless steel: 

Mechanical and thermal properties, metallurgy, cladding fabrication, chemical 
behaviour 
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Learning Outcomes and Assessment Criteria  

Pass Merit Distinction 

LO1 Illustrate the importance of atomic 
arrangement on material properties of reactor core 
materials  

D1 Evaluate the importance 
of atomic arrangement on 
physical, mechanical and 
thermal properties of reactor 
materials; provide 
supporting calculations 
related to the mechanical 
properties of materials 

P1 Illustrate common 
crystal structures and 
various material 
properties relevant to 
reactor core materials 

M1 Discuss how atomic 
arrangements impact 
material properties  

LO2 Analyse mechanical and thermal properties and 
manufacturing techniques that are considered in the 
design and materials selection of PWR components 

D2 Critically analyse the 
various material properties 
relevant to nuclear reactors 
and compare manufacturing 
techniques for PWR 
component production. 
Advise on material selection 
when designing and 
manufacturing reactor 
components 

P2 Analyse common 
practices for 
manufacturing PWR 
components and 
mechanical and thermal 
properties expected 
from those components 

M2 Investigate the 
material properties 
relevant to nuclear 
reactors and compare 
manufacturing 
techniques for PWR 
component production 

LO3 Analyse the changes in material properties that 
occur in PWR components as a result of radiation (α, 
β, γ and neutron) exposure 

D3 Critically analyse how the 
changes in material 
properties occur in reactor 
components due to radiation 
exposure and advise on 
selecting materials that have 
the best overall behaviour in 
such environments  

P3 Analyse the changes 
in material properties 
that occur in PWR 
components due to 
various radiation 
exposures 

M3 Carry out 
calculations related to 
radiation damage and 
embrittlement and, using 
these calculations, 
explain the changes in 
material properties that 
occur in PWR 
components due to 
radiation exposure 
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Pass Merit Distinction 

LO4 Discuss the use of zirconium and 20/25/Nb 
stainless steel in nuclear reactors 

D4 Critically examine the 
physical, mechanical and 
thermal properties of 
zirconium and its alloys, 
zirconium metallurgy and 
explain the use of zirconium 
in the nuclear industry 

D5 Critically examine the 
physical, mechanical and 
thermal properties of 
20/25/Nb stainless steel and 
explain the use of this alloy 
in the nuclear industry 

P4 Discuss basic 
properties of zirconium 
and 20/25/Nb stainless 
steel and its use in the 
nuclear industry 

M4 Discuss physical, 
mechanical and thermal 
properties of zirconium 
and 20/25/Nb stainless 
steel, and their use in 
the nuclear industry 
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Recommended Resources 

Textbooks 

LINGA, K. and MURTY, I. C. (2012) An Introduction to Nuclear Materials: 
Fundamentals and Applications. Boston: Wiley.  

NIKJOO, H., UEHARA, S. and EMFIETZOGLOU, D. (2012) Interaction of Radiation 
with Matter. Boca Raton: CRC Press. 

WAS, G. S. (2007) Fundamentals of Radiation Materials Science: Metals and Alloys. 
New York: Springer. 

Links 

This unit links to the following related units: 

Unit 66: Nuclear Reactor Chemistry 

Unit 10: Materials, Properties and Testing 
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Unit 69: Nuclear Fuel Cycle 
Technology 

Unit code T/615/1544 

Unit level 5 

Credit value 15 

 

Introduction 

The nuclear fuel cycle comprises the series of steps involved in the manufacture of 
nuclear reactor fuel from raw materials (usually uranium-bearing natural ores) and 
the series of steps involved in safely storing, processing and disposing of used fuel 
while effectively managing all wastes arising from the activity. 

The UK is a world-leader in nuclear fuel cycle technology with advanced industrial 
facilities involved in uranium processing, conversion, enrichment, fuel manufacture, 
spent fuel storage, reprocessing, recycling and disposal. It is estimated that some 
10,000 people work in nuclear fuel operations in the UK, mostly in scientific, 
engineering or technology-related disciplines. Major investments are planned in this 
sector to meet the fuel production and used-fuel management requirements for an 
expanding UK nuclear power programme. 

The nuclear fuel cycle is important as it represents a significant contribution to the 
whole-life cost of operating a nuclear power programme. It is therefore important 
to understand the primary cost drivers to make rational decisions on the use of 
resources and optimise the search for efficiencies. An important example of this 
arises from the question of whether used nuclear fuel should be reprocessed and 
recycled (a ‘closed’ fuel cycle), or whether it is more cost-effective to dispose of 
spent fuel assemblies in an appropriate geological disposal facility (an ‘open’ fuel 
cycle). This question is of major importance to the future of the UK nuclear fuel 
industry.  

Notwithstanding cost issues, the various steps involved in the nuclear fuel cycle 
have significant safety and environmental aspects and these must be clearly 
understood and rigorously controlled to meet stringent safety and environmental 
targets. 

While today’s nuclear fuel cycle is almost completely based on the utilisation of 
uranium in thermal reactors, a great deal of research is currently underway on 
alternative fuel cycles – for example, based on thorium – and on the development 
of fast reactors capable of using uranium and plutonium much more effectively than 
current plants. Hence, the nuclear fuel cycle is an area of active research and 
development.  

The purpose of this unit is to provide a comprehensive overview of the nuclear fuel 
cycle, describing the technical, industrial, economic, safety and environmental 
issues involved at each step. The unit covers the entire fuel cycle – from the 
extraction of raw ore to the disposal of spent fuel and radioactive wastes. The unit 
focuses on the UK perspective; however, where appropriate, international and 
global issues will be highlighted. 
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Learning Outcomes 

By the end of this unit students will be able to: 

1. Apply scientific fundamentals to describe the technological processes involved 
in each step of the nuclear fuel cycle and explain how the technology is applied 
on an industrial scale in the UK. 

2. Examine the safety and environmental issues arising at each step in the 
nuclear fuel cycle and explain how the associated challenges are being met.   

3. Undertake mass-flow and cost calculations over the entire fuel cycle, identify 
the key cost drivers and critically examine the financial case for nuclear fuel 
reprocessing.  

4. Review future developments in the nuclear fuel cycle, including the use of 
alternative nuclear fuel cycles, describe the associated technological challenges 
and critically assess the safety, environmental and financial benefits.   
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Essential Content 

LO1 Apply scientific fundamentals to describe the technological processes 
involved in each step of the nuclear fuel cycle and explain how the 
technology is applied on an industrial scale in the UK 

Nuclear fuel cycle (front-end processes): 

Uranium exploration: mining and milling; uranium purification and conversion 
(wet and dry processes); advantages/disadvantages of underground, open-
pit, in-situ leaching   

Uranium enrichment: history, development, diffusion and centrifuge methods, 
laser-based methods, separation factor, calculations of feed-to-product mass 
ratio and separative work 

Fuel manufacture: fuel types (metal alloy, oxide), reconversion to uranium 
oxide, pellet production; fuel pin manufacture; fuel assembly: examination; 
testing and quality assurance 

Nuclear fuel cycle (back-end processes): 

Properties of spent fuel; at-reactor storage; cooling ponds; dry storage 

Transportation of used fuel; flask design, testing; transport arrangements and 
regulations 

Spent fuel reprocessing: history; current status; organic solvent extraction; 
PUREX process; centrifugal extraction; extraction and purification of uranium 
and plutonium 

Recycling: recycling uranium; recycling plutonium as mixed-oxide (MOX) fuel  

Waste management: vitrification of HLW; treatment and on-site storage of 
ILW; treatment and disposal of LLW; geological disposal facility (GDF): outline 
plan, timeline  

LO2 Examine the safety and environmental issues arising at each step in 
the nuclear fuel cycle and explain how the associated challenges are 
being met   

Front-end processes: 

Radiological safety issues in uranium mining; environmental protection in 
uranium mining and milling; hazards posed by HEX (UF6) and key protective 
measures; safety and environmental protection during fuel fabrication 

Back-end processes: 

Characteristics and radiological properties of spent fuel; hazards and 
protective measures during storage and transport; radiation protection and 
criticality control during reprocessing; hazards and protective measures for 
plutonium; radiological environmental impact assessment for discharges and 
disposals 
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LO3 Undertake mass-flow and cost calculations over the entire fuel cycle; 
identify the key cost drivers and critically examine the financial case 
for nuclear fuel reprocessing 

Uranium supply, demand and price: 

Sources of information; factors affecting uranium supply, demand and price; 
global suppliers by country and corporation; uranium resources and future 
requirements; uranium spot price versus long-term contract prices; future 
outlook for uranium prices 

Enrichment and fabrication costs; recycling savings: 

Enrichment costs: calculate optimum tails assay from feed and separative 
work costs; evaluate impact of changes to feed/separative work costs on tails 
assay; impact of worldwide enrichment capacity on price of enrichment 
services 

Fuel manufacturing costs: cost drivers; impact of worldwide capacity for fuel 
manufacture on price of manufacturing services 

Cost integration: mass-flow estimates; calculation of price of annual fuel 
requirement for a typical commercial reactor; price savings from uranium and 
plutonium recycling; economic case for reprocessing and recycling; price 
savings from use of military stockpiles 

Estimate the saving in fuel costs from the use of recycled uranium and/or 
plutonium 

LO4 Review future developments in the nuclear fuel cycle, including the 
use of alternative nuclear fuel cycles; describe the associated 
technological challenges and critically assess the safety, 
environmental and financial benefits   

Thorium fuel cycle: 

Physical, chemical and isotopic properties of natural thorium; abundance and 
extraction; conversion of thorium into fissile U-233; use of U-233 as a reactor 
fuel; key steps in a thorium-based nuclear fuel cycle 

Fast reactor fuel cycles: 

Characteristics of fast reactors; typical fuel inventory; fast breeder reactors; 
impact of fast reactors on the overall utilisation of uranium; key steps in a 
fast reactor nuclear fuel cycle 
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Learning Outcomes and Assessment Criteria  

Pass Merit Distinction 

LO1 Apply scientific fundamentals to describe the 
technological processes involved in each step of the 
nuclear fuel cycle and explain how the technology is 
applied on an industrial scale in the UK   

D1 Undertake a critical 
review of current technology 
adopted at each stage in the 
nuclear fuel cycle and 
explain where improvements 
in technology can realise 
improvements in cost, safety 
and/or environmental impact 

P1 Apply scientific 
fundamentals to identify 
the physical and 
chemical form of 
uranium at each step in 
the fuel cycle 

P2 Describe the physical 
and chemical processes 
involved at each step in 
the fuel cycle  

M1 Describe the 
processing steps involved 
at each stage in the 
nuclear fuel cycle and 
identify the challenges 
involved in adapting the 
processes for industrial-
scale application and how 
these challenges have 
been met in the UK 

LO2 Examine the safety and environmental issues 
arising at each step in the nuclear fuel cycle and 
explain how the associated challenges are being met 

D2 Quantitatively assess the 
hazards and risks at various 
stages of the nuclear fuel 
cycle and set the radiological 
hazards and risks in the 
wider context by comparing 
and contrasting with risks in 
other fuel-producing 
industries (oil, gas, etc.)  

P3: Identify the main 
sources of radiation and 
radioactive discharges at 
each stage in the fuel 
cycle 

P4 Explain the main 
protective measures 
used to control radiation 
exposures to workers in 
fuel cycle facilities  

M2 Estimate the 
magnitude of radiation 
exposures to workers 
and public at various 
stages of the fuel cycle 

M3 Estimate the 
magnitude, 
characteristics and 
radiological impact of 
radioactive discharges 
from the fuel cycle  

LO3 Undertake mass-flow and cost calculations over 
the entire fuel cycle, identify the key cost drivers 
and critically examine the financial case for nuclear 
fuel reprocessing  

D3 Formulate a pricing 
model to compare the costs 
of closed versus open fuel 
cycle and critically assess the 
financial case for 
reprocessing and recycling 
now and in the future  

P5 Calculate the cost of 
a reactor fuel load 

M4 Calculate the savings 
from reprocessing and 
recycling on the costs of 
a fuel load 
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Pass Merit Distinction 

LO4 Review of future developments in the nuclear 
fuel cycle, including the use of alternative nuclear 
fuel cycles, describe the associated technological 
challenges and critically assess the safety, 
environmental and financial benefits 

D4 Critically assess the 
outlook for thorium-based 
and fast reactor fuel cycles in 
the context of international 
development of Generation 
IV Nuclear Power Systems  

P6 Review the key steps 
in nuclear fuel cycles 
based on thorium and 
fast reactors  

M5 Discuss the 
technological challenges 
involved in the 
development of thorium 
and fast reactor fuel 
cycles  
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Recommended Resources 

Textbooks 

COCHRAN, R. G. (1999) The Nuclear Fuel Cycle: Analysis and Management. 
Washington, DC: American Nuclear Society. 

KNIEF, R. A. (1992) Nuclear Engineering. Carlsbad: Hemisphere. 

WILSON, P. D. (1996) The Nuclear Fuel Cycle. Oxford: Oxford University Press. 

Journals  

NEA/OECD Publication, Uranium Resources, Production and Demand (‘The Red 
Book’), published annually. 

Websites 

World Nuclear Association website: http://www.world-nuclear.org/ 

 

http://www.world-nuclear.org/
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Unit 70: Nuclear 
Decommissioning and 
Radioactive Waste 
Management 
Technologies 

Unit code A/615/1545 

Unit level 5 

Credit value 15 

 

Introduction 

The UK has operated nuclear power reactors since the 1950s. The first generation 
of commercial nuclear power stations based on Magnox reactors are now shut down 
after more than 40 years of operation. These power stations are now undergoing 
decommissioning. In the next 10–15 years, the second generation of power 
stations based on Advanced Gas-Cooled Reactors will reach the end of their 
working life and will also begin the process of decommissioning. It is estimated that 
more than 1000 people currently work in the nuclear decommissioning sector – a 
number which is expected to grow considerably as the number of plants undergoing 
decommissioning increases. 

The decommissioning of nuclear power plants requires specialist knowledge, skills 
and expertise. This is because nuclear decommissioning involves radioactive 
materials of various kinds. Radiation safety of both workers and the public is 
therefore of primary concern. Consequently, many new methods have been 
developed especially for nuclear decommissioning – usually involving robotics or 
other remote handling solutions. Some contaminated items, such as concrete, 
require special decontamination techniques to be applied to reduce the volume of 
radioactive wastes. 

At each stage of nuclear decommissioning – from the removal of the last fuel load 
to the final removal of all buildings from the site – radioactive wastes need to be 
collected, conditioned, stabilised and prepared for long-term, safe disposal. Higher 
activity wastes will eventually be stored long term in an underground geological 
disposal facility (GDF). The entire process is monitored closely by the nuclear safety 
and environmental regulatory bodies. 

The aims of this unit are to provide students with an understanding of the 
technologies associated with nuclear decommissioning and radioactive waste 
management. The regulatory framework for decommissioning and waste 
management is described, including regulatory criteria and guidance on the 
required end-state of decontamination and clean-up processes.  
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Learning Outcomes 

By the end of this unit students will be able to: 

1. Evaluate a range of specialist technologies developed for nuclear 
decommissioning and radioactive waste immobilisation. 

2 Review the management of decommissioning, the deployment of technological 
solutions and the process of hazard reduction, using case studies. 

3. Discuss the regulatory framework governing the safety and environmental 
impacts of nuclear decommissioning and radioactive waste management.  

4. Evaluate current arrangements and future plans for radioactive waste disposal 
in the UK and critically assess strategic and technological bases for the plans.  
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Essential Content 

LO1 Evaluate a range of specialist technologies developed for nuclear 
decommissioning and radioactive waste immobilisation 

Decontamination techniques: 

Non-attritive cleaning; chemical decontamination techniques; physical 
attrition techniques 

Dismantling techniques: 

Mechanical cutting techniques; thermal cutting techniques; other methods, 

Remote handling techniques: 

Use of robotics in nuclear decommissioning 

Radiation protection techniques:  

Contamination control; use of Personal Protective Equipment; abatement 
technologies for liquid and gaseous radioactive discharges; technologies for 
immobilisation of radioactive waste 

LO2 Review the management of decommissioning, the deployment of 
technological solutions and the process of hazard reduction, using 
case studies 

Decommissioning project management: 

Key drivers influencing decommissioning plans and programmes; hazard 
reduction (including hazard and risk); planning framework for nuclear 
decommissioning; project management principles, planning, control and 
monitoring; project prioritisation; social and political issues; stakeholder 
engagement  

Decommissioning case studies – learning from experience: 

Decommissioning experience of: Windscale Piles; Windscale Advanced Gas 
Reactor (WAGR); JASON at Royal Naval College; CONSORT reactor at 
Imperial College; US experience  
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LO3 Discuss the regulatory framework governing the safety and 
environmental impacts of nuclear decommissioning and radioactive 
waste management 

Licensing prerequisites associated with decommissioning: 

Funded Decommissioning Programme 

Designing for decommissioning 

Regulatory oversight of nuclear safety aspects of decommissioning: 

Role of ONR; nuclear site licence conditions; delicensing criteria; clean-up and 
remediation of contaminated land; site restoration issues 

Regulatory oversight of environmental impact of decommissioning: 

Role of Environment Agencies; Environmental Impact Assessment of 
Decommissioning Regulations – requirements; Environmental Permitting 
Regulations; Regulation of radioactive discharges; Regulation of radioactive 
waste disposals; impact of international obligations on discharge limits 

LO4 Evaluate current arrangements and future plans for radioactive waste 
disposal in the UK and critically assess strategic and technological 
bases for the plans  

Key stakeholders: 

Role of UK Nuclear Decommissioning Authority (NDA) in radioactive waste 
management; NDA strategy for radioactive waste management; role of the 
Committee on Radioactive Waste Management (CoRWM) 

Current arrangements for radioactive waste disposal: 

Waste classifications and implications on waste treatment methodologies; 
radioactive waste classification scheme; definition of HLW, ILW, LLW and 
VLLW; origin, physical/chemical form and inventory of radioactive waste; 
disposal of LLW; sources, volumes, activities and characterisation of LLW; 
arrangements for the disposal of LLW at the LLWR, Drigg; technological, 
safety and environmental aspects of LLW disposal; current arrangements for 
conditioning and storage of ILW and HLW; characterisation, processing, 
immobilisation, packaging, transport and storage of ILW; current 
arrangements for conditioning and storage of HLW; origins, disposition, 
physical and chemical form, storage arrangements for HLW 

Plans for a geological disposal facility (GDF): 

Lead agency and stakeholders in the GDF project; outline plans and 
timescales; key design features; physical barriers; GDF safety case issues – 
potential hazards and protective measures; environmental case and impact 
assessment; HLW disposal arrangements in other countries – current status   
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Learning Outcomes and Assessment Criteria  

Pass Merit Distinction 

LO1 Evaluate a range of specialist technologies 
developed for nuclear decommissioning and 
radioactive waste immobilisation 

D1 Review research 
activities aimed at 
developing improved 
techniques and critically 
assess techniques used in 
nuclear decommissioning, 
identifying areas for 
improvement 

P1 Evaluate the main 
techniques used in 
nuclear 
decommissioning  

P2 Evaluate the main 
techniques used for 
radioactive waste 
immobilisation 

M1 Compare the efficacy 
of given techniques used 
in nuclear 
decommissioning 

M2 Compare given 
techniques used for 
radioactive waste 
immobilisation and 
assess each technique on 
the basis of efficacy and 
value-for-money    

LO2 Review the management of decommissioning, 
the deployment of technological solutions and the 
process of hazard reduction, using case studies 

D2 Critically assess the 
overall management 
arrangements for a case 
study in decommissioning; 
identify the key lessons 
learned from both a project 
management and technology 
application perspective and 
make recommendations for 
improvement 

P3 Review the 
decommissioning 
techniques used in a 
particular 
decommissioning project  

M3 Assess the 
application of technology 
to decommissioning in a 
particular project and 
summarise the key 
lessons learned 

LO3 Discuss the regulatory framework governing 
the safety and environmental impacts of nuclear 
decommissioning and radioactive waste 
management  

D3 Critically examine the 
impact of regulatory 
requirements on the project, 
using case studies; assess 
the impact of regulation on 
safety and environmental 
outcomes and consider the 
cost implications of meeting 
regulatory targets  

P4 Discuss the principles 
of safety and 
environmental regulation 
of nuclear 
decommissioning 
projects 

M4 Assess the regulatory 
arrangements for safety 
and environmental 
protection in 
decommissioning 
projects 
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Pass Merit Distinction 

LO4 Evaluate current arrangements and future 
plans for radioactive waste disposal in the UK and 
critically assess strategic and technological bases for 
the plans 

D4 Critically evaluate the 
wider safety, environmental 
and socio-economic issues 
associated with the 
development and siting of 
facilities for LLW disposal and 
the GDF for ILW and HLW 

P5 Evaluate 
arrangements for LLW 
disposal in the UK and 
outline plans for a GDF 

M5 Investigate the 
arrangements for LLW 
disposal in the UK and 
outline plans for a GDF 
and, for each, examine 
the safety and long-term 
environmental issues 
considered in the safety 
and environmental 
analyses  
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Recommended Resources 

Textbooks 

BAYLISS, C. and LANGLEY, K. (2003) Nuclear Decommissioning, Waste Disposal 
and Environmental Site Remediation. London: Butterworth-Heinemann. 

Links 

This unit links to the following related units: 

Unit 65: Nuclear Reactor Operations 

Unit 66: Nuclear Reactor Chemistry 

Unit 68: Nuclear Reactor Materials 
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Unit 71: Nuclear Criticality 
Control 

Unit code F/615/1546 

Unit level 5 

Credit value 15 

 

Introduction 

Nuclear reactors use fissile material to create a controlled neutron-induced fission 
chain reaction. This means that fissile material is present throughout the nuclear 
fuel cycle.  

A criticality accident is defined as an unplanned, criticality excursion involving fissile 
material not inside a nuclear reactor. Criticality accidents can give rise to an 
explosive release of energy and intense radiation. Previous criticality accidents in 
the US, Russia and Japan have resulted in casualties. Over 100 criticality accidents 
have been recorded and reported throughout the world; of these, the overwhelming 
majority have taken place in facilities where highly fissile material (enriched 
uranium or plutonium) was undergoing chemical processing in the form of a 
solution. Clearly, then, criticality controls where fissile material is present in liquid 
form must be particularly stringent and require rigorous adherence. 

The avoidance of unplanned criticality is usually referred to as criticality control or 
criticality safety management. Methods of control are based on engineering design, 
operational limits and administrative practices. The purpose of criticality safety by 
design is to ensure that all vessels that could potentially contain fissile material 
have a material composition and geometrical shape that renders criticality 
physically impossible. In addition, where the fissile material is present as an array 
of units, the physical separation and spacing materials should be designed to make 
criticality impossible.  

This unit provides a comprehensive introduction to nuclear criticality safety in 
facilities, or situations where fissile materials are encountered outside a nuclear 
reactor. The unit, which reflects the core competencies specified by the United 
Kingdom Working Party on Criticality (WPC), focuses on criticality assessments and 
safety by design; however, with reference to previous criticality accidents, the 
importance of operational limits, human error and safety management 
arrangements is also highlighted.  
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Learning Outcomes 

By the end of this unit students will be able to: 

1. Produce a comprehensive criticality safety assessment of an operational or 
(hypothetical) nuclear facility involved in the use, storage or processing of 
fissile materials, applying a range of techniques, including both analytical and 
computational methods. 

2. Investigate the appropriate regulatory legislation, guidance and industry 
standards to criticality assessments, justifying their analysis through the 
appropriate use of data, benchmarks, cross-comparison of methods, and/or 
sensitivity analysis. 

3. Investigate how facilities can be designed and operated to reduce the 
likelihood and/or consequences of an unplanned criticality excursion. 

4. Examine previous recorded criticality accidents, analyse the root causes and 
draw conclusions on lessons to be learned.    
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Essential Content 

LO1 Produce a comprehensive criticality safety assessment of an 
operational or (hypothetical) nuclear facility involved in the use, 
storage or processing of fissile materials, applying a range of 
techniques, including both analytical and computational methods 

Physics aspects of criticality: 

Review of nuclear fission; fission with fast and thermal neutrons; neutron 
moderation; moderator effectiveness; neutron life cycle; neutron lifetime, 
neutron multiplication factor 

Definition of reactivity; reactivity units; fast fission, fast leakage, resonance 
absorption, thermal leakage, fuel utilisation, thermal reproduction; derivation 
of six-factor formula; reactivity calculations based on six-factor formula; 
prompt and delayed neutrons; significance of delayed neutrons in criticality 
control; response to reactivity addition without and with delayed neutrons; 
neutron doubling time, start-up-rate; consequences of excessive reactivity 
addition 

Criticality assessments (reactivity calculations): 

Hand methods using six-factor formula: buckling/shape conversion method; 
surface density method for fissile arrays; density analogue and solid angle 
methods; limitations and uncertainties in hand calculations 

Computer modelling for criticality safety: overview of transport theory; 
overview of Monte-Carlo approach; verification and validation of computer 
codes; limitations and uncertainties in computer-based codes 

LO2 Investigate the appropriate regulatory legislation, guidance and 
industry standards to criticality assessments, justifying their analysis 
through the appropriate use of data, benchmarks, cross-comparison 
of methods, and/or sensitivity analysis 

UK regulatory requirements for criticality safety: 

Criticality control addressed in nuclear site licence conditions; criticality 
control addressed in ONR safety assessment principles; ONR Technical 
Assessment Guide for Criticality Control – key requirements  

Criticality standards: sub-criticality limits; single and multi-parameter limits; 
operating limits (single units and arrays) 



 

Pearson BTEC Levels 4 and 5 Higher Nationals in Nuclear Engineering 
Specification – Issue 6 – September 2019  © Pearson Education Limited 2018 

419 

LO3 Investigate how facilities can be designed and operated to reduce the 
likelihood and/or consequences of an unplanned criticality excursion 

Methods and practices for criticality control: 

Administrative controls; operational controls; geometry, poisons, 
mass/volume limits, moderation and concentration; reflectors; criticality 
hazards and control measures in practice: fuel manufacture, 
decommissioning; spent fuel reprocessing, spent fuel storage and transport  

LO4 Examine previous recorded criticality accidents, analyse the root 
causes and draw conclusions on lessons to be learned    

Criticality incidents and accidents:  

Y-12 Plant; LASL, ICPP, Wood River Plant, Tokaimura (Japan); accident 
sequence and consequences; general observations; root causes: design, 
system failures, human error, safety management shortcomings, regulatory 
shortcomings 

Criticality incident detection:  

Prompt and delayed radiation from criticality; criticality assessment by 
neutron flux measurement; criticality assessment using neutron activation; 
criticality lockets 

Criticality accident response arrangements: 

Review of facility emergency procedures for criticality accidents 
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Learning Outcomes and Assessment Criteria  

Pass Merit Distinction 

LO1 Produce a comprehensive criticality safety 
assessment of an operational or (hypothetical) 
nuclear facility involved in the use, storage or 
processing of fissile materials, applying a range of 
techniques, including both analytical and 
computational methods 

D1 Quantify the limitations 
of both hand and computer-
based calculations and make 
recommendations on how 
the criticality assessment 
analysis could be improved 

P1 Produce a hand-
calculation (not using a 
computer model) 
criticality assessment for 
a fissile unit with simple 
geometry  

M1Produce a hand-
calculation criticality 
assessment for an array 
of fissile units with 
complex geometry 

LO2 Investigate the appropriate regulatory 
legislation, guidance and industry standards to 
criticality assessments, justifying their analysis 
through the appropriate use of data, benchmarks, 
cross-comparison of methods, and/or sensitivity 
analysis 

D2 Critically evaluate the 
regulatory approaches and 
industry standards used for 
criticality control in a 
specified number of 
countries, including the UK 
and USA 

P2 Investigate the 
underlying regulatory 
requirements pertaining 
to criticality control  

M2 Assess both 
regulatory and industry 
standards for criticality 
control 

LO3 Investigate how facilities can be designed and 
operated to reduce the likelihood and/or 
consequences of an unplanned criticality excursion 

D3 Critically evaluate the 
design, operational, 
administrative and safety 
management arrangements 
for criticality control at a real 
nuclear facility 

P3 Investigate how 
design criteria can 
reduce the likelihood of 
unplanned criticality 

M3 Show how design 
and operational aspects 
contribute to the overall 
control of criticality risk  

LO4 Examine previous recorded criticality accidents, 
analyse the root causes and draw conclusions on 
lessons to be learned 

D4 Undertake an analysis of 
a criticality accident (e.g. 
Tokaimura); consider the 
radiological and wider socio-
economic consequences of 
the accident and investigate 
the contributory factors and 
underlying root causes   

P4 Examine the primary 
causes of criticality 
accidents 

M4 Evaluate a range of 
criticality accidents and 
formulate conclusions on 
common root causes and 
lessons to be learned 
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Recommended Resources 

Textbook 

KNIEF, R. A. (1985) Nuclear Criticality Safety: Theory and Practice. La Grange 
Park: American Nuclear Society.  

Websites 

http://www.nuclearinst.com/ Nuclear Institute Working Party on Criticality 
(General Reference) 

Links 

This unit links to the following related units: 

Unit 67: Nuclear Radiation Protection Technology 

Unit 72: Nuclear Safety Case Development 
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Unit 72: Nuclear Safety Case 
Development 

Unit code J/615/1547 

Unit level 5 

Credit value 15 

 

Introduction 

The development and implementation of a nuclear safety case is an essential 
requirement for the achievement and maintenance of a licence to construct, 
operate and decommission a nuclear facility. 

The Nuclear Installations Act (1965(9)) requires that any organisation wishing to 
construct and operate a nuclear plant must first obtain a licence from the relevant 
regulatory body, currently the Office for Nuclear Regulation (ONR). The nuclear site 
licence is only granted following the submission of a comprehensive, auditable 
nuclear safety case demonstrating that acceptable levels of safety have been 
achieved in design and operation. The nuclear safety case is defined as a 
documented body of evidence that provides a convincing and valid argument that 
a nuclear system, process or plant is adequately safe for a given application in a 
given environment. 

Previous experience of both nuclear and non-nuclear accidents has reinforced the 
requirement for safety cases. More exactly, experience has highlighted the need to 
act on the recommendations of the safety case and to establish safety management 
arrangements which ensure a plant is operated within the scope of the safety case.     

Safety case development has evolved into a discipline in its own right within the 
nuclear industry. Consequently, many jobs within the industry are described in 
terms such as ‘Safety Case Manager’, ‘Safety Analyst’ or ‘Safety Case Engineer’. In 
addition to these specialist functions, most nuclear safety cases are 
multidisciplinary and require inputs from a wide range of specialists including 
mechanical, electrical and civil engineers, radiological experts and even 
psychologists. Also, nuclear safety cases rely on input from experienced workers on 
the plant under consideration. Consequently, many people working in the nuclear 
industry will contribute to safety case development at some point in their career.  

The aim of this unit is to provide students with the underpinning knowledge and 
experience required to contribute effectively to the development of a nuclear safety 
case, applying best practice and meeting all regulatory expectations. A secondary 
aim of the unit is to provide students with an appreciation of the role of the safety 
case in the safety management arrangements for the facility and the need to work 
within the boundaries of the safety case at all times. 
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Learning Outcomes 

By the end of this unit students will be able to: 

1. Discuss the purpose, scope and content of a nuclear safety case and apply 
regulatory requirements, expectations and guidance in the development of a 
safety case to modern standards.   

2. Apply structured techniques for the identification and analysis of hazards, the 
analysis of fault sequences and their potential radiological consequences and 
the quantification of risk. 

3. Undertake analyses of routine operations and fault conditions, including design 
basis analysis (DBA) and probabilistic safety analysis (PSA), as part of a 
structured safety analysis for a nuclear facility.   

4. Illustrate how the nuclear safety case supports the wider nuclear safety 
management arrangements at a nuclear facility and appreciate the importance 
of working within the boundaries of the safety case. 
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Essential Content 

LO1 Discuss the purpose, scope and content of a nuclear safety case and 
apply regulatory requirements, expectations and guidance in the 
development of a safety case to modern standards   

Regulatory expectations and guidance on nuclear safety cases: 

Requirements of UK H&S legislation; Nuclear Site Licence Conditions (LCs); 
LCs 14, 15, 19 and 22  

Regulatory guidance nuclear safety cases; relevant Safety Assessment 
Principles and Technical Assessment Guides (TAGs); regulatory assessment of 
nuclear safety cases; key engineering principles; categorisation of safety 
functions; classification of safety systems; use of redundancy, diversity, 
segregation; single failure criterion and defence in depth 

Constructing the safety case: 

Use of claim, evidence, argument; assumptions and conditions on claims; 
deterministic, probabilistic and qualitative arguments; structured approach; 
layered safety cases 

Risk concepts and the use of risk in safety cases: 

Definition of risk as frequency x consequence; consequence metrics in nuclear 
safety cases; risk plots and targets; individual risk and societal risk; 
numerical limits and targets for risk; Basic Safety Limit (BSL); Basic Safety 
Objective (BSO)   

LO2 Apply structured techniques for the identification and analysis of 
hazards, the analysis of fault sequences and their potential 
radiological consequences and the quantification of risk 

Hazard identification and analysis techniques:  

Application of hazard identification techniques including structured checklists, 
engineering walk-down, HAZOPS, HAZANS, Failure Modes & Effects Analysis 
(FMEA); use of hazard analysis to identify initiating events for fault sequence 
analysis   

Introduction to fault and event tree analysis (FETA):  

Basic laws of probability; application of probability theory in reliability 
engineering; fault sequence modelling and evaluation using FETA; application 
of FETA to simple systems; single failure and common mode failure; minimal 
cut sets 

Introduction to human reliability analysis (HRA):  

Use of HRA in risk assessment; application of HRA techniques: THERP, CBDT, 
HCR, ATHEANA; categories of human failures; HRA evidence gathering  
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LO3 Undertake analyses of routine operations and fault conditions, 
including design basis analysis (DBA) and probabilistic safety analysis 
(PSA), as part of a structured safety analysis for a nuclear facility   

Nuclear safety case for normal operations: 

Calculations of on- and off-site radiation doses from routine operations; 
comparisons with BSL/BSO; application of ALARP; use of cost-benefit analysis 
(CBA) in ALARP judgements 

Nuclear safety case for fault conditions:  

Purpose of design basis analysis (DBA); application of DBA to simple systems; 
fault sequence analysis; estimation of initiating event frequency and 
unmitigated dose; comparison with BSL/BSO targets; determination of 
reliability/effectiveness targets for safety systems; design substantiation  

Purpose of probabilistic safety assessment (PSA); key steps and endpoints in 
Level 1, 2 and 3 PSA calculations; application of PSA to simple systems; 
comparison of PSA results with BSL/BSO targets; application of ALARP and 
CBA in PSA; strengths and weaknesses of PSA; use of sensitivity analysis to 
evaluate impact of uncertainties  

LO4 Illustrate how the nuclear safety case supports the wider nuclear 
safety management arrangements at a nuclear facility and appreciate 
the importance of working within the boundaries of the safety case 

Managing the production and maintenance of a nuclear safety case:  

Safety cases over the plant life cycle; preliminary safety report (PSR); pre-
construction safety report (PCSR); pre-commissioning safety report (PCmSR); 
pre-operational safety report (POSR); periodic safety review; project 
management plan (PMP) for safety case production; peer review, independent 
assessment and regulatory assessment of safety cases; attributes of good 
safety cases; common shortcomings and error traps; learning from 
experience: case studies on nuclear and conventional safety cases 

Safety case and operations: 

Linkage between the safety case and plant operating rules; limits, procedures  
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Learning Outcomes and Assessment Criteria  

Pass Merit Distinction 

LO1 Discuss the purpose, scope and content of a 
nuclear safety case and apply regulatory 
requirements, expectations and guidance in the 
development of a safety case to modern standards   

D1 Critically review 
examples of safety cases, 
identify common 
shortcomings and cite 
examples of best practice 

P1 Discuss the structure 
of a safety case report, 
describe the analysis 
requirements and 
specify appropriate 
safety limits and targets  

M1 Explore the various 
purposes of a nuclear 
safety case and explain 
the rationale underlying 
the relevant safety limits 
and targets  

LO2 Apply structured techniques for the 
identification and analysis of hazards, the analysis 
of fault sequences and their potential radiological 
consequences, and the quantification of risk 

D2 Apply ‘industry-standard’ 
fault and event tree software 
applications to a nuclear 
facility, describe its 
limitations and recommend 
areas for further 
development  

P2 Apply basic-level 
fault and event tree 
analysis to independent 
safety systems  

M2 Apply fault and event 
tree analysis to more 
complex systems with 
dependencies, common 
mode and common cause 
failures  

LO3 Undertake analyses of routine operations and 
fault conditions, including design basis analysis 
(DBA) and probabilistic safety analysis (PSA), as 
part of a structured safety analysis for a nuclear 
facility 

D3 Produce a comprehensive 
safety analysis of routine 
operations and fault 
conditions on a given nuclear 
plant, applying CBA methods 
as part of an ALARP 
assessment for a range of 
safety enhancement options       

P3 Undertake a safety 
analysis of a nuclear 
facility ‘as built’ and 
compare the results with 
relevant targets and 
limits 

M3 Use the safety 
analysis for the ‘as built’ 
facility as the starting 
point for an ALARP 
assessment for a safety 
enhancement proposal  
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Pass Merit Distinction 

LO4 Illustrate how the nuclear safety case supports 
the wider nuclear safety management arrangements 
at a nuclear facility and appreciate the importance 
of working within the boundaries of the safety case 

D4 Construct a multi-layered 
safety case in terms of claim, 
argument and evidence and 
explicitly link the safety case 
to plant operating limits 

P4 Illustrate a safety 
case for a simple system 
in terms of claim, 
argument and evidence 

M4 Use the safety case 
to define operating rules, 
limits and procedures 
explaining the underlying 
rationale  
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Recommended Resources 

Textbooks 

FULLWOOD, R. R. and HALL, R. E. (1988) Probabilistic Risk Assessment in the 
Nuclear Power Industry: Fundamentals and Applications. 1st Ed. Oxford: Pergamon 
Press. 

Websites 

http://www.onr.org.uk/ Office for Nuclear Regulation 
(General Reference) 

Links 

This unit links to the following related units: 

Unit 67: Nuclear Radiation Protection Technology 

Unit 71: Nuclear Criticality Control  
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11. Appendices 
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Appendix 1: Mapping of HND in Engineering against FHEQ Level 5 

Key 

KU Knowledge and understanding 

CS Cognitive skills 

AS Applied skills 

TS Transferable skills 

 

The qualification will be awarded to students who have demonstrated: 

 

FHEQ Level 5 descriptor  Engineering HND programme outcome 

Knowledge and critical 
understanding of the well-
established principles of 
their area(s) of study, and 
of the way in which those 
principles have developed. 

KU1 Knowledge and understanding of the fundamental principles and practices of the contemporary 
global engineering industry. 

KU2 Knowledge and understanding of the external engineering environment and its impact upon local, 
national and global levels of strategy, behaviour, management and sustainability. 

KU3 Understanding and insight into different engineering practices, their diverse nature, purposes, 
structures and operations, and their influence upon the external environment. 

KU4 A critical understanding of the ethical, environmental, legal, regulatory, professional and 
operational frameworks within which engineering operates. 

KU5 A critical understanding of the processes, practices and techniques for effective management of 
products, processes, services and people. 

KU6 A critical understanding of the evolving concepts, theories and models within the study of 
engineering across the range of operational alternatives. 

KU7 An ability to evaluate and analyse a range of concepts and theories, models and techniques to 
make appropriate engineering operational and management decisions. 
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FHEQ Level 5 descriptor  Engineering HND programme outcome 

 KU8 An appreciation of the concepts and principles of continuing professional development, staff 
development, team dynamics, leadership and reflective practice as strategies for personal and 
people development. 

 KU9 Knowledge and understanding of how the key areas of engineering and the environment it 
operates within influence the development of people and businesses. 

 KU10 An understanding of the skills, techniques and methodologies used to resolve problems in the 
workplace. 

 KU11 Knowledge and understanding of human–machine interaction to inform the development of good 
design and fitness for purpose. 
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FHEQ Level 5 descriptor  Engineering HND programme outcome 

Ability to apply underlying 
concepts and principles 
outside the context in 
which they were first 
studied, including, where 
appropriate, the application 
of those principles in an 
employment context. 

CS1 Apply knowledge and understanding of essential concepts, principles and models within the 
contemporary global engineering industry. 

AS1 Evidence the ability to show customer relationship management skills and develop appropriate 
policies and strategies to meet stakeholder expectations. 

AS2 Apply innovative engineering ideas to design and develop new products or services that respond to 
the changing nature of the engineering industry and the global market. 

AS3 Integrate theory and practice through the investigation, evaluation and development of practices 
and products in the workplace. 

AS4 Develop outcomes for customers using appropriate practices and data to make justified 
recommendations. 

CS2 Develop different strategies and methods to show how resources (human, financial, environmental 
and information) are integrated and effectively managed to successfully meet objectives. 

Knowledge of the main 
methods of enquiry in the 
subject(s) relevant to the 
named award, and ability 
to evaluate critically the 
appropriateness of different 
approaches to solving 
problems in the field of 
study. 

CS3 Critically evaluate current principles and operational practices used within the engineering industry 
as applied to problem solving. 

CS4 Apply project management skills and techniques for reporting, planning, control and problem 
solving.  

CS5 Recognise and critically evaluate the professional, economic, social, environmental and ethical 
issues that influence the sustainable exploitation of people, resources and businesses. 

CS6 Critique a range of engineering information technology systems and operations and their 
application to maximise and successfully meet strategic objectives. 

KU12 An ability to deploy processes, principles, theories, skills and techniques to analyse, specify, build 
and evaluate processes and evaluate outcomes. 
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FHEQ Level 5 descriptor  Engineering HND programme outcome 

An understanding of the 
limits of their knowledge, 
and how this influences 
analysis and interpretations 
based on that knowledge. 

TS1  Develop a skill-set to enable the evaluation of appropriate actions taken for problem solving in 
specific engineering contexts. 

TS2 Develop self-reflection, including self-awareness, to become an effective self-managing student, 
appreciating the value and importance of the self-reflection process. 

TS3  Undertake independent learning to expand on own skills and delivered content. 

 

Typically, holders of the qualification will be able to: 

FHEQ Level 5 descriptor  Engineering HND programme outcomes 

Use a range of established 
techniques to initiate and 
undertake critical analysis 
of information, and 
propose solutions to 
problems arising from that 
analysis. 

TS4 Competently use digital literacy to access a broad range of research sources, data and 
information. 

CS7 Interpret, analyse and evaluate a range of engineering data, sources and information to inform 
evidence-based decision making. 

CS8 Synthesise knowledge and critically evaluate strategies and plans to understand the relationship 
between theory and real-world engineering situations. 

Effectively communicate 
information, arguments 
and analysis in a variety of 
forms to specialist and 
non-specialist audiences, 
and deploy key techniques 
of the discipline effectively. 

TS5 Communicate confidently and effectively, both orally and in writing, both internally and externally, 
with engineering professionals and other stakeholders. 

TS6 Demonstrate strong interpersonal skills, including effective listening and oral communication skills, 
as well as the associated ability to persuade, present, pitch and negotiate. 

Undertake further training, 
develop existing skills and 
acquire new competences 
that will enable them to 
assume significant 
responsibility within 
organisations. 

TS7 Identify personal and professional goals for continuing professional development to enhance 
competence to practice within a chosen engineering field. 

TS8 Take advantage of available pathways for continuing professional development through higher 
education and professional body qualifications. 
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Holders will also have: 

FHEQ Level 5 descriptor  Engineering HND programme outcomes 

The qualities and 
transferable skills 
necessary for employment 
requiring the exercise of 
personal responsibility and 
decision making. 

TS9 Develop a range of skills to ensure effective team working, project and time management, 
independent initiatives, organisational competence and problem-solving strategies. 

TS10 Reflect adaptability and flexibility in approach to engineering, showing resilience under pressure 
and meeting challenging targets within given deadlines. 

TS11 Use quantitative skills to manipulate data and evaluate and verify existing theory. 

CS9 Evaluate the changing needs of the engineering industry and have the confidence to self-
evaluate and undertake additional continuing professional development as necessary. 

TS12 Develop emotional intelligence and sensitivity to diversity in relation to people, cultures and 
environments. 

TS13 Show awareness of current developments within the engineering industry and their impact on 
employability and continuing professional development. 
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Appendix 2: HNC/HND Engineering programme outcomes for learners 

 Knowledge and understanding Cognitive skills Applied skills Transferable skills 

Unit 1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 1 2 3 4 1 2 3 4 5 6 7 8 9 10 11 12 

1 X   X X X X  X X X X X X X X X X X X X X X X X X  X X X X  X X X X 

2 X           X      X     X  X   X         

3 X           X      X     X  X   X         

4 X X X X X X X X X X            X X  X  X    X X X X X X 

5 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X   X X X 

6 X X X X X X X  X   X X X X X  X X X X X X X X X  X X      X X 

7 X X X        X X X     X       X            

8 X                      X              

9 X         X        X     X  X   X         

10 X           X      X     X  X            

11 X                      X              

12 X         X             X  X            

13 X X X X X X X          X X    X   X       X  X X X 

14 X           X      X    X   X  X          

15 X     X X           X        X           

16 X   X X      X      X X          X     X    

17 X                 X        X  X     X    

18 X X X X X X X  X X X      X X    X  X X X  X     X    
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 Knowledge and understanding Cognitive skills Applied skills Transferable skills 

Unit 1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 1 2 3 4 1 2 3 4 5 6 7 8 9 10 11 12 

19 X X X  X X X  X X               X       X  X  X 

20 X                      X     X    X  X   

21 X           X          X X           X   

22 X                X           X      X   

23 X X X    X    X  X           X X   X    X  X  X 

24 X           X          X X           X   

25 X                 X                X   

26 X           X          X X           X   

27 X                       X X         X   

28 X           X           X           X   

29 X           X      X                X   

30 X X X  X  X   X        X     X  X       X X X   

31 X           X   X   X     X  X X  X    X  X  X 

32 X X X    X    X  X    X X      X X   X    X  X  X 

33 X X X    X    X  X    X X      X X   X    X  X  X 

34 X X X X X X X     X                      X  X 

35 X X X X X X X X  X X  X X X X X X X X X X  X X X X  X  X X X X X X 

36 X X X X X X X X  X   X X X X X  X X X X  X X X X X X  X X X X X X 

37 X      X     X           X           X  X 

38 X X X   X X    X              X   X    X  X   
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 Knowledge and understanding Cognitive skills Applied skills Transferable skills 

Unit 1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 1 2 3 4 1 2 3 4 5 6 7 8 9 10 11 12 

39 X           X      X     X  X   X      X   

40 X           X      X     X  X   X      X   

41 X                 X          X      X  X 

42 X             X        X X           X   

43 X                 X          X      X   

44 X             X        X X           X   

45 X      X           X          X      X   

46 X     X                      X      X   

47 X                 X    X X           X   

48 X           X                X      X   

49 X X X  X X X            X  X X X X        X  X  X 

50 X X X X X X X  X X X  X  X    X  X X X X     X X  X  X  X 

51 X X X  X X X      X  X X   X    X           X  X 

52 X X X X X X X X X X   X X  X X  X X X  X X X X    X   X X X X 

53 X           X      X     X     X      X   

54 X X X  X X X                X  X         X   

55 X           X  X    X                X   

56 X           X      X     X     X      X   

57 X           X           X     X      X   

58 X           X           X           X   



 

Pearson BTEC Levels 4 and 5 Higher Nationals in Nuclear Engineering 
Specification – Issue 6 – September 2019  © Pearson Education Limited 2018 

438 

 Knowledge and understanding Cognitive skills Applied skills Transferable skills 

Unit 1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 1 2 3 4 1 2 3 4 5 6 7 8 9 10 11 12 

59 X           X      X     X     X      X   

60 X           X           X     X      X   

61 X           X             X         X   

62 X           X           X     X      X   

63 X   X       X       X     X           X   

64 X X X X X X X  X X   X  X   X     X  X X      X X X   

65 X           X                X      X   

66 X X X X X X X      X   X  X X    X  X   X      X   

67 X X X X                   X  X   X  X    X   

68 X           X      X     X  X   X    X  X   

69 X X X         X      X     X  X         X X X 

70 X    X X X     X  X X   X     X  X       X X X  X 

71 X X X X X X X    X X  X X        X X X     X  X X X  X 

72 X X X X X X X    X  X X X X  X X  X X X X X X X X X X    X X X 
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Appendix 3: Level 5 Higher National Diploma in Engineering: mapping of transferable 
employability and academic study skills 

Skill 
sets  

Cognitive skills Intrapersonal skills Interpersonal skills 

Unit Problem 

Solving 

Critical 

Thinking/

Analysis 

Decision 

Making 

Effective 

Communication 

Digital 

Literacy 

Numeracy Creativity Plan/ 

Prioritise 

Self-

Management 

Independent 

Learning 

Self-

Reflection 

Team

work 

Leadership Cultural 

Awareness 

1 X X X X X X X X X X X X X X 

2 X X  X X X   X X     

3 X X  X X X   X X     

4 X X X X X X X X X X X X X X 

5 X X X X X X X X X X X   X 

6 X X X X X X  X X X  X  X 

7 X X X  X X X X X X X X   

8 X      X X X X X    

9 X X  X X X   X X     

10 X X X  X X  X X X     

11 X      X X X X X    

12 X X  X X X   X X     

13 X X X X    X X X X X X X 

14 X X  X X X   X X     

15 X      X X X X X    

16 X X X  X X  X X X X    

17 X X X  X X  X X X X    
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Skill 
sets  

Cognitive skills Intrapersonal skills Interpersonal skills 

Unit Problem 

Solving 

Critical 

Thinking/

Analysis 

Decision 

Making 

Effective 

Communication 

Digital 

Literacy 

Numeracy Creativity Plan/ 

Prioritise 

Self-

Management 

Independent 

Learning 

Self-

Reflection 

Team

work 

Leadership Cultural 

Awareness 

18 X X X X X X X X X X X X X  

19 X X X X X X  X X X X X   

20 X X X  X X  X X X X    

21 X X X  X X  X X X X    

22 X X X  X X  X X X X    

23 X X X X X X X X X X X X   

24 X X   X X    X X    

25 X X   X X    X X    

26 X X   X X    X X    

27 X X X X  X X X X X X    

28 X X   X X    X X    

29 X X  X X X   X X     

30 X X X X X X X X X X X X X  

31 X X X  X X  X X X X    

32 X X X X X X X X X X X X   

33 X X X  X X  X X X X X   

34 X X X X X X X X X X X   X 

35 X X X X X X X X X X X X X X 

36 X X   X X  X X X X    

37 X X   X X  X X X X    
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Skill 
sets  

Cognitive skills Intrapersonal skills Interpersonal skills 

Unit Problem 

Solving 

Critical 

Thinking/

Analysis 

Decision 

Making 

Effective 

Communication 

Digital 

Literacy 

Numeracy Creativity Plan/ 

Prioritise 

Self-

Management 

Independent 

Learning 

Self-

Reflection 

Team

work 

Leadership Cultural 

Awareness 

38 X X   X X  X X X X    

39 X X X X X X  X X X X    

40 X X X X X X X X X X X X   

41 X X X  X X  X X X X    

42 X X X  X X  X X X X    

43 X X X  X X  X X X X    

44 X X X  X X  X X X X    

45 X X X  X X  X X X X    

46 X X X  X X  X X X X    

47 X X X  X X  X X X X    

48 X X X X X X X X X X X X X  

49 X X X X X X X X X X X X X  

50 X X X X X X X X X X X X X  

51 X X X X X X X X X X X X X  

52 X X X X X X X X X X X X X  

53 X X X X  X X X X X X X X  

54 X X X  X X  X X X X    

55 X X X  X X  X X X X    

56 X X X  X X  X X X X    

57 X X   X X  X X X X    
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Skill 
sets  

Cognitive skills Intrapersonal skills Interpersonal skills 

Unit Problem 

Solving 

Critical 

Thinking/

Analysis 

Decision 

Making 

Effective 

Communication 

Digital 

Literacy 

Numeracy Creativity Plan/ 

Prioritise 

Self-

Management 

Independent 

Learning 

Self-

Reflection 

Team

work 

Leadership Cultural 

Awareness 

58 X X   X X  X X X X    

59 X X   X X  X X X X    

60 X X   X X  X X X X    

61 X X   X X  X X X X    

62 X X X X X  X X X X X X   

63 X X   X X  X X X X    

64 X X X  X X  X X X X X   

65 X X X X X X  X X X X X  X 

66 X X  X X X   X X     

67 X X   X X  X X X X X   

68 X X   X X  X X X X X   

69 X X X X X X X X X X X X   

70 X X   X X  X X X X X   

71 X X   X X  X X X X X   

72 X X X X X  X X X X X    
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Appendix 4: Glossary of command verbs used for internally 
assessed units 

This is a summary of the key terms used to define the requirements within units. 

Term Definition 

Analyse Present the outcome of methodical and detailed examination by 
either: 

● breaking down a theme, topic or situation to interpret and study 
the interrelationships between the parts  

● using information or data to interpret and study key trends and 
interrelationships. 

Analysis can be through activity, practice, or written or verbal 
presentation. 

Apply Put into operation or use. 

Use relevant skills/knowledge/understanding appropriate to context. 

Arrange Organise or make plans. 

Assess Offer a reasoned judgement of the standard/quality of a situation or a 
skill informed by relevant facts. 

Calculate Generate a numerical answer with workings shown. 

Communicate Convey ideas or information to others.  

Compare Identify the main factors relating to two or more items/situations or 
aspects of a subject that is extended to explain the similarities, 
differences, advantages and disadvantages.  

This is used to show depth of knowledge through the selection of 
characteristics. 

Compose Create or make up or form. 

Create/Construct Skills to make or do something, for example a display or set of 
accounts. 

Critically analyse Separate information into components and identify characteristics with 
depth to the justification. 

Critically evaluate Make a judgement taking into account different factors and using 
available knowledge/experience/evidence where the judgement is 
supported in depth. 

Define State the nature, scope or meaning. 

Demonstrate Show knowledge and understanding. 

Describe Give an account, including all the relevant characteristics, qualities 
and events. 

Design Plan and present ideas to show the 
layout/function/workings/object/system/process. 
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Term Definition 

Determine To conclude or ascertain by research and calculation. 

Develop Grow or progress a plan, idea, skill or understanding. 

Differentiate Recognise or determine what makes something different. 

Discuss Give an account that addresses a range of ideas and arguments. 
Consider different aspects of: 

● a theme or topic 

● how they interrelate 

● the extent to which they are important. 

Evaluate Draw on varied information, themes or concepts to consider aspects 
such as: 

● strengths or weaknesses 

● advantages or disadvantages 

● alternative actions 

● relevance or significance. 

Students’ inquiries should lead to a supported judgement showing a 
relationship to context. This will often be in a conclusion. Evidence will 
often be written but could be through presentation or activity. 

Explain Give an account of the purposes or reasons. 

Explore Skills and/or knowledge involving practical research or testing. 

Identify Indicate the main features or purpose of something by recognising it 
and/or being able to discern and understand facts or qualities. 

Illustrate Make clear using examples or provide diagrams. 

Indicate Point out, show. 

Interpret State the meaning, purpose or qualities of something through the use 
of images, words or other expression. 

Investigate Conduct an inquiry or study into something to discover and examine 
facts and information. 

Justify Students give reasons or evidence to: 

● support an opinion 

● show something to be right or reasonable. 

Outline Set out the main points/characteristics. 

Plan Consider, set out and communicate what is to be done. 

Produce Bring into existence. 

Reconstruct Assemble again/reorganise/form an impression. 
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Term Definition 

Report Adhere to protocols, codes and conventions where findings or 
judgements are set down in an objective way. 

Review Make a formal assessment of work produced. 

The assessment allows students to: 

● appraise existing information or prior events 

● reconsider information with the intention of making changes, if 
necessary. 

Show how Demonstrate the application of certain methods/theories/concepts. 

Stage and 
manage 

Organisation and management skills, for example running an event or 
a business pitch. 

State Express. 

Suggest Give possible alternatives, produce an idea, put forward, e.g. an idea 
or plan, for consideration. 

Undertake/ 
Carry out 

Use a range of skills to perform a task, research or activity. 

 

This is a key summary of the types of evidence used for BTEC Higher Nationals. 

Type of evidence Definition 

Case study A specific example all students must select and to which they must 
apply knowledge. 

Project A large-scale activity requiring self-direction or selection of outcome, 
planning, research, exploration, outcome and review. 

Independent 
research 

An analysis of substantive research organised by the student from 
secondary sources and, if applicable, primary sources. 

Written task or 
report  

Individual completion of a task in a work-related format, e.g.  
a report, marketing communication, set of instructions, giving 
information.  

Simulated activity/ 
role play  

A multi-faceted activity mimicking realistic work situations. 

Team task  Students work together to show skills in defining and structuring 
activity as a team. 

Presentation  Oral or through demonstration. 

Production of 
plan/business plan  

Students produce a plan as an outcome related to a given or limited 
task. 

Reflective journal  Completion of a journal from work experience, detailing skills acquired 
for employability.  

Poster/leaflet  Documents providing well-presented information for a given purpose. 
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Appendix 5: Assessment Methods and Techniques for 
Higher Nationals 

Assessment 
Technique 

Description Transferable 
Skills 
Development 

Formative 
or 
Summative 

Academic graphic 
display 

This technique asks students to 
create documents providing 
well-presented information for a 
given purpose. Could be hard or 
soft copy.  

Creativity Formative 

Written 
Communication 

Summative 

Information and 
Communications 
Technology 

Literacy 

Case Study This technique present students 
with a specific example to which 
they must select and apply 
knowledge. 

Reasoning Formative 

Critical Thinking Summative 

Analysis 

Discussion Forum This technique allows students 
to express their understanding 
and perceptions about topics 
and questions presented in the 
class or digitally, for example 
online groups, blogs. 

Oral/written 
Communication 

Formative 

Appreciation of 
Diversity 

Critical Thinking and 
Reasoning 

Argumentation 

Examination This technique covers all 
assessment that needs to  
be done within a centre-
specified time constrained 
period on-site. Some units may 
be more suited to an exam-
based assessment approach, to 
appropriately prepare students 
for further study such as 
progression on to Level 6 
programmes or to meet 
professional recognition 
requirements. 

Reasoning Summative 

Analysis 

Written 
Communication 

Critical Thinking 

Interpretation 

Independent 
Research 

This technique is an analysis of 
research organised by the 
student from secondary sources 
and, if applicable, primary 
sources. 

Information and 
Communications 
Technology 

Formative 

Literacy 

Analysis 

Oral/Viva This technique asks students to 
display their knowledge of the 
subject via questioning. 

Oral Communication Summative 

Critical Thinking 

Reasoning 
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Assessment 
Technique 

Description Transferable 
Skills 
Development 

Formative 
or 
Summative 

Peer Review This technique asks students to 
provide feedback on each 
other’s performance. This 
feedback can be collated for 
development purposes. 

Teamwork Formative 

Negotiation  Summative 

Collaboration 

Presentation This technique asks students to 
deliver a project orally or 
through demonstration. 

Oral Communication Formative 

Creativity Summative 

Critical Thinking 

Reasoning 

Production of an 
Artefact/Performa
nce or Portfolio 

This technique requires 
students to demonstrate that 
they have mastered skills and 
competencies by producing 
something. Some examples are 
project plans, using a piece of 
equipment or a technique, 
building models, developing, 
interpreting, and using maps. 

Creativity Summative 

Interpretation 

Written and oral 
Communication 

Decision-making 

Initiative 

Information and 
Communications 

Technology 

Literacy, etc. 

Project This technique is a large-scale 
activity requiring self-direction, 
planning, research, exploration, 
outcome and review. 

Written 
Communication 

Summative 

Information 
Literacy 

Creativity 

Initiative 

Role Playing This technique is a type of case 
study, in which there is an 
explicit situation established, 
with students playing specific 
roles, understanding what they 
would say or do in that 
situation. 

Written and Oral 
Communication 

Formative 

Leadership 

Information 

Literacy 

Creativity 

Initiative 
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Assessment 
Technique 

Description Transferable 
Skills 
Development 

Formative 
or 
Summative 

Self-reflection This technique asks students to 
reflect on their performance, for 
example, to write statements of 
their personal goals for the 
course at the beginning of the 
course, what they have learned 
at the end of the course and 
their assessment of their 
performance and contribution; 
completion of a reflective 
journal from work experience, 
detailing skills acquired for 
employability. 

Self-reflection Summative 

Written 
Communication 

Initiative 

Decision-making 

Critical Thinking 

Simulated Activity This technique is a multi-
faceted activity based on 
realistic work situations. 

Self-reflection Formative 

Critical Thinking  Summative 

Initiative 

Decision-making 

Written 
Communication 

Team Assessment This technique asks students to 
work together to show skills in 
defining and structuring an activity 
as a team. All team assessment 
should be distributed equally, each 
of the group members performing 
their role, and then the team 
collates the outcomes, and 
submits it as a single piece of 
work. 

Collaboration Formative 

Teamwork Summative 

Leadership 

Negotiation 

Written and Oral 
Communication 

Time-constrained 
Assessment 

This technique covers all 
assessment that needs to be 
done within a centre-specified 
time constrained period on-site. 

Reasoning Summative 

Analysis 

Critical thinking 

Interpretation 

Written 
Communication 

Top Ten This technique asks students to 
create a ‘top ten’ list of key 
concepts presented in the 
assigned reading list. 

Teamwork Formative 

Creativity 

Analysis 

Collaboration 
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Assessment 
Technique 

Description Transferable 
Skills 
Development 

Formative 
or 
Summative 

Written Task or 
Report 

This technique asks students to 
complete an assignment in a 
structured written format, for 
example, a project plan, a 
report, marketing 
communication, set of 
instructions, giving information. 

Reasoning Summative 

Analysis 

Written 
Communication 

Critical Thinking 

Interpretation 
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Appendix 6: Recognition of Prior Learning  

QCF Pearson BTEC Level 4 Higher National Certificate in Engineering unit content 
mapped to the Level 4 units available in the Pearson BTEC Higher National 
Engineering programmes (RQF) 

HNCs in Engineering: Unit Mapping Overview 
This mapping document is designed to support centres who wish to recognise student 
achievement in older QCF Higher Nationals within the new RQF suites. The document 
demonstrates where content is covered in the new suite, and where there is new content to 
cover to ensure full coverage of learning outcomes. 

P – Partial mapping (some topics from the old unit appear in the new unit) 

X – Full mapping + new (all the topics from the old unit appear in the new unit,  
 but new unit also contains new topic(s)) 

N – New unit 
 

Unit 
no. 

Unit title New RQF HN 
programme 

Maps to unit number 
on existing QCF HN 
programme 

Level of similarity 
between units 

1 Engineering Design 8 P 

2 Engineering Mathematics 1 P 

3 Engineering Science 2 X 

4 Managing a Professional 
Engineering Project 

 New Unit 

5 Renewable Energy  New Unit 

6 Mechatronics 57 P 

7 Machining and Metal Forming 
Processes 10 P 

8 Mechanical Principles 4 P 

9 Materials, Properties and Testing 21 P 

10 Mechanical Workshop Practices 13 P 

11 Fluid Mechanics 41 X 

12 Engineering Management 38 P 

13 
Fundamentals of 
Thermodynamics and Heat 
Engines 

61 P 

14 Production Engineering for 
Manufacture 9 P 

15 Automation, Robotics and PLCs 
22 

32 
P P 

16 Instrumentation and Control 
Systems 55 P 
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Unit 
no. 

Unit title New RQF HN 
programme 

Maps to unit number 
on existing QCF HN 
programme 

Level of similarity 
between units 

17 Quality and Process Improvement 

20 

30 

36 

P P P 

18 Maintenance Engineering 

43 

44 

54 

P P P 

19 Electrical and Electronic Principles 5 X 

20 Digital Principles  N 

21 Electrical Machines 65 P 

22 Electronic Circuits and Devices 39 P 

23 Computer Aided Design and 
Manufacture (CAD/CAM) 19 X 

24 Aircraft Aerodynamics 83 X 

25 Aircraft Electrical Power & 
Distribution Systems 82  

26 Airframe Mechanical Systems  N 

27 Composite Materials for 
Aerospace Applications 

 N 

28 Turbine Rotary Wing Mechanical 
and Flight Systems 

 N 

29 Electro, Pneumatic and Hydraulic 
Systems 24 P 

30 Operations and Plant 
Managements 

45 

46 

47 

P P P 

31 Electrical Systems and Fault 
Finding 

 N 

32 CAD for Maintenance Engineers  N 

73 Materials Engineering with 
Polymers 155 X 

74 Polymer Manufacturing Processes 156 X 

75 Industry 4.0  N 

76 Introduction to Professional 
Engineering Management  N 

77 Industrial Robots  N 

78 Programmable Logic Controllers  N 

79 Computer Aided Design (CAD) for  N 
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Unit 
no. 

Unit title New RQF HN 
programme 

Maps to unit number 
on existing QCF HN 
programme 

Level of similarity 
between units 

Engineering 

80 Welding Technology 154 X 

81 Welding Inspection 153 X 
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HNCs in Engineering: Unit Mapping Depth 

RQF HNC Units QCF HNC units Mapping comments 

No RQF unit title No QCF unit title QCF LOs RQF LOs 

1 Engineering Design 8 Engineering Design Unit 8: LO1 

Unit 8: LO2 Unit 
8: LO3 No 
Match 

Unit 1: LO1 

Unit 1: LO2 

Unit 1: LO3 Unit 
1: LO4 No match 

2 Engineering 
Mathematics 

1 Analytical Methods for 
Engineers 

Unit 1: LO2 

Unit 1: LO3 

Unit 1: LO4 

Unit 2: LO1 No 
match 

Unit 2: LO3 

Unit 2: LO4 

Unit 2: LO2 

3 Engineering Science 2 Engineering Science Unit 2: LO1/2 

Unit 2: LO3/4 

Unit 3: LO2 

Unit 3: LO4 Unit 
3: LO1 No match 

Unit 3: LO3 No 
match 

4 Managing a 
Professional 
Engineering Project 

 New unit, no equivalent   

5 Renewable Energy  New unit, no equivalent   

6 Mechatronics 57 Mechatronics Unit 57: LO1 

Unit 57: LO3 

Unit 6: LO1 Unit 
6: LO3 No match 

Unit 6: LO2 Unit 
6: LO4 No match 

7 Machining and 
Metal Forming 
Processes 

10 Manufacturing Process Unit 10: LO1 

Unit 10: LO2 

Unit 7: LO1 

Unit 7: LO4 Unit 
7: LO2 No match 

Unit 7: LO3 No 
match 

8 Mechanical 
Principles 

4 Mechanical Principles Unit 4: LO2 

Unit 4: LO3 

Unit 4: LO4 

Unit 8: LO1 Unit 
8: LO2 No match 

Unit 8: LO3/4 

Unit 8: LO3/4 

9 Materials, 
Properties and 
Testing 

21 Materials Engineering Unit 21: LO1 

Unit 21: LO2 

Unit 21: LO3 

Unit 21: LO4 

Unit 9: LO2 No 
match 

Unit 9: LO3 

Unit 9: LO1 

Unit 9: LO4 
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RQF HNC Units QCF HNC units Mapping comments 

No RQF unit title No QCF unit title QCF LOs RQF LOs 

10 Mechanical 
Workshop Practices 

10 Manufacturing Process Unit 10: LO1 Unit 10: LO2 
Unit 10: LO1 No 
match 

Unit 10: LO3 No 
match 

Unit 10: LO4 No 
match 

11 Fluid Mechanics 41 Fluid Mechanics Unit 41: LO1 

Unit 41: LO2 

Unit 41: LO3 

Unit 41: LO4 

Unit 11: LO1 

Unit 11: LO2 

Unit 11: LO3 

Unit 11: LO4 

12 Engineering 
Management 

38 Managing People in 
Engineering 

Unit 38: LO1/2 

Unit 38: LO3 

Unit 12: LO1 

Unit 12: LO2 
Unit 12: LO3 No 
match 

Unit 12: LO4 No 
match 

13 Fundamentals of 
Thermodynamics 
and Heat Engines 

61 Engineering 
Thermodynamics 

Unit 61: LO1 

Unit 61: LO2 

Unit 61: LO4 

Unit 13: LO1 

Unit 13: LO4 
Unit 13: LO3 No 
match 

Unit 13: LO2 

14 Production 
Engineering for 
Manufacture 

9 Manufacturing Planning 
and Scheduling Principles 

Unit 9: LO1 

Unit 9: LO4 

Unit 14: LO1 

Unit 14: LO2 
Unit 14: LO3 No 
match 

Unit 14: LO4 No 
match 

15 Automation, 
Robotics and PLCs 

22 & 

32 

Programmable Logic 
Controllers (22) and 
Industrial Robot 
Technology (32) 

Unit 22: LO1 

Unit 32: LO2 

Unit 22: LO2 

Unit 32: LO3 

Unit 15: LO1 

Unit 15: LO2 

Unit 15: LO3 

Unit 15: LO4 

16 Instrumentation 
and Control 
Systems 

55 Instrumentation and 
Control Systems 

Unit 55: LO1 

Unit 55: LO2 

Unit 16: LO1 
Unit 16: LO1 & 
LO2 

Unit 16: LO 3 No 
match 

Unit 16: LO4 No 
match: 
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RQF HNC Units QCF HNC units Mapping comments 

No RQF unit title No QCF unit title QCF LOs RQF LOs 

17 Quality and Process 
Improvement 

20, 

30 & 

36 

Quality & Business 
Improvement (20), 
Quality Assurance & 
Management (30) and 
Statistical Process Control 
(36) 

Unit 36: LO1 

 

Unit 20: LO2 & 
Unit 30: LO2 

Unit 17: LO1 
Unit 17: LO2 No 
match 

Unit 17: LO3 No 
match 

Unit 17: LO4 

18 Maintenance 
Engineering 

44, 

45 

Plant Maintenance and 
Decommissioning (44), 
Plant Operations and 
Performance (45) 

Unit 45: LO 1/2 
Unit 44: LO1/2 

Unit 44: LO3 

Unit 18: LO1 

Unit 18: LO2 
Unit 18: LO3 No 
Match 

Unit 18: LO4 

19 Electrical and 
Electronic Principles 

5 Electrical and Electronic 
Principles 

Unit 5: LO3 Unit 19: LO1 No 
match 

Unit 19: LO2 
Unit 19: LO3 No 
match 

Unit 19: LO4 No 
match 

20 Digital Principles  New unit, no equivalent   

21 Electrical Machines 65 Utilisation of Electrical 
Energy 

Unit 65: LO1 

Unit 65: LO5 

Unit 21: LO1 

Unit 21: LO2 
Unit 21: LO3 No 
Match 

Unit 21: LO4 No 
match 

22 Electronic Circuits 
and Devices 

39 Electronic Principles Unit 39: LO2 

Unit 39: LO3 

Unit 39: LO4 

Unit 22: LO1 

Unit 22: LO2 

Unit 22: LO3 
Unit 22: LO4 No 
match 

23 Computer Aided 
Design and 
Manufacture (CAD/ 
CAM) 

19 Computer-aided Design 
and Manufacture 

Unit 19: LO1 

Unit 19: LO2 

Unit 19: LO3 

Unit 23: LO1 

Unit 23: LO2 

Unit 23: LO3 
Unit 23: LO4 No 
match 

24 Aircraft 
Aerodynamics 

83 Aerodynamic Principles 
and Aircraft Design 

Unit 83: LO1 

Unit 83: LO2 

Unit 83: LO3 

Unit 83: LO4 

Unit 24: LO1 

Unit 24: LO2 

Unit 24: LO3 

Unit 24: LO4 
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RQF HNC Units QCF HNC units Mapping comments 

No RQF unit title No QCF unit title QCF LOs RQF LOs 

25 Aircraft Electrical 
Power & 
Distribution 
Systems 

82 Aircraft Systems 
Principles and 
Applications 

Unit 82: LO2 Unit 25: LO1 No 
match 

Unit 25: LO2 
Unit 25: LO3 No 
match 

Unit 25: LO4 No 
match 

26 Airframe 
Mechanical Systems 

 New unit, no equivalent   

27 Composite 
Materials for 
Aerospace 
Applications 

 New unit, no equivalent   

28 Turbine Rotary 
Wing Mechanical 
and Flight Systems 

 New unit, no equivalent   

29 Electro, Pneumatic 
and Hydraulic 
Systems 

24 Applications of 
Pneumatics and 
Hydraulics 

Unit 24: LO1 

Unit 24: LO3 

Unit 29: LO1 No 
match 

Unit 29: LO2 

Unit 29: LO3 
Unit 29: LO4 No 
match 

30 Operations and 
Plant Managements 

 New unit, no equivalent   

31 Electrical Systems 
and Fault Finding 

 New unit no equivalent   

32 CAD for 
Maintenance 
Engineers 

 New unit, no equivalent   

33 Fundamentals of 
Nuclear Power 
Engineering 

 New unit no equivalent   

73 Materials 
Engineering with 
Polymers 

155 Materials Engineering with 
Polymers 

Unit 155: LO1 

Unit 155: LO2 

Unit 155: LO3 

Unit 155: LO4 

Unit 73: LO1 

Unit 73: LO2 

Unit 73: LO3 

Unit 73: LO4 

74 Polymer 
Manufacturing 
Processes 

156 Polymer Manufacturing 
Processes 

Unit 156: LO1 

Unit 156: LO2 

Unit 156: LO3 

Unit 156: LO4 

Unit 74: LO1 

Unit 74: LO2 

Unit 74: LO3 

Unit 74: LO4 
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RQF HNC Units QCF HNC units Mapping comments 

No RQF unit title No QCF unit title QCF LOs RQF LOs 

75 Industry 4.0  New unit, no equivalent   

76 Introduction to 
Professional 
Engineering 
Management 

 New unit no equivalent   

77 Industrial Robots  New unit, no equivalent   

78 Programmable 
Logic Controllers 

 New unit no equivalent   

79 Computer Aided 
Design (CAD) for 
Engineering 

 New unit, no equivalent   

80 Welding Technology 154 Welding Technologies Unit 154: LO1 

Unit 154: LO2 

Unit 154: LO3 

Unit 154: LO4 

Unit 80: LO1 

Unit 80: LO2 

Unit 80: LO3 

Unit 80: LO4 

81 Welding Inspection 153 Welding Inspection Unit 153: LO1 

Unit 153: LO2 

Unit 153: LO3 

Unit 153: LO4 

Unit 81: LO1 

Unit 81: LO2 

Unit 81: LO3 

Unit 81: LO4 
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