Chemical Aspects of Nuclear Technology (N16)
University of Manchester

Background Information
This module is being taught for the fifth time this year. While we will make every effort to deliver the content as described here, it may change in detail for educational reasons, or due to availability of staff. Timings shown here within days are approximate. Additional preparatory material may be provided nearer the time of delivery to reflect these changes.

Introduction
Welcome to Chemical Aspects of Nuclear Technology. The unit aims to:

1. provide knowledge of the key chemical principles of importance in nuclear technology

2. illustrate the applicability of these principles in a range of nuclear technologies

3. provide an understanding of the impact of chemical reactions in the nuclear sector 


These articles highlight some areas where chemistry plays an important role in the nuclear fuel cycle:
The Role of Chemistry in a Civil Nuclear Strategy
The Unsuspected Roles of Chemistry in Nuclear Power Plants: Special Chemical Technologies for Enhanced Safety and Increased Presentation


Key dates
In-person teaching – 13-17th April 2026
Poster assignment due – See NTEC timetable

Key contacts
For general course queries: 
info.ntec@manchester.ac.uk

For queries related to the material covered:
Francis Livens – francis.livens@manchester.ac.uk 
Scott Heath – scott.l.heath@manchester.ac.uk

Assessment
There will be two compulsory pieces of assessment. Further details and marking rubrics for the poster and oral presentations are provided at the end of this handbook.

	Assessment task
	Length
	How and when feedback is provided
	Weighting within unit 

	Assessed course work 
(Poster presentation)
	1 A0 sized poster
	Work is marked and returned with comments
	50%

	Group oral presentation
	10 minutes + 5 minutes questions
	Assessed and marks provided immediately afterwards 
	50%






Introduction to Key Chemical and Physical Principles
Day 1
Scott Heath

Day 1 provides a grounding in the key chemical and physical principles that you will need throughout the rest of the module. Students with a knowledge of chemistry above A-level may choose to skip this material. 

Outline of the day
	9:30
	Welcome and general course introduction

	10:00
	Q&A and discussion of activities in pre-learning

	10:30
	Introduction to Kinetics

	11:30
	Break

	12:00
	Workshop questions

	13:00
	Break

	14:00
	Group work – Oral presentation preparation




Links to pre-learning
Oxidation states
Ions in Solution - Thermodynamics
Ions in Solution - Acids and Bases
Ions in Solution - Hydration, Hydrolysis and Precipitation
Isotopes and Radioactivity 
Isotopes and Radioactivity - Radiation
Isotopes and Radioactivity – Radiation Units

Further reading
Ions in Solution - Basic Principles of Chemical Interactions

















Environmental Radiochemistry
Day 2- Morning
Francis Livens, Liam Abrahamsen-Mills

Outline of the day
	9:30
	Introduction to the day

	9:45
	Q&A and discussion of activities in pre-learning

	10:00
	Ion exchange and surface complexation processes in effluent treatment

	11:00
	Break

	11:30
	Principles and application of environmental radiochemical analysis

	12:30
	Break




Links to pre-learning
Biological effects and environmental radiation
Clays, hydrous oxides and natural organic matter
Colloids and nanoparticles
XAS and SEM
Radioactivity in the Irish Sea


Forensic Radiochemistry
Day 2- Afternoon
Francis Livens

This session will focus on forensic radiochemistry and aspects of emergency response. 

Outline of the day
	13:00
	Introduction

	13:15
	Techniques in nuclear forensics

	14:15
	Break

	14:30
	Operation Whimbrel

	15:30
	End



Links to pre-learning
Introduction to Nuclear Forensics

Additional resources
Nuclear Forensics: A Methodology Applicable to Nuclear Security and to Non-Proliferation
Nuclear Forensics: Scientific Analysis Supporting Law Enforcement and Nuclear Security Investigations
IAEA Incident and Trafficking Database
IAEA Incident and Trafficking Database - 2020 Factsheet


Chemistry of Fuel Cycles
Day 3- Morning
Francis Livens

Day 3 is split into a morning session with Francis Livens, covering fuel cycle chemistry and an afternoon session with Fred Currell and Alex Baidak. 

Outline of the day
	9:30
	Introduction to the day

	9:45
	Processing fissile materials 

	10:30
	Break

	10:45
	Advanced fission fuel cycles

	11:30
	Tritium and the fusion fuel cycle

	12:15
	Break





Links to pre-learning
This material covers the fission fuel cycle. You do not need to remember the material in detail, but it is important to have an appreciation of the chemistry employed at different stages. 
Uranium Mining and Milling
Uranium Conversion
Uranium Enrichment
Nuclear Fuel Reprocessing - Introduction
Nuclear Fuel Reprocessing – Head End Processes
Nuclear Fuel Reprocessing - Solvent Extraction
Nuclear Fuel Reprocessing - Challenges in Reprocessing

This is essential pre-learning for the morning session
A Brief Introduction to Molecular Orbital Theory (YouTube)


Radiation Chemistry
Day 3- Afternoon
Fred Currell, Alex Baidak

	13:00
	Introduction

	13:15
	Radiation types and processes

	13:45
	Workshop – Mining the NIST database

	14:15
	Track structure, LET and physical component of water radiolysis

	14:45
	Break

	15:00
	Chemical aspects of water radiolysis

	15:30
	Free radicals

	16:00
	End




PWR Coolant Chemistry
Day 4
Fabio Scenini, Nick Jones

Day 4 will focus on some of the chemistry happening in reactors, particularly concerning the coolant. Nick Jones (Rolls Royce) will provide a viewpoint from the industry (subject to availability).

Outline of the day
	
	Schedule not yet confirmed

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




Links to pre-learning
Introduction to nuclear fission
Reactor coolant
Types of water-cooled reactors
Stress corrosion cracking


Group Presentations
Day 5
Francis Livens

Day 5 will allow time for the preparation and delivery of group presentations 

Outline of the day
	9:30
	Introduction to the day- forming groups; choosing topics

	9:45
	Preparation

	12:00
	Break

	12:30
	Group Presentations

	14:30
	End









































Assessment

Oral presentation
The group oral presentation will be delivered on the afternoon of Friday 17th April. Groups and topics will be assigned on the morning of Friday 17th April. 

Presentations should be no longer than 10 minutes and will be followed by 5 minutes of questions from peers and instructors. You are free to present in any suitable format. 

An indicative list of presentation topics is below, but you are free to choose your own topic, subject to approval from the unit lead:

1. Heisenberg cube
2. Forensic attribution
3. Goiânia accident
4. Kyshtym/Mayak 
5. Advanced separations for spent fuel recycle (e.g., GANEX, iSANEX)
6. Effects of radiolytic degradation products in the PUREX process (e.g., Zr-DBP)
7. Chemistry of SIXEP
8. Chemistry of EARP
9. Characterisation of nuclear materials at Diamond Light Source
10. Oklo, Gabon
11. Characterisation and remediation of groundwater at Sellafield
12. Moab uranium mill tailings pile
13. Use of ion exchange media to clean up Fukushima wastewater
14. Chemistry of radioisotope thermoelectric generators
15. Chemistry of novel fuels (e.g., borides, carbides, silicides)
16. Gas cooled reactor chemistry
17. Chemistry of AGR fuel in storage ponds
18. Radiometric surveying



Assessed coursework
Create a poster suitable for presentation at an international radiochemistry conference. You are free to choose your title. You may devise a poster to fit into one of the following categories, or you may prefer to choose a topic of your own, subject to approval from the unit lead. The poster should relate to the learning objectives of the course:
· Radiochemistry and social responsibility
· How radiochemistry can help meet Net Zero
· Radiochemistry in policymaking
· Radiochemistry and sustainable development
· Radiochemistry in popular culture






Appendix

Group oral presentation rubric
	Score
	Content
	Conclusions and Recommendations
	Design
	Delivery

	10
	An exceptional presentation demonstrating a complete understanding of the major issues and their implications. 
	Evidence of very advanced capacity to think independently and formulate own ideas and judgements. 
The argument is exceptionally cogent and very clearly supported by appropriate evidence. 

	Exceptionally imaginative design, presentation, and style. Entirely appropriate use of images, text and/or diagrams, with avoidance of unnecessarily complex or distracting material. 
No spelling mistakes or errors.
	Presenters are engaging, well-paced and easy to follow. The tone is varied and there are minimal pauses.
Response to questions demonstrates an exceptional understanding of the topic.

	9
	An outstanding presentation demonstrating a near-complete overall understanding of the major issues and an extremely clear grasp of virtually all the relevant aspects of the subject.

	Evidence of advanced capacity to think independently and formulate own ideas and judgements. The argument is extremely cogent and very clearly supported by appropriate evidence.
	Exemplary imaginative design, presentation, and style. Very appropriate use of images, text and/or diagrams, with avoidance of unnecessarily complex or distracting material. Minimal spelling mistakes or errors. 

	Presenters are engaging, well-paced and easy to follow. The tone is varied and there are minimal pauses.
Response to questions demonstrates an excellent understanding of the topic.

	8
	An excellent presentation demonstrating a very high degree of understanding of the major issues and a very clear grasp of most of the relevant aspects of the subject. 
	Evidence of well-developed capacity to think independently and formulate own ideas and judgements. The argument is highly cogent and supported by appropriate evidence. 
	Excellent standard of imaginative design, presentation, and style. Highly appropriate use of images, text and/or diagrams, with a general avoidance of unnecessarily complex or distracting material. 

	Presentation is polished with very few problems related to the clarity of delivery, choice of register and vocabulary or grammatical accuracy. Response to questions demonstrates a very good understanding of the topic.


	7
	Good to very good. A well-focused presentation in all or most areas. Shows moderate competence in some areas and excellence in others. A very good level of analysis and a very well structured and supported argument. No major errors.
	The presentation demonstrates awareness of major issues, a clear grasp of most of the relevant critical approaches and a very good understanding. Evidence of capacity to think independently.
	The design, presentation and style are very good, with few errors. There is an appropriate use of images, text and/or diagrams, which are generally well integrated. 

	Presentation is generally competent, though there may be some minor problems related to the clarity of the delivery, choice of register and vocabulary or grammatical accuracy. Response to questions demonstrates a very good understanding of the topic.


	6
	Presentation is good in parts and reasonably competent in most areas. Shows moderate competence in some areas but weakness in others. 
Overall, the presentation lacks comprehensiveness, accuracy and/or cohesiveness. 

	Fairly competent knowledge or understanding of the material presented, but there is a lack of considered thought and critical thinking. The argument is not always well structured or relevant and may be too descriptive or generalised.
	There are some lapses in design, presentation and/or style. There is a generally appropriate use of images, text and/or diagrams but does not always clearly illustrate the main ideas. 

	Some problems with clarity of 
delivery, choice of register and vocabulary and/or grammatical accuracy. Response to questions demonstrates a good understanding of the topic.


	5
	A sufficient presentation in most areas though tends to be descriptive and uncritical and/or shows problems with the understanding and application of concepts. Some basic relevant information and understanding. 
Skills of planning, structuring and presentation are relatively weak. 

	There is an attempt to address the question or topic, but with substantial omissions or irrelevant material. There is a lack of considered thought and critical thinking.
	There are significant lapses in design, presentation and/or style. The use of images, text and/or diagrams is often inappropriate and lacking in clarity 

	Problems with clarity of the delivery, choice of register and vocabulary and grammatical accuracy. Response to questions demonstrates some understanding of the topic.

	4
	An insufficient presentation showing minimal achievement but containing some elementary relevant information. Reliant on a minimal range of background reading. Minimal reflection, poor planning, and presentation. 

	Assertions made without supporting evidence from data or sources. It may consist of a series of weak statements which may not relate to each other. Unconvincing overall.
	There are very significant lapses in design, presentation and/or style. The use of images, text and/or diagrams is inappropriate and lacking in clarity. The presentation is hard to follow, and the content is often irrelevant, peripheral and/or distracting. 

	Significant problems with clarity of the delivery, choice of register and vocabulary and grammatical accuracy. Response to questions demonstrates a poor understanding of the topic.

	3
	An inadequate presentation in almost all areas, displaying little knowledge or understanding. Insufficient evidence that the group has adequately researched sources or prepared their presentation. 
	Poorly organised and confused argument. Little or no evidence of analysis. Very unsatisfactory overall. 

	The work is markedly deficient in style, presentation and/or data, images, text and/or diagrams. The work is hard to follow, and the content is consistently irrelevant, peripheral and/or distracting. 

	Substantial problems with clarity of the delivery, choice of register and vocabulary and grammatical accuracy. Response to questions demonstrates little understanding of the topic.

	2
	A severely inadequate presentation in which there is no evidence of understanding or knowledge of the topic. Lack of planning or presentation skills; significant elements of irrelevance or error. Extremely poor overall. 

	Inability to construct an argument
	The work is hard to follow and profoundly error strewn. 

	Substantial sections are inaudible and/or impossible to follow. Response to questions demonstrates no understanding of the topic.

	1
	A profoundly inadequate presentation. Incoherent, irrelevant and error strewn. No evidence of effort having gone into research or preparation. Extremely poor overall. 

	No conclusions or recommendations
	The work is very hard to follow and profoundly error strewn. 

	Delivery is inaudible and/or impossible to follow. No attempt to respond to questions.



Poster presentation rubric
	Score
	Content
	Design
	Presentation

	10
	Work of exceptional quality for structure, cogency, clarity, originality of argument, analytical and critical skills. The essential material is presented thoroughly and accurately and weighed appropriately. The work is extremely authoritative and fully demonstrates very advanced knowledge and understanding. It also shows a very advanced ability to integrate the full range of principles, theories, evidence, and techniques and to discuss and apply concepts and use technical vocabulary. The clarity and originality of thought and the fluency of expression are extremely impressive for this level of work, as is the selection and use of sources and/or data, which are handled in an extremely insightful and original fashion. 

	Exceptionally imaginative design, presentation, and style. Entirely appropriate use of images, text and/or diagrams, with avoidance of unnecessarily complex or distracting material. Could be deemed to be of a professional standard overall. All academic and referencing conventions are used appropriately.
	The presentation explains and enhances the poster content engagingly. Response to questions demonstrates an exceptional understanding of the topic.

	9
	Work of outstanding quality for structure, cogency, clarity, originality of argument and analytical and critical skills. The essential material is presented thoroughly and accurately and weighed appropriately. The work is very authoritative and amply demonstrates very advanced knowledge and understanding. It also shows a very advanced ability to integrate the full range of principles, theories, evidence, and techniques and to discuss and apply concepts and use technical vocabulary. The clarity and originality of thought and the fluency of expression are very impressive for this level of work, as is the selection and use of sources and/or data, which are handled in a very insightful and original fashion. A further refinement of the argument, analysis, structure, style and/or presentation is needed to make the work exceptional. 

	Exemplary imaginative design, presentation, and style. Very appropriate use of images, text and/or diagrams, with avoidance of unnecessarily complex or distracting material. All academic and referencing conventions are used appropriately.
	The presentation explains and enhances the poster content engagingly. Response to questions demonstrates an excellent understanding of the topic.

	8
	Work of excellent quality for structure, cogency, clarity, originality of argument and analytical and critical skills. The essential material is presented thoroughly and accurately and weighed appropriately. The work is authoritative and amply demonstrates advanced knowledge and understanding. It also shows an advanced ability to integrate an excellent range of principles, theories, evidence, and techniques and to discuss and apply concepts and use technical vocabulary. The clarity and originality of thought and the fluency of expression are very impressive for this level of work, as is the selection and use of sources and/or data, which are handled in a very insightful and original fashion. A further refinement of the argument, analysis, structure, style and/or presentation is needed to make the work exceptional. 

	Excellent standard of imaginative design, presentation, and style. Highly appropriate use of images, text and/or diagrams, with a general avoidance of unnecessarily complex or distracting material. Almost all academic and referencing conventions are used appropriately.
	The presentation explains and enhances the poster content. Response to questions demonstrates a very good understanding of the topic.


	7
	Work of good to very good quality for structure, cogency, clarity, originality of argument and analytical and critical skills. Most of the essential material is presented accurately and weighed appropriately for the most part. The work demonstrates sound knowledge and understanding. It also shows a well-developed ability to integrate most of the relevant principles, theories, evidence, and techniques and to discuss and apply concepts and use technical vocabulary. There is evidence of clarity and originality of thought, fluency of expression and a well-informed selection and use of sources and/or data. The design, presentation and style are very good, with few errors. To improve future performance there is a need to identify and strengthen weaker parts of the argument and/or its presentation; ensure that conflicting evidence and/or opposing viewpoints are decisively addressed; ensure all concepts and technical terms are accurately understood and used, and further extend the range and use of supporting sources and/or data. 

	There is an appropriate use of images, text and/or diagrams, which are generally well integrated. Most academic and referencing conventions are used appropriately.
	The presentation generally explains and enhances the poster content. Response to questions demonstrates a very good understanding of the topic.


	6
	The work is good in parts. A discernible attempt is made to structure the material, but the organisation is at times unclear and the main argument and ideas are not always expressed clearly or coherently. The work goes some way towards addressing the essential material but there are notable gaps in the coverage. There is some evidence of knowledge and understanding but it is flawed in important respects. The range of sources and/or data is limited and the analysis and critical response to them sometimes lacks depth and sophistication. To improve future performance there is a need to enhance the structural and/or stylistic clarity and coherence of the work; identify and strengthen weaker parts of the argument and/or its presentation; deepen the analysis; ensure that conflicting evidence and/or opposing viewpoints are decisively addressed; ensure that all concepts and technical terms are accurately understood and used and extend the range and use of supporting sources and/or data. 

	There are some lapses in design, presentation and/or style. There is a generally appropriate use of images, text and/or diagrams but the work does not always clearly illustrate the main ideas. The content is at times irrelevant, peripheral and/or distracting. There are lapses in the use of academic and referencing conventions.
	Some problems with the presentation and how it enhances the content on the poster. Response to questions demonstrates a good understanding of the topic.


	5
	The work is of sufficient quality to warrant a pass. A rudimentary attempt is made to structure the material but the organisation, clarity, and coherence of the argument and/or analysis are consistently flawed. The work is overly descriptive and/or does not fully address the issues raised by the question and/or displays a lack of understanding and ability to apply concepts and technical terminology. There is some knowledge and understanding of the topic, but key issues are overlooked and/or are handled inaccurately. To improve future performance there is a need to enhance the structural and/or stylistic clarity and coherence of the work; identify and strengthen weaker parts of the argument and/or its presentation. 
	There are significant lapses in design, presentation and/or style. The use of images, text and/or diagrams is often inappropriate and lacking in clarity. The presentation is hard to follow at times and the content is often irrelevant, peripheral and/or distracting. 
There are lapses in the use of academic and referencing conventions.
	Problems with the presentation and how it enhances the content on the poster. Response to questions demonstrates some understanding of the topic.

	4
	The work is of insufficient quality to warrant a pass. It contains serious deficiencies in knowledge and understanding, has a minimal underlying structure and/or is frequently confused and incoherent. There is very limited use of background reading and/or data collection (when required). Sources and data/examples are handled with consistent inadequacy. Concepts and technical terminology are not understood and applied correctly. Extensive improvement is required in all these areas to raise the work to a higher standard. 
	There are very significant lapses in design, presentation and/or style. The use of images, text and/or diagrams is notably inappropriate and lacking in clarity. The presentation is hard to follow, and the content is often irrelevant, peripheral and/or distracting. There are numerous lapses in the use of academic and referencing conventions. 

	Significant problems with the presentation. Presentation mostly does not enhance the poster content. Response to questions demonstrates a poor understanding of the topic.

	3
	The work is of inadequate quality. It fails to demonstrate even a basic awareness of the subject matter, has a minimal underlying structure, and is frequently confused and incoherent. The work is markedly deficient in its style, presentation and use of sources and/or data, images, text and/or diagrams. Very extensive improvement is required in all these areas to raise the work to a higher standard. 

	The work is hard to follow, and the content is consistently irrelevant, peripheral and/or distracting. Concepts and technical terminology are not 
understood and applied correctly or are even absent. There are extensive lapses in the use of academic and referencing conventions.
	Substantial problems with the presentation. The presentation does not enhance the poster content. Response to questions demonstrates little understanding of the topic.

	2
	The work is of severely inadequate quality. It fails to demonstrate even a basic awareness of the subject matter. Arguments are unsubstantiated and/or unstructured. There is little or no use of concepts and technical terminology. Very extensive improvement is required in all these areas to raise the work to a higher standard. 

	The work has a minimal structure, clarity, and coherence. The work is highly deficient in its style and presentation. The work is hard to follow and error-strewn, with extensive lapses in the use of academic and referencing conventions.
	Presentation is mostly irrelevant to poster content. Response to questions demonstrates no understanding of the topic.

	1
	The work is profoundly inadequate. It misrepresents or misunderstands thinking on the topic and is devoid of structure, clarity, and coherence. Arguments are unsubstantiated and/or unstructured. There is little or no use of concepts and technical terminology. Very extensive improvement is required in all these areas to raise the work to a higher standard. 

	The work is profoundly deficient in its style and presentation. The work is very hard to follow and profoundly error strewn.
	The presentation does not link to poster content. No attempt to respond to questions.



