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Summary 

 

This   module   reviews   the basic   approaches   of   nuclear   waste   management   and   gives   an 

introduction  to the  scientific  fundamentals  of  nuclear  waste  processing  and  disposal.  A  range  of topics 

will be discussed including classification schemes, description of basic techniques of nuclear  waste  

processing,  methods  of  storage,  and  disposal  of  different  types  of  nuclear  wastes. 

 

On completion, students should have obtained: 

• A sound understanding of radioactivity, radionuclides and the different types of radioactive waste. 

• An appreciation of the general approaches to nuclear waste management. 

• A grounding in the techniques of nuclear waste processing to give wasteforms suitable for storage and 

ultimate disposal. 

• Knowledge of the encapsulation and immobilisation of waste in a range of wasteforms. 

• Understanding of general waste disposal concepts. 

 

Syllabus: 

 

• Introduction to radioactive waste, waste encapsulation and immobilisation, and the multi-barrier concept for 

radioactive waste disposal 

• Radioactive decay and the interactions between radiation and matter 

• Sources of radioactive waste, waste classification and characterisation 

• Basic approaches and principles of radioactive waste management 

• Basics of nuclear waste regulation, legal framework, and responsible bodies 

• Uranium occurrence, exploitation and mining 

• Uranium mining waste geochemistry and environmental impacts 

• Application of cements and cementation technologies for waste immobilisation 

• Application of glasses and vitrification technology for waste immobilisation 

• Application of ceramics and ceramification techniques for waste immobilisation 

• Introduction to nuclear waste disposal concepts 

• Geological repositories for radioactive waste isolation 

 

Learning Objectives: 

 

Part 1 - Introduction to Nuclear Waste Disposal 

(a) Understand that radioactive wastes arise across the whole nuclear fuel cycle and be able to categorise 

wastes in terms of the definitions for LLW, ILW, and HLW.  (b) Understand and explain the multi-barrier 

approach for radioactive waste disposal.  (c) Differentiate between immobilisation and encapsulation, and be 

able to select an appropriate materials to condition a particular waste stream.  (d) Understand the principle of 

voluntarism and discuss the key obstacles to radioactive waste disposal. 

 

Part 2 - Radiation Damage in Materials 

(a) Understand the different types of radiation that are relevant to the nuclear fuel cycle.  (b) Describe the 

basic properties of the different radiation types and understand the concepts of binding energy, activity, and 

half-life in the context of radioactive waste disposal.  (c) Understand how different radiation interacts with the 

atoms in materials and effect that this can have on material properties. 

 



Part 3 – Uranium Mining, Waste Geochemistry, and Environmental Impacts 

(a) Describe the main sources of uranium, the different geology of those sources, and how resources are 

distributed globally.  (b) Understand the concepts behind uranium exploration and mining.  (c) Explain the 

different mining techniques used and what types of waste that are derived from these processes.  (d) 

Understand the basic geochemistry of mine waste constituents in acid and alkaline environments.  (e)Describe 

the hazards associated with the waste and potential remediation options. 

 

Part 4 – Nuclear Fuel Cycle Waste Classification, the Principles of Waste Management, and the basics of 

Nuclear Regulation. 

(a) Understand the basic fuel cycle concepts and the origins of radioactive waste.  (b) Understand the basic 

chemical processes that are used during fuel reprocessing.  (c) Explain the differences in the form and 

chemistry of different waste types and the drivers that lead to these differences.  (d) Understand the need for 

waste classification and the temporal change of waste characteristics.  (e) Explain the IAEA and UK radioactive 

waste definitions.  (f) Understand the microstructure of SNF and the relationships between structure and 

dissolution processes.  (g) Explain the important principles of radioactive waste management and understand 

the objectives and key steps in radioactive waste management. 

 

Part 5 – Glass and Vitreous Wasteforms 

(a) Define what a glass is and explain the important properties.  (b) Explain the basic of the glass structure and 

important compositions for waste vitrification.  (c) Understand and describe glass melting processes and the 

equipment used.  (d) Explain the basic concepts related to the behaviour of glass in the environment and glass 

dissolution processes.  (e)  Describe suitable tests for assessing the durability of glass (and other wasteforms). 

 

Part 6 – Cement and Cementitious Wasteforms 

(a) Define what cement is and the components of different cement systems.  (b) Understand the processes 

that take place during cement hydration.  (c)  Explain the principles of waste cementation and discuss the key 

properties of cement systems.  (d) Understand the concept of encapsulation and describe the various 

interactions that can occur between cement and radioactive waste. 

 

Part 7 – Ceramic and Ceramic Wasteforms 

(a) Define what a ceramic is and the basics structure of crystalline materials.  (b) Understand the applications 

of ceramics and the key properties in relation to wasteform requirements.  (c) Explain the concepts of solid 

solutions and the different substitution mechanisms that can occur in ceramics.  (d) Understand the 

importance of natural analogues and how to apply crystal chemical design strategies.  (e) Give some examples 

of the application of ceramics as waste immobilisation matrices and discuss the relative merits of ceramics in 

comparison to glass and cement systems. 

 

Part 8 – Characterisation Techniques for Wasteforms 

(a) Explain the important wasteform properties and the interrelationship between them.  (b) Understand 

which characterisation techniques are appropriate for probing particular properties.  (c) Explain the basic 

principles of the different techniques and the information that can be obtained. 

 

Part 9 – Geological Disposal Concepts 

(a) Understand the basic concepts of geological disposal and the different options that are available.  (b) 

Understand the importance of the engineering barrier and correct selection of host geology.  (c) Describe the 

purpose of the engineering barrier and the key components in the multi-barrier approach.  (d) Explain the 

current UK policy on geological disposal. 

 

 


