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13 - ENVIRONMENTAL SAFETY CASE AND CEMENT-RELATED ISSUES 
FOR INTERMEDIATE-LEVEL WASTE IN A CO-LOCATED  

GEOLOGICAL DISPOSAL FACILITY 

Simon NORRIS & Steve WILLIAMS (NDA) UK 

Requirements of a Safety Case 

In the development of a Geological Disposal Facility (GDF), safety cases will typically be 
developed to cover: 

• Transport of waste from the site of arising to the GDF; 
• Construction and operation of a GDF, including its sealing and closure; 
• Post-closure period. 

The subject of this presentation primarily considers the safety case for the post-closure 
period of a GDF, and in particular cementitious materials present in such a disposal facility, 
although it is noted that all safety cases will need to demonstrate consistency of approach and 
holistic optimisation, amongst many integration metrics. 

An Environmental Safety Case (ESC), a required regulatory submission in the UK that covers 
the post-closure period of a GDF, is a set of claims concerning the environmental safety of a GDF 
for radioactive waste, substantiated by a structured collection of arguments and evidence. An 
ESC needs to address environmental safety during the operation of a GDF and long-term safety 
after wastes have been emplaced and the facility has been closed. Although the terminology 
used in this presentation is at times bespoke to the UK programme, the issues covered could be 
generically relevant to the radioactive waste management programmes that are being 
progressed by, for example, the international sister organisations of NDA RWMD1. In the UK, an 
ESC needs to address the fundamental protection objective contained in the Guidance on 
Requirements for Authorisation (GRA) [Environment Agency, 2009]: 

‘to ensure that all disposals of solid radioactive waste to facilities on land are made in a 
way that protects the health and interests of people and the integrity of the environment, 
at the time of disposal and in the future, inspires public confidence and takes account of 
costs. 

                                                           
1.   NB  At present there is no selected site in the UK for GDF development, so the work of NDA-RWMD is 

geology-generic (i.e. we consider a range of UK-relevant geologies and have no preferred geology). 
This affects the choice of disposal concepts considered in our work. A GDF design that co-locates 
higher activity wastes, such as intermediate-level waste and high-level waste/spent fuel, in 
appropriate modules is being considered. 
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An ESC will be required to support an application for authorisation for disposals of 
radioactive waste at a specific site. An ESC needs to: 

• Demonstrate a clear understanding of the disposal facility in its geological setting, how 
the disposal system will evolve, and how the various components of that system 
(including cementitious materials) contribute to meeting the requirement of providing a 
safe long-term solution for the disposed wastes; 

• Set out an environmental safety strategy, the top-level description of the fundamental 
approach taken to demonstrate environmental safety of the system; 

• Describe the key environmental safety arguments and the underpinning lines of 
reasoning and detailed analysis, assessments and supporting evidence (including those 
relating to cementitious materials).  

An ESC will be a substantial submission and will include detailed information on: 

• The geology, hydrogeology, geochemistry and surface environment of the chosen site 
and its setting; 

• The characteristics of the waste including its radionuclide and materials content 
(including cementitious materials), treatment and packaging; 

• The design and layout of the disposal facility and how it will be constructed, operated 
and closed; 

• The basis for, and output from, computer-based models of the performance of the 
disposal system and its components; 

• Semi-quantitative and qualitative supporting evidence that builds confidence in our 
claims for environmental safety. 

An ESC also needs to include information on how we manage safety and how key decisions 
have been made, including: 

• A description of our technical and management system to ensure that the GDF will be 
constructed, operated and closed as required; 

• How the supporting work programme, including site characterisation and research 
activities, has been prioritised; 

• How the disposal facility design has been developed and optimised, for example how 
choices between options for a specific site were made. 

Safety Functions 

A safety function – a role through which a component of the GDF contributes to safety – can 
be considered as relating to three principles that underpin the approach to management of 
radioactive waste through geological disposal, namely isolation, containment and retardation. A 
safety function contributes to an ESC, which itself describes: 

• The overall approach to achieving safety through design of a GDF using multiple barriers; 

• The main safety functions of each of the multiple barriers; 

• How we use different types of evidence to build confidence in the performance of the 
safety barriers; 

• The evidence which is applicable or available to support the arguments and confidence 
in the barriers. 



NEA/RWM/R(2012)3/REV 

APPENDIX C: WORKSHOP PAPERS 

123 

Cementitious Materials 

Cementitious materials can form a key component of a complementary multi-barrier 
disposal concept for a GDF, and are therefore a key issue for consideration in the analysis of 
post-closure performance and safety of such a facility, and in the ESC itself. Such materials 
consider e.g.: 

• Wasteform - in-package grouting materials and package design materials; 

• Backfill material;  

• Shotcrete and other vault lining technologies that could be employed during 
construction and operation; 

• Engineered seals; and 

• Structural materials in the GDF environment.  

The behaviour of cementitious (and other) materials needs consideration in the 
construction and operational safety case, as required for the pre-closure period of a GDF, and the 
ESC that is required for the post-closure period of a GDF. In terms of safety functions provided by 
components of the GDF - as can be related to cementitious materials - the following is noted: 

Wasteform 

The main function of the wasteform is to reduce the rate at which radionuclides can be 
released into pore waters/groundwater in the surrounding barriers. To fulfil this function, 
materials selected as wasteforms usually provide a high degree of physical containment and 
typically have some or all of the following properties: 

• Low solubility under disposal conditions so that the wasteform continues to provide 
containment, even when contacted by groundwater and any aggressive species that may 
be present in groundwater; 

• The ability to retain radionuclides within the wasteform effectively (i.e. to immobilise or 
encapsulate the waste), to minimise preferential leaching of certain species; 

• Low permeability, to slow the rate at which groundwater can migrate through the 
wasteform matrix;  

• Sufficient permeability to allow the release of waste-derived gases, to prevent over-
pressurisation and damage of the wasteform. 

Backfill 

The backfill typically performs two main functions: 

• It protects the waste package from the physical and chemical processes in the rock (i.e. it 
supports the containment function provided by the package by isolating it from the 
surrounding environment). The backfill may fulfil this function by, for example: 

− Retaining the container in the position in which it was emplaced; 

− Conducting heat generated by the waste away from the package;  

− Limiting the ingress and flow of groundwater around the package; 

− Limiting the migration of chemical and microbial species, which might enhance 
canister degradation, to the package surface;  

− Conditioning the chemical environment surrounding the package so that 
degradation processes are minimised or occur at very slow rates; and/or 
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− Minimising the impacts of external events such as earthquakes, by absorbing 
shear displacements so that they do not rupture the package. 

• It slows the migration of radionuclides through the near field once a waste package has 
been breached (and thus provides both containment and retardation). This may be 
achieved by: 

− Limiting radionuclide transport through the near field by reducing the rate of 
porewater flow; 

− Chemically conditioning the near-field environment so that the mobility of many 
radionuclides is minimised; and/or 

− Providing a surface for sorption of radionuclides. 

The backfill is a key component of most GDF concepts and, consequently, a detailed 
understanding of its long-term behaviour and how it interacts with the waste package is 
essential. The specific safety functions provided depend on the choice of backfill material(s) and 
the role of this barrier within a particular disposal system. The required characteristics of the 
buffer/backfill are highly dependent on the role that this barrier plays in specific disposal 
concepts and it is therefore difficult to define these properties at a generic level. Factors that 
might be considered include: 

• The strength of the material; 

• Its permeability to ingress by groundwater and gas; 

• The surface area of the material, and its ability to provide sites for sorption processes; 
and/or 

• The ability of the material to chemically condition the near-field environment, for 
example, by buffering the pH and/or the redox potential, so that it remains within a 
particular range over long time periods. 

Engineered Seals 

When a GDF is closed, the access tunnels and shafts are likely to be sealed using some form 
of engineered barrier. These engineered seals provide two main safety functions: 

• They provide containment by preventing access tunnels and shafts from becoming 
preferential pathways for groundwater movement and radionuclide transport and 
release to the accessible environment; and 

• They provide isolation by reducing the likelihood of inadvertent human intrusion. 

To fulfil these safety functions, engineered seals might typically be composed of materials 
with a high mechanical strength, together with a low permeability and a low solubility. More 
than one material might be incorporated into the design of an engineered seal. In some 
geological environments, engineered seals may provide the safety functions described for a 
relatively short period of time, until the host rock takes on these functions. In other cases, 
engineered seals provide these safety functions over the much longer term. 

Analysis of Post-closure Performance and Safety 

The analysis of post-closure performance is a generic issue in an ESC, and covers 
cementitious materials as well as other components of and issues relating to a GDF. The main 
objective of the analysis of post-closure performance and safety is to demonstrate a clear 
understanding of the disposal system and its future evolution. The analysis considers the range 
of the expected evolution of the disposal system and less likely events that might affect the 
performance of the system. Owing to the long timescales (millions of years) that need to be 
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considered, there are considerable uncertainties in how the disposal system might evolve. There 
are three key strands to the analysis: the use of multiple lines of reasoning including qualitative 
safety arguments, the management of uncertainty, and quantitative modelling.  

Recent and Future NDA RWMD Activities Relevant to Cementitious Materials 

Recent work undertaken by NDA-RWMD relevant to the post-closure evolution of 
cementitious materials as could be present in a GDF includes: 

• An assessment of the potential for interaction of disposal modules (e.g. ILW/LLW and 
HLW/SF) in a co-located GDF – this study considered the potential for the interaction of 
an alkaline plume developed from an evolving ILW/LLW module post-closure to interact 
with an evolving HLW/SF module, and conclude that such interaction cam be minimized 
by appropriate GDF design. 

• A study to assess the effect of choice of vault liner (e.g. shotcrete) on the early post-
closure evolution of waste-derived gas a GDF for ILW/LLW. 

• Studies to investigate evolution, including cracking, of a cementitious backfill material 
and how this could affect the evolution of groundwater flow and chemistry in the vault 
environment of a GDF. 

• Consideration of evidence from nature and archaeology relevant to the long-term 
properties of cement. 

These studies input to the consideration of cementitious materials in the ESC, and through 
iterative interaction with design, engineering, research and development activities allow further 
cementitious material-related activities to be identified and, as necessary, prioritized (note that 
the ESC is not always the prime driver in such considerations, as a range of stakeholders may 
hold differing opinions that affect the forward programme). On-going and future work as 
relevant to the consideration of cementitious materials in the ESC include: 

• Interaction of waste-derived gas with the GDF near-field, of particular relevance with 
regard to carbon-14 bearing gas; 

• The choice of in-drum encapsulant, noting that for some wastes a cementitious material 
may not be optimal. 

Given their overall significance in the GDF infrastructure, and therefore in the ESC, 
cementitious materials will continue to be a focus of activity throughout the development and 
implementation of a GDF programme. 
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