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Executive Summary 
The note aims to provide information to the West Cumbria MRWS Partnership as to why 
the prospects of finding a site for a GDF in west Cumbria are sufficiently good to justify 
proceeding further (i.e. into Managing Radioactive Waste Safely Stage 4, desk-based 
studies). 

It is helpful first to look back to the 1990s and consider why permission to build a rock 
characterisation facility near Sellafield was refused.  The Secretary of State’s reasons for 
refusal were the conventional environmental impacts of the RCF, such as its impact on 
visual amenity and protected species.  He listed two other areas as areas of concern which 
would also have justified refusal of the appeal: 

• Scientific uncertainties and technical deficiencies in the proposals presented by 
Nirex - the application was premature; 

• The process of the selection of the site and the broader issue of scope and 
adequacy of the environmental statement – the process was not transparent.  

We now have a completely different process for site selection and implementation of a 
geological disposal facility.  The main changes are: 

• The process is open and transparent and is based on voluntarism and partnership 
working; 

• The wastes for disposal are different and the understanding of concepts for their 
disposal has advanced in the UK and overseas. 

• The science and technology underpinning geological disposal – including 
requirements and techniques for site characterisation – have developed significantly 
in light of real progress on overseas programmes, e.g. in Sweden and Finland.  

Geological information will be an important input to each stage of the implementation 
process, as more information becomes available through the stages of desk-based studies, 
surface based and underground investigations. 

Some parts of west Cumbria have already been ruled out as unsuitable for the 
underground facility.  For those areas that remain, the amount and level of geological 
information currently available is highly variable.  In general, insufficient information exists 
on which to make an informed decision about a site’s suitability at the current time.  Even 
areas where considerable information exists will need to be evaluated further if such areas 
move forward in the process. 

Work carried out in the development of the Disposal System Safety Case indicates that it is 
possible to safely develop geological disposal facilities in a range of geological settings 
including those found in west Cumbria.  Significant advances in the interpretation of 
geological data allow more confidence in the interpretation of geological information than 
was available in the 1990s. Geological disposal is also being implemented in a number of 
overseas countries. 

We do consider that there is sufficient area remaining to justify continuing in the MRWS 
process and working in partnership in developing technical understanding and community 
support.   At this early stage, it is important to recognise that success is not guaranteed.  
Much more information will be needed on the geology of a site in order to develop a safety 
case.  Geological disposal will only be implemented if the NDA can show that the site is 
safe, the community is supportive and the regulators give approval.   
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1 Introduction 

1.1 This technical note has been prepared in response to an e-mail request from 
Richard Harris, 3KQ on behalf of the West Cumbria MRWS Partnership, to Alun 
Ellis, NDA-RWMD on 26th January 2011.  The request is given below: 

1.2 ‘As you will be aware, there is continuing concern, expressed locally and nationally, 
that the conclusions reached following Nirex’s investigations in the 1990s suggest 
that the prospects of finding a safe site for a GDF* in west Cumbria may be poor 
and may make renewed investigations unwise. The Partnership welcomes the 
NDA’s Draft Briefing Note on these issues, circulated following the Partnership’s 
Geology Seminar in November 2010 (Annex 1), but believes further input is 
required. 

The Partnership now asks the NDA to provide a more detailed explanatory report to 
show why it believes the prospects of finding a site for a GDF in west Cumbria are 
sufficiently good to justify proceeding further, commenting on the inherent 
uncertainties and how they will be managed. The Partnership asks that the report is 
fully referenced, especially regarding any significant assertions and/or assumptions 
being made. 

We are aware that some of the questions that have arisen will have to be answered, 
in detail, later in the process (Stage 4 onwards), assuming there is continuing 
participation. However, we ask the NDA to (i) identify and provide early comment on 
such areas, as far as it is possible to do so and (ii) to set out the expected future 
research needs, especially as a result of key assumptions being made at this 
current stage’.  

1.3 The request contains three main questions to which this note aims to provide a 
response: 

• Why are the prospects of finding a site for a GDF in west Cumbria 
sufficiently good to justify proceeding further (i.e. into Managing 
Radioactive Waste Safely (MRWS) Stage 4, desk-based studies)? 

• What are the inherent uncertainties and how will these uncertainties be 
managed? 

• What are the future research needs? 

A draft response was issued to the MRWS Partnership for their comment on 11th 
April 2011 and a meeting held on 19th May 2011.  The note has been updated to 
take account of feedback received on the draft and the discussion at the meeting.. 

1.4 In order to answer these questions it is useful to set some context, first to set out 
the history of the Nirex investigations (particularly focussing on the reasons for the 
rejection of the planning appeal in the 1990s) (Section 2) to provide some additional 
background on international safety standards, guidelines and experience relevant to 
geological disposal of radioactive wastes (Section 3) and to outline the way in which 
geological disposal would be considered in the MRWS process (Section 4).  

                                                 
* Geological Disposal Facility 
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2 The Nirex investigations and the RCF Public Inquiry 

2.1 Nirex commenced its surface-based investigation programme in the Sellafield area 
of west Cumbria in 1989. The purpose was to evaluate the geology of the area to 
enable a decision on the suitability of the “Longlands Farm Site” to host a geological 
repository for intermediate- and low-level radioactive waste.  An application was 
made in July 1994 to develop an underground Rock Characterisation Facility (RCF) 
as a continuation of the investigations at Longlands Farm.  The planning application 
was rejected by Cumbria County Council in December 1994.  Following an appeal 
by Nirex, a 66 day local planning inquiry was held between September 1995 and 
February 1996.  The Planning Inspector, Mr Chris Macdonald submitted his report 
to Government late in 1996 and recommended that the appeal be dismissed.  On 
17 March 1997, the Secretary of State announced that he had dismissed Nirex’s 
appeal and refused planning permission for the RCF.  This result was conveyed to 
Nirex in a letter to David Brown (Director) from the Government Office for the North 
West.  This letter presents the definitive conclusions of the appeal process and is 
appended to this note as Annex 1. 

2.2 In the letter of 17th March 1997, the Secretary of State cited the conventional 
environmental impacts of the RCF, such as its impact on visual amenity and 
protected species, as being the reasons for his dismissal of the appeal (Section 9 of 
the letter to Nirex from the Government Office for the North West).  He listed two 
other areas as areas of concern which would also have justified refusal of the 
appeal: 

• Scientific uncertainties and technical deficiencies in the proposals presented by 
Nirex; 

• The process of the selection of the site and the broader issue of scope and 
adequacy of the environmental statement.  

2.3 In respect of the scientific issues, the Secretary of State noted the Inspector’s 
considerable concern and agreed with his conclusion that more scientific and 
technical work was required before the development of an RCF.  With respect to the 
siting process, the Secretary of State agreed with the conclusions of the Inspector 
that the process for site selection was not transparent and lacked technical and 
scientific rigour. 

2.4 The Government’s MRWS process for site selection and GDF implementation is 
different to the old Nirex-led process in many respects: 

• The process is open and transparent and is based on voluntarism and partnership 
working; 

• The wastes for disposal are different and the understanding of concepts for their 
disposal has advanced in the UK and overseas. 

• The science and technology underpinning geological disposal – including requirements 
and techniques for site characterisation – have developed significantly in light of real 
progress on overseas programmes, e.g. in Sweden and Finland. 

3 International guidance 

3.1 While safety is a national responsibility, international standards and approaches to 
safety promote consistency; help to provide assurance that nuclear and 
radiation-related technologies are used safely.  In considering the development of a 
GDF, relevant international standards and guidance are produced jointly by the 
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International Atomic Energy Authority (IAEA) and the Nuclear Energy Agency of the 
OECD and published by the IAEA. 

The IAEA issues a number of different types of document.  The ones relevant to the 
current discussion are; 

• Safety Standards – basic requirements which must be satisfied to ensure 
safety for particular activities or applications areas 

• Safety Guides – recommendations, on the basis of international experience, 
relating to the fulfilment of basic requirements.  : 

3.2 Safety Requirements relating to the geological disposal of radioactive wastes are 
contained in IAEA report WS-R-4, published in 2006†, which can be downloaded 
from the IAEA website [1].  Paragraphs 3.25 to 3.39 lay out the safety requirements 
for geological disposal.  These focus on the need for a multi-barrier system in which 
the various engineered and natural barriers contribute to containing the 
radionuclides within the waste and isolating them from the biosphere.  The safety 
requirements recognise the role of the geological environment in contributing to 
containment by protecting the engineered barriers and preventing water ingress and 
also in isolating the radionuclides for the long term, at least several thousand years, 
with account taken of both the natural evolution processes and events that could 
disturb the facility.   

3.3 The IAEA has recently published a report setting out specific safety requirements 
for geological disposal [2]  This document again focuses on the use of a 
combination of engineered and natural barriers to provide safety (Paragraph 3.27).    
It also recognises that understanding of the performance of the disposal system will 
evolve as more data are accumulated and scientific knowledge is developed (See 
paragraph 3.27 to 3.30 of [2]).   

3.4 The role of the geosphere as one barrier within a multiple barrier system was also 
described in detail in our recently-published DSSC, which states that ‘ In order to 
assure that these objectives of isolation and containment are delivered over the 
long timescales of interest, geological disposal facilities are designed as multiple 
barrier systems.  This involves designing engineered barriers that will work together 
and in combination with the natural barrier afforded by the geosphere to prevent 
radionuclides being released to the surface environment in amounts that could 
cause harm to life and the environment [3]. 

3.5 As noted above, the multiple barrier concept of disposal addresses two principal 
objectives with respect to providing safety - the isolation of the wastes and the 
containment of the radionuclides associated with the wastes: 

• By isolation we mean removing the waste from people and the surface 
environment. Geological disposal at depth in a suitable environment 
provides isolation by reducing the likelihood of inadvertent and unauthorised 
human interference. Disposal in a geological environment that is suitably 
deep and stable over long periods also provides isolation of the disposal 
facility from the impacts of climatic and other natural environmental events, 
and shielding of the natural environment from direct radiation from the 
waste.  

                                                 
† These international safety standards replace Report IAEA 99, which was the appropriate standard 
at the time of the Public Inquiry.    
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• By containment we mean retaining radionuclides within various parts of the 
multi-barrier system for as long as required by our safety concepts. 
Radioactive decay will progressively reduce the quantities of radionuclides 
present in the system. For many radionuclides, disposal concepts can 
provide total containment until the radionuclides and their daughters decay 
to insignificant levels of radioactivity within the engineered barrier system 
(EBS).  However, the engineered barriers in a disposal facility will degrade 
progressively over time and gradually lose their ability to provide 
containment. Further containment is provided by the geological barrier, 
which acts to delay the movement of any small amounts of long-lived 
radionuclides that are released from the EBS. Locating the GDF in a suitably 
deep and stable environment protects the engineered barriers, helping them 
to preserve their containment function for longer times.’[3] 

3.6 The requirement for a multi-barrier concept for radioactive waste disposal 
recognises that safety has to be assured for very long times. The safety Paragraph 
4.1 of the IAEA Safety standard recognises that ‘safety of waste disposal does not 
rest on one single component or barrier but rather on the combined performance of 
several barriers.  If a barrier fails to perform as designed, then the overall system 
should be sufficient to meet the safety objectives. 

‘The total systems approach incorporates the idea that in the final analysis it is only 
the performance and safety of the disposal system as a whole at any given time in 
the future that has to be assured rather than the performance of all the individual 
components.  This approach offers greater flexibility to the designers of a disposal 
system because weaknesses in one barrier may be compensated for by the 
containment capability of other barriers.  The overall approach makes it possible to 
adapt the geological disposal concept to a variety of high level waste forms and 
packages and to a variety of geological formations which are often very different 
from country to country. 

It is nevertheless recognised that the geological barrier plays the major role in 
assuring long-term safety.  Its function may be inferred from natural evidences of 
the long-term containment provided by many types of geological formation’. 

3.7 A safety guide on geological disposal was published in 1994 (Report 111 G4) [4]. 
This safety guide is currently being updated.  An updated draft was issued to 
member states for comment in 2007 [5] but has not yet been published.  However, 
the recommendations it contains are very close to the 1994 version.  Section 4 of 
the report is devoted to site selection guidelines and states (paragraph 402) that 
‘Guidelines can be helpful in the overall decision making process but they are not 
intended to be strict preconditions. To assess whether a disposal system meets its 
performance goals, the system of natural and engineered barriers has to be 
considered as a whole.  Flexibility in the disposal system is important and the 
possibility to compensate for uncertainties in the performance of one component by 
placing more reliance on another should be retained’. 

3.8 The guide then gives examples of different siting factors to be considered in a siting 
process.  The guideline on geological setting is that: 

‘The geological setting of a repository should be amenable to overall 
characterisation and have geometrical, physical and chemical characteristics that 
combine to inhibit the movement of radionuclides from the repository to the 
environment during the time periods of concern’; 

and that on geology is that: 
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‘the hydrogeological characteristics and setting of the geological environment 
should tend to restrict groundwater flow within the repository and should support 
safe waste isolation for the required times’. 

3.9 The guidelines also indicate some examples of specific geological conditions which 
are preferred (e.g. ‘uniform rock formations in comparatively simple geological 
settings’ and ‘mechanical properties of the host rock should be favourable for the 
safe construction, operation and closure of the disposal facility’) and specific 
geological factors which should be considered (e.g. ‘the thermal and 
thermodynamic properties of the host rock’).  

3.10 The IAEA safety guide states that the above guidelines ‘are not meant to be a 
complete set of guidelines and their application will have to take into account the 
options available and the limitations within each country.  Further, these guidelines 
should not be applied in isolation but will have to be used in an integrated fashion 
for an overall optimization of site selection’ (Para 403ff). In the UK, where 
Government policy is for an approach to siting a GDF based on voluntarism and 
partnership, this means that the IAEA criteria will be applied to those parts of the UK 
where the local communities have volunteered to participate in the siting process.  
Potential sites identified through a voluntarism process may be comparatively 
complex and hence need more time, effort and cost to characterise in order to 
demonstrate their suitability for safe geological disposal. Although characterising 
and demonstrating safety is more challenging for a comparatively complex site than 
for a simpler site this does not prevent complex sites from being considered. 

3.11 The British Geological Survey publication “Geology of the west Cumbria district” [6] 
and report for DECC “Managing Radioactive Waste Safely: Initial Geological 
Unsuitability Screening of West Cumbria“[7] provide a good summary of the range 
of rock types and geological settings in west Cumbria.  It can be seen from these 
documents that there are a number of rock types present in the west Cumbria area 
which have generic geological characteristics consistent with the guidelines at 
depths suitable for the location of a geological disposal facility. Therefore it is 
considered that there is sufficient potential to consider the remaining area further in 
Stage 4 of the MRWS site selection process as discussed in the next section.  

 If the fractured rock in the basement rocks in west Cumbria were to be considered 
as a potential host rock for a geological disposal facility, it would be necessary to 
select a volume where the frequency of large geological deformation zones in the 
region with properties which indicate that they might represent preferential 
groundwater flow paths was sufficiently low that a disposal facility could be located 
so as to avoid this potential problem. This is standard practice in other national 
programmes that use strong, fractured host rocks, such as the Swedish and Finnish 
programmes described in Section 5 of this document. 

4 How geological information would be taken into account under the 
current site selection process 

4.1 The MRWS site selection process recognises international experience that to be 
successful site selection should be based on an approach of voluntarism and 
partnership between the developers and communities that choose to participate in 
the site selection process.   

4.2 During preparation of the MRWS White Paper, Government obtained scientific 
advice on the high level criteria that could be used to rule out any ‘Expression of 
Interest’ areas of the UK which, because of obvious sub-surface characteristics, 
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would not be suitable and therefore should be excluded at an early stage. (see 
Annex B of the MRWS White Paper [8]).  These criteria are suitable for immediate 
application, based on existing knowledge, anywhere in the country where a 
community might make an expression of interest, including those areas for which 
geological information might be limited.  Two independent groups of scientists were 
asked to consider the issue and they submitted a joint report to Government in April 
2007.   Recommendations were subject to wider public and stakeholder comments 
as part of the consultation document ‘A framework for implementing geological 
disposal’.  Following closure of the consultation the Chairs of both committees 
reviewed the criteria in the light of responses received and provided guidance to 
government.  On the basis of this review Government is satisfied that the exclusion 
criteria to be used at an early stage of the site selection process are robust, 
appropriate and fit for purpose (Para B5 in White Paper). 

4.3 These high level criteria have now been applied to west Cumbria by the British 
Geological Survey, an independent expert body.  As a result, some areas of west 
Cumbria have been excluded from hosting the underground workings of a 
geological disposal facility on the grounds of their subsurface characteristics [7].  
However significant areas remain that have not been screened out and are 
considered potentially suitable for more detailed investigation if local communities 
decide to participate. 

4.4 If the Decision Making Bodies in west Cumbria make a decision to participate in the 
site selection process, Stage 4 of the MRWS process would involve desk-based 
studies for the identification and assessment of potential candidate sites [8,9].  The 
approach to be used for identifying and assessing potential candidate sites during 
Stage 4 of the MRWS site selection process will be subject to a formal consultation 
later in 2011.   

4.5 The current proposal for the identification of potential candidate sites is for a criteria-
based approach to enable a wide range of issues to be considered.  The proposed 
criteria are:  

a. the criteria set out in the White Paper; 

b. local criteria determined by the local communities. 

The proposed criteria can be divided into those that relate to the surface, those that 
relate to the host rock or both. Government proposes that both groups of criteria 
would be considered in parallel to identify potential surface and sub-surface areas 
that could then be combined together. 

4.6 It is proposed that the consideration of the geoscientific information at this stage 
would involve looking at the areas not excluded by the Sub-Surface Unsuitability 
test carried out by the British Geological Survey, to understand the likely presence, 
depth and thickness of potential host rocks in the 200 to 1000 metre depth range. At 
this stage the potential for a given rock formation to be a host rock would be based 
on the generic characteristics of the rock type rather than on the specific 
characteristics of the rock volume under consideration.  

4.7 Safety is an essential requirement that runs throughout the site selection process.  It 
is proposed that early in Stage 4, an initial consideration of the safety implications of 
implementing a geological disposal facility at specific sites would be undertaken. 
This would be a high level review of any safety issues that could focus the 
assessment on those potential candidate sites that show the most potential.  The 
NDA would conduct a review of the geoscientific information available at this point 
to identify any early implications for the development of a safety case and 
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engineering design. This review would consider issues such as the possible depth 
and geometry of the host rock formation and could result in some Potential 
Candidate Sites being considered as more likely to be unsuitable. These 
considerations will take account of international guidance from the IAEA [4] and 
regulatory guidance, e.g. [10].  

4.8 It is proposed that an approach based on multi criteria decision analysis (MCDA) 
should be used to assess potential candidate sites. The proposed criteria for 
assessment of the geological setting of a disposal facility are largely derived from 
the Environment Agency’s response to the MRWS Consultation Document [11] and 
are as follows: 

• the size of the potentially suitable volume of host rock; 

• the level of technical challenges from construction and engineering 
conditions and the availability of knowledge and technology by which they 
can be overcome; 

• the level of difficulty to ultimately characterise the potential candidate site;  

• a qualitative assessment of the feasibility of developing  a robust safety 
case, based on available geoscientific information (including known 
geological, hydrogeological and hydrological characteristics) 

The final three bullets take into account the impact of the complexity of the geology 
on the safety case, engineering design and site characterisation as this is an 
important factor identified in the IAEA guidance [4]. 

Following the consultation later this year, Government will consider responses and 
in light of these further develop or refine the criteria as appropriate.  The criteria will 
then be published ready for use during desk based studies. 

4.9 For those locations identified as potential candidate sites, provided the community 
decided to continue its participation, the surface-based site investigation activities 
during MRWS Stage 5 would provide information to support the assessment of the 
suitability of the sites being investigated to host a GDF.  This assessment would be 
supported by the development of site-specific disposal system safety cases, which 
would assess the total system performance of the engineered and natural barriers 
in providing the necessary isolation and containment of the inventory of wastes.  
These safety cases would be subject to scrutiny by regulators and by Government’s 
independent advisors.  

5 Why the prospects of finding a site for a GDF in west Cumbria are 
sufficiently good to justify proceeding further 

5.1 The MRWS site selection process recognises the need to select a technically 
suitable site in an area which has community support.  The process is 
fundamentally different to that used in the 1980s and 1990s and allows 
assessments of technical suitability and community support to be progressed in 
parallel through a clearly staged process. 

5.2 International standards and guidance are discussed in Section 3 above.  The 
guidance on siting does not preclude any geological setting in principle.  The overall 
requirement is to be able to make a safety case demonstrating that international 
and national requirements are met.  The international experience summarised 
below provides examples of implementation of geological disposal in a range of 
geological settings.  Our recently-published generic Disposal System Safety Case) 
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shows how these requirements could be met for a range of geological settings [12]. 
In particular, the generic Environmental Safety Case  presents post-closure safety 
assessment results for the disposal of the Baseline Inventory under a wide range of 
hydrogeological conditions such as might be found in the UK [13]. It used standard 
hydrogeological text-book properties for various rock-types and standard analytical 
treatments of controls on groundwater flow, such as topography, to derive the 
necessary parameters, viz: flow rate through the disposal facility; times for transport 
of water from the facility to the surface; and the degree of mixing with other 
groundwater in geological formations along the transport path. The range of 
conditions included the type of hydrogeological setting represented in west 
Cumbria; these conditions were found to have the potential to support the 
development of a safety case for a suitably designed and located disposal facility 
based on existing disposal concepts. 

5.3 The MRWS site selection process ensures that all relevant geological factors will be 
considered as data become available.  Geological setting is one of the criteria 
proposed for the assessment of potential candidate sites during MRWS Stage 4 
[14,9].  Further, the geological suitability of sites would be examined in detail during 
MRWS Stage 5.   The MRWS process includes an early screening out of areas 
which are obviously unsuitable on the basis of their sub-surface characteristics 
(White Paper, paragraph 7.4).  Some areas in west Cumbria have been considered 
unsuitable for the underground workings of a GDF at this early stage.  However, 
significant areas remain to make the prospects of finding a site for a GDF 
sufficiently good to justify proceeding to further investigations, provided there is 
community support. Whilst success can not be guaranteed the range of geological 
settings considered in the generic DSSC provides support to this view. 

5.4 The amount and level of geological information currently available across that part 
of west Cumbria not excluded by the BGS site-screening report is highly variable.  
For most of the region, insufficient geological information is available to make an 
informed decision on whether any sub-area is suitable to host a GDF. More work 
would be needed to assess existing geological and related information in order to 
assess potential suitability of different sub-areas.  Even areas for which 
considerable geological information is already available would need to be evaluated 
further using consistent and robust methodologies. 

5.5 There have been a number of important advances in techniques for measuring and 
interpreting geological information since the 1990s.  Some of these advances were 
discussed at a presentation to the MRWS Partnership in November 2010 and have 
been summarised in a briefing note to the Partnership which is appended to this 
document as Annex B.  The most relevant advances are:  

• Improved 3-D seismic surveying;  

• Advances in 3-D computer modelling;  

• Improved understanding of the role of geology in containing radionuclides. 

These developments would allow a more reliable understanding of the potential for 
transport of any radionuclides released from the engineered barriers of any disposal 
facility.  Coupled with 3-D information about a site, modern 3-D groundwater flow 
models can be used to analyse both the present day flow system and the effects of 
possible future changes in driving forces on important aspects of that system, such 
as flow rates and the locations of discharges at the surface.  

5.6 Geological disposal of higher activity radioactive wastes is being planned or 
implemented in a number of different geological settings around the world.  Three 
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main host rock types are currently under consideration, higher strength rocks (for 
example in Sweden and Finland), lower strength sedimentary rocks (for example in 
France and Switzerland), and evaporites (for example in Germany and the USA).  
The geological disposal concepts for the various host rocks differ because of the 
differences in the rock properties and therefore they meet the safety requirement of 
multi-barrier containment in different ways.  RWMD has commissioned reviews of 
the range of concepts currently being considered worldwide for disposal of high 
level waste/spent fuel [15] and intermediate level wastes [16].  An important 
conclusion from this work is that a range of generic repository concepts is available 
that can provide safe and secure geological disposal options suitable for UK 
geological environments in a number of different host rocks [15]. 

5.7 Sweden and Finland are both planning to dispose of spent fuel in a geological 
setting of higher strength rock.  Implementation in these two countries is well-
advanced with first waste emplacement currently scheduled for approximately 2025.  
In Sweden, site investigations resulted in the selection of Forsmark in Östhammar 
municipality in 2009 as the disposal site and in March 2011 the Swedish 
implementer SKB submitted applications to the Swedish Radiation Safety Authority 
(SSM) and to the Environmental Court to build a repository for spent fuel in 
Forsmark.  In Finland, Olkiluoto has been chosen as the final disposal site and 
excavation of an underground rock characterisation facility, ONKALO is well 
advanced.  ONKALO will aid in collecting the further data needed for the application 
for the construction licence that will be submitted in 2012.  Both these countries 
have very good websites describing their plans [17,18].  

5.8 France and Switzerland are both considering lower-strength sedimentary rocks for 
the disposal of spent fuel, high level waste and long-lived intermediate level waste.  
France is researching disposal in a lower-strength sedimentary rock in north-
eastern France, also with first waste emplacement currently scheduled for 2025.  
The French implementer, Andra, is currently carrying out site characterisation using 
geological surveys, boreholes and seismic campaigns to identify a zone of interest 
of some 30km2 to site underground installations for the geological repository with 
options for the surfaces sites.  The Swiss programme is at an earlier stage of 
implementation.  The site selection process, which is divided into three stages, is 
being led by the Swiss federal authorities.  A geological screening exercise has 
identified a number of areas with potentially suitable geology and the next step will 
involve a stepwise process to select a site.  The public, the Cantons, interested 
organisations and neighbouring countries all have the opportunity to express their 
views on the siting proposals and the results reports as part of the process.  Again, 
the websites of the implementing organisations provide a clear description of the 
plans and progress [19,20]. 

5.9 With respect to disposal in evaporites, the Waste Isolation Pilot Plant, or WIPP, in 
New Mexico, USA has been operating in New Mexico since 1999 for the disposal of 
the USA’s defence-related transuranic radioactive waste in thick beds of salt which 
formed during the evaporation of an ancient ocean.  At the depth of the WIPP 
repository, the salt will slowly encapsulate the buried waste.  Germany is also 
considering disposal in salt formations but implementation is still at an early stage 
[21].  

5.10 We have collated a range of concepts (worked-up from extensive R&D and safety 
assessment programmes in other countries) that relate to the different geological 
and hydrogeological properties of potentially suitable host rocks. This shows in 
particular the respective safety functions of the engineered barriers and the natural, 
geological barrier under a wide range of conditions. Certain concepts for the 
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disposal of ILW and of spent fuel and HLW were assessed under the range of 
hydrogeological conditions considered in the generic ESC, and these assessments 
showed that the analysed, existing concepts have the potential to deliver long-term 
safety of disposal. 

6 Management of uncertainties 

6.1 The two broad areas of uncertainty are associated with the two fundamental 
requirements for a successful geological disposal project; 

• community support; 

• the presence of a geological setting with the required characteristics to 
ensure the long-term safety of the GDF.   

6.2 Uncertainties associated with community support will be progressively addressed as 
the MRWS site selection process is followed. Government and NDA/RWMD are 
committed to working in partnership with local communities to implement the 
process. 

6.3 Uncertainties associated with the technical suitability of potential sites will be 
progressively addressed as site identification, site assessment and surface based 
investigations are carried out.  This will be achieved through the development of 
safety cases at various stages of implementation which will be subject to scrutiny by 
the independent regulators. If at any stage it becomes apparent that safety can not 
be demonstrated for a particular site then that site would not progress through the 
siting process. 

6.4 The Site Characterisation Status [29] report describes the current understanding of 
the data acquisition and interpretation cycles to be used to characterise a site.  

6.5 Details of the regulatory requirements are given in the Environment Agency’s 
publication ‘Geological Disposal Facilities on Land for Solid radioactive Wastes, 
Guidance for Requirements for Authorisation [22], often abbreviated to GRA.  The 
main submissions will be: 

• Initial Site evaluation – before intrusive site investigations begins; 

• Preliminary environmental safety evaluation in order to proceed with 
underground operations (construction); 

• Pre-operational safety case at the final hold point before waste is placed in 
the facility.   

6.6 The GRA states ‘We would expect the pre-operational environmental safety case to 
provide a sound scientific and technical basis for a decision to grant a revised 
authorisation to allow solid radioactive waste to be placed in the facility. We would 
also expect the developer to set out a programme of work to provide information 
and data to inform decisions on further development of underground facilities that 
might be required to meet operational needs’.  

6.7 The GRA also provides information about the ongoing regulation of the facility, 
during its operational period.   ‘After any environmental permit for disposal has been 
granted, a geological disposal facility will be subject to the same regulatory process 
that applies to other nuclear facilities. This will require periodic reviews of the 
authorisation over the lifetime of the facility and submission by the operator of an 
updated environmental safety case at agreed intervals. The regulatory process 
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would continue beyond closure of the facility and would only end when we accept 
surrender of the environmental permit.  This decision would be based on regulatory 
review of a final environmental safety case submitted by the operator after closure 
of the facility (see Section 5.6). 

6.8 RWMD’s approach to developing its work programme to meet its objectives is 
described in the Technical Strategy [23] while the Research and Development 
programme to implement the R&D Strategy[24] and address the uncertainties 
discussed in the Status Reports is set out in the R&D Programme [25] as described 
in section 7. 

7 Future R&D needs 

7.1 The future R&D needs are set out in the R&D Programme document [25] which was 
published earlier this year.  This document sets the context for our needs-driven 
R&D programme, explaining the high-level drivers for the programme.  It explains 
how the programme is structured into topics and identifies the R&D needs in each 
area within the topics.  It also explains how we prioritise the R&D, using a series of 
structured questions to consider, for each area, what is needed to be known by 
when, the impact, the knowledge gap, what needs to be done to fill the knowledge 
gap and the urgency.  The report then describes how these questions help 
identification and prioritisation of the R&D needs for each topic. 

7.2 There are many ways in which we could have structured the programme into topics 
and the approach we have selected is not a unique solution.  At this early stage in 
our programme our remit is very broad.  We have not made decisions about 
preferred concepts or designs.  However, all the concepts currently under 
consideration by ourselves and our sister agencies overseas are designed to meet 
two high-level safety objectives of geological disposal of radioactive waste, namely 
to isolate the waste from the biosphere and to contain the radionuclides associated 
with the waste. In order to assure that these objectives of isolation and containment 
are delivered over the long timescales of interest, GDFs are designed as multiple 
barrier systems.  This involves designing engineered barriers that will work together 
and in combination with the natural barrier afforded by the geosphere to prevent 
radionuclides being released to the surface environment in amounts that could 
cause harm to life and the environment. 

We took this multi-barrier concept as our starting point for considering our R&D 
programme and established five initial topics: 

• Wasteform evolution, considering the different types of waste which would 
be disposed of in a GDF and the way in which they would gradually change 
over very long timescales;    

• Container evolution, particularly focussing on the corrosion of metal 
containers during the period when the GDF would be operational and also in 
the period after closure; 

• Near-field evolution, considering the buffer or backfill which would be placed 
around the waste containers to protect them; 

• Geosphere, considering the natural geological barrier around a GDF and 
they way in which it would evolve;  

• Biosphere, describing what we think a future biosphere may look like and 
how radionuclide uptake might be expected to take place.  
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7.3 We then considered the two main pathways by which radioactive material might be 
released from the GDF and eventually migrate through the surrounding rock and 
back to the earth’s surface:  

• Radionuclide behaviour in the groundwater pathway (including any effects of 
non-aqueous liquids); 

• Release by the gas pathway. 

7.4 It is important to ensure that we can maintain safety even under accident or 
unexpected conditions.  Our R&D topics in this area are: 

• Waste package accident performance; 

• Managing for criticality safety. 

7.5 The topics identified so far might be thought of as the scientific basis for the 
programme.  Our current understanding of the science underpinning geological 
disposal is published in a series of eight research status reports: 

• reports on package evolution [26], near-field evolution [27], and on the 
geosphere [28], describing the understanding of the role and evolution of the 
barriers; 

• reports on gas generation and migration [29] and on radionuclide 
behaviour [30, describing the release and movement of materials through 
the multi-barrier system; 

• reports on criticality safety [31] and on waste package accident performance 
[32] addressing the control of low probability events and their outcome; and 

• a report on biosphere describing what we think a future biosphere may look 
like and how radionuclide uptake might be expected to take place [33]. 

7.6 Other areas of the programme also require R&D to develop them to an appropriate 
level. 

• Safety case methodology, to make developments to our methodology as we 
progress towards implementation to reflect advances in the state of the art 
and to address specific features at the site(s) under consideration;  

• Site characterisation, covering our approach to surface-based investigations 
and where available techniques may need development for the GDF project; 

• Design development, to complement the extensive work already undertaken 
by overseas waste management organisations (WMOs), and building on 
technologies developed by other industries (e.g. mining);   

• Strategic environmental assessments, to develop the standard techniques 
for assessment of the potential social, economic and environmental impacts 
for application to a GDF; 

• Public and stakeholder engagement, to help develop our approach to 
stakeholder engagement and communications and to research the potential 
social and ethical impacts of implementing geological disposal;   

• Site Assessment Methodology, to ensure that state-of-the-art decision-
making techniques are available to be used in local and national decisions 
about which sites should proceed to subsequent stages in the MRWS site 
selection process. 
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7.7 Our R&D Programme overview describes the work we are doing now, the rest of the 
work planned during this preparatory studies phase (up until the end of MRWS 
Stage 4) , and, where appropriate, an outline of the work we expect to do during the 
surface-based site investigation phase. 

7.8 We will have to satisfy the independent regulators of the safety and security of all 
aspects in the development of a geological disposal facility before they issue the 
appropriate licences. This includes safety during construction, operation and in the 
long term after the facility has been closed.  The regulators’ licensing process for a 
GDF will include their close examination of detailed safety cases produced by us 
covering all aspects of the disposal system.   

8 Concluding remarks 

8.1 This note has set out the background information to address the request for further 
information on geological issues from the west Cumbria MRWS Partnership and 
has attempted to address the specific questions asked by the Partnership as far as 
it is possible to do so at present.  At this early stage in the voluntarism process, 
before desk-based studies, site investigation or even site identification we cannot 
single out particular areas of west Cumbria and make strong claims for their 
suitability.  To attempt to do so now would pre-empt the voluntarism and partnership 
aspects of site selection and would not recognise the degrees of technical 
uncertainty that must remain until further detailed work has been undertaken on 
specific sites. 
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ANNEX 2  Briefing note on west Cumbrian geology 
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