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The Nuclear Decommissioning Authority (NDA) has been charged with implementing 
the United Kingdom government’s policy for the long-term management of higher activity 
radioactive waste by planning, building and operating a geological disposal facility (GDF). 
Within the NDA, we – the Radioactive Waste Management Directorate (RWMD) – are 
tasked with the development of a GDF. The UK government has also decided that a 
process of voluntarism and partnership will be followed to identify a suitable site for the 
GDF. To date there is no volunteer community and the site selection process to find a 
volunteer host community is under review. 

RWMD has an ongoing role to provide advice to UK radioactive waste producers on 
the conditioning and packaging of wastes and to undertake disposability assessments of 
waste packaging proposals to determine their suitability for eventual disposal in a GDF. 
We also need to demonstrate our confidence that a GDF would be safe. Therefore RWMD 
has published a generic Environmental Safety Case (ESC) (NDA, 2010) to demonstrate that 
we are confident that a GDF could be developed to meet the guidelines set down by the 
environmental regulators (EA/NIEA, 2009) in a range of geological settings. The ESC includes 
reference case calculations that are used as a benchmark for disposability assessments. 

The challenges of developing a generic ESC 

The UK has a range of different geological settings that could potentially be suitable 
for siting a GDF. In terms of potential host rock, these include a higher strength rock (for 
example, granite), a lower strength sedimentary rock (for example, clay) and evaporites 
(salt). The optimum GDF design for each of these geological settings would be different, 
therefore, as the geological setting is unknown, the GDF design and the types of engineered 
barriers employed to provide safety are also unknown. Uncertainty over both the geological 
setting and the GDF design present considerable challenges for developing a generic ESC. 

Furthermore, the UK has a wide range of higher activity nuclear materials that may 
need to be disposed in a GDF. These materials are listed in Table 1. Not all these materials 
are currently declared as wastes (for example spent nuclear fuel, separated plutonium 
and uranium are regarded as “zero value assets” in the UK). However, to be fully embracing 
of potential outcomes, the generic ESC considered the full inventory listed in Table 1. 

The approach adopted for the generic ESC was to identify a set of concept examples 
for each of the three generic geological settings identified. For each geological setting, two 
illustrative example disposal concepts were identified: one for intermediate-level waste 
(ILW), low-level waste (LLW) and depleted, natural and low-enriched uranium (DNLEU); 
and one for high-level waste (HLW), spent nuclear fuel and plutonium. These illustrative 
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disposal concept examples were based on those that are being developed or implemented 
around the world in the potential host rocks, and are listed in Table 2. 

Table 1: Inventory considered in the generic ESC 

Materials Packaged volume Radioactivity (at 1 April 2040) 

 Cubic meters % Terabequerels % 

HLW 1 400 0.3% 36 000 000 41.3% 

ILW 364 000 76.3% 2 200 000 2.5% 

LLW (not for LLWR) 17 000 3.6% <100 0.0% 

Spent nuclear fuel 11 200 2.3% 45 000 000 51.6% 

Plutonium 3 300 0.7% 4 000 000 4.6% 

Uranium 80 000 16.8% 3 000 0.0% 

Total 476 900 100% 87 200 000 100% 
0643-02-DECC 

 

Table 2: Illustrative geological disposal concept examples used in the generic ESC 

Host rock 
Illustrative geological disposal concept examplesd 

ILW/LLW HLW/SF 

Higher strength 
 rocksa 

UK ILW/LLW Concept 
(NDA, UK) 

KBS-3V Concept 
(SKB, Sweden) 

Lower strength  
sedimentary rockb 

Opalinus Clay Concept 
(Nagra, Switzerland) 

Opalinus Clay Concept 
(Nagra, Switzerland) 

Evaporitesc WIPP Bedded Salt Concept 
(US-DOE, USA) 

Gorleben Salt Dome Concept 
(DBE Technology, Germany) 

0649-05-NDA 

a Higher strength rocks – the UK ILW/LLW concept and KBS-3V concept for spent fuel 
were selected due to availability of information on these concepts for the UK context. 

b Lower strength sedimentary rocks – the Opalinus Clay concept for disposal of long-lived 
ILW, HLW and spent fuel was selected because a recent OECD Nuclear Energy Agency 
review regarded the Nagra (Switzerland) assessment of the concept as state of the art 
with respect to the level of knowledge available. However, it should be noted that there is 
similarly extensive information available for a concept that has been developed for 
implementation in Callovo-Oxfordian Clay by Andra (France), and which has also been 
accorded strong endorsement from international peer review. Although we will use the 
Opalinus Clay concept as the basis of the illustrative example, we will also draw on 
information from the Andra programme. In addition, we will draw on information from the 
Belgian supercontainer concept, based on disposal of HLW and spent fuel in Boom Clay. 

c Evaporites – the concept for the disposal of transuranic wastes (TRU) (long-lived ILW) in 
a bedded salt host rock at the Waste Isolation Pilot Plant (WIPP) in New Mexico was 
selected because of the wealth of information available from this United States 
Environmental Protection Agency (EPA) certified (and operating) facility. The concept for 
disposal of HLW and spent fuel in a salt dome host rock developed by DBE Technology 
(Germany) was selected due to the level of concept information available. 

d For planning purposes the illustrative concept for depleted, natural and low-enriched 
uranium is assumed to be the same as for ILW/LLW and for plutonium and highly-enriched 
uranium is assumed to the same as for HLW/SF. 



NEA/RWM/R(2013)9 

THE SAFETY CASE FOR DEEP GEOLOGICAL DISPOSAL OF RADIOACTIVE WASTE: 2013 STATE OF THE ART 25 

Each of the six example disposal concepts listed in Table 2 is described in the generic 
ESC in terms of the multiple barriers and safety functions it uses to isolate and contain 
the waste materials. 

Perhaps the greatest challenge in developing a generic safety case, especially one  
that is required to provide a benchmark reference numerical evaluation of safety for 
disposability assessments, is considering how to define such an evaluation that is 
suitably generic but still has sufficient meaning to provide useful information as a 
benchmark for a wide range of disposability assessments. Other significant challenges 
included communicating the meaning of the generic safety case and particularly its role 
in disposability assessments. 

Various approaches were considered for dealing with an unknown geological setting, 
including using real data to present example calculations for a range of actual sites: 
however, the disposability assessment process wanted a single reference benchmark in 
which the calculated risks are likely to be conservative – that is, for an actual site, the 
calculated risks would be unlikely to be greater than those calculated for the reference 
models and reference parameter values. This approach provides confidence that if 
wastes are conditioned and packaged in such a way as to satisfy the regulatory risk 
guidance level (EA/NIEA, 2009) on the basis of the reference model, they should be 
suitable for disposal at any likely actual GDF site. 

For a GDF situated in water-saturated rocks where there is groundwater movement, 
the dissolution and transport of radionuclides in groundwater is likely to be the most 
significant mechanism by which radionuclides could eventually return to the surface 
environment and give rise to risks to humans. The groundwater flow field at a particular 
site will be highly dependent on the rock strata, the hydrogeological properties of those 
rock strata and the natural driving forces for groundwater movement. The three 
illustrative generic geological settings considered to be relevant to the UK will have very 
different groundwater flow field properties. In evaporites there will be little or no mobile 
groundwater present in the host rock and hence radionuclide transport by groundwater 
would not be a significant issue. Lower strength sedimentary rocks in the UK are likely  
to be water-saturated, but may be of sufficiently low permeability that there is little 
groundwater movement and radionuclide transport is likely to be dominated by generally 
slower diffusion processes. Higher strength rocks are generally water-saturated and may 
contain relatively permeable rock strata and/or fractures through which significant 
groundwater movement can occur. 

Therefore, in order to be conservative in our approach, we chose to base our model 
representation on a stylised flow field for a higher strength host rock setting. We defined 
four parameters, as illustrated in Figure 1, to represent the properties of a generic 
groundwater flow field. When combined with the transport and retardation properties of 
specific radionuclides, these parameters determine the performance of the geological 
barrier in our generic assessment of radionuclide transport by groundwater. 

We also need to represent the performance of the engineered barrier system (EBS), 
again in the absence of any site-specific EBS design. In terms of the impact on radionuclide 
transport in groundwater, an important property of the EBS is the period over which 
radionuclides are contained by the engineered barriers. On this basis, a fifth parameter, C, 
was defined as the time for which the waste container provides complete containment of 
radionuclides. Again, a conservative approach was taken to assigning reference parameter 
values for C. Since most ILW containers are vented to allow the escape of gas, for these 
wastes C was assigned the value zero. In contrast, we expect the container materials 
under consideration for HLW and spent nuclear fuel to provide a significant period of 
containment (up to hundreds of thousands of years) and this is reflected in the 
parameter ranges for C for such wastes. 
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Figure 1: Schematic of groundwater pathway conceptualisation in generic ESC 

 

Groundwater parameter definitions: 

q – The specific discharge through the undisturbed host rock at the GDF location. This provides a measure of how 
the rate of groundwater flow through the engineered barriers could affect calculated results. 

T – The groundwater travel time from the GDF to the surface environment. This provides a measure of how the 
containment capability of the geological environment could affect the calculated results. 

F – The groundwater mixing flux in the overlying rocks. This provides a measure of how the dilution potential of 
geological units overlying the host rock could affect the calculated results. 

A – The discharge area into which the contaminant plume is released at the surface. This provides a measure of how 
the geosphere-biosphere interface could affect the calculated results. 

The values for q, T, F, A and C were sampled in a probabilistic calculation and in 
addition a number of sensitivity calculations were performed. Figure 2 indicates the 
range of values considered for the parameters q and T in the generic ESC and how these 
relate to the generic host rock settings. These indicative ranges were derived from a study 
of groundwater modelling approaches for different generic geological environments 
(Towler, 2008). 

The shaded blue area in Figure 2 indicates the envelope of (q, T) parameter space 
covered by the suite of calculations performed in the generic ESC. It can be seen that this 
encompasses virtually all the (q, T) parameter space identified as likely for higher 
strength rocks in the UK (indicated by the diagonally shaded ellipse in Figure 2). 
Furthermore, this envelope of calculations also bounds (as indicated by the green shaded 
area) the indicative (q, T) parameter ranges for lower strength rocks and evaporites.  
On this basis, the groundwater pathway calculations in the generic ESC are judged to be 
conservative and bounding for the likely range of GDF host rock settings in the UK. 
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Figure 2: Relationship of values of q and T to different host rocks 

 

Proposed future developments 

Peer review comments on the generic ESC indicated that for some people the 
rationale for the generic assessment approach was difficult to comprehend. There is a 
clear limit on the extent to which meaningful calculations can be carried out at a generic 
stage, when the site and concept are unknown. The generic ESC calculations for a wide 
range of parameter combinations gave rise to risks both above and below the regulatory 
risk guidance level. However, the generic ESC stresses that it is the relative contributions 
to risk from different components of a GDF and from different radionuclides in the 
inventory that are of most interest, rather than the precise calculated risk values. Once we 
have information about a site, we will develop new, appropriate models for the concept 
that we plan to implement, based on a site descriptive model of the geological setting and 
the groundwater flow field. 

However, until we have confidence in a particular site, it is our strategy to continue to 
develop and maintain our generic ESC, in parallel with any future developing site-specific 
ESC (NDA, 2012), to provide continuity and robustness to our disposability assessment 
process. In planning for our next update to the generic ESC, in response to peer review 
feedback, evolving research and the changing needs of the UK programme, we are 
considering ways of improving the presentation of our ESC. This may include less 
emphasis on the numerical calculations, whilst still providing a reference benchmark for 
disposability assessments. 

We are developing a “safety narrative” that explains how safety is provided in terms 
of the different safety functions provided by the various natural and engineered barriers. 
This safety narrative will also explain how the safety functions operate over different 
time frames and we are exploring ways of presenting the safety case that highlight the 
performance of the safety functions and also the uncertainties associated with that 
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performance over different time frames. The aim is to build confidence in our 
understanding of the system and to aid communication with a variety of technical and 
non-technical audiences. 

It is proposed that we will still consider generic concepts, based on those developed 
in the UK and internationally, for different geological settings. Our safety narrative will 
explain how the safety functions of the features designed into each concept work with the 
natural safety functions of the geological environment to isolate and contain radionuclides 
over different time frames. The majority of radionuclides will be sufficiently contained 
that they decay within the engineered barriers. However, for some long-lived radionuclides 
total containment within the engineered barriers cannot be guaranteed for all time frames. 
For these radionuclides, the retardation properties of both the engineered and natural 
geological barriers act to delay and disperse the transport of radionuclides to ensure that 
should they reach the surface environment, they will only do so in concentrations that 
are consistent with satisfying the regulatory risk guidance level (EA/NIEA, 2009). 

It is proposed that the generic ESC will include a range of safety arguments, supported 
by appropriate calculations (using deterministic, probabilistic and insight models) to 
demonstrate how safety is achieved over different time frames. For appropriate time 
frames it is proposed that this will continue to include reference calculations for the 
groundwater pathway and other relevant release pathways. However, proposals are being 
developed that consider when it may be appropriate to cease to present means of 
probabilistic calculations on the basis that such calculations are only meaningful in time 
frames where the relevant uncertainties can be reasonably quantified. For later time 
frames (for example, beyond a hundred thousand years or so), it may be more appropriate 
to use more qualitative arguments or consider stylised “What if?” calculations to represent 
different potential evolutions of the GDF system over very long time scales. 

It is our intention to discuss these proposals with our regulators and a range of 
stakeholders, prior to developing and publishing our next generic ESC. 
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