
 

January 2013 
 

FEASIBILITY STUDY 
 

Review of Potential Suitability 
for Disposal of LLW/VLLW on 
or near to the Sellafield Site 
 

 

R
E

P
O

R
T

 

 

 
 

Report Number.  12514270428.500/B.5 

 

Distribution: 

Sellafield Ltd - 1 copy (pdf) 

Eden Nuclear and Environment - 1 copy (pdf) 

Halcrow - 1 copy (pdf) 

Golder Associates (UK) Ltd - 1 copy (pdf) 

  

 

Submitted to: 

Sellafield Limited 
Sellafield Site 
Seascale 
Cumbria 
CA20 1PG  

 

pearceb
Text Box
LD214



 
REVIEW OF LLW/VLLW SITE SUITABILITY 

 

January 2013 
Report No. 12514270428.500/B.5   

 

Executive Summary 

A high level feasibility study has been undertaken to look at the key issues for siting a one million cubic 

metre capacity, low activity LLW disposal facility on or near the Sellafield Site within the existing NDA 

landholding.  An assessment of available information was carried out to identify potential suitable sites and 

issues associated with each site. 

We consider that a part landfill/part land raise facility would be the most efficient engineering form.  In order 

to comply with the Environment Agency’s groundwater protection policy, the facility would need to be located 

in an area where there is a minimum of 10 metres thickness of superficial deposits present above the 

underlying bedrock and the base of the facility is above the water table. 

At present the NDA land to the west of the Sellafield Site is earmarked for the development of a new power 

station, therefore for this study this area has been considered to be unavailable.  If a facility is required in the 

next couple of decades, then an area of sufficient size is not available on the current Sellafield Nuclear 

Licenced Site. 

We have identified two areas within the NDA landholding to the east of the Sellafield Site that might be 

suitable locations; these areas are shown on Drawing 6 (Areas 1 and 2).  These areas are sufficiently far 

inland and at sufficient elevation that they are not considered to be vulnerable to coastal erosion in the 

foreseeable future.  It is considered that site characterisation and analysis of acquired data would be 

required before any decision could be made about the suitability of either site.  Such site characterisation 

would need to establish that the Quaternary sediments provide a sufficient barrier between any disposal 

facility and the underlying sandstone aquifer. 

Although both sites are within the area of the NDA landholding, Site 1 appears, on initial inspection, to be 

slightly more favourable as it does not encroach upon any properties or public roads, although it appears to 

contain some services associated with a buried water reservoir.  Site 2 contains or is very close to the hamlet 

of Calder; there are also a couple of minor roads in the area of the Site. 

Given suitable geological and hydrogeological characteristics, it seems likely that such a Site would be 

suitable for the disposal of up to a million cubic metres of waste up to 200 Bq g
-1

 in specific activity. 

It is likely that Sellafield Ltd would need to undertake a BAT study to establish whether a new disposal facility 

represents an optimal solution for the management of certain categories of waste from the Sellafield Site.  If 

a site can be identified that has satisfactory geological and hydrogeological characteristics, then our opinion 

is that it would be feasible to demonstrate that a new near-site disposal facility represents BAT for the 

management of non-recyclable and non-reusable wastes from the Sellafield Site.  In our view, a key issue 

would be the cost of developing such a facility compared with the cost of using other disposal capacity that 

might be available.  Such costs would be balanced to some extent by the advantages of disposing wastes 

without significant transportation, depending on the location of other disposal capacity. 
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1.0 INTRODUCTION 

This report has been prepared in response to Environmental Services Request 146 for a review of potential 

suitable locations for the disposal of low activity low level waste (low activity LLW) on or near to the Sellafield 

Site.  The task involves undertaking a high level feasibility study to determine if: 

 A suitable location(s) is(are) available on or near the Sellafield Site that could support the development 

of a low activity LLW disposal facility with a nominal capacity of one million m³; 

 The likelihood of a high level BAT case being able to be developed to support a disposal facility; and 

 The requirements for development and permitting of a low activity LLW facility at or near the Sellafield 

Site. 

The task is limited to a review of the Sellafield Site and the available NDA owned land adjacent to the 

Sellafield Site. 

The study provides a high level overview of the following aspects: 

 Site location, geology, hydrogeology, coastal erosion issues and habitat assessment, including potential 

human receptors; 

 Planning and permitting requirements, including Article 37 requirements; 

 Engineering requirements (including how they are affected by location); 

 Assessment of potentially suitable inventory, i.e. radiological limits, material types, timing and phasing 

of development versus waste arising profile; 

 Site End State issues and post closure/institutional control requirements; 

 Stakeholder issues associated with each location considered; and 

 High level overview of costs relevant to development options. 

As a basis for the study, we have assumed that wastes of specific activity up to 200 Bq g
-1

 might be 

disposed.  We term this waste 'low activity LLW'. 

1.1 The Site 

1.1.1 General Location 

The Sellafield Site is on the northwestern coast of England approximately 12 miles south of the coastal town 

of Whitehaven in West Cumbria Coastal Plain.  The Irish Sea lies to the west of the Sellafield Site and the 

fells of the Lake District National Park lie to the east.  The land generally slopes from the east to the west of 

the Site towards the coast.  Two rivers are within or adjacent to Site; the Calder flows across the Site from 

the north-northeast to south-southwest and the Ehen flows in a southeasterly direction between the Site and 

the coast.  The two rivers join to the southwest of the Site where they discharge into the Irish Sea. 

The NDA owns around 16.3 square kilometres (km) of land around Sellafield comprising the Calder Hall and 

Sellafield Licensed Sites (2.6 square km) and the Windscale Licensed Site (0.15 square km).  These 

licensed sites contain approximately 200 nuclear facilities, which have been added to the Site over a period 

which spans from the late 1940s to the present day.  The nuclear facilities represent around 60% of the total 

UK civil nuclear liability.  The Site operates 365 days a year covering a wide range of nuclear lifecycle 

activities and provides employment for over 10,000 people. 

The NDA owns around 13.5 sq km of land surrounding the Sellafield Site, most of which is undeveloped.  

The extent of land owned by the NDA is shown on Drawing 1.  Most of the land in the region has been put to 

agricultural use and this was the case at Sellafield until the industrial development of the Site during the 

1940s. 
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1.1.2 Site History 

The first industrial development commenced in 1941 when the Ministry of Supply (MoS), the body 

responsible for armament production for the war, acquired the Sellafield Site for that purpose.  Factories 

were built at Sellafield and Drigg with TNT being produced for shell and bomb manufacture. 

Following the end of the war in 1945 the Sellafield Site was remediated and vacated by the MoS then 

handed over to Courtaulds for use as a chemical plant.  In 1946 the Government decided to establish an 

atomic materials production organisation and set about securing a site to construct a large facility.  A number 

of locations were considered but Sellafield was selected as it best met the criteria of coastal, remote location, 

large labour pool within easy travelling distance, plentiful supplies of high purity water and an established site 

infrastructure. 

The Government impressed the national interest upon Courtaulds.  This persuaded them to abandon their 

development plans at Sellafield and relocate elsewhere and in 1947 the MoS began nuclear development at 

Sellafield.  The Government has continued to own the Site from that time, developing it into the diverse and 

complex, industrial, nuclear facility that exists today. 

In 1947 the Site was chosen as the location for Britain's first atomic reactors and associated reprocessing 

plant.  These reactors and plants were concentrated in the centre of the Site in a 33 hectare area known as 

the ‘Separation Area’.  In the early 1950s the world’s first power generation reactors (Calder Hall) were 

constructed.  With the exception of a prototype reactor built in the 1960s, all of the subsequent construction 

on-site has been for the purpose of reprocessing spent nuclear fuel and the temporary storage of solid and 

liquid reprocessing wastes prior to vitrification, encapsulation and storage.  Ongoing activities on-site are 

focused on reprocessing of spent nuclear fuel, fuel manufacture, and site decommissioning and clean-up. 

Over the years a number of leaks and spills, largely confined to the Separation Area, have led to localised 

radiological and chemical contamination of the ground beneath the Site.  Some of this contamination has 

percolated downward to contaminate the groundwater which flows toward the coast. (Sellafield Ltd, 

Groundwater Annual Report 2008, Report Number 35.13.36.06.001) 

1.1.3 Geology and Hydrogeology 

The geology of the Sellafield area comprises a complex series of glacial deposits (drift) consisting of clays, 

gravels and sands below which is sandstone bedrock.  Groundwater occurs in the glacial deposits and the 

sandstone.  The British Geological Survey (BGS) classifies the upper drift aquifer as a Secondary Aquifer 

and the underlying sandstone aquifer as a Principal Aquifer. 

The overall conceptual model for regional hydrogeology is that the regional groundwater flow is from the 

Cumbrian Fells to the coast in a southwesterly direction (Nirex, 1997).  Recharge occurs through the drift and 

discharge occurs into the Irish Sea.  Groundwater flow in sandstone is influenced by fractures such as faults, 

joints and bedding planes. 

The geology and hydrogeology of the Sellafield Site and the surrounding NDA landholding is discussed in 

more detail in Section 5.0 of this report. 

1.2 Report Structure 

The report is structured as follows: 

 Section 2.0 provides a summary of the regulatory and policy issues; 

 Section 3.0 outlines and discusses the implications of the waste inventory and profile of arisings; 

 Section 4.0 comments on the potential design and provides an estimate of the area required for a new 

disposal facility; and 

 Section 5.0 sets out our understanding of potential locations from a geological, hydrogeological and 

other perspectives. 
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The final section (Section 6.0) assesses the suitability of the potential sites identified and the feasibility of 

demonstrating that disposals to a Sellafield low activity LLW facility are BAT.  The section also includes 

conclusions and recommendations for further areas of study. 

 

2.0 REGULATORY AND POLICY ISSUES 

2.1 Permit Requirements and Conditions 

The key regulatory guidance applying to a repository for radioactive waste is the Guidance on Requirements 

for Authorisation (GRA) (Environment agencies, 2009).  This contains a list of five principles and fourteen 

requirements.  It is important to note that, according to the guidance, the developer of a disposal facility 

should meet the guidance in a manner proportionate to the hazard of the waste disposed of. 

In the remainder of this subsection, we provide a discussion of the requirements and their potential 

implications to a new waste repository on or adjacent to the Sellafield Site. 

The developer of such a new facility will need to develop an Environmental Safety Case (ESC) 

(Requirement 3 of the GRA).  Such a safety case is not simply a set of calculations used to estimate different 

environmental impacts, but is a set of claims or arguments.  It is expected that these should demonstrate, for 

example, effective management and control, an appropriate management culture and appropriate waste 

acceptance criteria as well as demonstrating that radiological impacts comply with the specified regulatory 

criteria.  This is an important emphasis compared with the approach followed in many previous safety cases 

produced for UK waste disposal facilities. 

The complexity of any ESC is a matter for consideration.  As noted above, the GRA notes that any ESC 

should be proportionate to hazard.  For a facility in which waste is disposed up to a limit of around 

200 Bq g
-1

, it would be expected that any ESC would be intermediate in terms of complexity between those 

produced for the Low Level Waste Repository (BNFL, 2002; LLWR, 2011a) and much simpler cases 

produced for landfill sites accepting VLLW or low activity LLW (e.g. Baker et al, 2009; GSL, 2009).  The 

CLESA facility provides an intermediate case (Nexia Solutions, 2006), although it addresses the disposal of 

waste of relatively low activity.  A key uncertainty is the complexity of an ESC that the Environment Agency 

would consider appropriate for a dedicated facility for the disposal of radioactive waste of up to 200 Bq g
-1

.  

On the basis of existing precedent, we suggest that a working model would be for a safety case no more 

complex than that for CLESA.  However, this suggestion might be reviewed on the basis of the total 

inventory for disposal, once better estimates are available. 

In addition, any permit for a new disposal facility is likely to contain a number of specific conditions requiring 

further assessment or research.  In particular, there would be an expectation for maintenance and a regular 

full update of the ESC for the facility. 

2.2 Implications of the Groundwater Directive and Landfill 
Requirements 

In the past, discharges containing radioactive substances were exempt from the requirements of the 

Groundwater Regulations.  The regulations are now to be addressed under the Environmental Permitting 

Regime and the exemption for discharges containing radioactive substances has been withdrawn.  These 

changes have a number of implications (Environmental Permitting Regulations, 2010): 

 Action must be taken to prevent the entry of hazardous substances into groundwater and to limit the 

entry of non-hazardous pollutants to groundwater; 

 There should not be 'direct' discharge of leachate or contaminated waters to groundwater; and 

 Radionuclides have been classified as hazardous substances. 
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These requirements could have significant implications in terms of assessing the long-term performance of a 

repository for radioactive waste i.e. if it was required always to prevent the release of radionuclides to 

groundwater.  However, in Defra guidance to the Environment Agency (Defra, 2010), it is noted: 

 "It is the clear objective of the GWDD to prevent the input of all hazardous substances into 

groundwater.  Clearly the interpretation of ‘prevent’ is important in this context and is to be interpreted 

having regard to the Common Implementation Strategy guidance issued by the European Commission 

as noted above.  This recognises that, whilst the aim is to avoid the introduction of hazardous 

substances into groundwater, it may not be technically feasible to stop all inputs of hazardous 

substances.  Moreover some inputs are environmentally insignificant ..." 

 "When considering what is environmentally significant and which measures are “necessary” in the case 

of radioactive substances, consideration should be given to the significance of any input in respect of 

the radiation doses which might be received by people and non-human species due, for example, to 

plausible future abstractions of drinking water and to natural processes involving the return of 

groundwater to the other environmental media ..." 

 "Also in the case of radioactive substances, when considering which measures are “reasonable”, the 

radiation protection principle of optimisation should be observed.  This principle requires that radiation 

doses to people are kept as low as reasonably achievable, subject to economic and social factors." 

 "For disposals of any solid wastes, absolute and indefinite containment of pollutants within a disposal 

facility will not be achievable.  At some point after a disposal facility has closed, there will eventually be 

some inputs into groundwater.  These facilities should be designed such that the long term inputs of 

hazardous substances to groundwater will be insignificant from an environmental and human health 

perspective." 

These comments acknowledge that the release of radionuclides to groundwater cannot be prevented 

indefinitely.  Rather, the focus should be on demonstrating that impacts are insignificant and that there has 

been due regard to the principle of optimisation. 

The Environment Agency has also issued draft supplementary guidance to the GRA in view of the 

withdrawal of the exemption for discharges containing radioactive wastes.  This is referred to in the LLWR's 

safety case (LLWR, 2011q) and requires: 

 Minimisation of impacts to groundwater as a receptor in its own right must be demonstrated; 

 The importance of the principle of optimisation is underlined; and 

 A dose guidance level of 0.02 mSv/y is specified for impacts arising from the groundwater pathway 

during the Period of Authorisation. 

The 0.02 mSv/y dose criterion for the groundwater pathway during the Period of Authorisation, in particular, 

is more stringent than the 0.3 mSv/y set out in the 2009 GRA. 

A repository is not subject to the requirements of the Landfill Directive.  However, a potential operator must 

show that the level of protection should be no less stringent than would be provided if nationally acceptable 

standards for the disposal of hazardous waste were applied (paragraph 6.4.2 of the GRA).  In practice, the 

Environment Agency is likely to draw on landfill practice and approaches when reviewing any safety case.  In 

our view, there is some uncertainty in the regulatory approach that might be applied. 

The Environment Agency has issued revised groundwater protection guidance for consultation.  Landfill 

Position Statement P3-1a (Environment Agency, 2011) states that: 

i) “We will object to any proposed landfill site in groundwater Source Protection Zone 1. 

ii) For all other proposed landfill site locations, a risk assessment must be conducted based on the nature 

and quantity of the wastes and the natural setting and properties of the location. 
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iii) Where this risk assessment demonstrates that active long-term site management is essential to prevent 

long-term groundwater pollution, we will object to sites: 

below the water table in any strata where the groundwater provides an important contribution to river 

flow or other sensitive surface waters; 

on or in a Principal Aquifer; 

within Source Protection Zones 2 or 3."  

Landfill Position Statement P 3-1b suggests that the principles in Position Statement 3-1a might be applied 

equally to proposals for new surface and near-surface disposals of radioactive waste. 

2.3 Coastal Erosion and Flooding 

The GRA requires a demonstration that radiological and other impacts are consistent with various regulatory 

criteria, in particular a risk guidance level that applies after the end of the Period of Authorisation (note that a 

Permit would now be issued although the GRA refers to a Period of Authorisation).  Any impacts that might 

arise following coastal erosion of a facility must comply with this criterion.  The coast around Sellafield is 

vulnerable to coastal erosion and it has been considered as an issue for local radioactive waste disposal 

facilities.  Coastal erosion is a major element of the safety case for the LLWR (LLWR, 2011b) and we 

understand that Sellafield has had to commit to defending the coast should it be necessary to prevent 

coastal erosion of CLESA. 

As part of the ESC for the LLWR, it has been noted (LLWR, 2011a): 

"Based on qualitative and quantitative evidence, including modelling studies, we have concluded that the site 

will be eroded on a timescale of a few hundred to a few thousand years, with consequent disruption of the 

repository.  While this situation is unusual for a radioactive waste repository, we observe that in the long term 

all near-surface disposal facilities are vulnerable to disruption by natural erosion processes, human actions 

or combinations of natural and human events. This is taken into account by setting limits on the types and 

activity of waste that may be disposed to a near-surface facility. The key question is whether the potential 

impacts when erosion occurs are consistent with regulatory guidance levels, that is, sufficiently low. The 

Environment Agency has given a formal view that, providing the requirements of the GRA are met (including 

that the risk guidance level is met and the risks presented by the site are optimised), the potential for 

disruption of the site by coastal erosion at some point in the future is an acceptable risk." (references 

omitted) 

Thus for the existing LLWR facility, expected coastal erosion was not identified as a reason for not permitting 

the facility, provided that other criteria could be satisfied.  It might be inferred that similar arguments would 

apply to any facility on or near the Sellafield Site.  However, for a new facility, there would be some choice in 

terms of location.  The projections for the LLWR are based on erosion of at least 350 metres (m) of low till 

cliffs.  In contrast, significant parts of the area around and including the Sellafield Site are underlain by 

bedrock with an upper surface above OD, which will be eroded at a slower rate than the till cliffs at the 

LLWR.  In our view, there would be additional risk in gaining regulatory approval for a site adjacent to the 

coast that might be vulnerable to erosion over periods of hundreds to thousands of years.  In such 

circumstances, we suggest that consultation with the regulator would be appropriate. 

Projections of sea-level rise for the Cumbria coast have been developed by Thorne and Kane (2007) as part 

of the LLWR Lifetime project and are relevant to the Sellafield Site (Table 2.1).  The projections for the next 

100 years are underpinned by IPCC Forth Assessment Report (2007) data on global sea-level change with a 

site-specific correction for post-glacial uplift using data presented in Shennan and Horton (2002).  The 

effects of downscaling the IPCC model to the UK (UKCP, 2009) and the use of average rates of 

uplift/subsidence in the DEFRA (2006) guidelines have negligible effects on the overall projections for the 

next 100 years. 
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Table 2.1: Sea-level Rise Projections for the Cumbrian Coastline 

Year After Present Sea-level Relative to Present (m) 

0 to 100 0.14 to 0.74 

100 to 1,000 1.1 to 21.1 

1,000 to 3,000 7.3 to 24.6 

3,000 to 10,000 6.5 to 23.8 

 

Projections for the period from 100 years after present (AP) to greater than 10,000 years AP are derived 

from the work of the  BIOCLIM (2004) climate change study, which considers the timescales and impact of 

ice sheet melt and the expected rate and amount of thermal expansion of seawater. 

The impacts of projected rises in sea-level have been considered by Halcrow (2008), who developed a 

conceptual coastal change model for the Cumbrian coast.  This study recognised that barrier beaches and 

spits, such as that which front the mouths of the Ehen and Calder river, will tend to ‘roll back’ in response to 

sea-level rise and will eventually ‘weld’ to the adjacent coastline.  The Halcrow study also developed a 

simple coastal erosion model that accounts for the inter-relationships between sea-level rise, coastal erosion 

rate, sediment supply and presence of bedrock above OD. 

No detailed, integrated projections of coastal change have been made by Halcrow at Sellafield, but on the 

basis of assessments presented in Halcrow (2008) it can be concluded that potential new disposal facilities 

located adjacent to the coast may be eroded over a similar timescale to the LLWR of a few hundred to a few 

thousand years, depending on the Site geology and sea-level projections used.  This timescale reflects the 

similarity of the till and superficial materials in the Sellafield coastal frontage to those at the LLWR.  However, 

in areas of Sellafield, where bedrock is encountered above sea level erosion rates are likely to be much 

slower.  In the absence of detailed site-specific data and assessments, it is not currently possible to provide 

more detail on the timescales of erosion, but it is likely that there will be considerable variation in erosion 

vulnerability due to variations in topography and bedrock elevations.  For coastal sites and lower lying areas 

adjacent to the Ehen and Calder the risk of coastal erosion remains and would need to be assessed on a 

site-specific basis. 

Coastal flood impacts due to sea-level rise were also considered by Halcrow (2008), who used a high 

resolution digital elevation model to illustrate the areas inundated by different projected future sea-level 

positions.  This work assumed no landform response to sea-level rise, such as building of barrier beaches, 

and simply flooded the landscape, with an assumption that the highest astronomical tide level of 4.7 m would 

continue into the future.  No account is made for the impact of waves or storm surges, which may add in 

excess of 10 m to the projected still water mean sea-level. 

The results are illustrated for the coastal strip in front of Sellafield in Figure 2.1 and Figure 2.2.  For both 

figures, the worst case scenario is shown.  Figure 2.1 highlights that the flood risk from sea-level rise over 

the next 100 years is negligible, with the effects being limited to localised inundation of the valleys of the 

rivers Ehen and Calder and the small brook south of the Site under the highest tide conditions.  The fate of 

the Ehen spit/barrier that fronts the Site is uncertain, but it may be eroded leading to the Site frontage being 

exposed to direct wave attack.  Figure 2.2 suggests that in the worst case sea-level rise scenario, by 1,000 

years AP, much of the existing Sellafield Site will be below the worst case predicted mean-sea-level (light 

blue) and highest astronomical tide (dark blue). 

Figure 2.3 provides a similar, but lower resolution assessment, for the Sellafield area in a 1,000 year AP 

worst case scenario.  This shows that significant areas inland of the coastal strip to the west and south of the 

Sellafield Site are at elevations above the worst case predictions and may prove better areas for the location 

of a new disposal facility than the coastal fringe. 
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Figure 2.1: Inundation from Projected Coastal Flooding at 100 Yrs AP 

 

Figure 2.2: Inundation from Projected Coastal Flooding at 1,000yrs AP 
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Figure 2.3: Inundation from Projected Sellafield Area due to Coastal Flooding at 1,000 Yrs AP 

The impacts of a 1:100 year fluvial flood from the Rivers Calder and Ehen have been reviewed by Arup 

(2009), who present Environment Agency flood risk mapping for Sellafield.  The data show that flood risk is 

limited to river valleys and none of the Sellafield Site is at risk from fluvial flooding.  The River Calder flows 

through the centre of the Site in an engineered channel that has been designed to accommodate these flood 

water levels. 

The above discussion has focused on the evolution of the Site without any coastal defences.  The current 

Site end state for Sellafield envisages indefinite control.  A railway line currently runs between the Site and 

the coast and it is likely that this would be defended against encroachment for a considerable period.  From 

an Environment Agency perspective, it would not be appropriate to rely on maintenance of coastal defences 

for more than a few hundred years.  However, we understand that Sellafield Ltd has assured the 

Environment Agency that it would take necessary actions to defend the CLESA facility from coastal erosion, 

should that be required. 

2.4 Groundwater Protection 

The entire NDA landholding is located over the St Bees Sandstone Formation, which is present at varying 

depths beneath ground level.  The St Bees Sandstone is classified by the Environment Agency as a 

Principal Aquifer.  In order to satisfy the requirements of the Environment Agency’s Groundwater Protection 

Guidance as discussed in Section 2.2, the base of the facility will need to be located in a soil or rock strata 

which is not classified as a Principal Aquifer, therefore the facility will need to be located within the 

Quaternary superficial deposits overlying the St Bees Sandstone and above the groundwater table. 

In order to demonstrate the suitability of the location, a risk assessment must be conducted based on the 

natural setting and properties of the rocks at location.  The main properties of the Quaternary superficial 
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deposits that will influence the assessment are: thickness; permeability; and natural attenuation 

characteristics.  In general, fine grained sediments, such as clays and silts, will provide better (lower) 

permeability and attenuation characteristics than coarse grained sediments such as sands and gravels.  In 

preparing this report, we have assumed that approximately 5 m of in situ natural sediments should be 

present beneath the base of the facility and above the Principal Aquifer.  In addition to the 5 m of 

unsaturated material, it would be prudent to ensure that the base of the facility is located below natural 

ground level, to facilitate leachate management and drainage, and also to allow for the part excavation of the 

facility.  Assuming a further 5 m of superficial deposits for this purpose would suggest that it would be 

desirable to ensure a total of approximately 10 m of superficial deposits above the rockhead (St Bees 

Sandstone/Principal Aquifer) in the footprint of the disposal facility. 

2.5 Control and Security 

Provision will need to be made for the security of the Site during a period of management control.  If the 

disposal facility is not on the current Site, then the arrangements might be additional to those that would 

already be provided for in terms of protecting the Sellafield Site. 

2.6 Planning Requirements 

Planning permission will be required for any new facility.  The likely issues are: 

 The potential for visual impact; 

 The need for transport movements through any local community; and 

 Consistency with the Cumbria Minerals and Waste Local Plan. 

The Cumbria Minerals and Waste Local Plan is being developed in response to a government requirement to 

develop such plans by March 2012.  A consultation took place over the summer and a further consultation is 

planned for December 2012/January 2013.  Development of the plan involves review of existing documents 

such as the Cumbria Minerals and Waste Development Framework Core Strategy (Cumbria County Council, 

2009), which was adopted by the council in 2009.  The strategy comments on the role of the LLWR and 

notes the need for additional capacity.  It notes the issue of low activity LLW and that any proposals would 

be considered in the context of the relevant Core Strategy and Generic Development Control Policies.  

These include requirements that: 

 The location of any development "will minimise, as far as is practicable, the "minerals or waste road 

miles" involved in supplying the minerals or managing the wastes unless other 

environmental/sustainability and, for minerals, geological considerations override this aim." 

 "Proposals for new minerals and waste developments should demonstrate that they would realise their 

potential to provide economic benefit." 

The development of any waste disposal on or near the Sellafield Site would appear to be potentially 

consistent with the existing core strategy. 

An Environmental Impact Assessment would be required for any new disposal facility for solid radioactive 

waste.  This requirement arises under planning regulations.  The EIA would be assessed by the planning 

authorities and the Environment Agency would be a statutory consultee. 

2.7 Licensing and Site End State Issues 

Any facility for the disposal of low activity waste located on the Sellafield Site will, by definition be located on 

a Licensed Site.  Our view is that any such facility near to but off the licensed Site is not likely to require 

licensing unless other nearby activities are deemed by the HSE to require licensing. 

For a facility on a licensed Site, operational safety would be regulated by the HSE under appropriate 

legislation.  For a facility that is not on a licensed Site, alternative legislation would apply. 
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If delicensing of any disposal facility were required, it would be subject to a demonstration of 'no danger', 

which the HSE equate with an annual risk of 10
-6

.  There is no current guidance on how compliance with this 

criterion should be demonstrated and a number of questions arise, for example in relation to the treatment of 

future human intrusion.  We understand that the approach to delicensing is under consideration by HSE and 

the NDA. 

It is noted that there is a potential conflict between the assumptions required by the Environment Agency for 

the Environmental Safety Case for a repository and the current Site end state assumption.  The Site end 

state is assumed to be long-term management.  However, the GRA requires that credit is taken for Site 

management only for a period of hundreds of years (which must be justified).  The Environment Agency will 

expect a long-term safety case that does not rely on management intervention. 

2.8 Stakeholder Issues 

Regulatory guidance requires consideration of stakeholder issues. 

Requirement 2 of the GRA states: 

"The developer should engage in dialogue with the planning authority, local community, other interested 

parties and the general public on its developing environmental safety case." 

This is also likely to be good practice in minimising risks to any development project. 

Issues are likely to include those relevant to the planning process (see Section 2.6) and a number of others: 

 Visual impact and how that might be mitigated; 

 Potential disturbance and nuisance caused by activities of the Site itself or any transport movements; 

 Impact on or destruction of the local environment; 

 Local concerns about the radiological impact of any new facility, although this is likely to be less severe 

in the vicinity of the Sellafield Site; 

 Consistency with Cumbria County Council policy on the location of disposal sites for radioactive waste; 

and 

 That the Site is well managed and that there are appropriate controls on safety and the wastes 

disposed. 

Our understanding is that any development would be discussed at an early stage with interested parties, 

including the West Cumbria Site Stakeholder Group.  This would be good practice and would identify any 

local or specific concerns that might not be anticipated. 

The GRA specifically suggests early interaction with the Environment Agency even though the Environment 

Agency might have not have a regulatory locus until a Permit is in place (Requirement 1 of the GRA states 

that "The developer should follow a process by agreement for developing a disposal facility for solid 

radioactive waste)."  This would also be good practice since such interactions can enable risks to be 

managed at an early stage in any process.  It is recommended that Sellafield Ltd consult the Environment 

Agency at an early stage to identify or discuss the key issues that might bear on any Permit. 

2.9 National LLW Strategy and Optimisation 

The NDA are charged with developing a national strategy for the management and disposal of LLW (NDA, 

2010).  Consistency with national strategy would be an expectation - we understand that an existing strategy 

group is considering such alternative options. 

There is a requirement on Sellafield Ltd under their Permit to demonstrate that an optimal route has been 

chosen to manage any waste that is disposed from the Site.  It might be expected that any route such as a 
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new disposal facility for LLW disposal would be subject to consideration as part of a BAT assessment.  This 

is discussed further in Section 6.0. 

An important element of any safety case is the demonstration that the design and other aspects have been 

selected to ensure that risks are as low as reasonably achievable, taking into account economic and societal 

factors.  This means that a demonstration must be produced that design decisions have taken account of 

long-term environmental impacts and the reasons for such decisions are documented.  Optimisation of this 

sort should, in our view, be a relatively simple process for a facility of the sort under consideration. 

2.10 Article 37 Submission 

Article 37 of the Euratom Treaty requires that the UK must make a submission to the EU of an assessment 

of the potential impact on other member states of proposed discharges or disposals of radioactive waste 

from nuclear facilities. 

It is considered that any proposal for a new disposal facility on or near the Sellafield Site would trigger an 

Article 37 submission.  Time needs to be allowed for the preparation and submission of data to the European 

Commission and to allow for the Commission to give its opinion.  We understand that the Environment 

Agency would not issue a Permit for disposal prior to such an opinion being obtained. 

2.11 Scope and Content of an Environmental Safety Case 

As discussed above, there is some uncertainty concerning the scope and complexity of any ESC for a new 

facility.  Despite these considerations, it would be expected that any such safety case would include the 

following characteristics and elements: 

 It would be a safety case in which key arguments are presented, rather than simply providing estimates 

of radiological impact for comparison with regulatory criteria; 

 An operational environmental assessment; 

 A long-term environmental assessment; 

 An assessment of non-radiological impacts; 

 An assessment of impacts to non-human biota; 

 An assessment of the vulnerability of the facility to coastal erosion and the potential radiological impacts 

if they could arise; 

 A simple explanation of how the design had been selected to provide satisfactory environmental 

performance and how alternatives had been considered; 

 A geological and hydrogeological conceptual model based on intrusive investigations; 

 A programme of stakeholder engagement; 

 A monitoring programme involving the definition of a baseline and a plan for monitoring over the period 

of management control; 

 An explanation of how the Site would be managed and appropriate expertise maintained; 

 Derivation and implementation of waste acceptance criteria, based on the safety assessment 

calculations, the design and safety case (see Section 3.0); and 

 At least a simple treatment of uncertainty, possibly development of a register of uncertainties and 

demonstrating that proportionate action had been undertaken to resolve any key uncertainties. 
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Obviously, operational safety also needs to be considered.  If the facility is on a licensed site, then this would 

be regulated by the HSE.  For a non-licensed site, the Environment Agency would have additional interests 

in radiological safety in relation to the work force and potential accidents. 

A full list of requirements should be developed based on systematic consideration of the requirements and 

subsidiary information set out in the GRA, taking account of the objective to take action proportionate to the 

hazard. 

Some of the following more detailed aspects are of particular interest: 

 A groundwater flow model has already been developed for the main Sellafield Site.  It may be worth 

considering the extension of this model to cover the site of any new disposal facility and the pathways 

between the facility and discharge locations.  This could be used to evaluate dilution of releases from 

the facility and potential discharge locations; 

 From the perspective of releases in groundwater, bathtubbing after degradation of the engineered 

barriers, any terrestrial discharge of contaminated groundwater and water abstraction wells are likely to 

require consideration; 

 There is likely to be a strong focus on demonstrating the long-term performance of any repository cap 

and its resilience to subsidence as a result of waste degradation and compaction.  This is likely to be an 

important focus within any safety case; and 

 If coastal erosion of a facility is expected, then this pathway is likely to be a key focus of any safety 

case. 

The safety case for CLESA (Nexia Solutions, 2006) would probably be a good model in terms of level of 

detail. 

 
3.0 WASTE INVENTORY 

In this section the characteristics of the inventory and potential implications for a safety case are discussed. 

3.1 Waste Characteristics - Materials and Radionuclides  

Figure 3.1 shows the materials distribution of Sellafield LLW arisings in LTP10 (Loudon, 2010).  The main 

categories of waste include soil/rubble, which will include large amounts of concrete and process wastes, 

which will include organics.  Of these wastes, it is expected that organics and metals will be segregated 

where possible and treated by incineration or melting or other appropriate processing.  The residues from 

such processing may require disposal.  Although such segregation and treatment might be expected, 

organics and steels will not be totally absent from the waste.  For example, steel will be present as 

reinforcement bars in disposed concrete. 
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Figure 3.1: Materials Breakdown of the LLW Inventory in LTP10 (Loudon, 2010) 

Owing to the expected treatment of organic wastes, it is not considered that substantial voidage will be 

created within any disposal facility as a result of the long-term degradation of cellulosic wastes.  This is likely 

to make it easier to demonstrate the robustness of the repository cap to settlement. 

Hydrogen might be generated from the metals that are present, but would be expected to undergo 

subsequent reaction.  Substantial generation of carbon dioxide and methane is not expected. 

Chemical conditions in any facility are likely to be relatively high pH as the result of the presence of disposed 

concrete and reducing depending on the quantities and distribution of disposed steels.  This may influence 

the release of certain radionuclides such as uranium and Tc-99. 

Asbestos is understood to be largely absent from the wastes as it will be segregated. 

Initial information suggests that the bulk materials present will not pose an undue problem.  However, 

consideration should be given to the potential presence of hazardous and non-hazardous pollutants in any of 

the waste streams that might be disposed.  Overall, a systematic review of the potential inventory might be 

considered. 

There is no estimate of a disposal inventory.  A crude approximation to the inventory has been obtained by 

assuming that disposed radioactive waste would have a radionuclide fingerprint corresponding to VLLW 

consigned in the recent past from Sellafield to the LLWR (relevant data are provided in Table 3.1, based on 

data in Baker et al., 2009).  It has been assumed that the waste has a density of 1.5 x 10
3
 kg m

-3
 and that the 

specific activity might be 50 times higher than in VLLW consigned to the LLWR (as it is assumed that a new 

Sellafield facility might receive waste up to 200 Bq g
-1

).  This inventory is not likely to be realistic, but serves 

as a basis for discussion.  In Table 3.1, the total LLWR inventory to Vault 14 (LLWR, 2011x) is set out for the 

purposes of comparison.  On the basis of this comparison, only I-129 of the safety critical radionuclides has 

a higher inventory in a potential Sellafield repository than at the LLWR.  This would imply that there would be 

few issues in developing a safety case from the perspective of compliance with dose and risk criteria. 

There would be advantages in developing a better estimate of future inventory, if this is feasible, as a basis 

for any future safety case. 
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Table 3.1: Estimated Inventory of Safety Critical Radionuclides (see text) 

Radionuclide 

Activity 
Concentration, VLLW 
Consigned to LLWR 
(Bq g

-1
) 

Activity(GBq) 
Assuming Total Waste Volume of 
10

6
 m

3  
and Activity  Concentration 

50 x Previous Column 

LLWR Inventory to 
Vault 14 for 
Comparison (GBq) 

3
H 0.046 3450 5.7 10

5
 

14
C 0.001 75 5.6 10

3
 

36
Cl 3.5 10

-5
 2.625 8.6 10

2
 

60
Co 0.030 2250 2.7 10

5
 

90
Sr/

90
Y 0.068 5100 4.6 10

4
 

99
Tc 0.011 825 1.5 10

4
 

129
I 0.0003 22.5 2 10

1
 

137
Cs/

137m
 Ba 0.298 22350 1.4 10

5
 

226
Ra 0.0002 15 2.4 10

3
 

232
Th 0.0002 15 1.6 10

3
 

234
U 0.005 375 9.0 10

3
 

238
U 0.004 300 9.8 10

3
 

237
Np 0.0002 15 9.5 10

2
 

239
Pu 0.007 525 1.2 10

4
 

241
Am 0.010 750 3.5 10

3
 

 

3.2 Timing of Waste Arisings 

Figure 3.2 shows the arisings of LLW as a function of time for LTP10 (Loudon, 2010).  Figure 3.3 shows 

arisings of VLLW and exempt wastes, also for LTP10.  Figure 3.4 shows the cumulative arisings of LLW of 

different categories. 

 

Figure 3.2: LLW Arisings (Loudon, 2010) 



 
REVIEW OF LLW/VLLW SITE SUITABILITY 

 

January 2013 
Report No. 12514270428.500/B.5 15  

 

 

Figure 3.3: Arisings of VLLW and Exempt Wastes (Loudon, 2010) 

 

Figure 3.4: LTP10: Arisings of LLW in Different Categories (Loudon, 2010) 

It is understood that the existing on-site disposal facility (CLESA) has about 120,000 m
3
 of remaining 

disposal capacity.  This is for non-hazardous waste up to 37 Bq g
-1

.  If all VLLW arisings were disposed to 

CLESA, this suggests that it has a lifetime of only a few decades.  Alternative disposal routes would be 

required within this time period.  The availability of VLLW disposal capacity is the subject of consideration by 

a national strategy group.  It is understood that sufficient disposal capacity is available now, but there is a 
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lack of clarity associated with the longevity of the permits for many sites.  A large proportion of the arisings 

shown in Figure 3.4 will of course be unsuitable for disposal at CLESA as the wastes would exceed the 

CLESA specific activity limit. 

3.3 Waste Treatment and Segregation 

In the previous subsections, recent information on waste arisings has been provided.  However, it is possible 

that some wastes may be treated to reduce waste volumes requiring disposal.  Application of the waste 

hierarchy would be expected from the point of view of environmental management and would be a likely 

consideration in any BAT (see Section 6.0).  It is not clear to what extent such waste treatment might lead to 

a reduction in waste volumes compared with the figures above. 

There are a number of further potential options for segregating wastes that could be given further 

consideration.  Some of these should be considered at some level in any BAT study (see Section 6.0).  

These strategies include the following: 

 If there were any issues in developing a safety case, certain long-lived radionuclides could be 

segregated and disposed in a more highly engineered component of the potential Sellafield facility or 

disposed elsewhere; 

 Relatively high activity wastes could be segregated for separate disposal (this is already envisaged to 

some extent, but different strategies are possible); and 

 If there is any hazardous waste, then segregation might be required by analogy with landfill practice - 

for example, it might be expected that any asbestos waste might require disposal in a separate cell. 

3.4 Waste Acceptance Issues 

If a new low activity LLW disposal site is developed, a key requirement will be to produce a set of waste 

assessment criteria linked to the safety assessment calculations and safety case. 

A number of areas are likely to require coverage - a fuller view could be obtained by review of the range of 

criteria developed for the LLWR (2012). 

A key set of controls will be related to the radionuclide content of the wastes.  This is most likely to require 

controls on a radionuclide specific basis.  The approach at the Lillyhall Landfill Site (Baker et al, 2009) 

suggests that a 'sum of fractions' approach will be required and this is consistent with the proposals set out 

by the LLWR (2011g). 

The 'sum of fractions' approach addresses the possibility of significant dose contributions from more than 

one radionuclide at once.  A limit, Lrnuc, can be defined for each radionuclide, corresponding to the activity or 

activity concentration (as appropriate for the scenario) at which the radiation dose from that radionuclide 

alone would be equal to the appropriate regulatory criterion.  Then, in order to ensure that the total dose is 

less than the criterion, the disposed activity or activity concentration of each radionuclide (Irnuc) should be 

such that: 

∑
    

    
  

   

 

This approach is set out by the IAEA (see equation (4.3) of IAEA Technical Document 1380 (IAEA, 2003)) 

and is widely recommended (e.g. see (Environment Agency, 2003) which reports Environment Agency 

R & D. 

The approach can appear quite complex and different summations may be required for different exposure 

cases.  In view of this, there may be a desire to simplify the approach.  Such simplifications have been used 

in many repositories, but the key question is whether any proposed simplifications meet the requirements of 

the Environment Agency. 

Other controls will be needed.  Some of the key issues might be: 
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 Controls on non-radiological contaminants, particularly on hazardous pollutants, may be required unless 

it can be demonstrated that such pollutants are absent; 

 If decontamination agents or other organic complexants are present in the waste, then controls might 

be required, or at least arguments might need to be developed as to why such controls are not required; 

 There is current debate about the averaging volume that is acceptable when defining waste as LLW or 

against some other specific activity limit; and 

 We understand that the waste stream will not include significant quantities of cellulosic materials nor 

asbestos therefore associated issues will not require consideration. 

As with the ESC as a whole, there is scope for debate with the Environment Agency about the complexity of 

any derived waste acceptance criteria. 

 
4.0 ENGINEERING REQUIREMENTS 

4.1 Concept Design Options 

4.1.1 Introduction 

The objective of the required facility is to dispose of approximately 1,000,000 m
3
 of wastes, which it is 

assumed would have a specific activity of less than 200 Bq g
-1

.  The facility would be a disposal facility with 

no intent to retrieve the disposed wastes at any stage. 

Internationally, sites for the disposal or storage of nuclear wastes can be divided into four generic types: 

 Simple near-surface facilities (SNSF) – consisting of trenches or excavations often with gently sloped 

floors that rely for containment on the surrounding geology rather than engineered structures.  Typically 

such facilities are sited in arid regions e.g. Nevada (USA) and Vaalputs (South Africa); 

 Engineered near-surface facilities (ENSF) – which include geological and engineered structures 

(multi-barriers) consisting of concrete vaults or equivalent set on or below ground level and which may 

include concrete base and walls and underlying drainage.  Examples include Centre de la Manche and 

Centre de L’Aube (France), El Cabril (Spain), Trombay (India) and Rokkasho (Japan); 

 Mined cavities (MC) – which are intermediate depth facilities often housed in redundant underground 

mines or purpose constructed tunnels e.g. Forsmark (Sweden), Himdalen (Norway) and Olkiluoto 

(Finland); and 

 Geological repositories (GR) which are located at depth, either in purpose constructed cavities or 

abandoned mines e.g. Morsleben and Konrad (Germany). 

Worldwide, over 80% of all repositories are simple, or engineered, near surface facilities and are located 

within 10 m of the ground surface with only a small percentage represented by mined cavities of one form or 

another. 

The choice of facility type at any location needs to be proportionate to the hazard posed by the wastes and 

selected to reflect local conditions (including geology, hydrogeology and climate). 

For the purposes of this study, geological repositories and mined cavities can be excluded as these are likely 

to have a grossly disproportionate cost for the proposed low activity wastes that would be disposed. 

As noted in Section 2.2, a repository is not subject to the requirements of the Landfill Directive.  However, a 

potential operator must show that the level of protection should be no less stringent than would be provided if 

nationally acceptable standards for the disposal of hazardous waste were applied (paragraph 6.4.2 of the 

GRA).  'No less stringent' should be taken to mean that a disposal facility must provide a level of protection 

that is no less stringent in the round compared to a landfill for hazardous waste.  However, given that the 
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Environment Agency is likely to take account of landfill best practice, it might reasonably be inferred that a 

liner should be used that is at least as effective as one that is Landfill-Directive compliant and that the base 

of any facility should be located above the water table.  In addition, and as discussed in Section 2.2, the 

facility should not be located within or above certain groundwater source protection zones.  This indicates 

that any new LLW disposal facility should be an Engineered Near-Surface Facility. 

4.1.2 Preliminary Assumptions 

For the purposes of planning, and of estimating the required area of land, it has been assumed that the 

facility will not: 

 Accept large volumes of uncontaminated wastes;  

 Provide large volumes of fill materials for other projects; and 

 Recover bulk materials or other minerals for use elsewhere (e.g. as part of a quarrying operation). 

These assumptions are important as they localise the creation and use of spoil materials and drive the 

design towards maintaining a balanced materials strategy, in which the majority of the materials generated 

as part of construction are utilised at some point in the construction of the facility or, more likely, 

subsequently as part of facility closure. 

For the purposes of estimating the size of area required it has also been assumed that significant areas of 

additional land will not be required adjacent to the new site for: 

 Extensive waste reception facilities; 

 Waste processing/blending; and 

 Stocking areas e.g. for wastes pending confirmation that they are acceptable for disposal. 

Lastly, it has been assumed that the facility will be required to blend into the landscape and therefore will 

require a vegetated cap on completion requiring soils and soil forming materials, which will need to be stored 

(or sourced) locally. 

4.1.3 Form 

It would seem appropriate for a disposal facility for low activity LLW to contain the following components: 

 A Landfill-Directive compliant mineral basal lining system and associated overlying drainage.  This is 

required to minimise the escape of leachate from the facility, part of which is achieved by limiting the 

head of leachate acting on the barrier to less than 0.5 m; 

 One or more waste disposal cells to contain the waste.  In practice it is likely that a LLW facility will 

utilise a number of containment cells to help ensure that barriers and drainage systems are constructed 

when required rather than long in advance of their need.  The development of separate cells within the 

facility helps to prevent damage and deterioration to the required engineering and help spread 

developments costs throughout the project lifecycle.  Separate containment cells may also be required 

to deal with specific classes of waste such as organic, sulphate rich/gypsum-contaminated materials 

and asbestos-contaminated wastes.  The landfill regulations suggest certain constraints to minimise the 

risk of the generation of hazardous gases, although the characteristics of the wastes for disposal 

suggest that such risks are already very low; 

 A drainage system that can manage leachate levels within the facility in the short (operational), medium 

(post closure), and long-term and which can be demonstrated to be robust and to present a minimal risk 

to surface and groundwaters throughout the time periods of interest; and 

 A cap to isolate the waste, to minimise infiltration and to protect the waste from inadvertent disturbance 

and intrusion. 
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The engineering that will be required for the facility is discussed in more detail below, but will be an area of 

significant future site-specific work once a facility location has been selected.  However, it is important to plan 

and recognise the need for these features to ensure that suitable areas and potential sites are identified that 

will fulfil all the needs of the project. 

Two concept options can be developed to meet these requirements, namely the construction of: 

 An engineered near-surface concrete vault, such as currently used and planned at the Low-Level 

Waste Repository (LLWR) at Drigg and the low level D3100 waste facility currently under construction 

at Dounreay.  Such options lie towards the more heavily engineered end of the spectrum of possibilities 

and are designed to provide good containment, at least before the degradation of the engineered 

barriers.  However, because of the levels of engineering, vaults are a relatively high cost construction 

option; 

 An engineered lined excavation and/or land raise (tip).  At Sellafield, both excavations (trenches) and 

tips have historically been used for VLLW or similar wastes (some of the historic tips did not have 

engineered basal lining systems).  As discussed, for future disposals, the concept would need to be 

developed to include a lining system.  Nevertheless the option represents relatively simple, but robust 

engineering, which can offer good containment at a moderate cost per unit volume disposed.  Such 

options therefore lie towards the lower cost end of the spectrum.  Simple lined excavations are routinely 

used by the landfill industry and can represent a good compromise between protection and cost.  Their 

widespread use provides an obvious precedent and the design concepts are well understood by the 

construction industry which has significant expertise in the design, construction, operation and 

management of such facilities.  The knowledge of such facilities is matched by equivalent Environment 

Agency experience in design assessment and regulation, although the wider requirements of the GRA 

also need to be addressed. 

Irrespective of whether the concept design is for a concrete vault or a lined excavation the facility can be 

placed: 

 Below ground, which offers minimal visual impact, but generates a large volume of surplus spoil that will 

require a large permanent tip.  Such a facility is also likely to need to be pumped or will need to include 

a deep passive drainage system to minimize leachate heads on the liner.  As noted, it is important to 

ensure that the facility remains above the local groundwater levels and therefore, for moderately deep 

facilities, groundwater depth may act as a significant constraint on site selection for a facility of the 

waste volume required; 

 Above ground (land raise).  This potentially has a high visual impact, but generates limited volumes of 

spoil.  It therefore requires no spoil tips but, in contrast, may require the import of significant volumes of 

material to construct a suitable cap for the facility at Site closure.  The option also generates leachates 

at, or near, the ground surface which will need management to minimise the long-term risk to land use 

in the adjacent areas and downstream of the facility; and 

 Part below ground/part land raise.  The visual impact of this option is likely to be intermediate to the 

other extremes.  It has the significant advantage that, in gross terms, the material requirements are 

balanced which help to minimise the need for import or disposal of surplus materials.  However, it is 

important to recognise the temporal difference in the timing of spoil arisings and use, and such facilities 

can therefore require quite significant areas for temporary stockpiles.  Ideally, these will be sited on 

adjacent land and will need to be carefully managed to ensure that the stockpiles do not create run-off 

or other problems.  Equally, as the tips may be present for some time, it will also be important to ensure 

the tips do not become important habitat sites while the facility is operational as these could impact on 

the subsequent re-use of the material at site closure. 

For a purpose constructed facility development located close to the Sellafield Site, it is considered that the 

lowest cost design will comprise a part buried/part land raise development that has a near-neutral material 

balance.  However, as noted, such a facility will have a requirement for a series of materials storage 

stockpiles (e.g. for soils, subsoils and bulk material stockpiles). 
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Other things being equal, costs will be minimised if the facility is developed as a single disposal facility 

(rather than as multiple facilities).  Multiple facilities are likely to increase the unit disposal cost of the waste 

because of a less advantageous ratio between the volume of waste stored and the surface area of the 

required engineering. 

4.2 Design Issues 

4.2.1 Liner 

The facility will require the construction of a lining system to provide the required level of isolation from the 

underlying ground.  It will also need to be located above the water table to ensure that groundwater levels do 

not exert a head across the liner during or post construction.  This is important as such heads could induce 

failure of the lining (slipping, heave etc.) and/or introduce water into the facility increasing the volume of 

leachates that need to be treated.  Drainage issues are dealt with below, however it is also important to 

ensure that groundwater levels are maintained below the base of the leachate drainage system to ensure 

that back flow through drainage components into the facility does not occur.  For the design of a facility that 

must perform over hundreds of years or more, the effects on groundwater levels within the facility due to 

climate change (change in rainfall patterns, volumes and evapo-transpiration), sea level rise and future land 

use will also need to be considered to confirm the facility will perform acceptably over the required period. 

The Regulations provide guidance on the minimum thickness of natural low permeability clay materials 

required to form a barrier for different classes of waste.  For landfill sites, engineered barriers are commonly 

used to augment, or replace, natural clay to achieve a performance that can be demonstrated to be at least 

equivalent to the requirements but over a reduced thickness.  For barriers required to provide containment 

for extended periods, as may be required for low activity LLW disposal, greater attention may be placed on 

the character of the in situ natural soils below the facility in anticipation of the eventual degradation of the 

liner materials. 

For vault structures, the structural and barrier elements of the design are commonly combined with designs 

using high quality reinforced concrete and a multi-barrier approach to provide the required degree of 

containment.  However, because of the vault geometry and cost of high performance concretes, such 

facilities are expensive and are unlikely to be economic for low activity LLW disposal. 

For an engineered excavation/land raise the barrier materials commonly comprise: 

 Natural clay liner.  Given the geology in the area of the facility it is very unlikely that the required 

thickness of natural clay will be present to have confidence in performance; 

 Compacted clay liner.  This uses imported (or selected) suitable low permeability clay that is moisture 

conditioned and then compacted in place to a specification, designed through trials, to ensure the 

material is placed at its optimum moisture content.  Control over the moisture content and compactive 

effort used ensures that the placed clay has a high dry density and hence minimum permeability.  For 

construction reasons such barriers are usually constructed in a number of layers.  For a 1 m thick 

mineral barrier, this would use say, three layers with nominal compacted thickness of 0.34 m.  For 

hazardous landfills, additional thickness or barrier components may be required to meet the required 

natural geological equivalent; 

 Bentonite Enriched Soil (BES).  Where suitable clays are not available an engineered equivalent to a 

compacted clay liner can be manufactured by blending a dry sodium bentonite clay powder with a silty 

sand.  On hydration, the bentonite swells to fill the voidage within the silty sand and produces an 

engineered barrier that has a comparable, or better, properties than a compacted clay liner.  Once 

mixed, the material is placed in a similar manner to a compacted clay liner in a number of compacted 

layers placed at a suitable moisture content to ensure the material achieves the minimum permeability.  

Local site-won silty sands can be used to manufacture the BES, but require tests to ensure the correct 

weight of bentonite is added to minimise permeability; 

 Geosynthetic clay liner (GCL).  Geosynthetic clay liners are manufactured from a bentonite clay that is 

trapped within and between two or more layers of spun synthetic polymer fabric.  The resultant material 
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looks like very thick carpet and is laid dry (or part hydrated).  On full hydration, the bentonite swells and 

expands into the fabric to form a very low permeability (but thin, c15 mm thick) barrier.  A geosynthetic 

clay liner, on its own, is unlikely to provide sufficient protection for a Landfill Directive compliant facility, 

but could form part of a composite barrier solution (see below); 

 Geomembrane or Flexible Membrane Liner (FML).  A geomembrane comprises a thin (c1-2 mm) sheet 

of plastic or similar material that is laid across the base and sides of an excavation as a series of 

parallel sheets.  These sheets are then welded together (with suitable quality assurance testing) to form 

a continuous, very low permeability, layer.  Such barrier materials are very susceptible to perforation 

and damage both from poor foundation preparation (e.g. from the presence of angular particles such as 

large gravel and cobbles within the foundations), use of inappropriate cover materials (e.g. including 

cobbles/waste materials) and from installation defects or subsequent trafficking on the surface during 

later engineering activities.  Geomembranes therefore require the inclusion of suitable protection layers 

(e.g. geotextiles and/or sand layers) to provide the necessary confidence in performance.  Because of 

the very limited thickness, susceptibility to damage and composition, a geomembrane does not 

constitute a mineral barrier and is very unlikely to provide the reassurance required by the regulator.  

However, such materials are commonly used as part of a composite barrier to substantially increase the 

confidence and performance of other barrier components; and 

 Composite lining system.  A composite lining system comprises two or more of the above systems used 

together.  The combination of two barrier materials, if well selected, can provide a performance that 

exceeds the performance of each separate barrier because of the mutual interaction.  The most 

common composite system used is a geomembrane laid over a compacted clay liner.  In combination, 

these materials give a high degree of performance confidence and a very low permeability barrier 

system. 

For concept design purposes it is likely that a composite liner system comprising a FML and a 1 m thick 

compacted clay liner or BES would provide a Landfill Compliant barrier that would satisfy the regulators. 

The maximum slope angles that can be employed for a lining system play an important part in facility design.  

Key issues are the ability to place the materials safely and the subsequent risk of slope failure during 

construction or subsequent filling.  For concept design purposes a typical maximum side slope gradient of 

1:3 (vertical to horizontal), subject to optimisation, is an appropriate starting point.  Steeper slopes pose an 

increased risk of instability during construction and operation and are more susceptible to seismic hazard 

which may be an issue during operation.  The base of the excavation (depending on cell construction) may 

also need to incorporate a low gradient to ensure facility drainage. 

For the purposes of this study, it has therefore been assumed that a simple excavated construction with 

nominal 1:3 (vertical to horizontal) side slopes with a composite lining system would probably provide the 

lowest cost option.  It is important to note that this assumption does not preclude the subsequent adoption of 

a vault system (probably at higher cost), if required, as such a facility would require a broadly similar land 

take and will need to address the same issues of barrier adequacy and location above the water table. 

4.2.2 Facility Drainage  

As noted above, leachate levels within the facility will need to be controlled during operation and after 

closure to minimise the risk of leakage.  This is usually achieved by the placement of a granular drainage 

blanket and herringbone drainage system above the mineral barrier which is designed to feed into a system 

of spine drains as part of the leachate management system.  This layer is also commonly used as the 

running surface for the placement of the first layers of waste and therefore needs to be sufficiently thick to 

ensure its performance and protection of the underlying barrier system.  For concept design purposes it can 

be assumed that this component will be able to be accommodated within a 1 m thick layer over the 

composite barrier, and will parallel the surface of the barrier.  As noted, the drainage system should be 

designed to minimise heads on the liner to below 0.5 m. 
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4.2.3 Leachate Control  

Infiltration falling on the facility will pass through the waste and generate leachate both during the 

construction and operation of the facility and post closure, unless prevented by an appropriate repository cap 

and other barriers.  An active or passive leachate control and discharge system is therefore required during 

operation.  This must be capable of being switched to a fully passive system on completion of disposal 

operations.  This component will need to be designed to operate for a long period. 

Contaminated leachate may be discharged to the environment in small quantities during the period when a 

facility is managed.  After the end of the period of management, and when engineered barriers may have 

degraded, releases to the environment may increase.  The repository system must behave in such a fashion 

that the radiological impacts of such releases are acceptably low.  This may be achieved if the natural 

environment provides sufficient dilution e.g. because contaminated water is discharged to a marine rather 

than a terrestrial receptor.  Certain engineered barriers might be constructed to avoid or divert local releases 

of contaminated leachate. 

The fate of leachates arising from the repository over the long-term is likely to be a key issue in developing a 

safety case for a proposed site.  Following the degradation of the barriers, facilities sited within suitable 

geology and close to the coast can utilise the high levels of dilution provided by the marine environment to 

provide confidence in achieving the required facility performance over the long-term.  Examples of such 

facilities include the LLWR facility at Drigg and the D3100 facility under construction at Dounreay.  Facilities 

located inland have greater challenges as equivalent dilution can usually only be achieved through discharge 

to rivers or areas of high groundwater flow.  In most cases discharge to such receptors may not be 

appropriate, is likely to add significant complexity to the safety case and require a good understanding on the 

hydrogeology of the surrounding area. 

The future development of groundwater abstraction wells between the facility and the marine environment is 

also more likely for inland sites unless the facility is located in impermeable strata or strata that contain 

non-potable water.  The possible development of leachate plumes and anticipated leachate concentrations in 

groundwater surrounding the facility is therefore likely to need assessment. 

For the reasons given above, inland sites are likely to require a better understanding of leachate 

management over the long-term. 

4.2.4 Operation 

Operational issues are largely beyond the scope of this conceptual study, but will probably include the need 

for: 

 Irrigation for dust suppression – this will require a suitable water supply and a drainage system to 

accommodate the activity; 

 Daily cover to control wind-borne dust – this will need a source of suitable uncontaminated materials, 

ideally won from materials excavated to form the facility; 

 Disposal cells to accommodate different types of waste and to facilitate phased lining and capping and 

the management of leachates; 

 Waste placement and compaction to control voids and to minimise the potential for differential and total 

settlement which can change drainage directions and cause damage to the cap.  This is strongly 

influenced by the waste form to be accommodated (see below); and 

 A waste profile that maximises disposal volumes, facilitates surface run-off, minimises the risk of 

surface erosion, is capable of accommodating any anticipated settlement and minimises the risk of the 

development of reverse falls. 

For the purpose of this assessment it is assumed that the volume of wastes will be maximised and therefore 

that the overall capping slope geometry will be controlled through the use of waste to generate a dome 

profile.  This is likely to be augmented through use of profiling fill material.  Acceptable land raise slopes in 
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the waste are unlikely to be steeper than 1:3 (vertical to horizontal) for reasons of stability.  Similarly slope 

profiles should be approximately 1:25 or greater to promote run-off.  The geometry is likely to include steeper 

peripheral slopes and flatter upper slopes to minimise land take. 

4.2.5 Waste Form 

Given the relatively low activity of the wastes to be disposed, waste containers are unlikely to be required 

and would be disproportionate from a cost perspective. 

Wastes are therefore likely to be placed through loose tipping or stacked as bagged wastes (e.g. double 

wrapped). 

Once on-site the loose waste could be tipped from sheeted lorries or containers, or from bags deliberately 

broken open during placement.  Loose materials are readily placed and compacted to achieve maximum 

densities (maximum disposal volume and minimum future settlement).  However, as noted above these 

could give rise to dust-related hazards and are likely to require cover on a daily basis and possibly irrigation 

during adverse weather conditions. 

Bagged waste offers advantages in terms of dust and could reduce the requirements for cover and irrigation, 

and might be considered optimal in terms of dose management.  However such a waste form may interfere 

with vertical drainage, is not readily compacted and the design must therefore accommodate the higher 

settlements that could be expected. 

Whether loose or bagged wastes are employed, strategies may be required to manage certain types of 

waste (e.g. more contaminated), which could be preferentially located within the facility (e.g. near the base) 

to minimise impact.  Such phasing implies a good understanding of the timing of delivery of such wastes to 

the facility or the development of additional stockpiles. 

4.2.6 Capping 

The objectives of the cap are to: 

 Protect the waste from erosion, intrusion by human or animal activity and for security purposes; 

 Minimise infiltration (leachate); and 

 Minimise intrusion/inadvertent contact. 

From the surface down, capping components generally include the following layers: 

 Soil and vegetation supporting layer; 

 Drainage layer - which is required to promote drainage and minimise the groundwater heads on the 

lining system, and hence minimise infiltration; 

 Resistive or barrier layer(s) – these are intended to limit infiltration and are likely to be formed from one 

of the barrier technologies summarised above.  In addition, depending on waste types, the capping 

layer may incorporate a gas venting system); and 

 Profiling fill – which provides the foundation material for the cap and may also serve as gas control layer 
(for the purpose of this assessment it is assumed that gas is not a major issue). 

 

For the purpose of this concept report it is assumed that the minimum cap thickness (including profiling fill) is 

likely to be about 2 m, but an optimum thickness is likely to be closer to 4 m, which would provide a 

substantive barrier to future inadvertent intrusion and is the cover thickness proposed over LLW at the 

LLWR. 

As noted, settlement of the waste can have a significant detrimental effect on the performance of the cap.  

However, the likely character of the low activity LLW waste (absence of large volumes of putrescible and 
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degradable wastes) together with the compaction methods likely to be used to place the wastes mean that it 

is unlikely that the waste form will result in large total settlement displacements in the future, although some 

settlement will occur. 

Total settlement is not necessarily an important issue in repository design provided that differential 

settlements are managed and spread over large areas to reduce the strains induced within the capping 

materials as the wastes settle.  The proposed sloping sides to the excavation that result from a simple 

excavation geometry, together with the moderate land raise slope angles and likely domed cap geometry 

mean that differential settlement across the facility is likely to be low.  This together with the expected low 

total settlements from the waste will ensure that strains within the capping materials are well within design 

guidance and readily accommodated by conventional capping designs.  If design changes, such as the 

adoption of a vault geometry, are required which could increase strains within the cap, alternative design 

options that could be considered that could help mitigate these circumstances and increase confidence in 

the long-term performance of the cap. 

In all cases, the potential for settlement of the cap should be addressed from the onset of design. 

4.3 Facility Dimensions 

4.3.1 Required Disposal Volume  

The concept design outlined above can be used to make an approximate estimate of the area of land 

required for the facility that can be used as part of the site screening exercise.  At this preliminary stage 

these assumptions can be summarised as: 

 Ground topography horizontal/flat; 

 Required disposal volume approximately 1 million m
3
; 

 Excavation depth between - 0-12 m; 

 Basal engineering thickness - 2 m; 

 Land raise height between - 0-6 m; 

 Excavated slopes max - 1:3 (vertical to horizontal); 

 Constructed waste slopes max - 1:3 (vertical to horizontal); 

 Cap slope geometry max - 1:3 (vertical to horizontal); 

 Liner and drainage layer thickness - 2 m; 

 Cap thickness - 1 m of specialised components; and 

 Regulating fill/top and sub-soil components - 3 m. 

Based on these assumptions, a number of conceptual geometries can be explored to evaluate volume 

surpluses and deficits.  These have been based on the dimensions of the footprint of the crest of the 

excavated slope.  Numerous combinations of geometries can be postulated.  However the following provide 

details of a number of selected geometries that have been optimised to provide both a capacity of 

approximately 1million m
3
 of waste, and an approximate neutral materials balance.  The options considered 

are detailed in Table 4.1 and in summary comprise: 

 An approximately square excavation footprint (Geometry 1 and 2) with different excavation depth, land 

raise heights and capping edge gradients; 

 A rectangular excavation footprint (Geometry 3 and 4) with different excavation depth, land raise 

heights and capping edge gradients; and 
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 A rectangular more elongate footprint (Geometry 5 and 6) with different excavation depth, land raise 

heights and capping edge gradients. 

Table 4.1: Summary of Cap Footprint, Dimensions, Waste and Spoil Volumes for a Possible VLLW 
Facilities to Accommodate Approximately 1 Million m

3
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Length 
(m) 

Width 
(m) 

Slope 
Angle 

1 395 395 6 7 1.015 419 419 1:3 0.852 32,977 

2 395 395 5 8 1.020 435 435 1:4 0.712 -150,420 

3 500 250 6 8.5 0.964 541 291 1:4 0.670 -46,400 

4 500 250 5 9.5 0.962 524 274 1:3 0.569 -84,497 

5 1000 250 6.5 4 1.016 1024 274 1:3 1.468 142,730 

6 1000 250 5 6 1.179 1036 286 1:4 1.157 -212,616 

Excavated side and waste land raise slopes = 1v:3h, combined cap + regulating fill thickness = 4 m, basal liner 
and drainage system thickness = 2 m 

 

These data suggest that, for a nominal square facility (Case 1) with an excavation depth of approximately 

6 m, 1:3 side slopes, a surface area of approximately 420 m x 420 m square will be required and that the 

facility will rise to about 7 m above natural ground surface. 

Similar data are included in Table 4.1 for different combinations of excavation and land raise geometry 

including flatter cap slopes (1:4) greater depths of excavation and for caps at different elevations.  For each 

geometry, the assessment includes the approximate volume created for use by VLLW, the volume of spoil 

created and the overall surplus spoil volume on completion of all the works.  No allowance has been made 

for the import of specialist capping materials and corresponding increase in spoil requiring disposal. 

4.3.2 Stand-off Distances 

For design purposes it would be prudent to allow a stand-off distance around the facility and cap to 

accommodate surface drainage, fences etc. and to provide separation from adjacent structures.  A minimum 

stand-off of 25 m has been assumed for this study. 

4.3.3 Temporary Stockpile, Disposal and Tip Requirements 

The data summarised in Table 4.1 include an estimate of the total volume of excavated material generated 

by different facility geometries.  These range from just over 0.5 million m
3
 to over a million m

3
 of material.  If 

excavation and capping are not phased, the recorded volumes will need to be accommodated in temporary 

storage tips adjacent to the facility.  These have the potential to significantly increase land requirements and 

the footprint of the development as well as the visual impact. 

Table 4.2: Summary of Tip Geometry for Different Spoil Volumes 

Geometry 
Excavation Crest Dimension Tip Height 

(m) 
Tip Slope 

Angle 
Tip Volume 
(Million m

3
) 

Length (m) Width (m) 

T1 350 350 7 1:3 0.757 

T2 500 500 5 1:3 1.176 

T3 600 250 6 1:3 0.809 

 

The typical size of temporary stockpiles that would be required to manage and store the surplus spoil are 

summarised in Table 4.2 for tips with 1 in 3 sideslopes.  For Geometry T1, disposal of about 0.75 million m
3
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would require a maximum tip area of approximately 350 m by 350 m.  The required footprints increase for 

larger tip volumes. 

In practice such tips will have slightly smaller footprints and will vary slightly depending on the character and 

quality of the soils in the selected area.  Such materials will need to be stored separately in liner soil storage 

bunds which should not exceed 5 m in height (to preserve the soil structure for later re-use following 

completion). 

As with the disposal facility it would be prudent to allow a stand-off of 25 m around any constructed tip. 

4.3.4 Required Disposal Area 

Allowing for stand-offs, for design purposes, an area of approximately 450 m by 450 m could be required to 

develop a low activity LLW waste facility to store 1 million m
3
 of wastes.  Assuming the facility is developed in 

a single phase and does not include sequential waste disposal and capping, an additional area of about  

400 m x 400 m will be required to temporarily store the surplus spoil prior to reuse in the capping layers.  The 

temporary storage tip requirements will reduce significantly if the facility is able to adopt a phased disposal 

and capping strategy. 

4.4 Design Optimisation 

Design optimisation will be required once a suitable location has been identified.  The first phase of this 

optimisation will be to develop a conceptual design for the facility taking the above factors into consideration.  

The depth and excavated geometry of facility needs to be optimised to adjust for local topography, physical 

features and constraints.  The tipping requirements need to be addressed at the same time to ensure 

adequate space is available to successfully build, operate and close the facility. 

 
5.0 LOCATION AND SITE CHARACTERISATION 

5.1 The Geology and Hydrogeology of the Sellafield Area 

5.1.1 Geology and Hydrogeology 

The purpose of this section is to provide a brief summary of the geological and hydrogeological setting of the 

Sellafield area and to screen potential disposal sites on the basis of the geological and hydrogeological 

criteria derived in Section 2.0. 

Data for this assessment have been drawn from published information such as the 1:50,000 series 

Geological Map, an extract of which is presented on Drawing 2, together with site-specific data primarily from 

a geological database compiled for the Sellafield Contaminated Land and Groundwater Monitoring Project 

(SCL&GMP) (Serco-Golder, 2010).  The locations of boreholes drilled in and around the Sellafield Site are 

shown on Drawing 3.  Selected borehole logs are presented in Appendix A. 

West Cumbria lies within the transition zone between the northeastern margin of the East Irish Sea Basin, 

which comprises Carboniferous, Permian and Triassic sedimentary rocks, and the western margin of the 

Lake District Massif, which comprises Lower Palaeozoic metamorphic, igneous and volcanic rocks.  This 

solid geology is overlain by Quaternary drift deposits that have been laid down and reworked by several 

glacial episodes, and is in places overlain by more recent post-glacial deposits.  This glacial history has 

given rise to a complex geological regime resulting from glacial erosion, deposition and deformational 

processes from both Irish Sea ice sheets, where ice advanced south across the area, and from local Lake 

District ice sheets, derived from the east [BGS memoir, BGS 1997].  

5.1.2 Made Ground 

Extensive Made Ground is found on or immediately adjacent to the Sellafield Site.  Surrounding the Sellafield 

Site the land use is predominantly agricultural. 
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Made Ground has been described as comprising various mixtures of sands, gravels, clays and silts that 

contain some anthropogenic materials such as ash, coal, brick and concrete.  Where present, it is typically 

up to 3 m and locally up to 5 m thick. 

5.1.3 Quaternary Deposits 

The Quaternary drift geology of the Sellafield area reflects the complex glacial and post-glacial history of the 

region.  Alluvium (silt, sand and gravel) and River Terrace Deposits (sand and gravel) are recorded across 

the majority of the area.  Blown sand is present along the coastline.  The glacial deposits identified at the 

Site are ‘Glaciofluvial Deposits’ (silt, sand, gravel and boulders) and ‘Till’ (diamicton).  The main features 

influencing the thickness of the Quaternary deposits are the presence of glacially ‘over-deepened’ valleys 

and buried valleys infilled with glacial meltwater deposits and overlain by later glacial deposits from ice 

re-advancement.  The two valley features in the Sellafield area are the Sellafield Buried Channel, which 

extends across Separation area, and the Ehen Buried Channel, which is located to the west and southwest 

of the Separation Area.  The glacial lithostratigraphical successions are complex, variable and 

discontinuous, and cannot be correlated over any significant distance with confidence.   The 

interpretation and correlation is further complicated by the major changes in sea level that have occurred 

during the Quaternary. 

In general, the drift deposits are dominated by sands and gravels but considerable thicknesses of clays 

and silts are present locally. 

5.1.4 Solid Geology 

Triassic strata of the Sherwood Sandstone Group directly underlie the Quaternary drift deposits.  On-shore, 

Carboniferous strata crop out some distance to the north of Sellafield, but are present beneath the Permian 

and Triassic strata in the vicinity of the Sellafield Site and for up to 2 km inland from the coast. 

The Sherwood Sandstone Group is divided into three formations, the lowest of which is the St Bees 

Sandstone Formation.  This is overlain in turn by the Calder Sandstone and the Ormskirk Sandstone 

Formations, which crop out progressively further west.  On-shore, the St Bees and Calder Formations are up 

to 600 m thick; off-shore they thicken to the west reaching up to 1,000 m.  The Ormskirk Formation is mainly 

found off-shore and reaches a maximum thickness of around 250 m. 

5.1.5 Hydrogeology 

The geology of the Sellafield Area comprises a complex series of glacial deposits (drift) consisting of clays, 

gravels and sands below which is sandstone bedrock.  Groundwater occurs in the glacial deposits and the 

sandstone.  The BGS classifies the upper drift aquifer as a Secondary A Aquifer and the underlying 

sandstone aquifer as a Principal Aquifer.  Locally, the drift aquifer may include two units separated by 

discontinuous clay bands. 

The overall conceptual model for regional hydrogeology is that the regional groundwater flow is from the 

Cumbrian Fells to the coast in a southwesterly direction (Nirex, 1997).  Recharge occurs through the drift and 

discharge occurs into the Irish Sea.  Groundwater flow in sandstone is influenced by fractures such as faults, 

joints and bedding planes.  The sandstone exhibits heterogeneous properties arising in part from the layered 

nature of the material.  This heterogeneity has been observed over all scales. 

The flow in the sandstone is approximately horizontal over a regional scale, although local upward gradients 

are possible.  The groundwater table is usually above the base of the drift; the drift has variable permeability 

and does not generally confine the sandstone aquifer (i.e. its upper surface can vary in elevation) (Sellafield 

Ltd, Groundwater Annual Report 2011, TECH001072). 

Groundwater is typically encountered at depths of greater than 8 m below ground level (bGL) but locally 

significant perched water bodies are present in the Sellafield area.  The regional groundwater flow direction 

is from the northeast to the southwest.  Flow directions may be variable in perched groundwater bodies. 
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5.2 Compliance with Groundwater Protection Guidance 

In order to comply with Groundwater Protection Guidance issued by the Environment Agency the location of 

any proposed facility should comply with Landfill Position Statement P3-1A (Environment Agency, 2011) 

which states that: 

i) “We will object to any proposed landfill site in groundwater Source Protection Zone 1. 

ii) For all other proposed landfill site locations, a risk assessment must be conducted based on the nature 

and quantity of the wastes and the natural setting and properties of the location. 

iii) Where this risk assessment demonstrates that active long-term site management is essential to prevent 

long-term groundwater pollution, we will object to sites: 

iv) below the water table in any strata where the groundwater provides an important contribution to river 

flow or other sensitive surface waters; 

on or in a Principal Aquifer; 

within Source Protection Zones 2 or 3."  

The Environment Agency’s webpage What’s in your backyard (http://maps.environment-

agency.gov.uk/wiyby), summarises the broad classification of the Aquifers and the Groundwater in the region 

of the Site. 

The Aquifer Maps – Bedrock Designation map, shown on Drawing 4, indicates that the whole of the 

Sellafield Site and the NDA landholding is located on a Principal Aquifer at depth (the St Bees Sandstone). 

The Site and the NDA landholding is not within any Groundwater Source Protection Zone as illustrated on 

Drawing 4 Groundwater Source Protection Zone. 

As well as the Principal Aquifer in the St Bees Sandstone some of the superficial deposits at the Site are 

designated as Secondary Aquifers.  The superficial deposits, where present, are classified as “Secondary A”.  

Secondary A is defined as permeable layers capable of supporting water supplies at a local rather than 

strategic scale, and in some cases forming an important source of base flow to rivers.  These are generally 

aquifers which were formerly classified as minor aquifers.  The Environment Agency interpretation of the 

extent of these aquifers is shown on Drawing 4 Aquifer Maps – Superficial Deposits Designation. 

The Groundwater Vulnerability Zones identify the most vulnerable areas based on the Aquifer Classification 

and the type and thickness of superficial cover.  The Groundwater Vulnerability Zones shown on Drawing 4 

indicate that parts of the NDA landholding are classified as Major Aquifer – High Vulnerability, whilst most of 

the rest is classified as Major Aquifer – Intermediate Vulnerability.  This difference is based on the presence 

of superficial deposits. 

Much of the area is covered by varying thickness of superficial deposits, which provide a natural barrier 

between any development at the surface and the underlying aquifer at depth, when considering the 

development of a facility in this area, we have assumed that the facility may be excavated to a depth of 5 m 

and that in order to provide a degree of certainty the superficial deposits should extend a further 5 m, 

therefore requiring a minimum of 10 m of superficial deposits over the area of the facility. 

5.3 Geological Controls on Site Selection 

As discussed in Section 2.5, we consider a general minimum of 10 m thickness of drift above the bedrock is 

required to provide depth for construction whilst also maintaining a reasonable thickness of “geological 

barrier” beneath the base of the disposal facility. 

Drawing 5 identifies areas where the drift thickness is less than 10 m.  This has been done by using the 

Serco-Golder 2010 dataset for topography and rockhead elevation.  This is based on interpolations between 

data points and so should be treated with caution, particularly beyond the boundaries of the Sellafield Site 

where there are few data points. 
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5.3.1 Potential Disposal Sites 

The application of a 10 m surficial thickness criterion permits the identification of four potential areas within 

the NDA landholding (See Drawing 6).  These are: 

1) The Lady Wood-Longrigg Wood area; 

2) The Seascale Hall-Moss Wood area; 

3) The central and southwestern part of Sellafield Site; and 

4) The area to the west of the Sellafield Site. 

5.3.1.1 Geology and Hydrogeology of the Lady Wood-Longrigg Wood Area 

There are no borehole records within the footprint of the Lady Wood - Longrigg Wood area so the presence 

of sufficient drift thickness is speculative.  The closest borehole is Sellafield Borehole 6982 drilled by Ritchies 

in 2003 as part of the Sellafield Contaminated Land Study which is approximately 200 m to the southwest.  

Made Ground is absent and the drift is dominated by slits and clays.  

Given the highly variable nature of the drift it should not be assumed that this borehole is representative 

of the general area. 

Table 5.1: Summary of Geology in Borehole 6982 

Depth (m bGL) Main Lithology 

0.00-1.50 m bGL Silty SAND 

1.50-3.70 m bGL Sandy SILT 

3.70-4.40 m bGL Sandy CLAY 

4.40-6.00 m bGL Clayey SAND 

6.00-13.00 m bGL Sandy gravelly CLAY 

13.00-15.50 m bGL GRAVEL 

15.50-22.60 m bGL Sandy Gravelly CLAY 

22.60-27.25 m bGL SANDSTONE 

 

The borehole log indicates a seepage at 6.0 m bGL immediately above a clay layer.  The 1:10,000 OS Map 

indicates a spring approximately 250 m south and down slope of the Lady Wood-Longrigg Wood area 

issuing at approximately 35 to 40 m AOD.  This is broadly consistent with the water strike in the borehole log. 

Based on the general topography of the Site and the regional groundwater flow it is reasonable to assume 

that the general groundwater flow direction will be towards the southwest.  Depending on the underlying 

geology the groundwater may travel vertically to the underlying St Bees Sandstone or it may get intercepted 

by less permeable layers and travel laterally.  The general groundwater flux will be towards discharge at the 

coast and into the sea, although there is the possibility that some groundwater from this area could enter the 

River Calder or its tributary, or the groundwater could emerge in the spring line downslope of the Site. 

5.3.1.2 Geology and Hydrogeology of the Seascale Hall-Moss Wood Area 

Data from two boreholes, QBH10C and QBH13, is available for this area.  Both of these boreholes were 

drilled in 1997 as a component of the NIREX investigation directed at investigating the Quaternary 

geology of West Cumbria. 

The geological sequence in both boreholes shows similar characteristics.  Made Ground is absent.  

Diamicton is the dominant lithology in the Quaternary but 1-3 m thick layers of granular material are also 

present.  Sandstone bedrock occurs at 18.27 m bGL and 24.6 m bGL in the two boreholes. 
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Table 5.2: Summary of the Geological Sequence in QBH13 

Depth (m bGL) Depth (m bGL) 

0.0-0.3  Topsoil 

0.3-1.6 DIAMICTON 

1.6-2.3 SAND  

2.3-4.0 DIAMICTON 

4.0-6.9  GRAVEL 

6.9-7.9 DIAMICTON 

7.9-10.5 DIAMICTON 

10.5-20.4 DIAMICTON 

20.4-23.4 COBBLES 

23.4-24.6 DIAMICTON 

24.6-28.7  SANDSTONE 

 

No information is available on the hydrogeology at this location; however based on the general 

topography of the Site and the regional groundwater flow it is reasonable to assume that the general 

groundwater flow direction will be towards the southwest with a general groundwater flow towards coast with 

discharge into the sea.  Shallow groundwater flow may also enter into the tributary of the River Calder. 

5.3.1.3  Geology and Hydrogeology of the Central and Southwestern Part of the 
Sellafield Site 

A large amount of data including hundreds of borehole logs are available for this area and the geology and 

hydrogeology have been extensively studied.  The following section provides a brief summary. 

Made Ground is present across the majority of the Site and is typically in the region of 3 m thick.  Thicker 

accumulations appear to be associated with some building foundations and waste disposal areas.  Made 

Ground is similar in composition to the upper part of the Quaternary (predominantly granular) so its 

identification is dependent on the identification of anthropogenic material.  

The Quaternary drift geology of the Sellafield area reflects the complex glacial and post-glacial history of the 

region.  Alluvium (silt, sand and gravel) and River Terrace Deposits (sand and gravel) are recorded across 

the majority of the Sellafield Site; Blown Sand is present along the coastline.  Glacial deposits identified at 

the Site are ‘Glaciofluvial Deposits’ (silt, sand, gravel and boulders) and ‘Till’ (diamicton).  The main features 

influencing the thickness of the Quaternary deposits are the presence of glacially ‘over-deepened’ valleys 

and buried valleys infilled with glacial meltwater deposits and overlain by later glacial deposits from ice 

re-advancement.  The main valley feature on the Sellafield Site is the Sellafield Buried Channel and is filled 

with greater than 50 m of drift at its deepest point.  The Late Devensian lithostratigraphical successions 

are complex, variable and discontinuous, and cannot be correlated over any significant distance with 

confidence.  However, a zone of increased clay/silt content has been identified within the channel fi ll 

between 10 m AOD and -5 m AOD. 

The Quaternary is underlain by the Ormskirk Sandstone Formation in the southern part of Site and by the 

Calder Sandstone Formation in the northern part of Site.  The contact between the two runs northwest to 

southeast across the Site dipping to the southwest.  In appearance, both sandstone formations are similar: 

red brown fine to medium aeolian sandstones with significant weathering profiles below the contact with the 

drift. 

The hydrogeology of the Sellafield Site is complex and has been the subject of extensive study.  The 

regional groundwater flow direction is from the northeast to the southwest but at depth westerly flow 

occurs within the Sellafield Buried Channel.  To the south of Separation Area, the southwesterly regional 

flow pattern again becomes dominant.  Within the Separation Area a groundwater mound had been 
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identified with groundwater elevations are up to 4 m above the surrounding water table.  Depth to 

groundwater can range from >10 m away from Separation Area to <3 m in the groundwater mound. 

5.3.1.4 Geology and Hydrogeology of the Area West of Sellafield Site 

Data from some tens of boreholes is available from the area west of Sellafield Site.  The following section 

provides a brief description. 

The borehole logs reviewed do not indicate the wide spread presence of Made Ground. 

The Quaternary geology of this area resembles that of Sellafield Site in general terms comprising a complex 

mixture of alluvial deposits, glaciofluvial sands and gravels and glacial tills.  The thickness of the Quaternary 

drift is controlled by the Ehen Channel, a large infilled valley feature into which the Sellafield Buried Channel 

runs.  To the southwest of the area it exceeds 80 m in thickness. 

The Calder Sandstone Formation and the St Bee’s Sandstone Formation underlie the Quaternary drift. 

Groundwater flow in this area is to the southwest at depth but the presence of shallow groundwater strikes in 

some borehole logs (e.g. 5677) indicates that perched groundwater systems may be present. 

5.4 Environmental Features 

5.4.1 Habitats 

Within the NDA landholding there is one Site of Special Scientific Interest (SSSI), Low Church Moss which 

lies to the northwest of Sellafield.  A list of designated habitats located within one kilometre of the NDA 

landholding is presented below in Table 5.3 and these are shown on Drawing 7.  Details of the designated 

habitats are presented in Appendix B. 

Table 5.3: Designated Habitats 

Designation Reference Name Hectares Citation 

SSSI 1003920 Low Church Moss 5.01 1001117 

SSSI 1003913 Hallsenna Moor 30.03 1000927 

SSSI 1003931 Silver Tarn, Hollas and Harnsey Mosses 5.32 1001998 

SSSI 1003903 Drigg Coast 1400.02 1000077 

SAC UK0013031 Drigg Coast 1395.99 N/A 

SAC = Special Area of Conservation 

The confluence of the River Ehen and the River Calder is located adjacent to the south of Sellafield. The 

upper reaches of the River Ehen are designated as a Special Area of Conservation (SAC), primarily by 

supporting freshwater pearl mussels.  Though the presence of freshwater pearl mussel is the primary reason 

for site selection, the River Ehen also qualifies as a SAC by supporting salmon.  Although the nearest 

boundary of the River Ehen SAC lies approximately 10 km from Sellafield, migrating salmon pass adjacent to 

the Site when they travel through the River Ehen/Calder confluence during their passage to higher reaches 

upstream (Entec 2012). 

South of the Site there is a managed habitat for Natterjack Toads, a European Protected Species.  This is 

monitored by the Amphibian and Reptile Conservation Trust (Entec 2012). 

5.4.2 National Parks 

The Lake District National Park is located approximately one kilometre east of the Site; with some of the 

NDA landholding to the south located within the National Park.  In the area of the Site the A595 Trunk Road 

forms the boundary of the National Park between Calder Bridge and Gosforth.  The boundary of the National 

Park is shown on Drawing 7. 
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5.4.3 Scheduled Monuments 

A stone circle is located within the NDA landholding at How Farm between the Sellafield Site and Seascale.  

There are two other ancient monuments located within one kilometre of the NDA landholding, these are both 

located to the northeast of the Sellafield Site in the Lake District National Park.  Details of these ancient 

monuments are presented in Table 5.4 and shown on Drawing 7. 

Table 5.4: Scheduled Monuments 

Legacy UID Reference Name 

CU 287 1007159 Stone Circle NW of Seascale How Farm 

CU 307 1007166 Calder Abbey 

CU 390 1007115 Infell Wood Medieval Enclosure, 550m North West of Scargreen 

 

5.4.4 Settlements 

The villages of Braystones, Beckermet, Calder Bridge, Gosforth and Seascale are located outside of and 

around the perimeter of the NDA landholding.  Within the area of the Landholding there are several small 

hamlets, farms and individual dwellings; these are shown on Drawing 1. 

5.5 Existing Sellafield Site 

5.5.1 Landfills 

There are three historic landfills and one active landfill on the Sellafield Site, these are: 

 Windscale Landfill North (historic); 

 North Tip Extension (historic); 

 Windscale Landfill South (historic); and 

 Calder Tip and Calder Landfill Extension – Segregated Area (CLESA) (active). 

The locations of these landfills are shown on Drawing 8. 

5.5.2 Potential Ground Contamination 

Within the Sellafield Site areas of potentially contaminated ground exist, the approximate extent of these 

areas is shown on Drawing 8. 

5.5.3 Future Development 

The area of NDA landholding to the west of the Sellafield Site has been earmarked for a new build nuclear 

power station, see Drawing 9, therefore this area is not available for further consideration. 

5.6 Existing Services 

There are a number existing utility services present in the area surrounding the Site, these include: 

 Water mains and sewers; 

 Gas pipelines; 

 Electricity; and 

 Telecommunications (BT). 

These services which serve both the Sellafield Site and the surrounding properties and infra-structure, are 

shown on Drawing 10. 
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The drawing does not show all the services within the Sellafield Site.  The Site is known to contain many 
buried and above-ground services. 

 
6.0 DISCUSSION 

In this section: 

 The potential is discussed for identifying a suitable site for the disposal of LLW with a specific activity of 

up to 200 Bq g-1; 

 The potential is evaluated for demonstrating that construction and use of such a LLW facility could be 

demonstrated to be an optimal solution for wastes from the Sellafield Site; and 

 The overall conclusions of this study are summarised. 

6.1 Siting 

There are several key considerations that need to be fulfilled to allow the siting of a disposal facility, primary 

to these are that the land is available and suitable for the proposed use.  Other issues should also be 

considered such as proximity to the sites of waste generation on the Sellafield Site and access, together with 

the impact the facility may have on neighbouring communities and the surrounding environment. 

6.1.1 Availability of Land 

A key issue is the availability of the land, it is assumed that a facility would be developed on NDA owned 

land and that this land is currently available for the proposed development.  Of the NDA owned land shown 

on Drawing 1 certain areas can be screened out since they have been identified for future use such as the 

proposed new build power station to the northwest of the existing Sellafield Site and the existing Sellafield 

Site which is currently occupied and will not have land available in the timescale required for the disposal 

facility.  It is the intention that the disposal facility will take decommissioning waste from the demolition and 

site clearance of the main Sellafield Site; therefore it will be required before the existing Sellafield Site is 

available for re-use. 

We consider that the available land for the development of a disposal facility is therefore limited to the NDA 

landholding to the southeast of the main Site.  Table 6.1 below lists some of the key features and limitations 

these may have on the areas of land within the NDA landholding. 

Table 6.1: Limitations 

Description of Area Limitations 

NDA landholding to the north and west of the 
Sellafield Nuclear Licensed Site 

This area is currently reserved for nuclear new build 
development. 

Sellafield Nuclear Licensed Site (Current) 

The Sellafield Nuclear Licensed Site is largely 
developed; currently there is no area of sufficient 
size within the Site boundary for the proposed 
facility. 

Sellafield Nuclear Licensed Site (Future) 

The Site Development Plan (Sellafield, 2009) 
indicates that it will be about 30 years (2040) before 
existing infrastructure has been decommissioned to 
provide sufficient area to site the facility.  This is too 
late to provide a sensible disposal option for waste 
that will be generated during this time. 

NDA landholding to the northeast of the A595 
This area is within the Lake District National Park 
and would be unlikely to be granted planning 
permission. 

NDA landholding adjacent to the coast This area is subject to flooding and coastal erosion. 

NDA landholding with less than 10 m thickness of The Environment Agency’s Groundwater Protection 
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Description of Area Limitations 

superficial deposits above the St Bees Sandstone 
Primary Aquifer 

Policy does not permit landfills to be sited directly on 
Primary Aquifers and we consider it likely that such a 
condition would apply to a new repository. 

 

6.1.2 Area Required 

The disposal volume requirement has been identified as about one million cubic metres void capacity.  As 

detailed in Section 4.3.4, an area of approximately 20 hectares is required for the disposal site plus around a 

further 15 hectares for stockpiling, giving an overall requirement for about 35 hectares.  In the area of the 

NDA landholding there are a couple of locations in the area to the east of the main Site where there is 

sufficient area and the preliminary indications suggest there may be sufficient thickness of superficial 

deposits.  Only the disposal facility needs to be located in the area with 10 m of superficial deposits; the 

associated stockpiles would not be subject to this requirement.  The locations are labelled on Drawing 6 as: 

 Area 1: The Land Wood-Longrigg Wood Area; and 

 Area 2: The Seascale Hall-Moss Wood Area. 

Of these, Area 1 is closer to the Sellafield Site and should therefore require less infrastructure, it does not 

appear to be adjacent to any dwellings.  Area 2 would potentially require a minor road to be diverted and 

would also be closer to the dwellings of Calder, Seascale and Fleming Hall.  Both sites have existing utilities 

within the areas of interest.  Table 6.2 below lists some of the key issues. 

6.1.3 Site Suitability 

A key criterion for a site is the feasibility of making a safety case and demonstrating compliance with the 

Environment Agency's requirements.  It is noted that some adverse site characteristics can be overcome 

with certain engineering measures and that identification of a preferred site is often a matter of judgment. 

As discussed above, we consider that approximately 10 m of relatively impermeable Quaternary sediments 

are likely to be required to ensure suitable separation from the underlying Primary aquifer and that the base 

of the facility should be located above the water table. 

Table 6.2: Other Issues 

Issue Reason 

Above groundwater The base of the disposal facility should be above the water table 

Existing Services 
The disposal facility would need to fit in around existing services or 
utilities.  These could potentially be diverted or re-directed, however 
this would involve additional expense 

Existing Properties 
Consideration should be given to the proximity and location of existing 
properties 

Existing Roads (crossing and use) 
If existing roads need to be used or crossed to access the new facility 
this will create traffic issues 

Existing Roads (removal/diversion) 
If existing roads need to be removed to allow the development of the 
facility an alternative would need to be provided; this would also need 
planning 

Access to Site 
Clearly it would be beneficial if a disposal facility could be accessed 
directly from the Site, without having to use public roads 

 

We do not consider that there would be significant site-specific stakeholder issues in developing a low 

activity LLW facility at Location 1, since this is a few hundred metres from the nearest habitation (so dust 

noise and visual impacts should be limited) and transport along public roads is not required.  Depending on 
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where the facility is located at Location 2 the facility may be quite close to properties in the hamlet of Calder; 

the facility could also impact on local minor roads. 

Table 6.3 summarises the advantages and disadvantages of the areas marked 1 to 4 on Drawing 6 for eight 

siting criteria that are likely to be considered important.  It should be noted that all candidate sites have 

passed the initial screening and include areas where the superficial are likely to be over 10 m thick and are 

not located directly on potential groundwater resources.  All the candidate sites are also judged to have 

sufficient potential area available for the envisaged development and lie within existing NDA landholdings. 

For each of the four candidate sites, relevant information for each of the assessment criteria is captured by 

the text entry and provides a brief commentary on its status.  For ease of reference, the responses have 

been colour coded into one of three groups. Site assessment criteria coloured in green indicate that no 

constraints have been identified or that further assessment is likely to be able to successfully resolve any 

identified issues, orange entries suggest that the issues are significant, but are probably resolvable and red 

entries are issues that may be unresolvable and could prevent the development of a low activity LLW 

disposal facility of the form envisaged. These entries are therefore likely to be priority areas for confirmation. 

These data suggest that Areas 1 and 2 are likely to have fewer development issues and on this basis are 

likely to be the most suitable for further assessment. Areas 3 and 4, in contrast have more issues that could 

rule these areas out for further assessment for the development of a facility as outlined in this report. 

Table 6.3: Summary of Advantages and Disadvantages for Areas 1 to 4 (see Drawing 6) 

Assessment 
Criteria 

Area 1 
The Lady Wood-
Longrigg Wood 
Area 

Area 2 
Seascale Hall-
Moss Wood Area 

Area 3 
Central and 
Southwest Part of 
Sellafield Site 

Area 4 
West of Sellafield 
Site 

Sufficient available 
area 

Yes Yes 

Sufficient area 
exists, but the area 
required for the 
development of the 
facility and 
stockpiles may not 
be available on the 
required timescales 

Yes 

Suitability for 
development 

Yes Yes 

Existing site 
clearance may not 
be completed 
within the required 
timescales for the 
development of a 
low activity LLW 
facility 

Currently reserved 
for the 
development of a 
new nuclear power 
station 

Suitable geology 
Yes, but likely to be 
only over part of 
the Site 

Yes, but likely to be 
only over part of 
the Site 

Yes, but likely to be 
only over part of 
the Site 

Yes, >10m likely to 
be present 

Suitable 
hydrogeology 

Long-term fate of 
leachates likely to 
be towards the 
Calder.  Some 
scope for 
development of 
wells between Site 
and discharge point 

Long-term fate of 
leachates likely to 
be towards the 
Newmill beck and 
Calder.  Scope for 
development of 
wells between Site 
and discharge point 

Long-term fate of 
leachates likely to 
be towards the sea.  
Some scope for 
development of 
well between Site 
and sea, but limited 
by sea level rise 
and existing 
contamination 

Long-term fate of 
leachates likely to 
be towards the 
Ehen/discharge to 
the sea.  Some 
scope for 
development of 
well between Site 
and sea, but limited 
by sea level rise 
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Assessment 
Criteria 

Area 1 
The Lady Wood-
Longrigg Wood 
Area 

Area 2 
Seascale Hall-
Moss Wood Area 

Area 3 
Central and 
Southwest Part of 
Sellafield Site 

Area 4 
West of Sellafield 
Site 

Risk of coastal 
erosion/future 
flooding 

Coastal erosion 
unlikely and 
extreme flooding in 
1,000 years AP 
unlikely 

Coastal erosion 
unlikely and 
extreme flooding in 
1,000 years AP 
unlikely 

Part of area may 
be subject to 
coastal erosion and 
may be below sea 
level in 1,000 years 
AP 

Part of area may 
be subject to 
coastal erosion and 
may be below sea 
level in 1,000 years 
AP 

Proximity of 
dwellings 

None Hamlet of Calder Sellafield Site 
Location not 
defined 

Existing 
infrastructure 

High voltage power 
line and service 
reservoir 

High voltage power 
line, access road 

Infrastructure of 
Sellafield Site 

None identified 

Access 
New access 
required 

Good Good 
Good/possible new 
access required 

Environmental 
issues 

No significant 
issues identified 

No significant 
issues identified 

Existing 
contamination on 
Sellafield Site 

No significant 
issues identified 

 

As indicated in Section 5.3, there is limited geological information available and clearly further investigation 

would be required to characterise the ground conditions in these areas if either area is to be considered 

further. 

6.2 Optimisation 

As noted above, options assessments might be necessary for a low activity LLW facility near the Sellafield 

Site at a number of levels: 

a) Demonstrating that such a development is consistent with national LLW strategy and is commercially 

acceptable from an NDA perspective; 

b) The development is warranted for Sellafield derived low activity LLW, on the basis of a comparison with 

other waste management options; 

c) Selecting a design for the facility taking account of safety, environmental impact and other factors (see 

Section 4.0); 

d) Possibly also optimising specific aspects of the design (see Section 4.0). 

BAT studies might be undertaken in relation to all of these objectives.  a) is a question being considered by a 

group set up by the NDA.  b) is the focus of discussion in this section, in which we discuss whether there is 

scope for demonstrating that a new facility on or near the Sellafield Site for wastes of activity up to 200 Bq g
-1

 

is consistent with BAT.  It is envisaged that a BAT study should be undertaken in order for Sellafield Ltd to 

demonstrate that it has chosen an optimal disposal route for its waste.  c) and d) might be pursued during a 

process of design optimisation, although as noted above, it would be expected that the extent to which any 

issue is explored is proportionate to the hazard.  For a facility accepting waste up to 200 Bq g
-1

, it might be 

considered that only a general explanation of design preferences and the reasons for them would be 

sufficient. 

We note that "identification and implementation of BAT implies a balanced judgement of the benefit derived 

from a measure and the cost or effort of its introduction" (Nuclear Industry Safety Directors Forum, 2010).  

"The level of effort expended to resolve an issue, and to record the selection process, should be proportional 

to the scale of the challenge, the range of options available and the extent to which established good 
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practice can be used to assist in the decision making process.  Nonetheless, guidance and precedent make 

clear that practicable measures to further reduce health, safety and environmental impacts can be ruled out 

as not reasonable only if the money, time, trouble or other costs involved would be “grossly disproportionate” 

to the benefit. The following principles should also be taken into account: 

 Sustainable development; 

 Waste hierarchy and waste form; 

 The precautionary principle; 

 The proximity principle. 

Subject to meeting regulatory obligations, the identification and application of BAT takes into account all 

relevant circumstances." 

We judge that the following issues would be relevant to a strategic BAT study that was designed to evaluate 

alternative ways of managing Sellafield LLW: 

Disposal Facility Siting 

If there were significant issues with any disposal site from a technical perspective then this might make it 

difficult to demonstrate that construction of the facility is BAT or might prejudice regulatory acceptance.  

Such issues might include: 

 Undue vulnerability to coastal erosion (see Section 2.0); 

 An insufficient geological barrier between the base of the repository and the underlying aquifer (see 

Section 2.0); 

 If the Site were not to provide sufficient performance so that compliance with the dose constraint and 

risk guidance level could be demonstrated. 

Areas 1 and Area 2 identified above are not vulnerable to coastal erosion over timescales of hundreds to 

thousands of years so this issue does not arise.  However, there are uncertainties regarding hydrogeological 

suitability that would need to be resolved by site investigation. 

If a new disposal facility at an appropriate site can be shown to provide performance consistent with 

regulatory guidance and there is a reasonable prospect of a safety case being developed for the facility, then 

the differences between different sites would probably be considered to be low from an environmental 

performance perspective.  The dose constraint and risk guidance level are sufficiently low that other factors 

would likely be discriminators such as waste transport and any disturbance to local communities. 

Significant issues might also arise from a planning or stakeholder perspective.  However, for the siting areas 

identified, the site is far enough removed from settlements that visual impact is likely to be limited and can be 

mitigated by screening.  Transport over land not controlled by the NDA would not be required, except for the 

delivery of construction materials.  The sites are owned and tenanted by the NDA.  Hence these sites 

present no particular difficulties when compared with other potential sites.  However, based on experience at 

other disposal sites, there is potential for opposition to develop from a stakeholder perspective.  For this 

reason, an effective programme of stakeholder engagement is important. 

Other Waste Management Options 

It is assumed that any wastes disposed to any new facility will only be disposed as a last resort.  In other 

words, the requirements of the Waste Management Hierarchy will have been considered and where wastes 

can be avoided, recycled or reused then this will have happened.  Assuming this has been achieved, it is not 

envisaged that waste management routes other than disposal will be feasible. 
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Optimal Use of the LLWR 

It might be considered that development of a new facility at Sellafield would alter the proposition for the 

LLWR.  If relatively low activity wastes are diverted from the LLWR, this might mean that the specific activity 

of wastes for disposal at the LLWR would increase.  This might have some impact on the environmental 

performance of the LLWR.  It might therefore be sensible to give some consideration to the potential impact 

on the LLWR's ESC as part of national strategy considerations.  It is noted that the recent cases in the 

LLWR's 2011 ESC considered VLLW diversion, but not the diversion of wastes up to 200 Bg g
-1

 (LLWR, 

2011x). 

Alternative Disposal Facilities 

Once disposal has been identified as the preferred management route for wastes, a range of options are 

possible including: 

 Consigning wastes to the LLWR; 

 Consigning wastes to a UK landfill site that holds a permit for the disposal of radioactive waste, such as 

Lillyhall or Kingscliffe; 

 Disposal to a new facility on or near the Sellafield Site; 

 Disposal to CLESA; and 

 Disposal to some other new disposal facility in an unidentified location. 

Some of these facilities have relatively low authorised capacity or are only authorised for a limited period of 

time.  In view of this, there are uncertainties as to which options would be real alternatives to a new disposal 

facility on or near the Sellafield Site. 

Proximity 

National policy (Defra, 2007) identifies the proximity principle as requiring consideration.  However, the policy 

notes "although the desire to avoid excessive transportation of materials is an important consideration, it 

must be balanced with all the other relevant factors on a case by case basis".  Disposal on the Sellafield Site 

from this perspective would clearly be preferable to transportation to other sites, although the advantage 

would be relatively limited for other sites in Cumbria, such as the LLWR. 

It is noted that lorry movements on public roads are likely to be a particular issue for local stakeholders.  

Delivery of wastes by rail or by movements within a single site is likely to be preferred. 

It is understood that Cumbria County Council would wish to avoid the proliferation of radioactive waste 

disposal sites away from the LLWR and the Sellafield Site.  This might be a significant driver for avoiding 

consignment of wastes to any other Cumbrian waste disposal facility. 

Cost 

Development of a new facility is likely to have a considerably greater cost than use of an existing facility.  

There are also uncertainties about the cost relating to uncertainties in design and in the characterisation and 

assessment programme that might be required.  Costs are likely to include design and construction as well 

as the maintenance of a management team or group who would be responsible for waste acceptance and 

other matters. 

Summary 

It is difficult to pre-judge the outcome of any BAT assessment.  However, if a site can be identified that has 

satisfactory geological and hydrogeological characteristics, then our opinion is that it would be feasible to 

demonstrate that a new near-site disposal facility represents BAT for the management of non-recyclable and 

non-reusable wastes from the Sellafield Site. 
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In our view, a key issue would be the cost of developing such a facility compared with the cost of using other 

disposal capacity that might be available.  Such costs would be balanced to some extent by the advantages 

of disposing wastes without significant transportation, depending on the location of other disposal capacity.  

Such a development might also be more consistent with the views of Cumbria County Council. 

6.3 Overall Summary 

We have considered the siting of a potential facility for the disposal of low activity LLW on or near the 

Sellafield Site, based on an estimate of the required land area and our view that at least 10 m of Quaternary 

sediments must be present above bedrock.  If a facility is required in the next couple of decades, then a 

suitable area is not available on the Site.  However, we have identified two areas on NDA lined that might be 

suitable locations.  These areas are shown in Drawing 6.  These areas are sufficiently far inland and at 

sufficient elevation that they are not considered to be vulnerable to coastal erosion in the foreseeable future.  

It is considered that site characterisation and analysis of acquired data would be required before any 

decision could be made about the suitability of either site.  Such site characterisation would need to establish 

that the Quaternary sediments provide a sufficient barrier between any disposal facility and the underlying 

bedrock. 

Given suitable geological and hydrogeological characteristics and by analogy with the safety case for the 

LLWR, it seems likely that such a site would be suitable for disposal of up to 1,000,000 m
3
 of waste up to 

200 Bq g
-1

 in specific activity or more. 

It is likely that Sellafield Ltd would need to undertake a BAT study to establish whether a new disposal facility 

represents an optimal solution for the management of certain categories of waste from the Sellafield Site.  If 

a site can be identified that has satisfactory geological and hydrogeological characteristics, then our opinion 

is that it would be feasible to demonstrate that a new near-site disposal facility represents BAT for the 

management of non-recyclable and non-reusable wastes from the Sellafield Site.  In our view, a key issue 

would be the cost of developing such a facility compared with the cost of using other disposal capacity that 

might be available.  Such costs would be balanced to some extent by the advantages of disposing wastes 

without significant transportation, depending on the location of other disposal capacity. 
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County: Cumbria Site Name:   Hallsenna Moor

District: Copeland

Status: Site of Special Scientific Interest (SSSI) notified under Section 28 of the Wildlife and
Countryside Act, 1981.

Local Planning Authority: Copeland Borough Council

National Grid Reference: NY (35) 066007 Area: 31.23 (ha) 77.17 (ac)

Ordnance Survey Sheet 1:50,000: 89 1:10,000: NY 00 SE

Date Notified (Under 1949 Act): 1969 Date of Last Revision: Ð

Date Notified (Under 1981 Act): 1986 Date of Last Revision: 1986

Other Information:
1. This is a nationally important Site listed in ÔA Nature Conservation ReviewÕ, edited by

D. A. Ratcliffe, 1977, published by Cambridge University Press.
2. There have been boundary changes owing to a small deletion and three extensions.

Description and Reasons for Notification:
Hallsenna Moor is situated on the West Cumbria coastal plain approximately 1.5 km north of
Drigg and 3 km south-east of Seascale.  The site is one of the few lowland heath and peatland
complexes remaining in the county and is the largest in West Cumbria.  It contains a wide range
of habitats developed on peat which form a mosaic including wet and dry heath, nutrient poor
fen, basin mire and woodland.

The dry heath is characterised by abundant heather Calluna vulgaris and a variety of associated
species which include cross-leaved heath Erica tetralix, bilberry Vaccinium myrtillus, tormentil
Potentilla erecta, hareÕs-tail cottongrass Eriophorum vaginatum, crowberry Empetrum nigrum
and colonies of heath spotted-orchid Dactylorhiza maculata spp. ericetorum and associated
hybrids.  The larger areas of wet heath exist in a mosaic of purple moor-grass Molinia caerulea.
Cross-leaved heath is more widespread with cranberry Vaccinium oxycoccus and bog asphodel
Narthecium ossifragum and in the wetter areas Sphagnum compactum, S. tenellum and
Polytrichum mosses are abundant, with lesser amounts of S. molle.

The heath communities grade into mire vegetation with carpets of Sphagnum mosses upon
which common sundew Drosera rotundifolia is frequent.  These carpets are interspersed with
clumps of the rare royal fern Osmunda regalis and a variety of wetland species including
sharp-flowered rush Juncus acutiflorus, white sedge Carex curta, common cottongrass
Eriophorum angustifolium, narrow buckler-fern Dryopteris carthusiana, cross-leaved heath and
devilÕs-bit scabious Succisa pratensis.

Where the water level is at or above the surface of the peat, small nutrient-poor fen
communities have developed with bottle sedge Carex rostrata, wild angelica Angelica sylvestris,
ragged robin Lychnis flos-cuculi, marsh cinquefoil Potentilla palustris, marsh-marigold Caltha
palustris, water horsetail Equisetum fluviatile, bogbean Menyanthes trifoliata, and the
uncommon marsh St JohnÕs-wort Hypericum elodes occurs locally.



Dense willow Salix cinerea and S. pentandra, and birch Betula pubescens scrub has developed
in the south-west corner and elsewhere around the margins of the site.  Addyhouse Wood in the
north-east corner of the site is an area of mixed semi-natural woodland fringed by willow and
dominated by birch with mature standards of oak Quercus petraea, and ScotÕs pine Pinus
sylvestris occurring locally.  In the wetter parts of the wood at its southern edge, the ground
flora is dominated by purple moor-grass.  The flora becomes more varied towards the east
where the ground is drier and includes hard fern Blechnum spicant, broad buckler-fern
Dryopteris dilatata, bramble Rubus fruticosus, lady fern Athyrium filix-femina, scaly male-fern
Dryopteris affinis and wood sage Teucrium scorodonia.

The range of habitats found on the site complement those found on the peatland SSSIs in West
Cumbria.  Black Moss SSSI has a large area of basin mire but no equivalent heath and poor fen
communities and the transitions between them.  Low Church Moss SSSI has a larger area of
nutrient-poor fen and open water but no comparable area of basin mire or heath.

The site supports a rich invertebrate fauna and a of particular note is the diversity of
Chrysomelid and Curculionid beetles with over 60 species recorded.



My Map

© Crown Copyright and database right 2012. Ordnance Survey Licence number 100022021. © Crown copyright. Licence
number 100022432.
© Natural England 2012. This page was produced from the Nature on the Map website at 14/11/2012 12:10:13

Page 1 of 1Nature on the Map :: Maps :: Print

14/11/2012http://www.natureonthemap.naturalengland.org.uk/print.aspx?BBOX=301163.103325...



                                 File ref: NY 00/6 
 
County:   Cumbria   Site Name:   Low Church Moss 
 
 
District:   Copeland 
 
 
Status:   Site of Special Scientific Interest (SSSI) notified under Section 
    28 of the Wildlife and Countryside Act, 1981. 
 
Local Planning Authority: Copeland Borough Council 
 
 
National Grid Reference: NY 016057   Area:       5.9 (ha)    14.6 (ac) 
 
 
Ordnance Survey Sheet 1:50 000 89   1:10 000 NY 00 NW 
 
 
Date Notified (Under 1949 Act): 1969   Date of Last Revision: – 
 
 
Date Notified (Under 1981 Act): 1983   Date of Last Revision: – 
 
 
Other Information: 
 
The boundary of the site has been modified by partial deletion. 
 
 
Reasons for Notification: 
 
Low Church Moss SSSI is located 2g miles south of Egremont and 1k miles due west of Calder 
Bridge, on the west coast of Cumbria.  The site straddles a disused railway line and is situated in a 
shallow depression east of the River Eden. 
 
This wetland site supports a variety of habitats that are very scarce on the intensively farmed west 
Cumbria coastal plain.  These habitats include wet heath, acidic marshy grassland, tall fen and swamp, 
willow scrub a transition between poor fen and open water.  The range of habitats found here 
complement those found on the other lowland wetlands in West Cumbria, Silver Tarn and Harnsey 
Moss SSSI and Black Moss SSSI. 
 
On each side of the railway line there are large areas of willow scrub Salix cinerea with a field layer 
dominated by purple moor-grass Molinia caerulea, meadowsweet Filipendula ulmaria, Yorkshire 
fog Holcus lanatus and wild angelica Angelica sylvestris.  The scrub grades into a mosaic of acidic 
marshy grassland dominated by purple moor-grass and meadowsweet and wet heath with heather 
Calluna vulgaris and cross-leaved heath Erica tetralix. 
 
The grass/heath mosaic and willow scrub merge into an area of tall fen vegetation on the west side of 
the railway embankment.  This area is dominated by common reedmace Typha latifolia, with soft 



rush Juncus effusus, purple loosestrife Lythrum salicaria, common cottongrass Eriophorum 
angustifolium, marsh cinquefoil Potentilla palustris and marsh woundwort Stachys palustris. 
 
The poor fen community on the margins of the pond on the east of the railway embankment has a 
Sphagnum moss carpet with tussocks of tufted hair-grass Deschampsia caespitosa as well as marsh 
cinquefoil, common cottongrass and bog bean Menyanthes trifoliata.  This grades into a transitional 
belt of marginal swamp vegetation dominated by reedmace, jointed rush Juncus articulatus and trifid 
bur-marigold Bidens tripartita which in turn opens out into deeper water where white water lily 
Nymphaea alba grows. 
 
The railway embankment provides an interesting contrast to the wet conditions on either side and 
supports a variety of other species including orpine Sedum telephium, bloody crane’s-bill Geranium 
sanguinium, sheep’s bit Jasione montana, restharrow Ononis repens, yellow rattle Rhinanthus 
minor and harebell Campanula rotundifolia. 
 
A variety of uncommon plants have been recorded on the site and these include dyer’s greenweed 
Genista tinctoria, needle whin Genista anglica, long-stalked yellow sedge Carex lepidocarpa and 
royal fern Osmunda regalis. 
 
The site has a rich invertebrate fauna, and is noted in particular for Chrysomelid and Curculionid 
beetles with several species which are scarce in Cumbria. 
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Date Notified: 31/10/1986

File ref: NX 90/2

County: Cumbria Site Name: Silver Tarn, Hollas and Harnsey Mosses

District: Copeland

Status: Site of Special Scientific Interest (SSSI) notified under Section 28 of the Wildlife and
Countryside Act 1981.

Local Planning Authority: Copeland Borough Council

National Grid Reference: NY 998068 Area: 5.30 (ha)    13.00 (ac)

Ordnance Survey Sheet 1:50,000: 89 1:10,000: NX 90 NE, NY 00 NW

Date Notified (Under 1949 Act): 1969 Date of Last Revision: Ð

Date Notified (Under 1981 Act): 1986 Date of Last Revision: 1986

Other Information:
1. The site boundary has been modified by extensions and deletions at this revision.
2. The site was previously known as Silver Tarn and Harnsey Moss.

Description and Reasons for Notification:
This wetland site lies within g km of the West Cumbrian coast, midway between the villages
of Nethertown and Braystones and approximately 4 km south of Egremont.  The site
comprises a suite of three separate but related features originating as post glacial hollows in
boulder clay and later forming kettlehole tarns.  The site exhibits typical stages in the
development of kettlehole vegetation from open water, represented by Harnsey ÔMossÕ,
through the acid poor-fen of Silver Tarn, to a transitional basin fen stage reflected in the Hollas
Moss communities.  Additional associated communities include:  inundation, tall fen/emergent
vegetation, acid flush and carr.

These wetland habitats are becoming increasingly scarce in the intensively farmed lowlands
both locally and nationally.  This is one of only two known examples in the country of a suite
of intact, small, kettlehole formations, the other being Whitlaw Mosses National Nature
Reserve in the Borders Region.  The broad range of communities supported by this small site
complement those of other lowland wetlands in West Cumbria.  In addition Harnsey Moss is
the best example of a small, nutrient rich tarn in this scheduling unit.

The open water of Harnsey Moss supports a flora characteristic of a small, shallow, naturally
nutrient rich tarn.  The open water community comprises common water-starwort Callitriche
stagnalis, broad-leaved and bog pondweed with thread-leaved, round-leaved and pond water-
crowfoots Ranunculus spp.,  nearer the tarn margins.  Emergents occur along two thirds of the
edge and include bogbean Menyanthes trifoliata, lesser marshwort Apium inundatum in
abundance, with branched and unbranched bur-reeds and common spike-rush particularly along
the north west shore.  Amphibious bistort Polygonum amphibium and water-purslane Peplis
portula are common species of the broad zone of seasonal inundation along the south western
shore with frequent nodding bur-marigold Bidens cernua and marsh pennywort Hydrocotyle
vulgaris occasional ragged-robin Lychnis flos-cuculi, water mint, water forget-me-not,



cuckooflower, lesser spearwort, square-stalked St JohnÕs-wort Hypericum tetrapterum and
marsh cinquefoil Potentilla palustris in seepage areas.  This gives way to acid marshy grassland
dominated by jointed rush Juncus articulatus.

Silver Tarn is the largest mire of this kettlehole complex lying across two hollows forming
linked units referred to as Silver Tarn east and west.  The permanently high water table is
maintained by ground water springs, surface seepage and rainfall, with a movement of water
from east to west and beyond.  Silver Tarn west drains slowly to the sea less than 300 metres
away.  The eastern moss is particularly wet comprising only a thin mat of vegetation
(schwingmoor) overlying open water or semi-liquid peat.  Silver Tarn west, although quaking in
places is generally firmer.  Together these mosses support a mosaic of poor-fen communities.
Bog mosses Sphagnum spp.,  dominate, forming mossy lawns across the central areas and also
occur in association with one or more of the following:  bottle sedge Carex rostrata, common
cottongrass Eriophorum angustifolium, sharp-flowered rush Juncus acutiflorus and in firmer
areas purple moor-grass Molinia caerulea.  Additional species include bog pondweed
Potamogeton polygonifolius, round-leaved sundew Drosera rotundifolia, heath milkwort,
common and carnation sedges C. nigra and C. panicea and the uncommon bog sedge C. limosa
which is restricted to the western mire.  White, star, hairy and oval sedges have also been
recorded.  Where the influence of ground water is less marked and conditions are more acidic,
heather Calluna vulgaris, cranberry Vaccinium oxycoccus and cross-leaved heath Erica tetralix
are locally abundant.

The flush communities typical of the mire edges and particularly the western part of Silver
Tarn west comprise soft and sharp-flowered rushes, with bottle sedge, water horsetail
Equisetum fluviatile and a rich variety of herbs.  These include marsh cinquefoil, marsh
speedwell, marsh violet, ragged-robin, devilÕs-bit scabious Succisa pratensis, marsh-marigold,
wild angelica Angelica sylvestris, parsley water-dropwort Oenanthe lachenalii, ivy-leaved
crowfoot and the nationally uncommon marsh St JohnsÕ-wort Hypericum elodes which is
locally frequent at Silver Tarn west.  These grade into slightly more acid areas with locally
abundant marsh lousewort Pedicularis palustris, cranberry, occasional orchids Dactylorhiza
spp.,  hair moss Polytrichum commune and Sphagnum patches.

Hollas Moss is the most acidic part of this kettlehole complex.  Its quaking  surface is slightly
raised supporting a mosaic of vegetation types associated with increased acidity compared
with the acid poor-fen of Silver Tarn.  This is particularly pronounced towards the centre of
the moss which is more influenced by direct rainfall, i.e. ombrotrophic.  Hollas Moss is
therefore a transitional basin fen with both acid poor-fen and raised bog communities.  The mire
is dominated by Sphagnum spp.  which form extensive lawns in places and also occur in
association with heather, cross-leaved heath and cranberry, these being locally abundant
especially towards the centre of the moss.  Marginal areas support acid poor-fen with bottle
sedge, common cottongrass, a scattering of hareÕs-tail cottongrass and purple moor-grass with
soft rush restricted to the periphery.  Additional species include orchids and bog asphodel
Narthecium ossifragum associated with the Sphagnum lawns and bogbean.

Carr woodland is typically associated with the fringes of the open-mire communities and is
particularly well developed at Hollas Moss where it forms a characteristic marginal belt almost
completely surrounding the mire.  Here is comprises mainly grey willow Salix cinerea with
down birch Betula pubescens and at Silver Tarn east alder Alnus glutinosa and goat willow Salix
caprea are also included.  Silver Tarn west only supports a broad strip of grey willow.  Carr
emerges from standing water with a scattered ground flora comprising sneezewort Achillea
ptarmica, bogbean, bulrush Typha latifolia, water horsetail, lady-fern Athyrium felix-femina,



narrow and broad buckler-fern Dryopteris carthusiana and D. dilatata.  Of special interest is
the royal fern Osmunda regalis which is restricted to Silver Tarn east.
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