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List of terms and acronyms 
 
ALARA: As Low As Reasonably Achievable  

AOD: Above Ordnance Datum  

BAT: Best Available Techniques  

bgl: Below ground level  

BGS: British Geological Survey  

Biosphere: The part of the environment where 
living organisms exist, or which is capable of 
supporting life  

Cefas: Centre for Environment, Fisheries and 
Aquaculture Science  

CLEA: Contaminated Land Exposure 
Assessment Model  

CoRWM:  Committee on Radioactive Waste   
Management  

CSR: Corporate Social Responsibility 

DCRLS: Derived Consideration Reference 
Levels  

DfT: Department for Transport  

EA: Environment Agency 

EFEPs: External features, Events and 
Processes  

EH&S: Environment, Health and Safety  

EHS&QM: Environment, Health, Safety and 
Quality Manager  

EIA: Environmental Impact Assessment  

EMP: Environmental Management Plan  

EMS: Environmental Management System  

EPR: Environmental Permitting Regulations 

ESC: Environmental Safety Case  

ESS: Environmental Safety Strategy  

Far Field: The geosphere external to the 
engineered features of the disposal system.  

FCC: FCC Recycling (UK) Ltd 

FEPs: Features, Events and Processes  

GDF: Geological Disposal Facility  

Geosphere: The solid component of the earth 
(rock and soil etc.)  

HDPE: High-Density Polyethylene 

HRA: Hydrogeological Risk Assessment 

HV-VLLW: High Volume – Very Low Level 
Waste 

IAEA: International Atomic Energy Agency  

ICRP: International Commission on 
Radiological Protection  

IMS: Integrated Management System 

IPPC: Integrated Pollution Prevention and 
Control  

LA-LLW: Low Activity Low Level Waste 

LCM: Lower Coal Measures 

LLDPE: Linear Low-Density Polyethylene 

LLW Low Level Waste  

LLWR: Low Level Waste Repository Ltd 

LOAEL: Lowest Observable Adverse Effects 
Level  

MDI: Mean Daily Intake  

MRF: Metals Recycling Facility  

NDA: Nuclear Decommissioning Authority  

NE: Normal Evolution (a description of the 
reference case for the evolution of the 
disposal system)  

Near Field: The wastes, waste packages and 
engineered barriers within the disposal 
system.  

NHB: Non-Human Biota  

NOAEL: No Observable Adverse Effects Level 

NORM: Naturally Occurring Radioactive 
Materials 

NS-GRA: Guidance on the requirements for 
authorisation for near-surface disposal 
facilities on land for solid radioactive wastes  

PA: Performance Assessment  

PEG: Potentially Exposed Group  

PHE: Public Health England 

PPC: Pollution Prevention & Control 

PRoW: Public Rights of Way 

QMS: Quality Management System  

RPS: Radiological Protection Supervisor 

RSA: Radioactive Substances Act 

RWMD: Radioactive Waste Management 
Directorate (part of the NDA)  

SAC: Special Area of Conservation 

SEPA: Scottish Environment Protection 
Agency  

SQEP: Suitably Qualified and Experienced 
Personnel  

SSSI: Site Special Scientific Interest 

UKCP: UK Climate Projections  

UKRWI: UK Radioactive Waste Inventory 

VLLW: Very Low Level Waste  

WAC: Waste Acceptance Criteria  
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WASSC: Waste Safety Standards Committee 
(part of the IAEA Safety Standards 
Commission and Committees) 

WCSSG: West Cumbria Site Stakeholder 
Group  

WTC: Waste Treatment Centre 

WWTW: Waste Water Treatment Works

Units and prefixes 

SI units of radiation and radioactivity 

Quantity SI unit and abbreviation 

Absorbed dose Gray (Gy) 

Effective Dose Sievert (Sv) 

Radioactivity Becquerel (Bq) 

 

 

Multiples and sub-multiples of SI units 

Factor Prefix and abbreviation Factor Prefix and abbreviation 

1018 exa (E) 10-3 milli (m) 

1015 peta (P) 10-6 micro (µ) 

1012 tera (T) 10-9 nano (n) 

109 giga (G) 10-12 pico (p) 

106 mega (M) 10-15 femto (f) 

103 kilo (k) 10-18 atto (a) 

 

The tonne (metric ton) has the official abbreviation ‘t’, however, in line with common practice in the 
UK, in this report ‘te’ is used to avoid confusion with the British ton. 
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Non-technical Summary  
This is the ‘Non-technical Summary’ of the Environmental Safety Case (ESC) for the Disposal of Low-
Level Radioactive Waste as Low Activity Low Level Waste (LA-LLW) at the Lillyhall Landfill Site. The 
disposal of radioactive waste in England and Wales is regulated by the Environment Agency (EA) 
under the Environmental Permitting (England and Wales) Regulations 2018. 

In this document, we provide an ESC that has been prepared in support of that application. The 
purpose of this ESC is to demonstrate to the permitting authority (in this case, the EA) that the 
proposed activity will meet all requirements for the radiological protection of people and the 
environment. The EA will undertake an independent review of the ESC as part of the permitting 
process to determine whether they are satisfied that all relevant protection requirements have been 
met. 

 

Lillyhall Landfill Site 
The Lillyhall Landfill Site is an existing landfill site, which operates under an Environmental Permit 
(CD7914) granted by the EA. An assessment of the potential environmental impacts arising from the 
disposal of wastes to the site was prepared as a basis for this permit and demonstrates that the 
current permitted environmental impact of the site is acceptable. 

The Site was granted a variation to its permit in 2011 to dispose of High Volume - Very Low Level 
Waste (HV-VLLW) which have activity less than 4Bq/g. FCC Recycling (UK) Ltd is applying for a 
subsequent variation to the Lillyhall Landfill Site permit (CD7914)  [1] to allow radioactive wastes from 
a wider range of activity concentrations to be disposed to the site.  

LA-LLW falls between the two categories for Low Level Waste (LLW) and Very Low Level Waste 
(VLLW). Low Level Waste Repository Ltd (LLWR) define LA-LLW as those wastes with a total 
radioactivity of less than 200 Bq/g (Becquerels per gram) arising from within the nuclear industry. This 
category includes wastes defined as HV-LLW which have activity less than 4 Bq/g. This definition of 
LA-LLW has been used because it encompasses those wastes that have been demonstrated as able 
to be disposed of in facilities other than the LLW Repository. 

This ESC proposes to increase the site limits at Lillyhall to receive LA-LLW, with a proposed maximum 
average consignment activity limit of 200 Bq/g for a single waste stream. The current operational cells 
into which the waste will be disposed encompass the remaining capacity of the Lillyhall Landfill site. 
The calculated remaining site void space of these cells is 891,053 m3; equating to a total remaining 
capacity of ca.1.60 million tonnes of waste, assuming a waste density of 1.8 te/m3 (1800 kg m3) [2].   

The proposed application requires the entire remaining capacity for operational cells to be permitted 
for disposal of LA-LLW. In practice, the actual space utilised for LA-LLW will be less than this 
maximum capacity figure due to void space and additional daily coverage of the waste.  

It is assumed the LA-LLW will comprise approximately 10% of disposed waste materials, with non-
radiological wastes comprising 90% of disposed material. With this is mind, the maximum radioactive 
inventory for the site has been calculated as 36 TBq, assuming the density provided above and 
disposal of roughly 100,000 m3 of radioactive materials. This is considered a conservative assumption 
as 10% of the remaining disposal capacity at the site is calculated as slightly less than 100,000 m3 
meaning all assessments of potential doses arising from disposal are likely to be overestimates.  

The disposed waste streams are likely to be varied, but will typically comprise concrete, rubble and 
metals from decommissioning activities on nuclear licenced sites, soils contaminated with low levels 
of radioactivity, operational wastes from nuclear licenced sites and non-nuclear sector radioactive 
waste. No exempt items will be included in LA-LLW consignments. 

 

Low Level Waste 
Low level radioactive wastes form the bulk of all the radioactive wastes in the United Kingdom. 
Approximately 95 percent of the total physical volume of radioactive wastes is LLW; however, LLW 
only contains a small fraction of the total radioactivity in all the wastes, much less than one percent 
of the total. LLW contains a wide range of materials, including: paper, tissue, wood, resins, plastic, 
steels and other metals, graphite, building rubble, and soil. It includes radioactive wastes from the 
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nuclear industry and from other sources including the oil industry, research facilities, remediation of 
contaminated sites and hospitals. FCC's proposal for a variation to the permit involves the continued 
disposal of radioactive waste with an increased specific activity (radionuclide activity concentration in 
a consignment) of up to 200 Bq/g. 

 

Environmental Protection  
When the site has been filled and restoration is complete, the landfill design minimises contact 
between infiltrating water and the waste; limiting any releases to the environment. However, over long 
timescales, a potential pathway exists for small quantities of radioactivity to migrate to the 
environment. The main purpose of the objectives of the ESC is to show that the public and the 
environment are adequately protected from such releases. 

The approach used follows guidance for assessing disposal sites prepared by the EA who regulate 
radioactive waste disposal in England [3]. The amount of LA-LLW that can be safely accepted at the 
Lillyhall Landfill site has been determined. The ESC demonstrates that for the amount determined, 
for all reasonably foreseeable circumstances, doses or risks remain below the relevant dose and risk 
guidance levels defined by the EA for humans and for biota. For humans, in the long term and for 
events that are expected to occur the EA requires that a radiation dose of no more than 0.02 mSv y-

1 arises to members of the most exposed group. 

 

Environmental Monitoring  
Environmental monitoring during the period over which the site is managed will check that 
levels of radioactivity in environmental media will not give rise to emissions which could 
result in exposure which exceeds the design criteria set for the site. The site currently carries out 
environmental sampling and this will continue to be undertaken on a regular basis. Results are, and 
will continue to be reported to the EA, who also currently undertake an independent sampling 
programme. These samples provide additional assurance that the site is performing as expected. 

 

Landfill Design and Management 
The landfill has been designed in line with best practice. It has been in operation since 1972 and in 
2011 the site received a Permit under the Environmental Permitting (England & Wales) Regulations 
2010 to receive and dispose of HV-VLLW radioactive waste.  

The site has the following features which provides confidence that any releases from the landfill site 
will be As Low As Reasonably Achievable (ALARA): 

• Has been designed and operated based on tried and tested technologies. 

• Is robust and incorporates multiple engineered barriers and safety functions. 

• Is regularly reviewed for compliance against current standards as subsequent phases for 
developing disposal cells are planned. 

• Is subject to active management control via an Integrated Management System (IMS).  

• Maximises the use of passive safety features. 

FCC recognises the importance of an effective management culture and safety procedures to ensure 
that wastes are transported and handled safely reducing the potential for dose impacts on the 
workforce and the risk of accidents. FCC has a sound IMS, a positive safety culture, and is committed 
to high standards of environmental, safety, and quality management. 

 

The Environmental Safety Case 
The ESC has been produced to support an application for a permit variation that would enable LA-
LLW disposal in the remaining cells of the Lillyhall Landfill site. The ESC contains a detailed 
radiological assessment of the dose to the public from disposals of LA-LLW radioactive waste to the 
site. This radiological assessment looks at the behaviour of radionuclides in the landfill, considers 
ways that radionuclides can enter the local environment and the timescale over which this may occur. 
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A review of the available data sources, including coal authority mining records, has been used to aid 
the development of a hydrogeological and geological conceptual site model of the Lillyhall landfill site. 
The radiological assessment also considers the future of the site once it has been closed, examining 
different site uses and potential situations that could arise in the future when active control of the site 
has ceased, including the possibility of people digging into the waste. 

The results of the radiological assessment calculations are used to determine the quantity (total 
activity) of each radionuclide that would meet the health protection standards specified by the EA if it 
was disposed of at the Lillyhall Landfill site. These quantities are used to limit the disposal of LA-LLW 
that will be specified in the revised Permit. The assessment approach is very conservative and 
inevitably overestimates the doses that may occur from disposal of each radionuclide. Using the 
conservative calculations will set a lower limiting quantity for the waste that can be disposed of. 

LA-LLW can contain different mixtures of radionuclides. It is not possible to know now the exact 
mixture of radionuclides that will be contained in future consignments to the landfill. This will be 
determined as wastes are generated and analysed. In order to maintain the flexibility to respond to 
future mixtures of radionuclides, an approach is used by which the total quantity that can be received 
is under continual review within the framework of an agreed limit set by the calculations in the ESC. 

This approach is referred to as the “sum of fractions” approach and it will be controlled through a clear 
condition of the permit. This approach is consistent with the approach used at other sites receiving 
LA-LLW. Each waste consignment will be evaluated to check that it meets the criteria set through the 
‘sum of fractions’ approach. The limit on the total number of tonnes which can be received at the site 
may be more restrictive than the ‘sum of fractions’ limit on the total activity for some radionuclides 
and some wastes. 

During the period of authorisation (PoA), the maximum annual dose from situations that are expected 
to occur is 0.066 mSv compared with the EA acceptable dose criteria from the site of 0.3mSv per 
annum. Subsequent to the PoA maximum annual dose from situations that are expected to occur is 
0.0025mSv compared to a risk guidance level of 1x10-06 (approximately equivalent to 20 µSv). 

The maximum annual dose from potential future situations where the waste is unintentionally brought 
to the surface is 0.82 mSv compared to the EA acceptable dose criteria of 15-20 mSv for short term, 
transitory exposure.  

The actual total activity of waste that could be disposed of at the Lillyhall Landfill site under the 
proposed variation depends on the radionuclide mix in the waste it receives. The actual mixture of 
radionuclides will be recorded for each load deposited and compared with a ‘running total’ of the 
activity deposited to date which ensures that the permitted total activity is not exceeded regardless of 
the mixture of radionuclides which are landfilled. This is how the sum of fractions approach is applied 
and regulated. 

Careful control of the activity and quantities of waste disposed, use of best practice design, the 
existence of a sound environmental management culture, and ongoing environmental monitoring will 
provide confidence that any radioactive emissions will be low and consistent with the health protection 
standards specified by the EA. 

The Lillyhall Landfill site will continue to be regulated by the EA to confirm that it is operating in 
compliance with all appropriate standards. Environmental monitoring during the operational and 
aftercare phases, while the site is managed, will check that the levels of radiation in a range of 
potential exposure pathways such as leachate, surface water, ground water and dust will not exceed 
the criteria that are set for the site. Samples are taken to an agreed programme specified in the Permit 
and follow protocols set by the EA, with the resulting monitoring data reported to it. The EA undertakes 
its own assurance analysis of the sites sampling and reporting programme. This provides assurance 
that the site is performing as expected and that the design, construction and operating standards of 
the site are effective in eliminating or controlling any exposure risks. 
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1. Introduction 
1. This document is an Environmental Safety Case (ESC) that supports a request for a permit 

variation for the proposed disposal of Low Level Waste (LLW) to the Lillyhall Landfill Site at 
Joseph Noble Road, Lillyhall, Cumbria CA14 4JH, OS Grid Ref NY026247.  

2. The Lillyhall Landfill Site is operated by FCC Recycling (UK) Ltd (FCC), which has a registered 
office at Ground Floor West, 900 Pavilion Drive, Northampton Business Park, Northampton 
NN4 7RG (Company No. 02902416). FCC is to apply to the Environment Agency (EA) for an 
authorisation to dispose of radioactive waste at the Site under the Environmental Permitting 
(England and Wales) Regulations 2018. This ESC has been prepared in support of the 
application. 

3. FCC is applying for a revision to its permit, to allow radioactive wastes from a wider range of 
activity concentrations to be disposed to the Lillyhall Landfill Site; and to develop appropriate 
landfill capacity across the UK for the disposal of LLW.  

4. FCC is one of the leading waste management services companies in the UK (see 
http://www.FCC.co.uk). It is owned by Spanish construction and services group Fomento de 
Construcciones y Contratas (FCC). Each year FCC receives, recycles and disposes of 10 
million tonnes of household, commercial and industrial waste from across the UK where it owns 
and operates several landfill sites.  

5. The Environment Agencies (Environment Agency, Northern Ireland Environment Agency, 
Scottish Environment Protection Agency) with responsibility in England, Wales, Scotland and 
Northern Ireland have produced guidance on the requirements for authorisation for the disposal 
of solid radioactive wastes to near-surface disposal facilities [3]. This guidance is commonly 
referred to as the NS-GRA. The NS-GRA lays out five principles and fourteen requirements to 
be addressed in seeking a permit to dispose of LLW to a near-surface disposal facility, of which 
Requirement 3 states that the: 

 
“proposed disposal of solid radioactive waste should be supported by an environmental safety 

case”. (NS-GRA para 6.2.1)  
    
6. This ESC is focused on the radiological impacts that might arise if LLW were disposed at the 

site, some aspects of the non-radiological properties of the waste have also been considered. 
It is laid out in a manner consistent with the NS-GRA addressing each of the fourteen 
requirements.  

 

 Background 

7. In the UK, LLW is defined as waste at the lower end of the activity range with: 
“radioactive waste having a radioactive content not exceeding four gigabecquerels per tonne 

(GBq/te) of alpha or 12 GBq/te of beta/gamma” [4] 
 
8. The subclass of LLW known as High Volume Very Low-Level Waste (HV-VLLW) comprises 

materials as described above for LLW but has lower limits on the permissible content of 
radioactivity. HV-VLLW is defined as: 

 
“radioactive waste with maximum concentrations of four megabecquerels per tonne (MBq/te) of total 
activity which can be disposed to specified landfill sites.” [4] 
 
9. Low Activity Low-Level Waste (LA-LLW) refers to LLW with activity concentrations at the lower 

end of the activity range. No statutory definition exists for LA-LLW however, the LLWR Ltd. 
definition states that LA-LLW is waste arising from the nuclear industry which has an upper 
limit of 200 Bq g-1 and can be disposed to suitable authorised landfill sites [5].  
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10. For the purposes of regulating the disposal of Naturally Occurring Radioactive Materials 
(NORM) only those materials that have arisen because of a practice or industrial activity are 
considered [6]. NORM that is proposed for disposal in the Lillyhall Landfill Site corresponds to 
waste produced from industries where the waste streams exceed clearance and exemption 
limits specified in the exemption regulations [6]. 

 
11. The site will have a defined Waste Acceptance Criteria (WAC) detailing the wastes which can 

be accepted.  The disposed waste streams could be varied but might typically comprise 
concrete and steel from decommissioned buildings on nuclear sites, soils contaminated with 
low levels of radioactivity, operational wastes from nuclear sites, non-nuclear sector radioactive 
waste, and NORM streams from both the nuclear and non-nuclear sectors, for example the oil 
and gas industry.   

 

 Existing Site Status  

12. The Lillyhall Landfill Site is an existing landfill site. Disposal commenced in 1972. Stages 1 and 
2 of the site are complete. Stage 3 comprises a partially filled clay-lined landfill, which currently 
accepts inert, non-hazardous, and household wastes. Disposals to Stage 3 began in 1998 and 
are continuing. Cell 6B is currently active and accepts non-inert waste. Cell 6C is a separate 
adjacent sub cell currently active for the acceptance of asbestos and HV-VLLW.  

13. The site has planning permission to construct further cells 7, 8, 9, 10 (see Figure 5).  As well 
as the radioactive wastes for which a permit for disposal is being sought, the landfill will 
continue to accept non-radioactive wastes. 

14. The requested permit variation is for the acceptance of LA-LLW to cells 7-10 and does not 
apply to cell 6B which is due to close shortly. As such cell 6B is not considered within this ESC 
and will remain under the current permit. As part of the infilling of Cells 7-10, Cells 4,5, 6A and 
6C will require overtipping and this has been taken into account as part of the remaining void 
quoted in paragraph 18 below. 

15. FCC has operated the Lillyhall Landfill Stage 3 site under a Pollution Prevention and Control 
(PPC) Permit (Permit number BU8100), which was issued by the Environment Agency on 19th 
March 2004. The permit was reissued as Permit Number GP3037SJ, Variation Notice 
DP3338UU on 7th February 2008. An assessment of the potential environmental impacts 
arising from the disposal of non-radioactive wastes to the site was prepared as a basis for this 
Permit [7].  

16. In 2011 Lillyhall Landfill received a Permit under the Environmental Permitting (England & 
Wales) Regulations 2010 to receive and dispose of HV-VLLW radioactive waste (CD7914) [1].  
The site still receives and disposes of other non-radioactive wastes under the existing 
Environmental Permit.  

17. Planning permission 2/12/9007 for the proposed HV-VLLW disposal cells was granted in March 
2014, Condition 4 restricts the volume of material that can be deposited on the Site to 65,000 
m3 of per annum, including a maximum limit of 26,000 m3 per annum of HV-VLLW.  

 
18. An opinion has been received from Cumbria County Council [8] regarding the acceptance of 

LA-LLW, stating that planning permission would not be required. The Cumbria County Council 
letter states that: 

 
‘FCC stated that there would be no change to planning permission 2/13/9007, which would 
increase the volume of material which could be deposited under condition 4 of planning 
permission 2/13/9007, the phasing scheme (Drawing No WR7044/19/05) or to the approved 
contours (Drawing No WR7044/19/11). Subject to the information contained in FCC letter dated  
August 2018 being accurate and there being no changes to the approved drawings, I can confirm 
that planning permission would not be required for the acceptance of LA-LLW as this falls within 
the definition of LLW.’ 
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It is estimated that there is a remaining capacity, in the current consented operational and 
future planned cells, of about 891,053 m3.  

 LLW Background  

19. The proposals set out in this document have been developed in the light of the UK 
Government’s LLW policy [4]. The policy provides a flexible risk-informed framework for the 
management of LLW, placing a greater emphasis on application of the waste management 
hierarchy (which requires reduction or minimisation of waste, re-use or recycling before turning 
to disposal). It notes that the end point for LLW that remains following application of the waste 
management hierarchy should be disposal to an appropriately engineered facility, either below 
or above the ground. The use of a wider range of waste management options is encouraged, 
in order to ensure the most effective use of the disposal capacity at the LLWR. In accordance 
with the proximity principle, the policy also seeks to minimise the impacts of long-distance 
transport of LLW by encouraging the use of local waste management facilities where 
appropriate. 

20. The policy states that disposal facilities should be ‘fit for purpose’. This means that disposal 
facilities should be engineered to a degree that is commensurate with the types of wastes they 
will receive. Hence, while the use of disposal facilities such as the LLWR will continue to be 
necessary for certain higher activity LLW, the same level of safety and environmental protection 
can be afforded using alternative less engineered disposal solutions for lower activity LLW. 

21. FCC has considered Government policy in the preparation of proposals for the future 
development of the Lillyhall Landfill Site. 

o A ‘fit-for-purpose’ approach is proposed, recognising the very low radiological impacts 
posed by the LLW streams of interest (see Section 6). 

o The proposals are assessed against criteria set out in government policy and in regulatory 
guidance. 

o A stakeholder engagement process has been followed (see Section 4), designed to fulfil 
Government expectations for local community and stakeholder involvement. 

o The proposal would contribute to the more effective use of the LLWR by enabling capacity 
to be reserved for wastes that really need to be consigned to a more highly engineered 
facility. 

22. The site may be used for the disposal of LA-LLW wastes from nuclear facilities, or from 
industries generating NORM, from across the UK. It is noted that the Lillyhall Landfill Site is in 
close proximity to the nuclear sites at Sellafield, the LLWR and Chapelcross and it is expected 
most of the waste will be received from these sites. 

23. Government policy states that the Nuclear Decommissioning Authority (NDA) Strategy [9] and 
Annual Plans [10] will provide guidance for national, regional and local planning authorities as 
necessary in the preparation of planning strategies and their appraisal. The NDA’s Strategy 
and Annual Plans also form the framework used by NDA’s contractors to develop their plans 
for waste management. 

24. NDA Strategy [11] recognises that the use of the LLWR, given its limited capacity, will likely 
need to be prioritised to maximise the lifetime of the facility. This is consistent with the UK 
nuclear industry recognition that to meet all requirements for disposal of LLW, alternative 
disposal options may be required for appropriate waste streams. The NDA also note that 
securing more flexible disposal solutions for LLW, could substantially reduce usage of disposal 
capacity at the LLWR and secure cost savings [10] 

25. The proposed development of the Lillyhall Landfill Site to accept LLW from, but not limited to, 
nearby nuclear sites such as Sellafield, Calder Hall, the LLWR and Chapelcross, is consistent 
with this identified need for flexible disposal solutions. 

26. A review of projected UK radioactive waste arisings was undertaken by LLWR in 2016 [13]. 
This estimated total future VLLW, LLW and ILW waste arisings of c. 4,580,000 m3, comprising 
1,570,000 m3 of LLW and 2,720,000 m3 of VLLW and 299,000 m3 of ILW. Of the estimated 
2,290,000m3 of VLLW and LLW, almost 4,000,000m3, or 93%, of the total projected future 
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waste arisings has an activity of <200Bq/g, and therefore may be suitable for disposal at 
alternative permitted near surface disposal facilities [13].  
 

27. The review [13] identifies that 74% of all UK radioactive waste is from Sellafield. 
 

28. Given the relative volumes, the complete segregation of VLLW from LA-LLW is often 
considered to be non-commercially worthwhile. If a permit is granted for the disposal of LA-
LLW at the Lillyhall Landfill Site, this would provide greater flexibility to accept VLLW/LA-LLW 
and would provide capacity to dispose of a significant fraction of these lower end low-level 
wastes. 

29. The Permit Decision Document [1] issued by the Environment Agency in April 2011 for the 
Lillyhall Landfill Site states that disposal of VLLW to landfill will help reduce the volume of waste 
going to the LLWR at Drigg. In that Decision Document, the Environment Agency stated that: 

‘in general, we support the intention to reduce the overall volume of waste going to the LLWR, 
to preserve its limited capacity for wastes which contain higher levels of radioactivity and require 
higher levels of engineered containment’. 

 Site Development and Proposal 

30. Authorisation is sought for the disposal of LA-LLW that is compliant with the existing conditions 
for acceptance of the Lillyhall Landfill Site with respect to the non-radioactive properties of the 
waste (i.e. the proposal is for the disposal of radioactive wastes that would be classified as 
inert, non-hazardous or asbestos-contaminated in terms of their content of non-radioactive 
materials). 

31. The approach presented here is based around a proposed maximum average consignment 
activity limit of 200 Bq g-1 for a single waste stream, with a specific item limit (e.g. a drum in 
that consignment) of 1000 Bq g-1 to allow for heterogeneity in the waste. A single consignment 
is defined in the current Permit [12] as an “individual shipment of radioactive waste not greater 
in volume than 40 cubic metres (m3) or such volume as specified by the Agency in writing”. In 
this ESC it has been assumed that a single consignment may be 36 m3 [13], bearing in mind 
the estimated waste density of 1.8 te m3 and a standard lorry load equivalent to 40 te. 

32. Based on our analysis of waste streams potentially suitable for disposal at the Lillyhall landfill 
site it is believed that the average activity concentration across all waste streams so disposed 
would be a few tens of Bq g-1 [14]. 

 Regulatory Framework 

33. Disposals of LLW to the Lillyhall Landfill Site require a Permit from the Environment Agency 
under EPR 2018. The Environment Agency and corresponding organisations in Scotland and 
Northern Ireland have issued Guidance on Requirements for Authorisation for near-surface 
disposal facilities (referred to here as the NS-GRA [3]). 

34. The NS-GRA requires that, 

"The developers and operators of near-surface facilities for solid radioactive waste disposal 
demonstrate that their facilities will properly protect people and the environment.” [para 2.1.5] 

35. The NS-GRA also indicates that the approach to assessing safety should be proportionate to 
the hazards arising. 

"we shall expect the developer/operator to adopt an approach to each requirement that is 
proportionate to the level of hazard the eventual inventory of waste in the facility will present”. 
[para 6.2.3] 

The impacts are therefore assessed using a relatively simple and cautious approach. 

36. The NS-GRA defines radiological performance criteria and measures for the protection of the 
public, fauna and flora from radioactive waste disposed of to an authorised facility Table 1-1). 
The ESC is largely concerned with providing a demonstration that the facility and its 
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surroundings provide sufficient protection from the radiological hazards and that management 
procedures are in place to ensure that the facility will be safely and appropriately operated and 
closed (see Section 7). 

Table 1-1 - Summary of Regulatory Criteria identified within the Guidance on Requirements 
for Authorisation for Near Surface Disposal of Radioactive Wastes 

Phase / Exposure Route Maximum Permitted Impact 

Period of Authorisation (i.e. the operational period 
during which wastes are received and the post-
operational period during which wastes are no longer 
received but the site remains under active 
management). 

0.3 mSv per year from any source from which 
radioactive discharges are made;  

0.5 mSv per year from the discharges from any single 
site; or 

A dose of no more than 0.02 mSv per year for any 
scenario based on contamination of groundwater. 

After the Period of Authorisation (i.e. when the site is 
no longer actively managed) because of the ‘normal 
evolution’ of the site. 

A risk of serious health effect or fatality as a 
consequence of exposure to the radioactive wastes 
to an individual (who is a member of a hypothetical 
‘potentially exposed group’ that have habits leading 
to a higher rate of exposure) of no more than 10-6 
(i.e.1 in 1 million) per year. 

Doses arising because of human intrusion resulting 
in exposure to the radioactive wastes 

A dose of no more than 3 mSv per year (where the 
exposure may persist for a number of years) up to 20 
mSv per year (where short-term exposure only is 
anticipated) 

 

37. To set these dose criteria in context, it is observed that the average annual background dose 
in the UK is about 2.7 mSv as a result of natural and man-made radiation sources [15]. Natural 
radiation levels are dominated by radon, although significant doses are also received from 
cosmic rays and gamma rays from naturally occurring radioactivity in the ground and buildings. 
The background radiation level is significantly different in different parts of the country. 
Radiation doses to individual members of the Cumbria Average Group are reported to be about 
2.1 mSv y-1 [15]. 

38. There is also a requirement to demonstrate protection from non-radiological hazards 
associated with the wastes, for example related to any hazardous materials potentially mixed 
in with the radioactive waste. No performance measures for non-radioactive hazards are 
provided in the NS-GRA, but similar performance to that required for hazardous waste facilities 
is expected. 

39. The objective of this submission is to show, using reasonably conservative assumptions, that 
the radiation doses or risks are well within the regulatory guidance levels and are a fraction of 
the radiation dose received by members of the Cumbria Average Group. 

40. This submission will consider scenarios involving exposure to waste during normal operations, 
scenarios involving the expected site evolution and a range of scenarios, involving unexpected 
exposure resulting from disposal of LA-LLW.  The range of scenarios selected via a risk 
assessment screening process, ensures that for all reasonably foreseeable circumstances, 
doses or risks are properly controlled through employment of sound science and management 
to limit potential dose impacts, with regards to the relevant guidance levels. (See Section 6, 
Appendix A, and Appendix E) 

 

 Structure of the Environmental Safety Case 

41. The NS-GRA requires that the operators or developers of a disposal facility should produce an 
ESC that shows how the facility meets the requirements set out in the guidance and 



 

Contains sensitive information 
 5156325-301-0003 | 5.0 | April 2021 

 Page 17 of 89 

 

 

demonstrates that people and the environment are protected from the potential hazards 
associated with disposals to the facility. 

42. A three-tiered approach is applied to the presentation of the ESC is presented in Figure 1. 

 

 

Figure 1 - Tiered ESC Document Structure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

43. Level 1: A single top-level ESC that states the plan for the development of the Lillyhall Landfill 
Site and the main arguments concerning environmental safety and how this is achieved.   

Level 2: A series of key operating statements and procedures that provide further evidence in 
support of the safety arguments, including descriptions of the management framework, system 
understanding and Waste Acceptance Criteria (WAC).   

Level 3: A series of key underpinning references that provide more detailed information in 
relation to site characteristics and design. Pertinent references have been included as 
appendices. 

44. The ESC is underpinned by a number of supporting documents, which provide more detailed 
information relating to key themes. An outline of the main suite of documents contributing to the 
ESC is Figure 2. 

45. Key underpinning references include [7] [16] [17] [18] [19] [20] [21] [22] 
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Figure 2 - Outline of the suite of documents underpinning the ESC 

 

 

46. This document is laid out in a format to reflect the requirements of the NS-GRA. A for a cross-
reference between the requirements of the NS- GRA and the relevant sections in this document 
is shown in Table 1-2. 

Table 1-2 - NS-GRA Requirements 

NS-GRA Requirements (R1-14) Cross Reference 

R1 Process by agreement Section 4.1 

R2 Dialogue with local communities and others Section 4.2 

R3 Environmental Safety Case Section 5.1 

R4 Environmental Safety Culture and Management System Section 5.2 

R5 Dose Constraints during the period of Authorisation Section 6.1 

R6 Risk Guidance Level after the period of authorisation Section 6.2 

R7 Human Intrusion after the period of authorisation Section 6.3 

R8 Optimisation Section 6.4 

R9 Environmental Radioactivity Section 6.5 
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NS-GRA Requirements (R1-14) Cross Reference 

R10 Protection against non-radiological hazards Section 7.1 

R11 Site investigation Section 7.2 

R12 Use of site and facility design, construction, operation and closure Section 7.3 

R13 Waste acceptance criteria Section 7.4 

R14 Monitoring Section 7.5 

 

 Environmental Safety Strategy 

 

47. The overall objective is to dispose of wastes to the Lillyhall Landfill site in such a way as to 
ensure that impacts to people and to the environment are maintained at levels, both in the short 
and long-term, which afford a high level of protection, based on current limits, targets and 
guidance, without any reliance on waste retrieval or other intervention measures. 

48. This will be achieved using both engineered and natural barriers to contain the disposed 
radionuclides for as long as reasonably practicable and thereafter limit the rate at which any 
radionuclides are released to the accessible environment. 

49. The NS-GRA requirement for an ESC requires the inclusion of an environmental safety 
strategy. The strategy to achieve the objective of low impacts to people and the environment 
following waste disposal consists of disposing of wastes that represent a low inherent risk due 
to their relatively low specific activity concentration of radionuclides proposed for disposal. 
Moreover, such wastes will be disposed of to a facility that: 
 

o has been in operation for more than four decades; 

o is based on well tried and tested technologies; 

o is robust and incorporates multiple engineered barriers and safety functions; 

o is regularly reviewed for compliance with current standards as subsequent phases 
for developing disposal cells are planned; 

o is subject to active management control; and, 

o maximises use of passive safety features. 

50. The overall safety strategy for the disposal of LA-LLW at the Lillyhall landfill site involves both 
active (operational) management and the construction of passive barriers ensuring that wastes 
disposed of will give rise to low impacts, within the dose and risk guidance levels laid down in 
the NS-GRA. The following steps will be taken: 

o Waste activity concentration limits will be set. 

o Current WAC will be updated specifying radiological and non-radiological properties 
of the wastes. 

o Existing work management, culture, and safety procedures will be reviewed and 
updated to ensure that wastes are transported and handled in a safe fashion reducing 
the potential for dose impact to the workforce and the risk of accidents leading to 
unplanned impacts on the environment. 

o The design and construction of fit-for-purpose disposal cells with basal and wall liners 
provide an engineered barrier, reducing leachate flow over periods of many decades 
or centuries. 
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o Active collection and treatment of leachate during the operational period and 
discharge via a leachate treatment plant reduce the risk of contamination of 
groundwater in the vicinity of the disposal site. 

o The wastes will be covered daily to reduce dust suspension and disturbance to 
mitigate the risk of impacts via airborne pathways during the operational period. 

o Engineered cell caps will be constructed once disposal cells are full, effectively 
eliminating dust resuspension and reducing water ingress, and hence reducing 
potential leachate contamination of groundwater. 

o The local geology provides a passive barrier to reduce the transport of contaminants 
through the geosphere. 

o A range of scenarios involving unplanned exposure of waste have been considered, 
in order to ensure that for all reasonably foreseeable circumstances doses or risks 
remain below the relevant dose and risk guidance levels. 

o The impact of uncertainty in estimated doses and risks has been considered to 
demonstrate that the ESC is robust in meeting all relevant dose and risk guidance 
levels. 

51. The NS-GRA requires that ‘unreasonable reliance’ shall not be placed on human action to 
protect people and the environment (para 4.6.1). 

52. The disposal facility is designed to minimise reliance on human action to maintain the safety 
case during the period of operation. During the post-closure Period of Authorisation (i.e. the 
period after which no further disposals are received and the disposal cells are capped, but 
during which the site Permit issued under EPR 2010 remains in force), no human action is 
required other than monitoring to demonstrate that the overall system is continuing to limit entry 
of radionuclides to the accessible environment, consistent with the arguments in this ESC. 

53. Following surrender of the site Permit (i.e. at the end of the period of authorisation), there is no 
continuing reliance on monitoring or any other active management or intervention measure to 
ensure the continuing safety of the overall system. 
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2. Site Characteristics 

 Introduction 
54. The NS-GRA [3] requires that the site characteristics including the geological environment and 

the biosphere are characterised, understood and capable of analysis to the extent necessary 
to support the ESC. 

55. The continued operation of Lillyhall is designed with the objective of co-disposing commercial, 
industrial, construction and demolition waste in a safe and efficient manner. Such wastes might 
be either HV-VLLW or LA-LLW. 

56. An Envirocheck® Report [23] has been obtained to fully explore and consider the 
environmental setting, including past and present activities surrounding the site, and to better 
understand the potential impacts of LA-LLW waste disposal at Lillyhall Landfill.  

57. In this Section a summary is presented of the understanding of the characteristics of the site. 
Information includes the physical setting, topography, land use and hydrology, and of the 
regional and local geosphere including lithology, stratigraphy, resource potential, hydrogeology 
and geochemistry relevant to the assessment of the proposed disposal facility. Consideration 
of the potential for disruption under reasonably foreseeable future conditions is also presented. 

 Location 

58. The Lillyhall Landfill Site is situated in west Cumbria at Joseph Noble Road, Lillyhall, Cumbria 
CA14 4JH (OS Grid Reference NY026247). The landfill is situated near to the Lillyhall industrial 
estate, approximately 1 km northwest of the nearby centre of population of Distington village 
and 4 km south southeast of the centre of Workington (see Figure 3). The site is within the 
currently consented planning permission boundary and occupies approximately 47 hectares.  
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Figure 3 - Location of the Lillyhall Landfill Site
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Figure 4 - Aerial View of Lillyhall Landfill Site with boundary planting – 2012
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 Landfill history and design and use 

59. Planning permission for the landfilling of industrial and commercial waste at Lillyhall landfill site 
was first granted in 1976 under planning permission 2/75/0872. This planning permission was 
located immediately to the south west of the current landfill boundary and was known as Stage 
1 and 2. These stages are now restored. 

60. Planning permission 2/93/9033 was granted in 1995 for Phase 3 (which included Phase 4), an 
extension to Phases 1 and 2. Phase 3 extends to some 47 hectares of land of which 27 hectares 
relate to landfill development, the balance being woodland screen planting and conservation 
measures. Disposals to Stage 3 started in 1998 and are continuing. The consented scheme 
identified twelve cells within the non-inert landfill and an area of inert waste disposal towards the 
eastern boundary of the site referred to as Phase 4 (located within Phase 3). Under the consent 
tipping commenced in the southern eastern corner and has progressed in three strips comprising 
four cells each in a north-westerly direction.  

61. Stage 3 currently is permitted to accept HV-VLLW and is the stage to which LA-LLW radioactive 
wastes will be disposed. 

62. In 2013 planning permission 2/99/9033 [24] was granted to extend the operational period of the 
landfill until 2029.  The application sought to: 

o Extend the period of tipping to 2029 with an additional year for restoration to ensure 
that the former opencast site (Phases 3 and 4) are restored to an acceptable landform 
and after use. 

o Revise the final contours and restoration planting of the site. 

o Revise the phasing of tipping. 

o Confirm accepted waste types including LLW.  

63. Sub cells 6B and 6C are current disposal cells. Cell 6B will close soon; there is no radioactive 
waste deposited within that cell. Cell 6C is used for the disposal of asbestos and that cell will 
continue to accept radioactive wastes. Cells 7 to 10 will have a footprint design and will be 
constructed one cell at a time on a demand basis ready for receipt of material upon issue of the 
varied permit. Figure 5 indicates approximate areas that Cells 7 to 10 will occupy. The final 
design of future cells will be reviewed before construction and is subject to approval by FCC and 
the EA. 
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Figure 5 - Lillyhall Landfill Cell Phasing Plan  

*Note: Diagram for illustrative purposes only. Cell 11 included at the time diagram produced, application refers only to cells 7 to 10.  

 



 

Contains sensitive information 
 5156325-301-0003 | 5.0 | April 2021 

 Page 26 of 89 

 

 

 

2.3.1. Landfill design and construction 

64. The Lillyhall Landfill has been designed based on the principal of engineered containment and 
constructed to an engineered specification which has been subject to approval by the EA. 
Further design and construction will also follow these principals. Extracted clay during cell 
excavation is utilised for the construction of the cell containment system, this clay along with 
geomembranes provides a low permeability basal, perimeter, and capping seals to prevent 
water ingress and retain contaminants.  

 
65. The remaining cells (7 to 10) will be engineered, filled, capped, and restored. Once cells are 

filled they will be finished with an engineered final cap consisting of low permeability material 
(for example a geomembrane and clay), and finished with restoration materials to minimise 
infiltration of rainfall and to separate landfilled waste from the surrounding environment. Final 
cap design will be provided to the EA prior to waste acceptance.  

 
66. The proposed continued disposal operations will consist of the following principal elements: 

• Containment Cell Construction - This will involve a phased cell construction (See Figure 5) 
exercise within the landfill area to create a containment cell, this will also include the 
temporary storage of the soils and sub soils for use as engineering and restoration 
purposes. Cell construction will include the laying of specialist protective membranes and 
geological barriers and gas and leachate management systems. Existing surface water 
attenuation lagoons will be utilised. 

• Deposit of Waste Material within the Cells - Imported waste will be deposited into the 
containment cell. The placement method will depend on the nature of the material to be 
handled. HV-VLLW and LA-LLW brought to site in suitable packaging (e.g. soft sided 
containers, drums, ISO containers, etc.) will be emplaced on the cell floor. Non inert waste 
will be deposited around the containers. After each working day inert materials (soil or clay) 
will cover the areas of tipping in order to minimise the potential for resuspension of dust. 

• Capping of the Facility - This will be undertaken on a phased basis once the containment 
cells have been filled. The capping system will incorporate an artificial material (Linear Low-
Density Polyethylene (LLDPE)) barrier to stop the infiltration of surface waters. Above the 
artificial barrier is a protective geotextile to reduce risk of perforating the underlying LLDPE 
from the above restoration soils. 

• Restoration and Landscaping - The depth of sub and top soils will vary to reflect the 
proposed scheme of restoration planting. Soil depth will be greater for areas of proposed 
woodland planting (c. 1.5 m based on EA recommendation for root cap penetration) than 
areas of proposed grassland. The final landform will take the appearance of a hillside and 
small valley feature, a scheme of planting shall also be incorporated in order to reduce any 
visual impact of the development and enhance local biodiversity. 

67. All cells, except for Cell 1, have been, or will be, lined with a minimum of 1 m of engineered clay. 
Historically this was combined with 2 m of natural in situ clay (proved or reworked if necessary). 
Cells are currently lined with 1 m engineered clay (as before) combined with a 2 mm High-Density 
Polyethylene (HDPE) membrane, to achieve a maximum hydraulic conductivity of 10-9 m s-1, The 
central part of Cell 1 (a third of its area) also has a 3 m lining of engineered clay. The edges are 
lined with 1 m of engineered clay overlying a minimum of 2 m of natural clay. Initially, the site 
accepted hazardous and non-hazardous waste, but from 2004 only accepted non-hazardous 
waste, with the exception of certain stabilised non-reactive hazardous waste, including asbestos. 

68. The current liner system comprises engineered clay and a HDPE liner over in situ clay with the 
engineered layer achieving a hydraulic conductivity of less than 10-9 m s-1. Liner design is 
expected to evolve as the site progresses, with the use of a composite HDPE liner in combination 
with engineered clay being considered. This would provide operational flexibility in terms of the 
availability of materials and site conditions. The basal clay lining system was continued up the 
sidewalls to a maximum height of 10 m in Cell 4A. 
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69. The cap includes a 1 mm LLDPE geomembrane. This is "double rough" to minimise the 
subsequent movement of soil. As noted above, the design of future cells will be reviewed before 
construction and is subject to approval by FCC and the EA. 

2.3.2. Landfill Leachate Management 
70. The installation is designed as a containment landfill, with the potential for leachate migration 

controlled by the natural geology containment and leachate collection systems. Leachate 
management undertaken includes: 

o Collection of leachate at the base of the waste mass in a basal drainage layer; 

o Drainage of leachate to dedicated abstraction sumps in each cell; 

o Active extraction of leachate 

71. All cells have been engineered with a leachate drainage system. The specification of the system 
has evolved from cell to cell and is detailed in the PPC application [7]. No alterations to the 
design of the drainage system in future cells have been made. Leachate is currently biologically 
treated at the onsite Leachate Treatment Plant prior to discharge to sewer whereby it reaches 
the Parton Treatment Works, operated by United Utilities. 

72. The current Environmental Permit [12] states that the leachate head must remain between 1 and 
3m above the base of the cell, depending on the individual cell in question. 

73. A revised Hydrogeological Assessment has been completed [See Appendix D] to take account 
of a proposed increase in the maximum head from 1 m to 3 m in certain cells, a change to the 
design of the composite liner and other changes. The proposed composite liner will consist of a 
minimum of 1 m of clay overlain by a 2 mm thick HDPE textured geomembrane and a 300 mm 
gravel drainage blanket with the geomembrane extending to a height of 4 m above the base. 
The geomembrane will extend to a height of 4 m up the side slopes. Higher up the slopes, the 
liner will comprise a 1 m thick clay liner in accordance with the existing requirements. The 
assessment demonstrated that the proposed modifications to the design are sufficient for the 
control of emissions of modelled substances to groundwater.  

2.3.3. Landfill Gas Management 
74. The Lillyhall Landfill Site has active control measures for landfill gas, including flaring and power 

generation. The landfill gas management system consists of three basic elements: 

o the gas collection and extraction system (extraction wells, wellheads, pipe work etc.); 

o the treatment and disposal system, which comprises a single, high temperature 
ground flare with a capacity of 750 m3 hr-1, designed to meet all current EA guidelines 
for best practice in the flaring of landfill gas; 

o a power generation unit, supplying electricity to the National Grid. 

75. A gas flow meter has been incorporated into the system to monitor the volume of gas being 
collected from the site. This information is monitored to provide a monthly reading. The system 
is managed to ensure that gas abstraction is only unavailable in very extreme circumstances 

2.3.4. Surface Water Management 
Clean surface water will continue to be collected in a series of lagoons, including a settlement lagoon, 
prior to discharge to the Distington Beck. The surface water management plan was developed in 
accordance with the existing landfill Environmental Permit and was approved by the EA. Water from 
the lagoons is discharged in accordance with a discharge consent and discharges are monitored via 
calibrated flow meter. See Figure 6 which depicts the existing surface water management scheme. 
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Figure 6 - Existing Surface Water Management Scheme 
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2.3.5. Restoration and after use 
76. Each cell will be capped with the presence of independent supervision to carry out quality control 

tests during capping [18]. 

77. The design for the cap of Cell 4B onwards includes the following elements: 

o construction of a “Regulating Layer” at least 0.3 m thick; 

o installation of 1 mm LLDPE Geomembrane; 

o installation of Gas Well Boot details; 

o installation of Geotextile Protection Layer; and 

o placement of Restoration Soils at least one metre thick (see Figure 7). 

 

78. As noted for cell 4A, the 1 mm LLDPE cap geomembrane is "double rough" to minimise the 
risk of subsequent land slippage.  

79. The depth and placement of restoration soils above the protective geotextile cap layer have 
been modelled as 10% of the total waste disposals (i.e. approximately 100,000 m3 in total). 
This is considered a reasonable assumption, considering the surface area of approximately 
60,000 m2 for operational cells, and the potential for at least 1-2 m of restoration soil. There is 
considerable uncertainty relating to forecast arisings of LA-LLW and although this assumption 
is considered to be appropriate, annual disposals of LA-LLW for certain years could be less 
than this or greater. 

Figure 7 - Photograph Illustrating the Depth and Placement of Restoration Soils above the 
Protective Geotextile Cap 

 

 

80. An operational life for disposals until 2029 has been assumed, this will depend on the rate of 
LA-LLW, HV-VLLW, and non-radioactive waste consigned to the site. This is termed the 
‘operational’ period. Subsequent to the cessation of waste disposals to the site, there will be a 
sixty-year institutional control period, during which the site will continue to be managed and 
monitored, and access to the site will be controlled or prohibited. Leachate and gas will continue 
to be managed and ownership and control of the site will be maintained. For the purposes of 
this assessment, it is assumed that control of the site will be relinquished in or around 2090. 
Once disposals to the landfill have ceased, the site is to be restored to grassland. 
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81. After 2090, a worst-case assumption is that use of the site would not be controlled and it could 
be occupied, redeveloped and reused immediately. In practice, planning controls and records 
mean that the site is not likely to be redeveloped without appropriate consideration and any 
such reuse would occur many years after final surrendering of the Permit. Nonetheless, 
potential radiological impacts are assessed after the period of authorisation as if relevant 
scenarios occurred soon after institutional control ceased. 

82. The proposed land form of final restoration is displayed in Figure 8. Best practice will be applied 
to the restoration of the landfill and the landscape will be designed to integrate with the 
surrounding landscape character. It is proposed that the final landscape will be a mixture of 
grassland and woodland. Figure 9 depicts the surface water management scheme of the 
restored landfill.  

83. The proposed scheme of restoration planting provides for additional woodland planting to 
reinforce existing woodland along the north eastern, north western, south eastern and south 
western boundaries of the landfill. An additional strip of woodland planting will be completed  
to the south western flank of the valley feature. Within the valley feature will be an area of 
shrub planting. A species rich grassland is proposed on the remaining areas of the 
restored landfill. The approved wetland to be located in the southern corner of the site will 
continue to be provided as part of the revised proposals. 

84. The depth of sub and top soils will vary to reflect the proposed scheme of restoration planting. 
Soil depth will be greater for areas of proposed woodland planting (c. 1.5 m) than areas of 
proposed grassland (c. 1m). The final landform will take the appearance of a hillside and small 
valley feature, a scheme of planting shall also be incorporated in order to reduce any visual 
impact of the development and enhance local biodiversity  [25]
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Figure 8 - Landscaping Scheme of Restoration 
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Figure 9 - Restored Landfill Surface Water Management Scheme 
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85. It is envisaged that waste will generally arrive at the site in skips, tipper trucks or other suitable 
transport vehicles. The wastes will be covered during transport to prevent water ingress. Plastic 
linings or super sacks may be used to minimise contamination of the transport container.  

86. The radioactive waste will be loose tipped, as is current practice for other wastes (except for 
asbestos wastes, as noted previously). There will be no intentional segregation of radioactive 
and non-radioactive wastes. 

87. After each disposal operation (i.e. by the end of each working day), the waste will be covered 
with a layer of soil or clay. The soil will have a thickness that is adequate to ensure that 
particulate material in the waste cannot be blown away by the wind. An estimated 3 to 20% of 
soil will be added. In our assessment, we have assumed that the daily cover amounts to 10% 
by volume of the waste disposed. 

88. As a basis for the assessment, the assumptions in Table 2-1 have been adopted. 

Table 2-1 - Parameters Relating to the Future Development of the Lillyhall Landfill Site 
Assumed in this Safety Case 

Parameter Value Notes 

Requested site disposal capacity 106 m3 Estimate 

Total disposed volume of radioactive 
waste 

~100,000 m3 This is applied as a modelling assumption; 
actual disposals may be higher or lower 
than this 

Final year of disposals 2029 Consistent with the data set out above 

Final year of institutional control 2090 Assumed management period of 60 years 

 Local environment 

2.4.1. Site surroundings 
 

89. The north eastern, north western, south eastern and south western boundaries of the landfill 
are bordered by woodland which is to be extended in the south west as part of the restoration 
scheme, this is shown in Figure 8. The landfill gas flare, leachate treatment plant, and landfill 
site boundary are fenced (1.8 m). A gated site entrance is in place which is locked out side of 
operating hours.  

90. The north of the site is bounded by a minor road which runs in an approximately east to west 
direction, beyond this is agricultural land drained by a tributary to Wythemoor Sough. To the 
west the site is bounded by FCC’s Lillyhall Waste Treatment Centre (WTC) and Materials 
Recycling Facility (MRF), beyond which are Joseph Noble Road and Lillyhall Industrial Estate. 
To the east of the site is the former Potato Pot opencast coal mine which has been restored to 
agricultural use. Immediately to the south of the site lies Distington Landfill site, which is 
separated from the site by a slag bank from the former Distington Iron Works. 

91. The nearest residential dwelling to the Site is Wythemoor Head located some 350 m to the 
south of the landfill boundary. Other residential properties are located circa 500 m to the East 
and north of the Site (Wythemoor House and Gale House).  

2.4.2. Site access 

92. Access to the Site is directly off Joseph Nobel Road via the Lillyhall Waste Treatment Facility, 
also operated by FCC. Joseph Nobel Road leads, via an unclassified road, to a roundabout, 
which connects to the A595 and the wider highway network.  
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93. There are no Public Rights of Way (PRoW) crossing the site. Two PRoW are located in the 
vicinity of the site. A bridle way is located adjacent to the site along the south western boundary 
(PRoW No. 260005) and a footpath (PRoW No. 260001) emerges on Branthwaite Lane on the 
north eastern boundary of the site. 

2.4.3. Site Security 

94. Site security measures are currently in place, as far as reasonably practicable, to prevent 
unauthorised access to radioactive waste. These measures are controlled via a specific 
condition in the site Environmental Permit.  

95. The landfill site is surrounded by a minimum of 1.8 m high perimeter fence with two sides deer 
fenced to approximately 2.4 m, entrance gates are locked at the end of each day. The site 
entrance, reception area, and landfill are covered by 24/7 CCTV operated remotely via a private 
security firm. In the event of unauthorised access security will contact site management and 
the emergency services. Site lighting is provided to ensure effectiveness of the CCTV camera 
system.  

96. An Emergency Management Plan [20] is in place which identifies the responsibilities and 
actions in the events of an accident or emergency. The plan will be updated and communicated 
subject to any changes in operations at the site.  

2.4.4. Designations 

97. The nearest designated site to Lillyhall is the River Derwent and Bassenthwaite Lake Special 
Area of Conservation (SAC). This designation covers the River Marron, a tributary of the River 
Derwent. The River Marron (as a tributary of the River Derwent) is also designated a Site 
Special Scientific Interest (SSSI). The River Marron at it closest point to the application site is 
2.5 km to the east as the river flows through the village of Branthwaite [23]. 

 Hydrogeological Conceptual Model  
98. This section provides a summary of the hydrogeological conceptual model for the Lillyhall 

Landfill Site, the full report is available in Appendix D. The report summarises the results of the 
hydrogeological characterisation and assessment which has been undertaken in support of this 
application. The following is presented within the report: 

 

• Summary of existing data pertaining to site setting, geology and hydrogeology;  

• Development of a hydrogeological conceptual site model; 

• Estimation of leachate seepage made through analytical modelling using 
spreadsheet calculations; 

• Results of transient to dimensional numerical modelling of leachate seepage 
using GeoStudio SEEP/W; and     

• Summary of conclusions and recommendations.  
 

99. The geology underlying the site comprises Glacial Till, described on historical borehole logs 
and reports as ‘boulder clay’, overlying the interbedded sandstones and mudstones of the 
Lower Coal Measures (LCM). The thickness of Glacial Till is estimated at between 
approximately 2-20 m across the site area. In the vicinity of the proposed Cells 7-11 bedrock 
is estimated at between surface and approximately 10 m BGL. 

100. The LCM is classified by the EA as a Secondary A Aquifer, an aquifer of moderate permeability. 
Flow within the LCM is likely to be controlled by fracturing. Groundwater monitoring data 
indicates that groundwater in the LCM is confined by the Glacial Till in areas south of the site 
but that water levels are below the level of the Glacial Till in the areas underneath the proposed 
cells.  

101. Projected groundwater contours indicate that groundwater is flowing from east to west across 
the site under the area of the proposed cells, and a hydraulic gradient of 0.01 has been 
calculated. The results for falling head tests presented in the LCM [26] estimate permeability 
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of 1E-07 m/s – 1E-06 m/s. This gives an estimated groundwater flux of 137-1,365 m3/year 
underneath the Stage 3 cells.  

102. These permeability values have been gained by falling head tests, undertaken in installed 
boreholes. The borehole installation materials such as the slotted pipe, gravel pack and geo-
sock, if used, will have an influence on these results. These values only test the aquifer 
materials at the elevation of the installed response zone, and so may miss areas of the aquifer 
which have a lower or higher permeability.  

103. A falling head test from undertaken at WMBH12, which is screened across broken ground 
interpreted as being a historical coal working, was inconclusive due to a rapid response. This 
indicates that permeabilities may be much higher locally in the vicinity of heavily fractured areas 
such as in fault zones or in the area of historical coal workings. WMBH12 is located at the 
northern site boundary, approximately 250 m of the proposed cells (location is shown below in 
Figure 11). Historical Coal Authority records reviewed as part of the Hydrogeological 
conceptual model report (Appendix D), suggest this borehole is situated at the western extent 
of an area of historical coal mining in the north east of the site. The records indicate that these 
coal workings do not extend below the area of the proposed cells.   

104. As noted above, there are known historical coal works underlying the north east of site and the 
records reviewed seem to indicate that these do not underlie the area of the proposed cells 
and are of limited lateral extent. Also, due to their age, it is not thought likely that further 
subsidence at the site is likely. Groundwater levels show groundwater flow to the west, and the 
workings are located to the east of the proposed cells. Therefore, in the absence of a driving 
head gradient, it is considered unlikely that the historical coal workings are currently exerting a 
control on groundwater flow or will act as a preferential migration pathway to distal receptors. 
It is important to note that historical workings may exist that have not been recorded on the 
available plans that have been reviewed as part of this work, and Atkins cannot guarantee the 
accuracy or reliability of the records reviewed. 

105. The presence of historical coal workings and their impact on the hydrogeological conceptual 
model of the site is discussed in greater depth in below and within the Hydrogeological 
Conceptual Model Report (Appendix D).  

106. A small area of south of site shows groundwater contours indicating flow toward Distington 
Beck. However, this is thought to be unlikely to affect groundwater flow directions under the 
proposed cells. Due to the depth to groundwater and the thickness of Glacial Till in the area of 
the Beck it is not thought to be in hydraulic continuity with groundwater. Therefore, Distington 
Beck is not considered a likely receptor.  

107.  A buried channel is noted to exist south of the site (See Appendix D Figure 4), and gravel 
deposits are noted at depth. As such, it is thought that groundwater flow south of site is thought 
to be influenced by the presence of this buried channel, as granular channel fill deposits may 
act as a preferential flow path. 

108. The LCM is faulted, with 5 faults shown on the geological plan of the site provided by the 
Cumbria Environment and Geological Services CEGS desk study report [27]. These are normal 
faults which form horst and graben structures, and have an estimated down throw of up to 40 
m. No steep hydraulic gradients are noted near faults and so it is thought that the faults do not 
act as a barrier to groundwater flow. Fault zones may have a greater frequency of fracturing, 
and act as preferential vertical pathways for groundwater flow and increase connectivity 
sandstone units. Despite this, a mixing zone of 5 m was considered within assessments. This 
is considered a conservative assumption as additional vertical connectivity caused by faulting 
would increase groundwater flow through and dilution capacity within the LCM underlying the 
cells.  

109. During the period of authorisation, the main pathway is leakage of leachate through defects in 
the geomembrane liner. Leachate seepage has initially been estimated through spreadsheet 
analysis, assuming a constant head of 3 m of leachate. Leakage has been estimated at 44 to 
219 m3/year assuming 2 to 10, 2 mm circular defects per hectare, respectively, for clay liner 
with a hydraulic conductivity of 1x10-09 m/s. The main control on leakage rates during the period 
of authorisation was found to be the number of defects. It is assumed that effective quality 
control during the construction phase will limit the number of defects in the geomembrane liner, 
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such that 10 defects per hectares is considered unlikely and the minimum and median 
estimates may be more likely estimates of leachate leakage. 

110. Following the period of authorisation, a scenario involving 100 % failure of the geomembrane 
cap, the composite geomembrane liner and full saturation of the waste has been assessed. In 
this scenario, estimates of leachate leakage range from 301 to 7,923 m3/year. This scenario 
was investigated for the purposes for estimating a maximum level of potential leachate leakage, 
however, full failure of both geomembrane cap and composite geomembrane liner is 
considered unlikely to occur simultaneously as the result of a single event. It is considered 
more likely that degradation of the liner will occur gradually, over a period of time in the order 
of 100 of years. Therefore, seepage rates will likely increase from the estimates calculated for 
the period of authorisation, slowly increasing over time.  

111. The main control on seepage rates for the post-control period was found to be the hydraulic 
conductivity of the clay liner and attenuation layer. A maximum hydraulic conductivity value of 
1x10-09 m/s for the clay liner was assessed as this is specified as the maximum permeability 
for the clay liner. Despite this, information reported in a site investigation report [28] suggests 
that permeability values for the clay liner may be closer to the minimum and median estimates 
of 1x10-11 – 1.20x10-10 m/s. 

112. The time for leachate to migrate through the clay liner and attenuation layer was also 
calculated. The time for migration of leachate to the water table has been estimated at between 
191 and 7 years. These estimates are based on for hydraulic conductivities of the clay liner of 
8.6x10-11 and 1x10-09 m/s, respectively, and a porosity of the clay liner of 0.3. 

 
113. Retardation of radionuclides in the clay liner and attenuation layer has been considered and 

results are presented in Appendix D. It was found that for the maximum seepage scenario, only 
H3, C14, Cl36, and Tc99 took less than the 300-year assessment period to break through, owing 
to the low Kd values for these radionuclides. 

 
114. As noted above, the full geomembrane failure and high permeability clay liner scenario is 

considered unlikely and was included as a precautionary estimate of maximum potential 
leakage. Minimum and median estimates are thought to yield more realistic estimates of 
leachate seepage. Flow times calculated for this scenario indicate that all radionuclides take 
longer than the 300-year assessment period to migrate in seepage through the cell liner, when 
attenuation is considered. Therefore, it is considered unlikely that there will be an impact to 
groundwater from the disposal of LA-LLW at the Lillyhall site during the 300-year assessment 
period.    

115. Spreadsheet analysis was supplemented by undertaking transient GEO-SLOPE SEEP/W 
(SEEP/W) modelling for minimum, median and maximum hydraulic conductivity scenarios. The 
modelled cells comprised waste with a gravelly texture and had a 1 m geomembrane composite 
basal liner overlying 2m attenuation layer of Glacial Till. Representative hydraulic conductivities 
were calculated for a geomembrane composite liner with 10 defects per Ha using values 
calculated by analytical spreadsheet modelling. This was then gradually increased toward the 
estimated hydraulic conductivity of the clay liner over a 150-year time period, to simulate the 
degradation of the geomembrane. During the period of authorisation, a constant depth of 
leachate of 3 m was applied, as this is the proposed permitted leachate level. During the post 
control period infiltration into the waste block was increased from 0.05 m/year to 0.6 m/year 
over a 150-year period to simulate the deterioration of the cell cap. These values derive from 
a 50mm/year estimate for infiltration through a CQA cap [29] and the estimated effective rainfall 
for the area [26].  

116. The results of numerical modelling suggest that after 300 to years a groundwater mound of 
approximately 0.5 to 2 m would form under the proposed cells due to leachate seepage for 
median and maximum K scenarios, respectively. In both of these cases an unsaturated zone 
remained below the cell for much of the assessment period and groundwater in the LCM was 
not in continuity with leachate within the cells, although some leachate will migrate to 
groundwater through the unsaturated zone. The unsaturated zone disappeared after 120-year 
time step in the maximum K scenario.   
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117. For a minimum K scenario, the saturated front migrating vertically meets the rising groundwater 
table and groundwater in the LCM and becomes linked to the cell. In this scenario, diffusion of 
radionuclides could occur, although this is likely to occur much more slowly than movement by 
advection. Despite the large rise in the potentiometric surface, a steep vertical hydraulic 
gradient means that even in the low K scenario total head values at the top of the LCM 
underlying the cell, and laterally down-stream of the cell are only marginally increased. 
Therefore, it is considered unlikely that leachate leakage with have an impact on lateral 
hydraulic gradients within the LCM.  

118. SEEP/W estimates lower values for seepage than the spreadsheet analysis during the period 
of authorisation, which is considered to be the effects of seepage through the unsaturated 
zone, which is not considered in the spreadsheet analysis. Therefore, for the period of 
authorisation the spreadsheet analysis is precautionary.  

 
119. Seepage rates at earlier times in the model are lower due to lower hydraulic gradients and 

better performance of the geomembrane composite liner. Peak seepage rates for at the late 
stages of post control scenario calculated using SEEP/W range from approximately 500 to 
12,000 m3/year (assuming a calculated area of the proposed cells of 63,705 m2), which are 
broadly similar, although larger, than that calculated by spreadsheet analysis.  This is because 
the SEEP/W model considers the full failure of the cap and 100% infiltration of effective rainfall 
at this point, whereas the analytical spreadsheet equations only considered fixed leachate 
heads. These are considered to be precautionary assumptions.  

 

120. It is also noted that seepage rates underlying the cell slopes are lower owing to lower hydraulic 
gradients at the base of the cell in these areas. Therefore, the SEEP/W estimates, and those 
made by spreadsheet analysis, which multiply a calculated specific discharge by the areal 
extent of the cells, are likely to be overestimates. As noted above, the maximum K scenario is 
considered unlikely and is included as a precautionary upper estimate for maximum seepage 
rate. Estimates from the minimum and median K scenarios (peak seepage rates of 500 to 1,406 
m3/year, respectively) are thought to be a more representative estimation of potential site 
conditions. 
 

121. SEEP/W modelling results suggest that bath-tubbing may occur due to the low permeability of 
the clay basal liners. It is thought that volumes of surface discharge will be low, however the 
actual volumes will be affected by the properties of the waste which is currently poorly 
constrained. Effective capping, vegetation of the restored cells and surface water management 
on the site will also further mitigate the risk of bath tubbing. However, it is indicated that bath 
tubbing presents a realistic exposure pathway to receptors at some point in the future.   
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3. Waste characteristics 

122. This proposal is for the Lillyhall Landfill Site to dispose of nuclear industry and non-nuclear 
industry LA-LLW. Given the location of the site approximately 15 miles from Sellafield and 
Calder Hall, 20 miles from the LLWR near Drigg and 50 miles from the decommissioning 
Magnox power station at Chapelcross in southern Scotland, it is well placed to receive 
consignments of LA-LLW from these nuclear sites. LLWR has reviewed LA-LLW waste streams 
and capacity [30]. For the purposes of this analysis, LLWR. identified those wastes with less 
than 200 Bq g-1 total activity, arising from the nuclear industry (i.e. excluding NORM and exempt 
wastes) including wastes defined as LA-LLW.  

123. Potential candidate waste streams include, but are not limited to, LLW that is currently 
consigned to the LLWR from Sellafield, future decommissioning waste streams from Sellafield 
and Calder Hall, waste that might be consigned from the LLWR (i.e. with the LLWR being the 
initial recipient of the waste and then acting as consignor for subsequent disposal at the Lillyhall 
Landfill Site) and other decommissioning waste streams (e.g. from Chapelcross). 

 Radioactive waste inventory 

124. The future disposal inventory is not known in detail because waste streams for disposal will 
only be identified as a result of commercial agreements subsequent to the receipt of a Permit. 
In view of this uncertainty, the estimate of radiological impact is based on a ‘model inventory’ 
derived from analysis of potentially relevant waste streams identified in the 2016 UK 
Radioactive Waste Inventory [14] . 

125. The 2016 UK Radioactive Waste Inventory (UKRWI) was compiled in order to comply with 
international reporting requirements regarding nuclear waste and inform different stakeholders 
across the nuclear industry. The inventory was compiled in a similar way to inventories 
published previously (e.g. the 2013 and 2010 UKRWIs). This process involves the collection of 
information by a contractor appointed by the Department of Business, Energy & Industrial 
Strategy (BEIS) and the Nuclear Decommissioning Authority (NDA).  

126. The 2016 UKRWI was compiled by collecting inventory sheets put together by individual waste 
producing sites, such as Amersham, Sellafield and Wylfa. Current waste volumes were 
provided as of a specified ‘stock date’ (1st April 2016) and estimations were made for future 
arisings. 

127. Inventory sheets are populated by waste producers with information obtained from samples, 
measurements and calculations in order to provide estimates for the current and future volumes 
of waste and activity associated with the waste arisings.  

128. Forecasts were developed based on each site’s ‘baseline scenario’, which considered planned 
future operations and decommissioning activities. Where uncertainties arise, assumptions 
were made using the best available information to make reasonable estimates, such as survey 
data and historical evidence.   

129. Information for over 1,300 waste streams and over 40 material streams from a series of waste 
producers was collected to compile the 2016 UKRWI. The following information was collected 
for each radioactive waste stream: 

• general waste description; 

• identification code (indicating the origin site and specific waste stream); 

• waste classification (e.g. LL, ILW or HLW); 

• current stock volumes (existing, as per stock date); 
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• future stock volumes (with associated time periods); 

• radioactivity concentration (including radionuclide); and 

• current or planned waste treatment and packaging. 

130. For the purpose of this permit application, a radioactive inventory was compiled based on 
information pertaining only to VLLW and LLW originating from Sellafield. This was due to the 
significant volume of waste generated at Sellafield in comparison with other sites, and the 
geographic proximity of Sellafield to the Lillyhall Landfill Site, indicating that these waste 
streams are representative of the UK nuclear waste inventory and may be considered for 
disposal at the landfill. 

131. Average waste stream activity concentrations are presented in Table 3-1 together with a 
derived potential total inventory (based on average activity concentrations). 

Table 3-1 - Activity concentrations of LLW identified in a review of LA-LLW and derived 
potential total radioactive inventory for disposals based on disposal of 100,000 m3 at the 
average activity concentration. 

Radionuclide Activity Concentration* Potential total inventory** 

 Bq/g GBq 
 H 3 7.95E-01 1.43E+02 

 C 14 1.67E-01 3.01E+01 

 Cl 36 1.33E-02 2.40E+00 

 Mn 54 2.15E-02 3.87E+00 

 Fe 55 1.61E+00 2.89E+02 

 Co 60 1.18E+00 2.12E+02 

 Ni 63 7.30E-01 1.31E+02 

 Zn 65 8.36E-04 1.50E-01 

 Sr 90 5.97E+01 1.07E+04 

 Zr 93 4.99E-07 8.98E-05 

 Nb 94 1.30E-04 2.35E-02 

 Tc 99 7.59E-01 1.37E+02 

 Ru 106 1.67E+00 3.01E+02 

 Sb 125 1.05E-01 1.88E+01 

 Te 125m 1.23E-05 2.21E-03 

  I 129 1.89E-03 3.40E-01 

 Cs 134 2.12E-01 3.82E+01 

 Cs 137 6.21E+01 1.12E+04 

 Ce 144 1.58E-01 2.84E+01 

 Pm 147 3.94E-01 7.09E+01 

 Sm 151 5.20E-01 9.35E+01 

 Eu 152 6.69E-04 1.20E-01 

 Eu 154 1.82E-01 3.27E+01 

 Eu 155 1.03E-01 1.85E+01 

 Pb 210 2.64E-05 4.76E-03 

 Po 210 8.03E-16 1.45E-13 

 Ra 225 4.41E-12 7.93E-10 

 Ra 226 2.45E-03 4.41E-01 

 Th 228 9.64E-04 1.74E-01 

 Th 229 4.41E-12 7.93E-10 

 Th 230 5.51E-03 9.92E-01 

 Th 232 1.93E-04 3.48E-02 

 Th 234 2.02E-06 3.64E-04 

 Pa 233 8.98E-12 1.62E-09 

 U 232 3.04E-03 5.48E-01 

 U 233 1.01E-06 1.82E-04 

 U 234 9.03E-01 1.63E+02 
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*Based on analysis of relevant waste streams identified in the 2016 UK Radioactive Waste Inventory [14].  

** Based on radiological waste comprising 100,000 m3 (approximately 10%) of future waste disposal in 
operational cells 

132. It is important to note that although there are current uncertainties in the disposal inventory, 
the radionuclide content of future disposals would be strictly controlled to ensure compliance 
with regulatory criteria WAC (which are considered in detail in Section 7.4). 

133. Subject to the Permit being granted, the disposed waste will contain no more than 200 Bq g-1, 
this corresponds to a maximum inventory of 36 TBq assuming that waste has a density of 1.8 
te m-3 and that radioactive wastes make up approximately 10% of disposals by volume. This is 
considered a conservative assumption, as 10% of the remaining waste capacity of the 
operational cells is calculated to be slightly less than 100,000 m., and as such any assessments 
of potential doses arising from disposals based on this inventory will likely be over estimates 
To ensure that estimated radiation doses would never exceed the regulatory criteria, we have 
undertaken calculations for each scenario and for each radionuclide to determine whether limits 
need to be set on the disposal inventory of that radionuclide. In Section 7, we discuss further 
the proposed approach to assessing waste streams for acceptance. 

134. In addition to future disposals, a small number of disposals of radioactive waste have been 
made to the Lillyhall Landfill Site under Exemption Orders relating to the Radioactive 
Substances Act 1993. These include NORM waste streams produced by the oil and gas 
industry. The main disposals under such Exemption Orders are summarised in Table 3-2. It 
can be seen by comparison with the inventory limits and calculated radiation doses presented 
in Section 6 and Section 7 that these inventories are far less than any that could challenge the 
relevant regulatory criteria. 

Table 3-2 - Radioactive wastes disposed to Cells 1 to 4 of the Lillyhall Landfill Site under 
Exemption Orders 

Dates Description Mass Activity Composition Specific 
Activity, Bq/g 

1995 -
2001 

Glycol Filter Cake 2400 te 5 108 Bq of 226Ra plus smaller quantities of 
shorter-lived radionuclides including 210Pb 

0.21 

2003 Solidified 
hydrocarbon 
waxes 

29 te 1 108 Bq of 226Ra plus smaller quantities of 
shorter-lived radionuclides including 210Pb 

3.45 

 U 235 2.89E-02 5.20E+00 

 U 236 1.25E-01 2.25E+01 

 U 238 9.36E-01 1.68E+02 

 Np 237 7.95E-02 1.43E+01 

 Pu 238 1.56E+00 2.81E+02 

 Pu 239 3.49E+00 6.28E+02 

 Pu 240 2.78E+00 5.01E+02 

 Pu 241 5.14E+01 9.25E+03 

 Pu 242 2.82E-05 5.08E-03 

 Am 241 8.14E+00 1.47E+03 

 Am 243 2.51E-02 4.51E+00 

 Cm 242 1.41E-02 2.53E+00 

 Cm 243 6.82E-06 1.23E-03 

 Cm 244 1.08E-01 1.95E+01 

 Cm 245 5.53E-05 9.95E-03 

 Other a 2.67E-05 4.81E-03 

 Other b/g 7.53E-03 1.36E+00 

Total 200 3.60E+04 
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2003 Depleted uranium 
plates 

370 te Around 109 Bq of depleted uranium 2.70 

2004 Centrifuged mud 2600 te 4 109 Bq of 226Ra plus smaller quantities of 
shorter-lived radionuclides including 210Pb 

1.54 

2002-
2004 

Redundant 
laboratory uranium 
and thorium salts 

14 kg Around 2 108 Bq of U and Th salts 1,428,571 

 Non-Radioactive waste inventory 

135. As previously noted, the types of wastes to be disposed are not known and will be subject to 
commercial agreements subsequent to the receipt of a varied Permit. Nonetheless, it is 
anticipated that the wastes will largely comprise LA-LLW and VLLW suitable for disposal to 
landfill typically including lightly contaminated construction and demolition material, redundant 
plant and equipment and soil from the decommissioning of nuclear sites as well as operational 
or process waste such as disposable coveralls, plastic wrapping and paper. Similar radioactive 
waste is also produced by hospitals, manufacturing companies, academic institutions and by 
the oil and gas industry. 

136. In order to provide information on the potential material types and the proportion of these 
material types, Table 3-3 has been produced. Table 3-3 is based on available information on 
the composition of the selected waste streams used to calculate the radioactive waste 
inventory, from which any unsuitable materials have been removed (i.e. asbestos or liquid 
waste). 

Table 3-3 - Potential waste characteristics 

Material Type Estimated Proportion (%) 

Metals and alloys 9.0 

Cellulosic material (i.e paper and wood) 1.6 

Plastics 0.44 

Rubber 0.30 

Other organic material  1.6 

Inorganic sludges and flocs 0.01 

Soil 1.2 

Brick/Stone/Rubble 15 

Cementitious material 71 

Glass/Ceramics 0.02 

Graphite 0.0002 

Powder/Ash 0.02 

 
137. It should be noted that any metals disposed of to Lillyhall Landfill will be subject to BAT 

assessment to ensure this is the most suitable way to manage these wastes. Table 3-3 is 
intended as an illustrative example of potential waste composition, based on available 
information of suitable future VLLW and LLW waste streams from Sellafield [14] . It is likely the 
composition of actual waste streams will vary from the proportions presented here.  
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4. Authorisation of disposal (R1) 

 Process by Agreement (R1) 
 

138. The NS-GRA [3] requires that: 

"The developer should follow a process by agreement for developing a disposal facility for solid 
radioactive waste.” (NS-GRA [3] Requirement 1, (Para 5.2.3)) 

139. The previous application to vary the Permit was preceded by a number of discussions between 
FCC and the EA, during 2013. Subsequently, as part of this recent application and 
development of the ESC, preliminary discussions have been held with the EA on during 2017 
and 2018.    

140. The current ESC has drawn on the output of liaison with the EA and a review of previous 
comments received. 

 Dialogue with Local Communities and Others (R2) 
 

141. This Section addresses Requirement 2 of the NS-GRA [3]: 

"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.” (NS-GRA 
[1], Requirement 2)  

142. The Stakeholder Management Plan [31] is in place for the provision of LA-LLW service, 
identifies and classifies stakeholders; determines their power, interest, and influence; and 
analyses the management approach and communication methodology for these varied 
stakeholders. 

143. FCC are committed to engaging with a wide range of stakeholder groups and further, with 
employees, local councils and councillors (at the parish, district and county levels), the Lillyhall 
Liaison Group, the West Cumbria Site Stakeholder Group LLWR subcommittee and the 
Allerdale Nuclear Issues Working Group. 

144. Stakeholders include (but are not limited to): 

o Waste producers and consignors; 

o Local residents; 

o Councils at the parish, district and county level; 

o Unions and employees; 

o Local businesses on Joseph Noble and Pitwood Roads; 

o Regulators such as the Environment Agency and the Health and Safety Executive 
(HSE); 

o The West Cumbria Site Stakeholder Group (WCSSG) LLWR subcommittee; 

o The NDA; 

145. Sites have been contacted that might potentially consign wastes to the Lillyhall Landfill Site. 
Strong interest has been expressed in the availability of such a disposal route. 

146. A pro-active approach to stakeholder engagement has continued since previous permit 
applications (submitted in 2009 and 2013) which includes press releases and open meetings 
for members of the public. As part of a previous planning application process an open day was 
held in 2013, a letter was written to local councillors notifying them of the invitation and letters 
sent to over 2,000 local residents and businesses with information on the planning application 
and an invitation to the public exhibition. 
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147. The exhibition explicitly featured information relating to the planned disposal of LLW and was 
supported by press releases to the local print media, leading to front page articles in the local 
press.  

148. The aim of the stakeholder engagement was to provide information on: 

o the proposal to dispose LLW at the Lillyhall Landfill Site; 

o FCC; 

o the type of waste material proposed to be disposed of; 

o the current operations at the Lillyhall Landfill Site. 

149. The principle feedback from stakeholders was largely supportive of ‘local’ solutions for waste 
disposal (although noting that opposing views were also expressed). Many of the visitors to the 
open day exhibition had links to the Sellafield site (e.g. through family members working on the 
site) and had a reasonably high awareness of radioactive waste management issues prior to 
attending. Nonetheless, the exhibition provided further reassurance on the safety of LLW 
disposal at the Lillyhall Landfill Site. Of course, no disposals of LLW are permitted until the EA 
is satisfied that potential radiological impacts are acceptable and has issued a Permit under 
EPR 2018. 

150. Comments were received regarding transport arrangements (generally favouring rail links 
where practicable) and the provision of a community benefits package. 

151. The proposed extension to the operating lifetime of the Site will help to secure employment in 
the medium to long term at the Lillyhall Landfill Site.  

152. As part of the development of this ESC a stakeholder engagement meeting was held on the 
6th December 2018.  An invitation was written to key stakeholders (including local council and 
parish representatives, the Environment Agency, and LLWR Ltd).  

153. The aim of the stakeholder engagement was to provide information on: 

o Overview of current permitted LLW activities at Lillyhall 
o Reasons to increase site permitted activity limits  
o Details of the permit variation process including the ESC 

 
154. Comments were received regarding potentially increased transport within the vicinity of the 

site, however, the principle feedback from stakeholders was supportive of local solutions for 
waste disposal, mirroring the views received at the public planning stakeholder engagement.  

  



 

Contains sensitive information 
 5156325-301-0003 | 5.0 | April 2021 

 Page 44 of 89 

 

 

5. Management Requirements 

 Environmental Safety Case (R3) 
 

155. An application under RSA 93 relating to a proposed disposal of solid radioactive waste should 
be supported by an ESC. This document has been designed to fulfil the requirement for an 
ESC that is proportionate to the level of risk represented by the waste disposed at the Lillyhall 
Landfill. The supporting technical basis for the radiological assessments used to support the 
ESC is presented in Appendix E.  

 Environmental safety culture and management system (R4) 
 

156. The NS-GRA identifies the requirements for a positive environmental safety culture supported 
by suitable and sufficient organisational structure and management systems (Requirement 4): 

“The developer/operator of a disposal facility for solid radioactive waste should foster and 
nurture a positive environmental safety culture at all times and should have a management 
system, organisational structure and resources sufficient to provide the following functions: (a) 
planning and control of work; (b) the application of sound science and good engineering 
practice; (c) provision of information; (d) documentation and record-keeping; (e) quality 
management.”  

157. FCC operates an Integrated Management System (IMS) and an effective safety culture to 
ensure: 

o Effective planning and control of work 

o Application of BAT, sound science, and engineering practice 

o Safe operations including acceptance and handling of waste 

o Effective maintenance of site records and information  

o Effective quality management.  

158. The FCC IMS is subject to regular compliance inspection both internally by FCC SQEP 
personnel and externally by independent certification bodies as the IMS is accredited to 
ISO14001 and ISO9001. The permitted site is also subject to compliance inspection by the 
Environment Agency. FCC has demonstrated their capability to manage environmental safety 
through its organisational structure, leadership, SQEP resourcing, and safety culture. The 
proposed permit variation will see a continuation of the demonstrated good practice.  

 

 FCC Business and Culture 

159. FCC is a is a UK-based waste and resource management company providing a range of 
services for wastes including recycling, energy from waste, and landfill solutions. The business 
has an international presence with approximately 55,000 employees worldwide. FCC operates 
to international standards and regulatory regimes.  

160. The FCC company management structure is shown in Figure 10. 

161. FCC are committed to Corporate Social Responsibility (CSR) and have been publicly reporting 
on their environmental, health and safety and social performance since 1999. FCC are actively 
committed to the long-term protection of the environment and encouraging sustainable 
development and communicate the CSR strategy to all stakeholders. FCC's focus is on 
reclaiming the value in waste from recycling and generating energy from residual waste. This 
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continues to play an important role as FCC seek to make further improvements to 
environmental performance, continuing to deliver the benefits to customers and local 
communities. 

 
162. The FCC vision is to be 'the environmental company of choice, delivering change for a 

sustainable future'. Company values are in place to achieve this vision. The FCC values are: 
 

FCC Commitment: 
 

o Reduce the FCC carbon footprint - limit our impact on climate change. 
o Promote energy efficiency measures across the company. 
o Increase the amount of waste which is recycled - send less waste to landfill. 
o Use more renewable energy. 
o Promote biomass fuels. 
o Comply with all biodiversity and wildlife legislation. 
o Carry out long-term monitoring and management of species and habitats. 
o Protect and safeguard wildlife and biodiversity from municipal customers. This 

strategy puts FCC firmly in the growth market of extracting value from waste. 
 

FCC Goals: 
 

o FCC operates an Energy Management System with operational sites accredited to 
ISO 50001. FCC have set a target to reduce carbon emissions by 1% a year. 

o Retain the Carbon Trust Standard. 
o Restore former landfill sites to sustainable use. 
o Plant trees and hedgerows and create new green spaces and habitats to benefit 

wildlife and biodiversity. 
o Plant energy crops to create sources of low carbon fuel. 
o Become more efficient and sustainable in the use of raw materials. 
o Meet or exceed annual land restoration targets. 
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Figure 10 - FCC Company Management Structure
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 Management Systems 

163. The Lillyhall Landfill Site operates a continuous improvement regime via an IMS (Appendices 
B1 and B2) accredited to ISO14001 and ISO9001 (Appendix C). The IMS Manual has been 
developed to achieve coordinated and integrated implementation of the FCCs, Health and 
Safety, and Quality Policies, and including the supporting procedures and associated 
documents concerning the relevant elements of the business operations. 

164. The management systems included in the IMS meet the requirements of BS EN ISO14001, 
ISO45001 and ISO9001 for FCCs operational facilities and supporting business activities. 

165. The Executive Committee of FCC defines and refines a set of overall Management System 
Objectives, which are used by managers as the framework for all subsequent objective setting 
and measurement. 

166. These objectives are designed to promote continual improvement. This ensures that FCC 
remains financially viable, meets its responsibilities and objectives with regard to our 
stakeholders. This includes health and safety, the environment, our customers, and clients. All 
of these must be satisfied with the services provided. 

167. The Company operates the following Management System Policies: 

o IMS-1-01-GFCC - Integrated Management System Policy; 

o QMS-1-01-GFCC - Quality Management System Policy; 

o HSMS-1-01-GFCC - Health and Safety Management System Policy; 

o EMS-1-01-GFCC - Environmental Management System Policy. 

168. Details of the management plan for the site are set out in [19]. The site has implemented 
detailed management procedures for the receipt of HV-VLLW, these will be reviewed for 
appropriateness for the acceptance of LA-LLW.  The site operates a safe working procedure 
[32] which provides details of the current approach to waste receipt, waste disposal and dealing 
with non- compliant waste packages. 

169. FCC has implemented an Integrated Planning process to ensure that objectives are identified 
and reviewed for the environmental, health and safety and quality management aspects of the 
system. Objectives can come from many sources including the business, operational and 
management activities with any preventative and improvement activities tracked to completion. 

170. Management reviews are carried out following a defined agenda and at a regular frequency to 
ensure that the IMS remains effective and is continually improved. These reviews are carried 
out at senior management meetings as part of their standard agenda with requirements of the 
standards being covered over a period of time. 

171. A documented procedure is operated to ensure that the management systems and business 
objectives are audited within a given timescale are complied with and that the IMS remains 
effective. 

172. A documented procedure is operated to ensure that any non-conformances, issues and 
concerns are recorded and managed. The non-conformances may be raised by anyone within 
the business; these will range from non-compliant services through to internal concerns. 

173. A documented procedure is operated to ensure that any non-conforming service, contracted 
or internal departmental services is recorded and managed effectively through to closure using 
the principles of the process for the control of corrective and preventative actions. 

174. A documented procedure is operated to ensure that all documents related to the IMS are 
controlled and the documents are relevant, accessible, reviewed and consistent across the 
business. 
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175. A documented procedure is operated to ensure that records for the IMS controlled and 
updated, archived and destroyed. 

176. Records are kept of waste disposals. Upon receipt of radioactive wastes, checks will be made 
of the consignment and its documentation to show that it is compliant with the waste 
acceptance criteria. A record will be kept of all disposals of LLW to document the consignor, 
mass of consignment, fingerprint, radioactivity, volume and location in the landfill. Records will 
be kept of the results of confirmatory radiation checks, carried out upon receipt of consignments 
of LLW at the Lillyhall Landfill Site. Locations of disposed wastes are recorded using a Ground 
Positioning System and data recorded on a central server subject to appropriate controls on 
data security and backup. 

177. Records will also be kept of the results of environmental monitoring, including for radioactivity 
(see Section 5). These will be retained in line with EA guidance, FCC shall keep on the 
premises all records, plans and the management system required by this permit, unless 
otherwise agreed in writing by the Environment Agency. 

 Personnel and Training 

178. FCC’s Executive Committee, based on the business, operational and management activities and 
objectives, determine the infrastructure, work environment, resources and personnel required to 
operate the Management Systems and to ensure the management systems and company 
objectives are achieved effectively. 

179. FCC ensures that all staff have training necessary for the relevant job role. A documented 
procedure is operated to ensure that: 

o All new employees are made aware of their role in the Company; 

o Training needs are assessed annually through performance and the Individual 
Development Scheme; 

o Development and training of staff is encouraged through attendance at external 
conferences and internal seminars where appropriate, self-training and toolbox talks; 

o Employees are trained and developed in their roles; 

o Training records are maintained. 

180. Specific training will be provided for staff involved with the management of LLW. 

 Hazards & Controls 

181. All processes where a significant Business and/or Environmental and/or Health and Safety risk 
has been identified shall be assessed and suitable controls put in place. 

182. FCC operates a process where operational control of the activities performed at site or 
departmental level are controlled and documented as required, and staff are trained. 

183. An emergency response procedure exists for the Lillyhall Landfill Site [20]. This will be reviewed 
and updated to take account of the disposal of LLW to the Site. 

184. The management of LLW will be subject to appropriate Health Physics controls and supervision 
by an accredited Radiation Protection Supervisor (RPS). 
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6. Radiological Requirements (R5) 

185. The NS-GRA [3] specifies dose constraints to members of the public that may arise from the site 
during the period of authorisation, a risk guidance level after the period of authorisation and dose 
constraints for human intrusion. This Section summarises the dose assessments that have been 
undertaken to support the ESC (See Appendix E).  

186. The radiological capacity is the radionuclide inventory of each radionuclide that can be disposed 
at the site that would not result in a dose greater than the relevant dose criterion from any of the 
exposure scenarios. It is therefore the maximum of the values calculated for each exposure 
scenario. All calculations detailed in Appendix E are inherently cautious in ensuring that the 
prospective dose is overestimated and, because the radiological capacity is proportional to the 
dose, the radiological capacity is therefore minimised.  

187. The radiological capacity of Lillyhall Landfill for each radionuclide is presented in Table 7-1 and 
these values, together with the sum of fractions approach, are used to control disposals. 
Calculating the fraction of the radiological capacity that has been used by each disposed 
radionuclide in turn and ensuring that the sum of fractions is ≤1.0 will ensure that the dose from 
all disposed radionuclides does not exceed the relevant dose criterion. Hence, the sum of 
fractions approach ensures that the dose criteria are not exceeded if a mix of radionuclides is 
disposed of. 

 Dose constraints during the period of authorisation (R5) 

188. The NS-GRA [3] specifies dose constraints for members of the public for the period of 
authorisation (Requirement 5): 
 
“During the period of authorisation of a disposal facility for solid radioactive waste, the effective 
dose from the facility to a representative member of the critical group should not exceed a 
source-related dose constraint and a site related dose constraint. The UK Government and 
Devolved Administrations have directed the environment agencies to have regard to the 
following maximum doses to individuals which may result from a defined source, for use at the 
planning stage in radiation protection: 
 
• 0.3 mSv/y from any source from which radioactive discharges are made; or,  
• 0.5 mSv/y from the discharges from any single site.” 
 
(Environment Agencies, 2009), para 6.3.1 and 6.3.2 
 

189. For the purpose of the assessments reported here the Lillyhall Landfill site is considered to be a 
source from which radioactive discharges occur. 
 

190. Based on the model radionuclide inventory; predicted activity concentration data in leachate, and 
in abstracted groundwater doses to a variety of receptors (representative persons) have been 
assessed.  

 
191. The assessment has used several precautionary modelling approaches and data assumptions 

to give upper bounding (worst-case) estimates of annual effective dose with subsequent 
uncertainty analysis where required.  

 
192. Doses predicted are compared the annual effective source constraint of 0.3 mSv (300 μSv) 

associated with planned discharges (leachate disposal) and the 0.02 mSv (20 μSv) annual 
effective dose guidance level associated with leachate migration into groundwater. 

 
193. Dose assessment results relative to the dose criterion described above are shown in Table 6-1.  

Table 6-1 - Dose Assessment Results During the Period of Authorisation 
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Exposure Pathway Receptor Predicted Total Annual Effective 
Dose (µSv)1 

Relevant Annual 
Effective Dose 
Criterion (µSv)  

Period of Authorisation – Expected to Occur  

Direct exposure  Worker only 65.8 μSv 300 

Leachate processing 
off-site 

Treatment 
worker 

< 0.1 μSv 300 

Farming family < 25 μSv 300 

Fisherman < 0.1 μSv 300 

Release to 
groundwater 

Member of 
public  

0.8 μSv 20 

Period of Authorisation – Not Certain to Occur  

Dropped load Worker only 7.45E-05 μSv 300 

Fire Worker only 23 μSv 300 

 

194. In all scenarios considered, the annual effective doses are less than the source constraint of 300 
μSv and the 20 μSv annual effective dose guidance level.  

 
195. The representative person is a member of a hypothetical farming family who applies sewage 

solids to agricultural land, works on that land and consumes produce produced on it. Their annual 
effective dose rate was initially assessed as 25 μSv, which is within the source constraint of 300 
μSv. When more likely sludge application rates and radionuclide partitioning between sludge and 
sewage plant effluent are considered, dose rates could be an order of magnitude lower. The 
most effected age group is that of an infant. 

 
196. The farming family dose is dominated by technetium-99 (Tc-99) via food consumption with small 

contributions from carbon-14 (C-14), chlorine-36 (Cl-36), cobalt-60 (Co-60), strontium-90, Sr-90, 
caesium-137, Cs-137 and other beta/gamma radionuclides – as a surrogate. The drinking water 
pathway during the period of authorisation is dominated by C-14.  

 

1 Based upon Revision B of the R5 supporting assessment 
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 Risk guidance level after the Period of Authorisation (R6) 

197. The NS-GRA [3] provides guidance on the level of risk to be applied after the period of 
authorisation (Requirement 6): 
 
“After the period of authorisation, the assessed radiological risk from a disposal facility to a 
person representative of those at greatest risk should be consistent with a risk guidance level of 
10-6 per year (i.e. 1 in a million per year).”  
 

198. Based on the activity concentration of abstracted groundwater, and the model radionuclide 
inventory annual effective dose to a variety of receptors (representative persons) have been 
assessed. The scenarios considered are based on those discussed with the Environment 
Agency Nuclear Waste Assessment Team, Nuclear Regulations Group (North) on 6th 
September 2018. These include ‘expected to occur’ and ‘not certain to occur’ scenarios. 

 
199. The assessment has used two precautionary modelling approaches and associated data 

assumptions to give upper bounding (worst-case) estimates of annual effective dose, with 
subsequent uncertainty analysis where predicted doses are at or more than 20 μSv.  

 
200. Doses predicted are compared with the annual risk value of 1E-06, taken to be equivalent to an 

annual effective dose of 0.02 mSv (20 μSv) associated with leachate migration into groundwater 
and bathtubbing. 

 
201. Dose assessment results relative to the dose criterion described above are shown below in Table 

6-2. 
 

Table 6-2 - Dose Assessment Results After Period of Authorisation 

Exposure Pathway Receptor Predicted Annual Risk /  
Effective Dose (µSv)2 

Relevant Annual Risk / 
Effective Dose Criterion  

After the Period of Authorisation – Expected to Occur  

Release to 
groundwater  

Member of 
public  

2.5 µSv with a risk < 1E-
06 

Risk of 1E-06 (20 µSv where 
risk of exposure is one) 

Period of Authorisation – Not Certain to Occur  

Recreational user Member of 
public 

2 to 20 µSv with a risk < 
1E-06 

Risk of 1E-06 (20 µSv where 
risk of exposure is one) 

202. This assessment has considered annual effective dose exposure after the period of authorisation 
for a drinking water pathway and a recreational user: 

• Drinking water pathway – the annual effective dose from the drinking water exposure scenario 
reaches a peak around 100 years after waste emplacement at 2.5 µSv. This is below the risk 
guidance level of 1E-06 where the probability of exposure is one. 

• Recreational user – using a highly precautionary assessment approach, the annual effective 
dose was initially assessed at 160 µSv. If the other more likely (but still uncertain to occur) 
scenarios are considered, the assessed annual effective dose could be broadly in the range of 
2 to 20 µSv. The annual effective dose assessed here is either at or below a dose criterion of 20 
µSv, equivalent to a risk guidance level of 1E-06 where the probability of exposure is one. 

203. The assessment shows that the annual risks are below the required criterion. 

 

2 Based upon Revision 3 of the R6 supporting assessment. 
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6.2.1. Gas Assessment  
204. It is assumed that during the operational phase of the site, the landfill remain uncapped and 

following capping (during the period of institutional control) any gas generated will be actively 
managed (by flaring). Therefore, accumulation, migration and subsequent exposure to 
radioactive gasses is unlikely and generation of radioactive gases is unlikely to represent a 
bounding scenario.  

 
205.  However, following the PoA, landfill gas will not be actively managed and may accumulate under 

the capping layer. This leads to a potential scenario for members of the public to be exposed to 
radiological doses as the result of gas migration. 

 
206.  An assessment of estimated annual doses from release of radioactive gases has been 

undertaken. This assessment considered the dose to a representative person (a resident in a 
house built on the landfill) via gas emissions. The assessment included release to air of tritium 
(H-3), carbon-14 (C-14) and radon-222 (Rn-222) (from radium-226, Ra-226 decay).  

 
207. This radiological assessment has followed the methodology of the Health Protection Agency 

(HPA) as set out in HPA-RPD-20 with relevant parameter values taken from the original 2009 
ESC. Method, results and conclusions are presented in greater detail in Appendix E. 

 
208. The assessment here (as in the original ESC) therefore focuses on the post-institutional control 

period with a particular focus on inhalation of radioactive gases in buildings that are assumed to 
be constructed on the site 30-years after the end of institutional control. Results are given in the 
table below. 

Table 6:3 - Results of gas assessment 

Radionuclide Gas Release Rate 
(Bq/y) 

Indoor Activity 
Conc (Bq/m3) 

Annual Effective 
Dose (µSv)3 

H-3 5.92E+05 3.04E-04 7.63E-06 

C-14 1.06E+08 5.45E-02 4.41E-02 

Rn-222 7.51E+04 2.32E-05 4.47E-04 

Total 4.46E-02 

 

209. Based on the methodology of HPA-RPD-20, the effective annual dose to someone who dwells 
in a property built on the landfill and is exposed to gaseous emissions of H-3, C-14 and Rn-222 
is just under 0.05 µSv. The dose implications of gas emissions are therefore insignificant and 
are not considered further.  

 

3 Based upon Issue 1 of the Lillyhall Gas Assessment. 
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 Human Intrusion after the Period of Authorisation (R7) 

210. The NS-GRA [3] provides dose guidance levels to be used for assessments of human intrusion 
after the period of authorisation (Requirement 7): 

“The developer/operator of a near-surface disposal facility should assess the potential consequences 
of human intrusion into the facility after the period of authorisation on the basis that it is likely to occur. 
The developer/operator should, however, consider and implement any practical measures that might 
reduce the chance of its happening. The assessed effective dose to any person during and after the 
assumed intrusion should not exceed a dose guidance level in the range of around 3 mSv/year to 
around 20 mSv/year. Values towards the lower end of this range are applicable to assessed 
exposures continuing over a period of years (prolonged exposures), while values towards the upper 
end of the range are applicable to assessed exposures that are only short term (transitory 
exposures).”  

 

211. The NS-GRA defines human intrusion as any human action that accesses the waste or that 
damages a barrier providing an environmental safety function after the period of authorisation. 
 

212. Based on the model radionuclide inventory effective doses for a variety of intrusion / exposure 
scenarios have been assessed.  

 
213. The assessment has used an established approach and data assumptions to give upper 

bounding (worst-case) estimates of annual effective dose.  
 
214. Doses assessed are compared with the 3 to 20 mSv effective dose guidance level range 

associated with human intrusion. Values towards the lower end of this range (taken as < 5 mSv) 
are applicable to assessed exposures continuing over a period of years (prolonged exposures), 
whereas values towards the upper end of the range (taken as 15 to 20 mSv) are applicable to 
assessed exposures that are only short term (transitory exposures). 

 
215. Dose assessment results relative to the dose criterion described above are shown below. It is 

noted that due to the presence of coal measures underlying the site there is the potential for 
future mineral extraction. This potential pathway has been considered through the assessment 
of the construction scenario in Table 6-4, below, which is considered to be suitably conservative 
and provide abounding scenario.   

Table 6-4 - Effective Dose by Exposure Scenario 

Exposure Scenario Public Receptor Effective Dose (mSv)4 Effective Dose Criterion 
(mSv) 

Agricultural scenario Member of public 5.2E-01 <5 (prolonged exposure) 

Construction scenario Member of public 5.3E-01 15-20 (transient 
exposure) 

Industrial scenario Member of public 5.8E-02 <5 (prolonged exposure) 

Housing scenario Member of public 3.0E-01 <5 (prolonged exposure) 

Subsistence Farming5 Member of public 8.2E-01 <5 (prolonged exposure) 

 

 

4 Agriculture, Construction, Industrial, and Housing Scenarios based upon Revision 2 of the R7 supporting 
assessment. Subsistence Farming added in Revision 3 of the R7 supporting assessment. 

5 Subsistance Farmer is a farmer resident on the site and is therefore the values for Housing plus Agriculture. 
Subsistence Farmer was added to the ESC and supporting R7 assessments following review. 



 

Contains sensitive information 
 5156325-301-0003 | 5.0 | April 2021 

 Page 54 of 89 

 

 

216. Effective doses are assessed at between 0.058 mSv and 0.82 mSv based on a highly 
precautionary approach to the assessment scenarios (both the scenarios considered and the 
use of a uniform exposed spatial distribution of activity). These values are all below the bottom 
end of the 3 to 20 mSv effective dose guidance level range associated with human intrusion. 

 
217. In each scenario the primary dose contributor is caesium-137 (Cs-137) which contributes to 

about 70% or higher of the dose. Results are decay corrected to 2091 (assumed date of permit 
surrender). No further loss of radioactivity through decay is considered. 

 
218. The average consignment limit of 200 Bq/g total activity concentration allows for individual 

packages (e.g. 1 m3 disposal bags or 210-litre drums etc) to have an activity concentration up to 
1,000 Bq/g (assumed to have the same radiological fingerprint as the model inventory). 

 
219. It is possible that several packages at the maximum activity concentration (1,000 Bg/g) could be 

deposited in the same area of the disposal facility and could potentially be unearthed through a 
construction-related activity. Nonetheless this would also involve the excavation of other lower 
activity radioactive waste, non-radioactive waste and daily soil cover. This situation would only 
be relevant to the construction scenario where exposure may be incurred over a restricted spatial 
scale. 

 
220. The pessimistic assessment undertaken here has focused on a construction scenario as 

described above, but considered an activity concentration five times that used in the reference 
case.  

 
221. As the same radiological fingerprint is assumed, the dose in this assessment is correspondingly 

five times higher, i.e. 0.82 mSv x 5 = 4.1 mSv, which is almost five times below the maximum 20 
mSv effective dose guidance level that might be applied to transient exposure. Again, this 
assumes exposure at point of permit surrender (2091) and no further loss of radioactivity through 
decay is considered. 

 
222. This assessment considers exposure over a full working year. It is possible that small scale 

(hence short-term) earthworks could uncover / remove ground material with higher activity 
concentrations than considered here. However, the exposure time with the activity would be 
limited to as little as a few hours to a few days. Hence, the exposure period would be significantly 
less than that considered here and corresponding doses unlikely to be much higher, indeed they 
could be substantially lower. 

 
223. Dose rates to non-human biota (including in relation to intrusion) are considered under our 

response to Requirement R9 {R9} and are not discussed further here. 
 

 

 Optimisation (R8) 

224. The NS-GRA [3] requires that radiological risks are As Low As Reasonably Achievable (ALARA) 
consideration of optimisation. More specifically: 

 
‘The choice of waste acceptance criteria, how the selected site is used and the design, 
construction, operation, closure and post-closure management of the disposal facility should 
ensure that radiological risks to members of the public and to the environment, both during the 
period of authorisation and afterwards, are as low as reasonably achievable (ALARA), taking 
into account economic and societal factors.’  

 
225. Specific provisions for optimisation against the requirements of the Groundwater Directive have 

also been introduced. In summary these state that: 
 
"the optimisation requirement will potentially entail (a) consideration of alternative design options 
and (b) establishing an appropriate balance in preventing or limiting, as appropriate, the input of 
pollutants to groundwater”. 
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226. The potential for optimisation with regards to radiological risk can be considered at three levels: 

o Landfill design – consistent with BAT for the disposal of hazardous radioactive 
wastes and can therefore be considered optimised.  

o Management and design of the site can be enhanced to achieve an optimised 
disposal solution. 

o Consignors manage and dispose of waste consistent with BAT (Outwith FCC 
control). 

6.4.1. Landfill Design  
 

227. Key aspects of the design of the Lillyhall Landfill are set out in the original PPC application and 
subsequent RSR variation in 2010, a full containment landfill engineering system is designed to 
meet the EU Landfill Directive. Arrangements include: 

o A basal lining system with, or equivalent to having a hydraulic conductivity of  

of less than 10-9 m s-1. 

o A basal 1m clay layer of reworked engineered clay with a maximum conductivity of 
10-9 m s-1 and 2 mm HDPE synthetic liner, the basal clay lining system is continued 
up the sidewalls. 

o A 2 m clay cap which includes a 1 mm LLDPE geomembrane. This is "double rough" 
to minimise the subsequent movement of soil. As noted above, the design of future 
cells will be reviewed before construction and is subject to approval.  

o A regulating layer of at least 300 mm of soil over the waste, a geomembrane, a 
geotextile protection layer, and at least one metre of soil cover. 

o Arrangements for the management of leachate and landfill gases. 

o A systematic approach to monitoring surface water, groundwater, and environmental 
impacts. 

o Restoration plans to return to species rich grassland, woodland, and scrub.  

o Operational arrangements and controls for all site phases from construction to post 
restoration.  

 
228. Documentation has been prepared describing the existing cell and cap design and confirming 

that it was constructed in accord with a Quality Assurance Method Statement [18] and [33]. It is 
envisaged that future cells will be capped using a similar design. Caps will be emplaced over 
each cell within a year of the end of disposals to that cell. Such capping will be effective in 
reducing infiltration into the facility, although it will ultimately degrade. 

 
229. These design attributes are set out in accordance with good practice for landfills and provide an 

appropriate strategy to limit the environmental impacts arising from non-radioactive 
contaminants. The design satisfies the requirements set out in the Landfill Directive. In the 
context of the assumed timescales and approach to landfill risk assessment, these measures 
will also be effective in limiting the environmental impacts arising from radioactive contaminants. 
In this sense, the design of the facility may already be considered to have been optimised. 

230. The expected radiological impacts from the facility have been assessed and are considered 
within regulatory criteria (see Section 6). In these circumstances, it is not considered necessary 
to undertake extensive enhancements to the current design of the facility. However, where 
disposals of any waste stream result in overall radiological impacts that challenge the regulatory 
criteria, then it would be appropriate to give further consideration to the question of any specific 
optimisation measures for that waste stream.  

231. As the design of the facility is already recognised as consistent with good practice for landfills 
and the hazards associated with the proposed disposals of radioactive waste are low, a detailed 
and systematic analysis of alternative design and management strategies for the facility has not 
been undertaken. Rather, the focus has been on consideration of several specific alternatives 
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that arise if radioactive wastes are to be disposed. These and the suitable characteristics of the 
existing site and design are discussed in the following subsections. We may optimise the design 
of the disposal cells in the future for operational reasons, but if such modifications were to arise, 
FCC would consult with the EA. 

232. Out with design, the location and overall characteristics of the Lillyhall Site are favourable. The 
site is inland and not vulnerable to the effects of climate change or coastal erosion. It is underlain 
by Quaternary sediments, including clays. It is not in an area at risk of flooding and the landfill is 
expected to be stable against natural processes. It is considered to have favourable 
characteristics for the disposal of radioactive waste. 

6.4.2. Alternative strategies for waste emplacement 

233. Radioactive waste could be disposed in a segregated or an unsegregated manner to a cell 
containing non-radioactive waste. The advantages of segregation include: 

o the ability to take special measures in relation to design and management; and, 

o the ability to clearly identify the parts of the landfill where radioactive wastes are 
disposed, which would facilitate future action to manage or remediate those 
disposals, were that to be unexpectedly required. 

234. Disposing of wastes in an unsegregated manner would result in mixing between the radioactive 
and non-radioactive wastes so that: 

o consideration of placement based on activity, leading to a potential reduction in 
maximum radiological impacts from certain scenarios; and, 

o maximum operational efficiency in that no additional measures are required to those 
currently in place. 

235. The proposed design is for non-segregated disposal of radioactive wastes and non-radioactive 
wastes within individual cells. 

236. It is proposed that all disposed wastes will be covered with soil on a daily basis. Between 3% 
and 20% of the disposal volume will be filled with soil or Quaternary clay. This reduces both the 
disposal capacity and the potential for the mobilisation of dusts in air, and will provide a sorption 
substrate for any radionuclides released from the waste. 

237. Most large-scale human intrusion events (see Section 6.3) only disturb the ground to a limited 
depth of a few metres and hence if the radioactive waste is placed below that depth then such 
intrusion events will not disturb it. Strategies that place the majority of the radioactive waste 
below the intrusion depth e.g. below 5 m of the restored surface will reduce doses from intrusion. 

238. Assessed doses from the other hypothetical scenarios are dependent on the total activity in the 
landfill and are not affected significantly by waste emplacement strategies relating to depth of 
disposal.  

6.4.3.  Operational approaches 
 

239. Several approaches have been implemented to optimise operational techniques and mitigate 
potential radiological impacts during operations. Key approaches are discussed in the following 
paragraphs. 

240. The waste packages act as a barrier and reduce the probability of doses occurring during 
operations, reduce leaching post closure, and aid the waste being recognised as hazardous 
should future intrusion occur. 

241. The limit on putrescible materials accepted at the site, this mitigates the potential for microbial 
activity and associated gaseous releases from microbial action. Limiting putrescible materials 
also mitigates the risk of fire.  

242. Controls are in place to manage the level of dust on the surface of waste packages. Deposited 
waste is covered daily to prevent dust suspension and hence the risk of impacts via the inhalation 
pathway during the operational period.  
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243. During the period of authorisation, the representative person is a worker (via direct exposure) or 
member of the public dependent on the pathway (via groundwater). Leachate is processed via 
an onsite treatment facility therefore the likelihood that leachate containing radionuclides 
reaches the Whitehaven Parton Wastewater Treatment Works (WwTW) is reduced. Mitigating 
against this pathway further optimises the process and reduces the hypothetical annual 
individual effective dose to the representative person.  

244. Operational constraints will be in place to restrict the placement of waste in a landfill cell, placing 
non-radioactive waste to a specified depth at the base (2 m), sides (2 m) and top (1 m) of a cell. 
This creates a barrier between the LLW and the side liner of a waste cell which will need to be 
located when the cell is capped. It also means that all LLW will be a greater distance below the 
restored surface of the site.  

245. The profiling of the restored surface will encourage surface runoff, preventing the development 
of puddles and reducing infiltration. Areas of the site will also be developed as woodland and 
these areas will have a deeper soil layer over the cap. This will further reduce the chance of 
intrusion disturbing waste or the prospect of housing development at the site. 

 Environmental Radioactivity (R9) 

246. The NS-GRA [3] asks for an assessment of the impact on non-human species (Requirement 9): 

 
“The developer / operator should carry out an assessment to investigate the radiological 
effects of a disposal facility on the accessible environment both during the period of 
authorisation and afterwards with a view to showing that all aspects of the accessible 
environment are adequately protected.”  

NS-GRA (Environment Agencies, 2009), para 6.3.70 [3] 

247. Based on the model radionuclide inventory; estimated activity concentration data in leachate and 
in groundwater dose rates to non-human biota receptors have been assessed. The scenarios 
considered include:  

o leachate processing off-site during the period of authorisation and exposure of 
marine biota to effluents discharged to the coast via pipeline from Whitehaven 
(Parton) WwTW;  

o radionuclide transport in groundwater to a small stream and exposure of freshwater 
biota during and after the period of authorisation; and,  

o terrestrial biota intrusion into the waste in the period after authorisation.  

248. The assessment has used several precautionary modelling approaches and data assumptions 
to give upper bounding (worst-case) estimates of biota dose rates with subsequent uncertainty 
analysis where estimated dose rates are at or in excess of relevant benchmarks. Dose rates 
estimated are compared against International Commission on Radiological Protection (ICRP) 
derived consideration reference levels (DCRLs) and the Environment Agency threshold below 
which population effects are unlikely to occur.  

249. Dose assessment results relative to the dose criterion described above are shown below. 
 

Table 6-5 - Environmental Dose Assessment 

Exposure Pathway Receptors Maximum calculated 
Dose Rate (µGy/h) 

Relevant Dose Rate 
threshold (µGy/h)  

Period of Authorisation   

Leachate processing 
off-site 

Marine biota 
0.0002  (worst affected 
organism) 

40 

During and After Period of Authorisation   

Release to groundwater Freshwater biota 0.55 (insect larvae) 40 
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After Period of Authorisation   

Biota intrusion Terrestrial biota 47 (lichen & bryophyte) 40  

 

250. Dose rates for the most exposed organism for both the leachate processing off-site and release 
to groundwater scenarios were below the relevant dose thresholds (Environment Agency 
threshold and relevant ICRP planned exposure reference points). The exposure of populations 
of non-human biota under these exposure scenarios are therefore unlikely to be of concern.  

 
251. The maximum dose rate calculated for an intrusion scenario after the period of authorisation 

slightly exceeded the Environment Agency threshold and was within the ICRP DCRL order of 
magnitude band of dose rate for small plants within which “there is likely to be some chance of 
deleterious effects of ionising radiation occurring to individuals of that type of Reference Animal 
or Plant” [ICRP, 2008, para 195] [34]. The area over which potential exposures could occur is, 
however, several orders of magnitude lower than a reference area for a population [IAEA, 2018] 
and impacts across the population are therefore considered to be extremely unlikely (i.e. dose 
rates averaged across a population-relevant area will be many orders of magnitude lower). With 
the exception of the lichen and bryophyte reference organism for which the maximum dose rate 
was calculated, all other calculated dose rates were below the Environment Agency threshold. 
Calculated dose rates to populations of non-human biota are therefore considered to be of low 
concern.  
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7. Technical Requirements 
252. This Section considers protection against non-radiological hazards at the landfill site, the Waste 

Acceptance Criteria (WAC), and site monitoring arrangements.  

 Protection against non-radiological Impacts (R10) 

253. This Section considers requirement 10 of the NS-GRA [3]:  

"The developer/ operator of a disposal facility for solid radioactive waste should demonstrate that 
the disposal system provides adequate protection against non- radiological hazards.” 

254. Specific provisions for protection of groundwater from non-radiological hazards have also been 
introduced. In summary these state that: 

"The means of complying with the groundwater activity provisions of EPR10 for non-radiological 
hazards may be proportionate to the non-radiological hazard presented by the waste”  

255. The Lillyhall Landfill site has been designed to take hazardous wastes, previous assessments 
completed for the landfill have demonstrated that no unacceptable environmental impacts will 
arise. The site is currently permitted under the Environmental Permitting Regulations and 
satisfies the requirements of the Landfill Directive for hazardous waste in terms of the 
management, engineering and monitoring of the site.  

256. The hazardous wastes accepted at the site are predominantly asbestos wastes. No explosive, 
flammable, corrosive, oxidising or infectious wastes are accepted at the site. The IMS includes 
established procedures for safe handling and disposal of the hazardous wastes accepted at the 
site. These processes are similar to those for the handling of LLW and do not conflict with them. 
The site is regularly inspected by the EA to confirm compliance with the current EPR permit.  

257. The arrangements for construction design, waste acceptance, groundwater protection, land fill 
gas management, leachate management, landfill stabilisation, pollution prevention, nuisance 
prevention and quality assurance, construction quality assurance, maintenance, landfill capping, 
site restoration, operations, waste handling/placement, security, use of raw materials, secondary 
wastes, accident arrangements, monitoring, closure, aftercare and surrender are described in 
existing documentation for the HV-VLLW landfill site and will continue be applied to the LA-LLW 
landfill as well as to the current landfill.  

258. The features and arrangements represent a solid foundation for the management of LLW and 
have been taken into account in the risk assessment for LLW disposal to the extent detailed in 
this document. The key landfill engineering features and controls are designed to meet the 
requirements of the EU Landfill Directive and are outlined in Section 6.4.1.   

259. The characteristics of the radioactive wastes introduce no additional non-radiological hazards 
beyond those already assessed for the HV-VLLW variation to 4Bq/g [35]. Disposals will continue 
to be in line with the landfill WAC non-radioactive properties of the waste. 

 Site Investigation (R11) 

260. This Section addresses requirement 11 of the NS-GRA [3]: 

"The developer/ operator of a disposal facility for solid radioactive waste should carry out a 
programme of site investigation and site characterisation to provide information for the 
environmental safety case and to support facility design and construction.” (NS-GRA 
Requirement 11, para 6.4.6 [3]) 

261. Specific requirements for site investigations to determine compliance with requirements under 
the Groundwater Directive have also been introduced. In summary these state that: 

"the applicant must examine the hydrogeological conditions, the purifying powers of the soil and 
subsoil and the risk of pollution and alteration of the quality of the groundwater” [2] 
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262. A specific site investigation has not been carried out in support of this application since the 
geology and hydrogeology of the site has already been investigated in support of the site’s 
previous Hydrogeological Risk Assessment (HRA). This site investigation included the drilling 
and installation of a number of boreholes for site investigation and monitoring [29]. This site 
investigation was suitable to support the HRA and is also a sufficient basis for this assessment, 
given our very cautious assumptions about the behaviour of the geosphere. 

 Use of the Site and Facility Design, Construction, Operation 
and Closure (R12) 

263. Requirement 12 of the NS-GRA [3] is concerned with the use of the site, facility design, 
construction, operation and closure. More specifically: 

‘The developer/operator of a disposal facility for solid radioactive waste should make sure that 
the site is used and the facility is designed, constructed, operated and capable of closure so as 
to avoid unacceptable effects on the performance of the disposal system.’ 

264. The regulatory guidance then goes on to identify a number of more specific issues. In the rest of 
this Section, a short discussion is provided of the key issues, identified in the draft guidance that 
are relevant to the Lillyhall Landfill Site. 

265. The use of the site and the design of the facility should be proportionate to the level of hazard 
presented by the waste to be disposed. The Lillyhall Landfill follows good practice in landfill 
design and the design is consistent with the Landfill Regulations. This type of design and the 
approach to leachate management and gas venting is considered to provide good performance 
for landfill wastes. The radioactive wastes that will be disposed are of low hazard and have 
relatively low concentrations of radioactivity. As such, it is considered that the design and 
approach to management during the operational period is proportionate and appropriate. 

266. The waste will be isolated from the geological environment by a clay liner. The wastes are well 
isolated from the geological environment by the clay liner and the facility will provide good 
performance without relying on the geological environment. 

267. Gas generation is identified in the draft guidance as an issue both in relation to environmental 
impact and any influence on the design. Gas generating waste are not planned to be accepted 
by the site, this is managed via the WAC. This risk was screened out, further detail can be found 
in Appendix A.  

268. Criticality and heat generation are also mentioned in the guidance, but are not considered 
relevant to this proposal, given the very low content of fissile material and very low activity 
concentrations in the waste. 

269. It is a requirement to ensure that steps are in place to undertake corrective actions or manage 
hazards. Earlier in Section 5, we described the management systems and arrangements that 
will ensure that this objective is achieved. 

270. It is recognised that financial liabilities arise in relation to the long-term management and closure 
of the site. Relevant costs include those associated with construction work for final site closure, 
the surveillance and monitoring of the site that will continue during the post-operational period 
and all supporting aspects, including maintaining the infrastructure of the site and all 
administrative, environmental monitoring and technical support work. FCC made a statement of 
intent under the current permit concerning the provision of appropriate funding as part of a 
general agreement with the EA, covering its obligations as a landfill operator.  

 

 

 

 Waste Acceptance Criteria (R13) 
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7.4.1. Introduction 

271. As previously noted, a key part of the management of radioactive waste disposals is to ensure 
that only wastes which are consistent with the regulatory criteria are accepted for disposal at the 
site. In this Section, we determine a set of radionuclide-specific activity concentration limits and 
present an approach that can deal with contributions to dose from more than one radionuclide. 
Specific controls are also required on the waste receipt process at the site and these are 
addressed in Section 5. 

272. This Section addresses Requirement 13 of the NS-GRA [3], which states: 

"The developer/operator of a disposal facility for solid radioactive waste should establish waste 
acceptance criteria consistent with the assumptions made in the environmental safety case and 
with the requirements for transport and handling, and demonstrate that these can be applied 
during operations at the facility.” 

273. There are two aspects to this requirement. First there is the need to define appropriate WAC. In 
terms of the total radiological capacity for wastes to be disposed. 

274. The second aspect is the need to demonstrate appropriate control in order to ensure that 
received wastes comply with the WAC. Current procedures describe the approach to be taken 
to: 

• the assessment of potential waste streams for disposal, agreement to receive and receipt at 
the site; and, 

• the assessment of consignments. 

275. This procedure is being reviewed and may be updated. 

7.4.2. Determining radiological capacity 
 

276. A key part of the management of radioactive waste disposals is to ensure that only wastes which 
are consistent with the regulatory criteria are accepted for disposal at the site. In the following 
subsections, we determine a set of radionuclide-specific limits and discuss how these might be 
used as part of a waste acceptance process. Specific controls are also required on the waste 
receipt process at the site, and these are addressed in Section 5. 

 
277. Total radiological capacities are a management issue for the Lillyhall Landfill Site and are 

considered in this section. Activity concentration limits are a waste acceptance issue and 
considered in Section 7.4.3. 

 
278. The waste that would be disposed must be consistent with the limits set forth in the permit 

application. The model inventory to estimate the radiological impact is determined as explained 
in Section 3. The average activity level across the Lillyhall landfill site is expected to be less than 
a few tens of Bq per gram, although FCC is requesting permission to dispose of individual waste 
streams which may contain radioactivity with a maximum average consignment level of up to 
200 Bq g-1 for a single waste stream, with an upper limit of 1000 Bq g-1 for a package within a 
single consignment to allow for variability of the waste.  
 

279. The radiological capacity is defined as the maximum inventory (Bq) of a radionuclide which yields 
an estimated annual dose to a member of a group less than regulatory criteria or risk guidance 
level. A radiological capacity is determined for each radionuclide individually.   However, it is 
important to note, the annual estimated dose received by the critical groups will comprise a 
number of dose contributions from a mix of radionuclides. To manage this. the sum of fractions 
approach is used and is described below.  

 

 

∑
𝐼𝑅𝑛
𝐿𝑅𝑛

𝑅𝑛

≤ 1 
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• IRn is the inventory of radionuclide Rn (TBq) 

• LRn is the limiting radiological capacity for the radionuclide Rn (TBq) 

 

280. The sum of fractions approach involves dividing the measured inventory of a particular 
radionuclide by the calculated radiological capacity for that radionuclide to yield a figure between 
0 and 1. This calculation is repeated for each of the radionuclides present at Lillyhall landfill. The 
sum of these fractions should be less than one to ensure the annual dose to receptors is less 
than regularity dose criteria or risk guidance levels, even when a mixture of radionuclides has 
been deposited within the operational cells. 

 

281. The radiological capacity for each of the radionuclides in the model inventory has been 
determined. This radiological capacity is protective of the following groups, with the time period 
that exposure is likely to occur given in brackets. 

• Sewage Workers (during PoA) 

• Farming Family (during PoA) 

• Coastal Fisherman (during PoA) 

• Groundwater Abstraction (during PoA) 

• Landfill Fire (during PoA) 

• Drinking Water (after PoA) 

• Recreational User (covered and exposed distribution) (after PoA) 

• Agricultural (intrusion) 

• Construction (intrusion) 

• Industrial (intrusion) 

• Housing (intrusion) 

• Subsistence Farming (intrusion) 

282. The following relevant dose criteria and/or risk guidance levels are applicable to the above 
groups. The applicable critical groups and time-period are given in brackets. 

• 0.3 mSv/y from any source which radioactive discharges are made or 0.5 mSv/y from any 

single site.  For the purposes of this assessment the Lillyhall landfill is considered to be a 

source from which radioactive discharges occurs (applicable to sewage workers, farming 

families, and sewage treatment workers during PoA)  

• Annual risk guidance levels of 1 x10 -06 (calculated as approximately 0.02mSv/y) (applicable 

to members of the public after the PoA) 

• Estimated doses for human intrusion are compared with 3 to 20 mSv effective dose 

guidance level, depending on timescales of exposure (if exposure is long-term or transitory, 

respectively) (applicable to members of the public after the PoA) 

283. The maximum inventory of each radionuclide which yields dose criteria equal less than the 
selected regulatory criteria or risk guidance level are present below in Table 7-1.  For each of 
the radionuclides, the lowest estimated inventory in Table 7-1 is selected as the determined 
radionuclide capacity for that radionuclide.   
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Table 7-1 - Radiological Capacity Based on Dose Rates to Exposure Groups 

Radionuclide 

Sewage Worker 
Capacity (TBq) 

Farming Family 
Capacity (TBq) 

Coastal 
Fisherman 

Capacity (TBq) 

Groundwater 
Abstraction 

Capacity (TBq) 

Landfill Fire 
Capacity (TBq) 

Drinking Water 
Capacity (TBq) 

Recreational 
User (Covered 

Uniform 
Distribution) 

Capacity (TBq) 

Recreational 
User (Exposed 

Uniform 
Distribution) 

Capacity (TBq) 

Agricultural 
Scenario 

Capacity (TBq) 

Construction 
Scenario 

Capacity (TBq) 

Industrial 
Scenario 

Capacity (TBq) 

Housing 
Scenario 

Capacity (TBq) 

Subsistence 
Farmer Scenario 
Capacity (TBq) 

Limiting value 

(R5 During PoA) (R5 During PoA) (R5 During PoA) (R5 During PoA) (R5 During PoA) (R6 After PoA) (R6 After PoA) (R6 After PoA) (R7 – intrusion) (R7 – intrusion) (R7 – intrusion) (R7 – intrusion) (R7 - intrusion (TBq) 

Dose Criterion 
to Apply, 

(microSv) or risk 
300 300 300 20 1000 1.00E-06 1.00E-06 1.00E-06 5,000 10,000 5,000 5,000 5,000   

Probability of 
occurrence 

- - - - - 1 0.1 0.01 - - - - -   

Resultant dose 
criterion 

(microSv) 
- - - - - 20 200 2000 - - - - -   

H-3 7.28E+07 5.43E+04 2.39E+08 1.35E+05 6.42E+04 
Not covered in the assessment 

1.87E+07 4.75E+13 1.19E+15 3.91E+08 1.78E+07 5.43E+04 

C-14 1.96E+06 3.22E+01 4.51E+02 4.52E-01 2.86E+03 3.12E+01 1.10E+02 4.62E+02 6.68E+01 2.13E+01 4.52E-01 

Cl-36 3.26E+05 5.52E+00 3.42E+08 

Not applicable 

2.28E+06 7.71E-01 3.91E+01 6.51E+01 3.10E+01 1.09E+02 4.60E+02 6.65E+01 2.11E+01 7.71E-01 

Mn-54 3.32E+03 6.11E+02 3.41E+05 1.11E+07 N/A 1.93E+17 3.22E+17 1.54E+17 5.41E+17 2.28E+18 3.29E+17 1.05E+17 6.11E+02 

Fe-55 4.14E+09 6.21E+05 3.22E+10 2.16E+07 N/A N/A 2.45E+12 1.06E+12 3.50E+13 3.48E+14 3.17E+12 7.93E+11 6.21E+05 

Co-60 1.08E+03 6.93E+01 1.12E+05 5.38E+05 N/A 1.31E+04 2.65E+04 2.39E+05 4.94E+04 1.99E+05 3.19E+04 2.81E+04 6.93E+01 

Ni-63 9.86E+08 1.23E+06 3.58E+07 3.47E+07 4.04E+104 N/A 1.67E+06 3.63E+04 1.19E+07 1.01E+08 1.93E+05 3.05E+04 3.05E+04 

Zn-65 8.21E+02 3.76E+01 4.10E+03 7.56E+04 N/A 9.29E+28 1.55E+29 7.38E+28 2.60E+29 1.09E+30 1.58E+29 5.03E+28 3.76E+01 

Sr-90 2.15E+06 2.15E+03 1.04E+07 7.96E+13 7.07E+09 N/A 5.37E+09 2.04E+07 1.20E+10 6.47E+10 1.19E+08 1.74E+07 2.15E+03 

Zr-93 
Not covered in the assessment 

N/A 3.91E+01 6.51E+01 3.10E+01 1.09E+02 4.61E+02 6.64E+01 2.11E+01 2.11E+01 

Nb-94 4.39E+36 3.91E+01 6.51E+01 3.10E+01 1.09E+02 4.61E+02 6.65E+01 2.12E+01 2.12E+01 

Tc-99 3.73E+06 1.52E+00 8.04E+04 

Not applicable 

1.28E+06 1.12E+00 N/A 1.44E+05 1.80E+00 2.97E+05 3.45E+06 4.99E+01 1.74E+00 1.12E+00 

Ru-106 4.10E+05 8.20E+04 6.94E+06 2.53E+03 N/A 1.27E+20 1.78E+20 6.06E+20 3.33E+20 1.51E+21 2.15E+20 1.59E+20 2.53E+03 

Sb-125 7.99E+03 6.52E+02 1.16E+07 1.39E+04 N/A 1.42E+08 2.36E+08 1.13E+08 3.97E+08 1.67E+09 2.41E+08 7.67E+07 6.52E+02 

I-129 2.69E+05 1.09E+02 3.93E+05 4.63E+02 1.03E-01 3.91E+01 6.52E+01 3.10E+01 1.09E+02 4.61E+02 6.64E+01 2.12E+01 1.03E-01 

Cs-134 9.54E+04 9.54E+03 1.55E+07 8.31E+03 N/A 5.48E+09 8.41E+09 4.41E+10 1.57E+10 6.99E+10 1.07E+10 8.58E+09 8.31E+03 

Cs-137 2.79E+05 1.12E+04 1.24E+07 4.28E+03 N/A 1.11E+02 1.63E+02 6.32E+02 3.06E+02 1.38E+03 2.07E+02 1.56E+02 1.11E+02 

Ce-144 1.67E+05 3.28E+04 1.74E+07 3.15E+05 N/A 1.02E+26 1.77E+26 1.17E+27 3.36E+26 1.34E+27 2.13E+26 1.80E+26 3.28E+04 

Pm-147 1.93E+09 2.50E+07 2.50E+09 3.33E+06 N/A 3.85E+14 2.63E+12 3.79E+11 4.58E+12 5.36E+13 1.74E+12 3.11E+11 3.33E+06 

Sm-151 Not covered in the assessment N/A 5.63E+15 1.78E+06 1.57E+05 2.76E+06 1.48E+07 8.39E+05 1.32E+05 1.32E+05 

Eu-152 4.63E+04 2.41E+03 6.82E+05 

Not applicable 

3.97E+05 N/A 9.39E+02 1.56E+03 7.45E+02 2.63E+03 1.11E+04 1.59E+03 5.08E+02 5.08E+02 

Eu-154 4.27E+04 2.40E+03 7.56E+05 3.15E+05 N/A 1.25E+03 2.27E+03 2.08E+04 4.24E+03 1.77E+04 2.80E+03 2.47E+03 1.25E+03 

Pb-210 3.89E+08 3.23E+05 1.02E+07 5.52E+02 N/A 1.78E+07 2.64E+02 5.02E+00 2.86E+03 2.49E+04 1.88E+01 3.97E+00 3.97E+00 

Po-210 7.78E+18 2.54E+16 1.20E+20 1.18E+16 N/A 1.72E+06 1.09E+02 5.85E+01 1.35E+03 1.02E+04 2.10E+02 4.57E+01 4.57E+01 

Ra-226 1.02E+05 4.13E+03 4.90E+06 1.75E+01 1.99E+167 6.78E+00 1.30E+01 3.07E+01 2.44E+01 9.76E+01 1.43E+01 9.76E+00 6.78E+00 

Th-228 
Not covered in the assessment 

N/A 2.44E+10 5.42E+10 1.37E+11 9.33E+10 3.39E+11 6.20E+10 4.27E+10 2.44E+10 

Th-229 9.20E+65 1.33E+02 6.23E+01 4.72E+01 6.40E+01 3.13E+02 8.17E+01 2.99E+01 2.99E+01 

Th-230 5.41E+06 1.35E+05 1.86E+08 
Not applicable 

1.67E+02 1.19E+19 4.14E+05 8.29E+02 3.67E+02 5.36E+02 2.68E+03 1.43E+03 2.92E+02 1.67E+02 

Th-232 3.59E+06 1.26E+03 3.07E+06 1.52E+08 1.25E+01 1.47E+06 4.82E+02 2.95E+02 3.05E+02 1.51E+03 1.12E+03 2.33E+02 1.25E+01 

Pa-233 Not covered in the assessment N/A N/A N/A Half-life < 3-months so not considered 
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Radionuclide 

Sewage Worker 
Capacity (TBq) 

Farming Family 
Capacity (TBq) 

Coastal 
Fisherman 

Capacity (TBq) 

Groundwater 
Abstraction 

Capacity (TBq) 

Landfill Fire 
Capacity (TBq) 

Drinking Water 
Capacity (TBq) 

Recreational 
User (Covered 

Uniform 
Distribution) 

Capacity (TBq) 

Recreational 
User (Exposed 

Uniform 
Distribution) 

Capacity (TBq) 

Agricultural 
Scenario 

Capacity (TBq) 

Construction 
Scenario 

Capacity (TBq) 

Industrial 
Scenario 

Capacity (TBq) 

Housing 
Scenario 

Capacity (TBq) 

Subsistence 
Farmer Scenario 
Capacity (TBq) 

Limiting value 

(R5 During PoA) (R5 During PoA) (R5 During PoA) (R5 During PoA) (R5 During PoA) (R6 After PoA) (R6 After PoA) (R6 After PoA) (R7 – intrusion) (R7 – intrusion) (R7 – intrusion) (R7 – intrusion) (R7 - intrusion (TBq) 

Dose Criterion 
to Apply, 

(microSv) or risk 
300 300 300 20 1000 1.00E-06 1.00E-06 1.00E-06 5,000 10,000 5,000 5,000 5,000   

Probability of 
occurrence 

- - - - - 1 0.1 0.01 - - - - -   

Resultant dose 
criterion 

(microSv) 
- - - - - 20 200 2000 - - - - -   

U-232 9.20E+227 7.21E+01 1.20E+02 5.72E+01 2.02E+02 8.50E+02 1.23E+02 3.90E+01 3.90E+01 

U-233 2.75E+03 1.97E+05 2.59E+03 9.64E+02 2.08E+03 1.04E+04 2.98E+03 7.28E+02 7.28E+02 

U-234 1.68E+07 1.57E+05 1.88E+07 
Not applicable 

1.77E+03 5.11E+02 2.14E+06 2.71E+03 1.00E+03 2.15E+03 1.07E+04 3.16E+03 7.61E+02 5.11E+02 

U-235 5.20E+05 2.36E+04 1.11E+07 1.96E+03 6.50E+00 4.19E+02 1.98E+02 6.88E+02 3.40E+02 1.70E+03 2.62E+02 1.90E+02 6.50E+00 

U-236 Not covered in the assessment 6.92E+00 6.41E+06 2.88E+03 1.05E+03 2.35E+03 1.17E+04 3.34E+03 8.00E+02 6.92E+00 

U-238 2.20E+06 9.03E+04 1.74E+07 

Not applicable 

2.08E+03 6.36E+00 5.81E+02 6.77E+02 9.42E+02 1.00E+03 4.63E+03 8.34E+02 4.42E+02 6.36E+00 

Np-237 8.94E+04 4.52E+02 2.15E+05 3.34E+02 5.61E-01 1.64E+02 1.10E+02 2.19E+02 1.46E+02 7.16E+02 1.61E+02 9.28E+01 5.61E-01 

Pu-238 1.53E+06 3.37E+04 1.00E+06 1.52E+02 N/A 3.91E+07 4.29E+02 5.83E+02 2.73E+02 1.32E+03 2.60E+03 4.76E+02 1.52E+02 

Pu-239 1.45E+06 2.99E+04 9.42E+05 1.39E+02 9.89E+20 9.51E+05 2.44E+02 3.33E+02 1.54E+02 7.57E+02 1.46E+03 2.71E+02 1.39E+02 

Pu-240 1.36E+06 3.00E+04 9.38E+05 1.39E+02 4.03E+42 2.53E+06 2.45E+02 3.34E+02 1.55E+02 7.60E+02 1.46E+03 2.72E+02 1.39E+02 

Pu-241 7.71E+07 1.98E+06 4.96E+07 7.23E+03 N/A 2.04E+09 2.54E+05 3.48E+05 1.61E+05 7.92E+05 1.53E+06 2.83E+05 7.23E+03 

Pu-242 1.52E+06 3.05E+04 1.02E+06 1.52E+02 2.17E+04 3.91E+01 6.51E+01 3.10E+01 1.09E+02 4.61E+02 6.64E+01 2.12E+01 2.12E+01 

Am-241 1.10E+06 2.31E+04 1.52E+08 1.74E+02 9.42E+203 4.30E+04 2.94E+02 3.30E+02 1.96E+02 9.63E+02 1.38E+03 2.66E+02 1.74E+02 

Am-243 4.84E+05 1.58E+04 3.57E+07 1.74E+02 N/A 3.93E+01 6.55E+01 3.12E+01 1.10E+02 4.64E+02 6.68E+01 2.13E+01 2.13E+01 

Cm-242 1.19E+07 3.81E+06 3.81E+09 2.84E+03 N/A 6.19E+42 1.03E+43 4.90E+42 1.73E+43 7.29E+43 1.05E+43 3.34E+42 2.84E+03 

Cm-243 3.76E+05 1.36E+04 3.68E+07 2.41E+02 N/A 1.67E+02 2.78E+02 1.33E+02 4.67E+02 1.97E+03 2.84E+02 9.04E+01 9.04E+01 

Cm-244 2.08E+06 5.30E+04 3.89E+08 2.92E+02 N/A 8.44E+05 4.63E+03 5.04E+03 2.95E+03 1.44E+04 2.66E+04 4.23E+03 2.92E+02 

Cm-245 Not covered in the assessment 7.54E+121 3.93E+01 6.54E+01 4.88E+02 2.87E+02 1.41E+03 2.58E+03 4.10E+02 3.93E+01 
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284. Although some groups such as workers at (Lillyhall Landfill or sewage workers during the period 

of authorisation) have a higher regulatory criteria and risk guidance levels than other critical 
groups they are still included in this process. It is reasonable to expect that each critical group 
will be exposed to radionuclides in a different manner, therefore estimated doses and the 
sensitivity of dose estimates to changes in inventory will vary between groups. So, although the 
regulatory criteria for these critical groups may be higher, it is important to include them in 
calculations as the inventory required to meet or exceed the annual dose criteria for these critical 
groups may be lower than other groups, despite the higher regulatory value.  

 
285. Including all critical groups, despite variations in regulatory dose criteria, and selecting the most 

restrictive dose criteria for each critical group, respectively, ensures that the most sensitive group 
are used to select the radiological capacity and, therefore, that this value is suitably restrictive.  

 
286. Given that the disposal inventory will comprise a range of radionuclides and many of the 

radionuclides against which potential limits have been identified are present in wastes at only 
trace concentrations, there is often no realistic likelihood that these limits will be challenged. As 
noted above, for certain scenarios, there is a possibility that significant contributions to the total 
dose could arise as a result of contributions from a number of specific radionuclides.  
 

7.4.3. Conditions for acceptance of LLW 
 

287. The Lillyhall WAC document [35] will represent the full requirements for the packaging, receipt 
and disposal of LA-LLW at the Lillyhall Landfill Site. The WAC will apply to each Waste 
Consignment. 

288. LA-LLW consignments are received at the Lillyhall Landfill Site for disposal. Following receipt 
and monitoring, the waste is disposed of by FCC in a dedicated mono-cell in the case of asbestos 
and in a non-hazardous cell for all other waste streams.  

289. Waste acceptance is based on the current permit CD7914 and will be updated following a 
successful variation of this permit. Waste is accepted for disposal based on sufficient annual and 
lifetime volumetric and radiological capacity. The key requirements will be that radioactive waste 
can only be accepted for disposal if:  

 

(a) it is low activity low level waste i.e. shall have a maximum activity concentration of 200 Bq/g 
with a limit on individual packages within the consignment of 1000 Bq/g;  

(b) it fulfils the relevant waste acceptance criteria & basic characterisation requirements outlined 
in the existing permit EPR-GP3037SJ [36] (if this permit applied to radioactive wastes) i.e. 
disposals shall not include the material listed below in paragraph 282, (e.g. hazardous wastes, 
free liquids, etc.), and should be adequately characterised by the waste producer with regard to 
their composition (described in greater detail below in paragraphs 284 and 285); 

(c) it has not been diluted or mixed with other materials for the purpose of meeting the above 
definition of low activity low level waste or the relevant waste acceptance criteria 

 

290. Any non-compliant wastes are quarantined pending a formal investigation and may require 
collection by the customer (or their agent) in accordance with the site acceptance procedures. 
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7.4.4. Physical, Chemical, and Radiological Properties 
 

291. LA-LLW for disposal at the site shall have a maximum activity concentration of 200 Bq/g with a 
limit on individual packages within the consignment of 1000 Bq/g. Disposals to operational cells 
shall not include: 

• Hazardous Wastes (other than asbestos in specifically engineered cells) 

• Whole or shredded tyres 

• Free liquids 

• Unknown chemicals 

• Pharmaceutically active materials 

• Complexing or chelating agents 

• Ion exchange materials 

• Wastes that are capable of generating toxic gases, and 

• Wastes capable of causing an explosive, corrosive, oxidative or flammability hazard. 

 

292. Additionally, waste streams must not be mixed with other waste streams or with non-waste 
materials solely for the purpose of meeting waste acceptance criteria. 

293. Wastes must also meet the requirements of the Waste Hierarchy and be fully characterised by 
the waste producer with regard to their composition. Characterisation will confirm that the waste 
stream is permitted for disposal under the site’s Environment Permit. Accordingly, the waste 
producer will be required to provide adequate information to confirm the characterisation. This 
will entail the provision of at least: 

 

• The quantity of waste to be disposed 

• An accurate and detailed description of the physical composition of the waste 

• A description of the process which generates the waste (including waste source & origin) 

• The correct European Waste Catalogue codes for the waste 

 

294. In the case of wastes where the chemical composition is not immediately apparent the waste 
producer will also be responsible for the provision of: 

• Material safety data sheets 

• Adequate chemical analysis to classify the waste 

 

295. All wastes must be consistent with the definition of LA-LLW; the total activity concentrations must 
not exceed 200 Bq/g. In order for consignors to determine acceptability of their wastes, the 
individual radionuclide activity concentrations are summed and must be less than 200 Bq/g for 
each waste stream.  

296. Radiation levels on the Waste Package will be as low as reasonably practicable and controlled 
to <5 µSv/h at contact with the Waste Package and <2.5 µSv/h at a distance of 1 m from the 
Waste Package. External non-fixed contamination levels on the Waste Package will be low as 
reasonably practicable and not more than 0.4Bq/cm2 for all alpha-emitting radionuclides and 
4Bq/cm2 for all other radionuclides averaged over an area of 300cm2. 

7.4.5. Package Types 
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297. The Lillyhall operations are flexible in terms of package receipt type and have the ability to 
receive, monitor and dispose of a variety of waste containers. Typically, these can range from 
drummed wastes delivered on a flat-bed lorry, to standard Iso-freight containers delivered on a 
twist-lock chassis. 

7.4.6. Site rules and instructions 
 

298. All delivery vehicle drivers must observe all site rules on the Lillyhall Landfill facility. These are 
to include the wearing of mandatory PPE to include, but not limited to steel midsole and toe 
boots, a hard hat and high visibility jacket / waistcoat. All deliveries must adhere to the facilities 
operational hours, deliveries outside of these hours must have prior agreement from the facility 
manager.  

 

7.4.7. Assessment of waste streams considered for disposal at the Lillyhall 
Landfill Site 

299. The following steps and assumptions will be applied to any waste stream that is considered for 
disposal at the Site. 

300. It will be ensured that the waste stream has been characterised appropriately by the consignor. 
For this purpose, any consignor will be asked to submit to FCC a technical document describing 
the radioactive and non-radioactive characteristics of the waste stream. 

301. As noted previously, to ensure that estimated doses remain below the regulatory criteria, we 
propose to perform an assessment of each waste stream, using the methodology set out in this 
document. This would involve estimating the contribution to radiological impact from the waste 
stream and the overall impact from the site, taking account of all of the waste streams that have 
been accepted previously for disposal. 

302. Overall, an assessment of a waste stream would involve: 

o conformity check of the radiological characteristics with the rules set out in Section 
7.4.2; 

o calculations for every scenario for which results are presented in this report, using 
the methodology and data set out in the report; 

o calculating the contributions to radiation dose arising from the waste stream itself and 
also the total radiation dose, taking account of all waste streams that have been 
accepted for disposal at the time; 

o the results of the calculation would be recorded; 

o results would be compared with the relevant dose criteria and only if radiation doses 
were below the relevant criteria would the waste stream be accepted for disposal; 

o we would set a ‘trigger level’ so that if any waste stream were identified as 
contributing more than ten percent (>10%) of the maximum total radiation dose for 
any scenario, or if the cumulative impact of all waste streams accepted were to reach 
one third of the total radiation dose for any scenario, we would consult with the 
Environment Agency and discuss our assessment. 

303. The impact of the waste stream will be assessed by comparison with the data in this report and 
an estimate made of the potential radiological impact of the waste stream itself (using the 
methodology set out in this report) and the cumulative impact of all the radioactive waste streams 
so far accepted (see Section 3). 

304. If the waste stream is consistent with the ESC and in combination with other accepted waste 
streams gives rise to radiological impacts no greater the appropriate regulatory dose criterion, 
then the waste stream would be deemed suitable for disposal. 
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7.4.8. Assessment of consignments to be received at the Lillyhall Landfill Site 

305. Similar to the assessment of waste streams, each consignment, Lillyhall Landfill Site, the 
following steps and assumptions will be applied to any waste stream that is considered for 
disposal at the Site. 

306. It will be ensured that the consignment has been characterised appropriately by the consignor. 
For this purpose, any consignor will be asked to submit to FCC a technical document describing 
the radioactive and non-radioactive characteristics of the consignment. 

307. A consignment can only be accepted if the radiological characterisation conforms with the rules 
set out in Section 7.4.2. 

308. Each consignment of waste will be accompanied by a transmittal note, confirming the 
characteristics of the waste. 

309. FCC is entitled to perform measurements to check the radiological and non-radiological 
characterisation. On arrival at the Lillyhall Landfill Site, the transmittal note will be checked and 
the waste will be monitored. A procedure currently exists for the monitoring of exempt wastes 
and HV-LLW [21] These procedures will be reviewed and revised as appropriate to ensure that 
it is consistent with the wider range of wastes that would be consigned. 

310. FCC will maintain a database of the radioactive wastes received and their location based on 
GPS information. This database is backed up, secure and available over the long term. 

 

 Monitoring (R14) 
 

311. The NS-GRA [3] outlines the requirement for the operator to undertake a monitoring programme 
to support the environmental safety case (Requirement 14): 

 
“In support of the environmental safety case, the developer/operator of a disposal facility for solid 
radioactive waste should carry out a programme to monitor for changes caused by construction, 
operation and closure of the facility. 
 
The developer/operator should establish a reasoned and proportionate approach to a 
programme for monitoring the site and facility. This monitoring will provide data during the period 
of authorisation to ensure that the facility is operating within the parameters set out in the 
environmental safety case. However, the monitoring must not itself compromise the 
environmental safety of the facility. (Environment Agencies, 2009), para 6.4.31 and 6.4.32.” 
 

312. There are two main reasons for an onsite monitoring programme: 

 

• Demonstration of compliance with stated regulatory requirements. 

• Reassurance of stakeholders that the Lillyhall Landfill site is safe and being managed 
appropriately. 

 
313. There is an existing programme of leachate, groundwater and surface water monitoring at the 

site in order to satisfy the requirements of environmental permitting and the Groundwater 
Regulations, 1998. Eleven boreholes have been installed around the perimeter of Stage 3 of the 
Lillyhall Landfill Site to monitor the level and the quality of the groundwater both up gradient and 
down gradient of the site. The locations of these monitoring boreholes are shown in Figure 11. 
Table 7-2 summarises the current groundwater monitoring regime. 

Table 7-2 - Groundwater Monitoring Schedule Currently Undertaken at the Lillyhall Landfill 
Site for Non-Radiological Determinants 
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 Determinants to be monitored Sampling frequency 

Depth Depth of groundwater in borehole as mAOD Monthly 

Sample Samples analysed for, temperature, ammonia and chloride Monthly 

Sample As above plus pH, dissolved oxygen, electrical conductivity, 
dissolved oxygen, sulphate, alkalinity, Ca, Cr, Cu, Ni, Cd, Pb, 
Zn, Fe, Mg, Mn, Hg, K. Na, sulphide, TOC. TON. 

Quarterly 

Sample As above plus, Phenol, Chlorobenzene, Ethylbenzene, 
Naphthalene and Toluene. 

Annual at Boreholes 2, 

3 and 11. 
 

314. Appropriate trigger levels have been incorporated within the groundwater monitoring regime to 
provide early warning and allow management intervention if found to be necessary. 

 

Table 7-3 - Trigger Levels Currently Applied to the Monitoring Results from the Lillyhall Landfill 
Site 

 
Units Contaminant Concentrations 

Contaminant 
 Operational trigger levels (1 m 

leachate head) 

Storm trigger levels (2 m leachate 

head) 

Chlorobenzene mg l-1 9.1 10-9 6.0 10-8 

Naphthalene mg l-1 5.2 10-6 1.3 10-5 

Toluene mg l-1 1.5 10-11 7.1 10-10 

Ethylbenzene mg l-1 < 1 10-12 1.8 10-10 

Ammonia mg l-1 0.57 0.82 

Chloride mg l-1 38 47 

 

315. Leachate sumps are present in all of the existing cells. These are monitored on a regular basis 
for quality and levels. Table 7-4 summarises the current leachate monitoring regime. 

 

Table 7-4 - Leachate Monitoring Schedule Currently Undertaken at the Lillyhall Landfill Site for 
Non-Radiological Determinants 

 Determinands to be monitored Sampling frequency 

Depth Depth of leachate (mAOD) in leachate pumping chambers Monthly 

Sample Samples from leachate pumping chambers analysed for pH. 

temperature and electrical conductivity 
Monthly 

Lab analysis As above plus COD. alkalinity, ammonia, chloride, BOD, Ca, Mg, 

K, Na, sulphate, TON and TOC 
Quarterly 

Lab analysis As above plus Fe, Mn, Cr, Cu, Ni, Cd, Pb. Zn, Hg, List I and List II. Annually 
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316. There are both on-site and off-site landfill gas monitoring boreholes. Off-site/perimeter Boreholes 
1 to 16 are monitored monthly for methane, oxygen and carbon dioxide. 

 

Figure 11 - Location of Groundwater Monitoring Boreholes at the Lillyhall Landfill Site 

 

317. Environmental monitoring for potential radioactive contaminants is conducted as follows. 
Samples are collected on two occasions per year from the suite of monitoring boreholes and the 
Distington Beck downstream of the Site and analysed for: 

o Total alpha and beta/gamma activity. 

o Tritium. 

o Gamma spectrometry. 

318. Water from the current suite of monitoring boreholes, the effluent for discharge to sewer and 
water from the Distington Beck are sampled quarterly and analysed for: 

o Total alpha and beta/gamma activity; 

o Tritium; 

o Gamma spectrometry. 

319. It is envisioned that the surface water, groundwater and gas monitoring regimes and surveillance 
at the site will remain unchanged with respect to what is described above. Additional leachate 
sampling will be undertaken in future operational cells in a similar manner to the active cells, 
described above. Further details on environmental monitoring at the site are described in the site 
monitoring plan [37]. 

 
320. Trigger levels for further investigation have not yet been determined but will be set to take into 

account results from the initial baseline surveys. These will be recorded in a formal procedure 
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and agreed with the EA. If significantly elevated concentrations are measured on any occasion, 
a more detailed set of measurements would be undertaken to determine the contributions from 
different radionuclides. 

321. It has been determined that the analyses of leachate and groundwater provide the most 
appropriate measure of performance and therefore they are the proposed focus of our monitoring 
programme.  

322. It is envisaged that monitoring will continue during the post-closure surveillance period of 60 
years. A case may be made to reduce frequency of monitoring during this period, once trends 
have been established. This would be discussed with the EA at the appropriate time and their 
agreement sought.  

323. Independent analysis of samples from the site is carried out by the EA and provides a check on 
the validity of the site monitoring work. Monitoring will be completed prior to work starting on the 
new phase of waste cells to ensure the development has no impact on system performance. 
This will be repeated upon construction completion of each cell.  
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8. Summary 
324. This document is a new ESC for the disposal of LLW at the Lillyhall Landfill Site. The provision 

of this facility is consistent with national objectives to ensure the most effective use of disposal 
capacity at the LLWR and increasing application of the Waste Management Hierarchy. 

325. The Lillyhall Landfill site is currently permitted and has been designed as a containment landfill 
and has been operating for some years. The design of the facility follows good practice for 
landfills. The site is suitable in that the facility is excavated in relatively impermeable Quaternary 
sediments and is at sufficient elevation that it will not be impacted by processes of coastal erosion 
or sea-level rise. A Hydrogeological Assessment has been carried out to develop a Conceptual 
Site Model of the site, a summary is provided in Section 2.5, the full report can be found in 
Appendix D. 

326. We have confirmed with the EA the general assessment approach that has been used. This is 
based on the use of a cautious and generic assessment methodology where compliance is 
assessed against more restrictive criteria than would be the case for a more complex and realistic 
assessment.  

327. The disposal inventory will only be defined after commercial agreements are concluded between 
potential consignors and FCC. In view of this inventory uncertainty, the FCC approach is to have 
a process in place to assess each waste stream prior to acceptance in order to determine its 
consistency with the ESC. Although there is considerable uncertainty about the future disposal 
inventory, a model inventory has developed using the UKRWI.  

328. This ESC has considered scenarios involving exposure to waste during normal operations, 
scenarios involving the expected site evolution and a range of scenarios involving unexpected 
exposure resulting from disposal of LA-LLW.  The range of scenarios selected via a risk 
assessment screening process ensures that, for all reasonably foreseeable circumstances, 
doses or risks are properly controlled through employment of sound science and management 
to limit potential dose impacts to a minimum, with regards to the relevant guidance levels. 

Dose assessments have been completed to estimate the radiological impact, as summarised 
in Table 8-1 below, the assessments have shown that annual risk and annual effective doses 
are below the required criterion.  

 

Table 8-1 - Summary of Dose Assessment Results and Relevant Dose Criterion 

Exposure Pathway Receptor Predicted Total Annual Effective 
Dose (µSv) 

Relevant Annual 
Effective Dose 
Criterion (µSv)  

Period of Authorisation – Expected to Occur  

Direct exposure  Worker only 65.8 μSv 300 

Leachate processing 
off-site 

Treatment 
worker 

< 0.1 μSv 300 

Farming family < 25 μSv 300 

Fisherman < 0.1 μSv 300 

Release to 
groundwater 

Member of 
public  

0.8 μSv 20 

Period of Authorisation – Not Certain to Occur  

Dropped load Worker only 7.45E-05 μSv 1,000 

Fire Worker only 23 μSv 1,000 
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Exposure Pathway Receptor Predicted Total Annual Effective 
Dose (µSv) 

Relevant Annual 
Effective Dose 
Criterion (µSv)  

After Period of Authorisation – Expected to Occur  

Release to 
groundwater   

Member of 
public 

2.5 (with a risk <1E-06) Risk of 1E-06 (20 
µSv where 
risk of exposure is 
one) 

 

Release of 
radioactive gas 

Local resident  0.05 (with a risk <1E-06) Risk of 1E-06 (20 
µSv where 
risk of exposure is 
one) 

After Period of Authorisation – Not Certain to Occur  

Bath tubbing Recreational 
user 

2-20 with a risk <1E-06 Risk of 1E-06 (20 
µSv where 
risk of exposure is 
one) 

 

 
329. Our proposal is for an Authorisation to dispose of wastes containing up to: 

o 200 Bq g-1 maximum activity concentration averaged over individual waste streams; 

o 1000 Bq g-1 maximum activity concentration per individual package; 

o Sum of fractions applied to ensure compliance with radiological criteria. 

330. We have determined both a total radiological capacity for disposals of radioactive waste at the 
Lillyhall Landfill Site; full tabulations of data is presented in Table 7-1. 

331. Trigger levels would be set so that if any waste stream were identified as contributing more than 
ten percent (10%) of the maximum total radiation dose for any scenario, or if the cumulative 
impact of all waste streams accepted were to reach one third of the total radiation dose for any 
scenario, we would consult with the EA and discuss our assessment. 

332. FCC currently operate under a management procedure to cover the consignment of waste 
streams to the Lillyhall Landfill Site. This involves receipt of information about the waste stream 
from the consignor, assessment of the waste stream using the methodology set out in this 
document, appropriate receipt procedures and keeping appropriate records. 

333. Environmental monitoring for radioactive contaminants will continue to the end of management 
control. If any adverse impacts were unexpectedly to arise, such monitoring will facilitate 
appropriate management action. 

334. Overall, we consider that the measures set out in this ESC provide assurance that the proposed 
disposal of LLW will be managed appropriately and will give rise to radiological impacts well 
within relevant regulatory criteria. 

335. Disposal of LLW at the Lillyhall Landfill Site would secure a cost-effective, local LLW disposal 
solution for nearby nuclear sites, which exceeds the required environmental standards. In 
accordance with national objectives for LLW management, it would help to ensure that disposal 
capacity at the LLWR is only used for wastes requiring a more highly engineered disposal 
solution. 
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 Identifying Scenarios & Exposure Groups 

Risk Assessment Matrix to Determine Lillyhall Landfill Potential Dose Scenarios Requiring Further Modelling.  
        

 

       
 

Number Scenario Exposed group Modelling Approach / Data to be Used / Comments 
A) Likelihood 

Score 1 - 5                        
(1 Low, 5 high) 

B) Impact             
1 - 5                        

(1 Low, 5 high) 

Risk 
Rating A x 

B 

Further 
Assessment 

       
 

Period of Authorisation (NS-GRA - R5) – Expected to Occur      

1 Direct exposure  Worker Bespoke calculation using HPA and Habitat data 5 2 10 ✓ 

2 
Leachate processing 
off-site 

Treatment worker Initial Radiological Assessment Method (IRAT) 3 3 9 ✓ 

Farming family Initial Radiological Assessment Method (IRAT) 3 3 9 ✓ 

Angler Initial Radiological Assessment Method (IRAT) 3 3 9 ✓ 

3 Release to atmosphere  Member of public 
No proposed disposal of this putrescible waste 
material. 

2 1 2  

4 
Release to 
groundwater  

Member of public  

Hydrogeology assessment release scenarios; resulting 
from engineering failure. PC-Cream and IRAT used to 
inform a bespoke calculation. Adult, child, and infant 
doses to be assessed.  

3 2 6 ✓ 

5 Cell excavation Worker 
Review of this scenario has determined that cell 
excavation not expected to occur during PoA. 

1 2 2  

6 Surface water Member of public  
The engineering and site design will ensure this is not 
a hazard.  Surface water will not be in contact with 
waste.  

2 2 4  

        

Period of Authorisation – Not Certain to Occur         
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7 Leachate spillage  Farming family Review has determined no pathway to this receptor.  1 2 2  

8 Dropped load  Worker only Bespoke calculation. Assessment of fault scenario. 2 3 6 ✓ 

9 Aircraft impact Member of public Highly unlikely to occur.  1 2 2  

10 Barrier failure Member of public No public permitted on site.  2 1 2  

11 Wound exposure  Worker 
H&S procedures in place to ensure staff are wearing 
appropriate PPE. Making would exposure highly 
unlikely.  

1 2 2  

12 Exposure due to fire Member of public 
The anticipated waste stream in non combustible and 
is covered daily. The risk of fire is highly unlikely.  

1 2 2  

        

After the Period of Authorisation (NS-GRA – R6) – Expected to 
Occur 

     

13 Recreational user  Member of public Bespoke direct dose calculation. 4 2 8 ✓ 

14 
Groundwater 
abstraction  

Farming family 
PC-Cream and IRAT used to inform a bespoke 
calculation. Adult, child, and infant doses to be 
assessed.  

3 4 12 ✓ 

15 Wildlife exposure  Critical species ERICA assessment tool. 5 2 10 ✓ 

        

After the Period of Authorisation – Not Certain to Occur      

16 
Groundwater 
abstraction from site  

Farming family, 
member of public 

Likelihood is water would be abstracted adjacent to site 
also. PC-Cream and IRAT used to inform a bespoke 
calculation. Adult, child, and infant doses to be 
assessed. 

2 4 8 ✓ 

17 Bathtubbing  Farming family 
Topography and design of site will mitigate 
bathtubbing. However, An impermeable cell liner 
means bathtubbing is a possibility.  

2 4 8 ✓ 

18 Gas release  Site resident Generation of radioactive gases  2 4 8 ✓ 

19 Borehole drilling  Worker only 
Direct exposure/ inhalation bespoke and components 
from PC-CREAM 

3 4 12 ✓ 

20 Trial pit excavation  Worker only 
Direct exposure/ inhalation bespoke and components 
from PC-CREAM 

2 4 8 ✓ 
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21 Mineral extraction Worker 

3 parts to model: 1) excavation through waste 2) de-
watering 3) subsidence (not likely in the short-medium 
term, shoring-up). Direct exposure/ inhalation bespoke 
and components from PC-CREAM.  

2 5 10 ✓ 

22 Laboratory analyst  Worker 
The impact is bounded by the borehole scenario 
above. 

2 2 4  

23 Excavation for housing  Worker/Resident 
The final site design and the gradient of site means 
that is unlikely housing would be considered for this 
land, but it cannot be discounted. 

2 4 8 ✓ 

24 
Excavation for 
smallholder  

Farming family 
Reworking of ground at the site as the result of 
agricultural activity cannot be discounted and is 
assessed further 

3 3 9 ✓ 

25 Site re-engineering*  Worker 
Impact bounded by site design and scenarios including 
groundwater abstraction and borehole drilling. 

2 2 4  

26 
Exposure to package 
within a single 
consignment  

Worker/Resident 
Impact bounded by site design and scenarios including 
groundwater abstraction and borehole drilling. 

1 3 3  

27 
Intrusion (items and 
particles) 

Worker and public 
Impact bounded by site design and scenarios including 
groundwater abstraction and borehole drilling. 

2 2 4  

28 
Transport from GW to 
Distington Beck 

Public 

The groundwater contours suggest that groundwater 
flow would not be in the direction of the Distington 
Beck. The beck is also culverted forming a barrier this 
receptor.  

1 2 2  

  
Risk 

Rating 

very low 1-4 

low 5-8 

medium 9-15 

 high 16-20 

very 
high 21-25 
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 Integrated Management 
System Procedures 
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 Management System 
Certification 
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 Hydrogeological 
Conceptual Model 
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 Radiological Assessments 
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 Assumptions 

No. Assumption Section  Page  Paragraph  Source Justification  

1 Available waste volume of 
891,053m3 

Non Technical 
Summary  

1 6 Drawings and reports associated 
with planning application for Stage 3 
extension  

Calculated based on proposed cell designs and 
drawings  

2 Assumed waste density of 1.8 
te/m3 

Non Technical 
Summary  

1 6 Previous ESC and LLWR ESC (LLWR. 
Ltd, “LLWR Environmental Safety 
Case Main Report 
LLWR/ESC/R(11)10016,” 2011) 

Consistent with LLWR ESC. Conservative modelling 
assumption as is more than average waste density in 
model inventory based on 2016 UKRWI. 

3 Waste composition/materials 
type 

Non Technical 
Summary  

1 9 2016 UKRWI  Typical material types of waste streams used in 
deriving model inventory based on 2016 UKRWI 

4 Consignment size of 36 m3 1.4 16 31 Calculated  Calculated based on waste density and standard 
lorry load equivalent of 40 tonnes 

5 Likely activity of waste 
streams  

1.4 14 32 2016 UKRWI  Review of waste streams considered as relevant and 
used to derive the model inventory  

6 Cumbrian Average Group 
annual background Dose of 
2.1 mSv/year 

1.5 15 37 J. A. O. W. a. H. J. Watson SJ, 
“Ionising Radiation Exposure of the 
UK Population: 2005 Review. HPA-
RPD-001.,” May 2005 

Used to provide context to calculated dose 
estimates  

7 Details of passive geological 
barriers 

1.7 21 50 Various, detailed supporting 
Hydrogeological Assessment Report 
(Atkins, 2019) 

Geological logs and mapping of the area indicate a 
significant thickness of low permeability Glacial Till 
underlies the site separating Cells from the 
underlying Secondary A Aquifer 

8 Details of composite liner 
clay thickness and maximum 
permeabilities 

2.3.1 27 67 Previous cell design, CQA reports Based on previous cell design and CQA 
requirements, EA guidance on requirements for 
hazardous landfills 
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No. Assumption Section  Page  Paragraph  Source Justification  

9 Maximum leachate heads 
and composite liner details 

2.3.2 26 73 Existing permit requirements  Based on existing permit requirements. HRA reports 
indicate that no appreciable risk to water 
environment from current waste disposals using this 
design - therefore has been used in our assessment 
to assess potential impacts from HA-LLW disposal at 
the site   

10 Summary of potential 
features of restoration cap   

2.3.5 30 77 Constuction CQA reports, Previous 
cell designs 

Based on previous cell (4B onward) designs 

11 Percentage volume of cap 
material  

2.3.5 30 79 Calculated modelling assumption  Based on cell dimensions and potential volumes of 
restoration soil cover  

12 Operational life of 2029  2.3.5 30 80 Planning permission (2/99/9033) Based on current planning consent of Stage 3 
extension, cells 7, 8, 9, 10  

13 Post-operational care/control 
until 2090  

2.3.5 30 80 EA Guidance EA guidance/requirements for 60 years post 
operational control of landfills 

14 Immediate redevelopment of 
site in 2090 - presumption of 
loss of knowledge at the site  

2.3.5 31 81 Precautionary modelling 
assumption  

Precautionary modelling assumption based on loss 
of institutional control and knowledge of activities at 
the site 

15 Details of proposed 
restoration scheme  

2.3.5 31 82 Drawings and reports  Detailed in drawings and reports provided by FCC 
produced as part of planning application  

16 Transport of waste to the site 
in skips/lorries/tipper 
trucks/transport vehicles 

2.3.5 34 85 Assumption  No rail or sea link direct to site 

17 Volume of active waste  2.3.5 34 Table 2-1 Modelling assumption - from 
previous ESC 

Modelling assumption based on judgement 
assuming 10% of co-disposed waste is HA-LLW 

18 Thickness of Glacial Till at the 
site 

2.5 35 99 Various geological BH logs and 
geological maps, detailed in 
Hydrogeological Assessment 
supporting report.  

Various geological BH logs and geological maps, 
detailed in Hydrogeological Assessment supporting 
report.  
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No. Assumption Section  Page  Paragraph  Source Justification  

19 Hydraulic gradient of 0.01 2.5 35 101 Calculated Calculated using results of groundwater monitoring 
at the site. Detailed in supporting hydrogeology 
report (Atkins, 2019). 

20 Expected Permeability of 
underlying Lower Pennine 
Coal Measures.  

2.5 36 101 Shepherd Gilmour Environmental 
Limited, “Risk Assessment for 
Regulation 15 at Lillyhall Landfill 
Site,” Manchester, 1999. 

Results of geo-hydraulic testing undertaken in the 
vicinity of the site. 

21 Groundwater flow direction  2.5 36 101 Calculated projected  Calculated/projected from the groundwater 
monitoring results at the site  

22 Vertical groundwater 
connectivity/pathways 
created by faulting  

2.5 36 108 Precautionary modelling 
assumption  

Vertical connectivity caused by faults is 
considered/discussed - however a 5m mixing zone 
thickness was used in modelling. This is considered 
precautionary as a greater vertical thickness of 
groundwater through-flow would increase dilution 
and attenuation of radionuclides in groundwater. 
However, nature and extent of groundwater flow 
along faulting is poorly constrained so mixing in the 
upper 5m only has been assumed.  

23 Affect of coal workings on 
local groundwater regime  

2.5 36 104 Coal Authority records  Coal authority records show that the extent of 
worked coal seams underlying the site is limited and 
does not appear to be linked to any distal coal 
workings. 

24 2-10 defects in 
geomembrane used in 
composite liner 

2.5 36 109 Professional Judgement Assumed that the rigorous CQA requirements 
detailed in previous CQA reports would not accept a 
geomembrane with a large amount of defects 

25 50 mm/year infiltration 
through a landfill cap  

2.5 37 115 Golders 2003 Hydrogeological Risk 
Assessment  

Figure used for consistency with hydrogeological risk 
assessment modelling at the site. Considered 
precautionary.   

26 Model inventory  3.1 40 Table 3-1 2016 UKRWI  Derived through analysis of relevant VLLW and LLW 
waste streams from Sellafield, the likely source of 
much of the waste due to proximity to site.  
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No. Assumption Section  Page  Paragraph  Source Justification  

27 Representative person is a 
farming family who apply 
sewage solids to agricultural 
land, works on that land and 
consumes produce.  

6.1 51 195 Modelling assumption  Precautionary modelling assumption, solid 
application rate considered conservative. 

28 Drinking water pathway - 
Dose peaks at 100 years 

6.2 52 202 Hydrogeological Supporting Report 
(Atkins, 2019) and Supporting 
RadEcol radiological assessments 

Varying Kd and dose coefficients of radionuclides 
means that dose to member of the public through 
drinking water pathway varies through time, and is 
predicted to peak at 100 years. Detailed in 
Hydrogeological supporting report (Atkins, 2019) 
and supporting RadEcol (2019) radiological 
assessments . 

29 Excavation of high activity 
(1000 Bq/g) items through 
construction related activity  

6.3 49 205 Precautionary modelling 
assumption  

Precautionary scenario based on maximum activity 
concentrations of discrete items of 1000 Bq/g. 
Included and modelled doses are below relevant 
thresholds.  

30 Restored surface will 
promote run-off and reduce 
infiltration  

6.4.3 58 245 Reports and drawings associated 
with planning application for stage 3 
extension.  

This affect has not been considered during 
modelling as a precautionary modelling assumption.  
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