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Landfill Restoration Management Plan- Operator Notification Guidance:  Demonstrating Suitability of Material


[bookmark: _Hlk214016731]Purpose
The Landfill Restoration General Guidance (WST-G-057) provides general information for landfill restoration. The purpose of this guidance is to ensure that the waste materials used in landfill restoration projects, can be demonstrated to be suitable. This applies to both imported soils (topsoil and subsoil) or other waste materials used to manufacture topsoil or subsoil.    
Waste acceptance procedures
Operators should have in place waste acceptance procedures which are adequate to ensure all wastes used in the restoration layers are suitable as a growing medium for the pre-approved land use and will not cause unacceptable risk to human health and the environment. These procedures should also ensure that Duty of Care requirements are met for these wastes. This applies whether the waste is generated at the site or otherwise imported. Such procedures, including proposed frequencies of testing, should support the assessments to demonstrate acceptable criteria for restoration material (detailed below). The procedures should be included within the Restoration Management Plan (RMP) and submitted to and approved by SEPA prior to the use of waste materials in the restoration layer. 
Waste types and waste classification
There are a range of different waste materials that could be used directly in the restoration of a landfill or to manufacture soils which may be required to complete restoration of the landfill. 
Waste Acceptance Criteria (WAC) specified in the Criteria and Procedures for the acceptance of waste at Landfills (Scotland) Direction 2005, relating to disposal within the landfill are not appropriate for waste that is being used in the restoration of the landfill, i.e., on top of the engineered cap.
This list below includes some commonly used examples of waste codes and descriptions from the European Waste Catalogue (EWC) Chapters and subchapters that may be acceptable for use in restoration of a landfill. This list is not exhaustive. Waste codes shown in bold are non-hazardous mirror entries.
· Chapter 17 Construction and demolition wastes (including excavated soil from contaminated sites)
· Sub chapter 17 05 Soil (including excavated soil from contaminated sites), stones and dredging spoil
· 17 05 04 Soils and stones other than those mentioned in 17 05 03
· Chapter 19 Wastes from waste management facilities, off-site waste water treatment plants and the preparation of water intended for human consumption and water for industrial use
· Sub chapter 19 05 Wastes from aerobic treatment of solid wastes:
· 19 05 03 Off specification compost
· Sub chapter 19 12 Wastes from the mechanical treatment of waste (for example sorting, crushing, compacting, pelletising) not otherwise specified
· 19 12 09 Minerals (for example sand, stones)
· 19 12 12 Other wastes (including mixtures of materials) from mechanical treatment of waste other than those mentioned in 19 12 11
· Chapter 20 Municipal wastes (household waste and similar commercial, industrial and institutional wastes) including separately collected fractions
· Sub chapter 20 02 Garden and park wastes (including cemetery waste)
· 20 02 02 Soils and stones
Minerals (EWC code 19 12 09) is used to describe naturally occurring minerals produced from mechanical treatment. Therefore, such wastes should not include man-made materials for example, concrete or bricks or any other non-mineral components. 
Only non-hazardous waste may be used in restoration activities. Wastes assigned an absolute non-hazardous waste code do not require further assessment to assign the EWC code. For the remaining wastes, i.e. those assigned a mirror EWC code, further assessment and testing is required. This ensures the correct EWC code from the mirror pair has been assigned to the waste following an assessment of the hazardous properties of the waste. Where necessary, the waste should be sampled, tested, assessed and classified, using Guidance on the Classification and Assessment of Waste (Technical Guidance WM3). This includes any waste to be used in the initial capping protection layer as well as the subsoil and topsoil.  
The assessment should cover the full range of hazardous properties (HP1 to HP15 and persistent organic pollutants (POPs)) as specified in the Technical Guidance WM3. This is required to show that the waste does not possess any hazardous properties and is assigned the correct EWC code from the mirror pairing. The assessment requires regular testing for compliance and/or on-site verification testing as described in Technical Guidance WM3. Equally, the sampling of the waste should be based on a sampling plan (BS EN 14899 2005).
Assessments required to demonstrate acceptability for use
It is possible that both topsoil and subsoil will be “manufactured” using different waste types from a variety of sources. Therefore, it is essential that the wastes accepted should be suitable for use directly or as constituents of topsoil and subsoil. 
To be suitable for use as a restoration material, once the waste has been classified as described above, the material should be assessed for the three criteria described below:
· Human health risks
· Environmental risks
· Suitability for use as either subsoil or topsoil
There is also a need to ensure that wastes accepted are also geotechnically suitable, for example with respect to slope stability and settlement.

Human Health Risk Assessment
The suitability of waste to be used as restoration materials may be screened for risks to human health using appropriate Generic Assessment Criteria (GAC). The assessment of human health risks is primarily aimed at restoration material that will be placed at or close to the surface. Therefore, potential pollutant linkages will need to be considered, i.e., source → pathway → receptor.  This GAC assessment should be made for all of the relevant contaminants of concern and the GAC used should reflect the future use of the site.
GACs such as the LQM/CIEH Suitable for Use Levels (S4Uls) or Category Four Screening Levels (C4SL) are intended to assess the potential risks posed to human health by contaminants in soil. The derivation of the LQM/CIEH S4ULs is intended to be transparent and the values are considered as cautious trigger values. When a GAC is exceeded for waste that is proposed to be used in restoration material the suitability of the material is questionable. If the material is still to be considered for use, the exceedance should trigger a further detailed quantitative risk assessment which may include site-specific parameters to derive site-specific assessment criteria. 
Environmental risk assessment
Water environment 
Restoration material in most cases is likely to be placed above the capped cells. It may also need to be applied in small amounts to aid final contours over the site which has not had waste placed e.g. haul roads. The presence of the capping and landfill lining system are likely to constrain significant downward migration of contaminants. Contaminants can migrate laterally above the cap via run-off and interflow before migrating beyond the extent of the capped area. Dissolved phase and particulate contaminants may enter surface water drainage systems. Dissolved-phase contaminants may also potentially infiltrate through the subsurface to groundwater beyond the edge of the engineered cells. The potential for infiltration will depend on the geological and hydrogeological setting. There may be potential for off-site migration of contaminants via surface water and/or groundwater in the direction of water flow. The proximity of sensitive water-dependent receptors such as abstractions or groundwater-dependent terrestrial ecosystems (wetlands) should be considered.   
Therefore, the potential risks to the water environment need to be considered when assessing the suitability of waste for use in the restoration. This will require an assessment of potential pollutant linkages i.e., source → pathway → receptor.  This assessment should be made for all of the relevant contaminants of concern.    
Using the identified pollutant linkages, waste to be used within the restoration layer should be assessed for suitability in terms of risk to the water environment to fulfil both the requirements under the Environmental Authorisations (Scotland) Regulations 2018 and to not hinder the future surrender of the permit. 
The relevant quality standards can be found within the latest versions of the following SEPA guidance documents: 
· SEPA Guidance – Guidance on the use of groundwater standards
· SEPA List of Groundwater Standards
· SEPA Guidance (WAT-SG-53) – Environmental Standards a for Discharges to Surface Waters 

The potential leachability of contaminants in the waste is likely to be a key factor when assessing potential risks to the water environment. This should be considered when characterising the waste. This is discussed further in the section on testing. 
It is assumed that restoration soils are unlikely to be placed below the water table. Note that direct discharges to groundwater are unlikely to be acceptable to SEPA. 
Terrestrial environment
Beyond the water environment and when relevant pollutant linkages exist, ecological risks may be assessed using Soil Screening Values[footnoteRef:2] (see additional reading) where available. These were developed by the Environment Agency and are similar to the soil guideline values for human health risk assessment. They are the concentration of the chemical in the soil below which adverse effects on organisms or on the microbial functioning of soils are not expected. [2:  Derivation and use of soil screening values for assessing ecological risks] 

Assessment of suitability for use as topsoil/subsoil
Waste materials to be used as a subsoil or topsoil (either imported ‘as dug’ or manufactured) within the restoration layer should be assessed for suitability for the identified final use, against the acceptable limits set out in British Standard BS3882:2015 for topsoil and/or BS8601:2013 for subsoil. Organic materials, for example, off-specification compost (EWC code 19 05 03) should not be mixed with topsoil but only mixed with subsoil like materials to manufacture topsoil. This is because topsoil for restoration is unlikely to require any additional nutrient enrichment. 
In addition, the limits for extractable phosphorus in Table 1 below apply and take precedence over any limits for extractable phosphorus in the British Standards. If this assessment is not carried out, operators must explain why and provide justification for the use of this waste in their Restoration Management Plan.  
Therefore, imported “as dug” topsoil and subsoil will require testing to demonstrate suitability for use in restoration. Equally, “manufactured” topsoil and subsoil from the blending of different waste materials will also require laboratory testing. This testing will be required to ensure both that the wastes used are likely to be suitable and to guide the proportions of wastes to be used for the manufacture of these soils, as well as a final check on the manufactured soil through verification testing.
Table 1: Extractable Phosphorus Limits
	Determinand
	Unit
	Subsoil
	Topsoil – low fertility
	Topsoil – multipurpose

	Extractable Phosphorus (Olsen)[footnoteRef:3] [3:  For extractable phosphorus, samples can be analysed using either the Olsen or the Modified Morgan method. They do not have to be extracted using both methods.] 

	mg/ l
	<15
	<15
	<45

	Extractable Phosphorus (Modified Morgan)
	mg/l
	<4.4
	<4.4
	<30



Sampling and analysis of waste material
The previous sections have discussed the assessments required to demonstrate that waste material is suitable for use in the restoration. 
Sources of variation
The nature and properties of waste materials can present obstacles to their use in restoration projects. One of the most obvious is that waste materials are more variable than either virgin materials or manufactured products. Variation obviously exists between different waste types e.g., soils and stones as compared to minerals. The same categories of waste material produced by different activities may also show significant variation, for example soils and stones from construction and demolition sources (EWC code 17 05 04) as compared to soils and stones sourced from garden and park wastes (EWC code 20 02 02). 
This variation is also present within the same broad waste type, e.g. a sandy waste soil will have very different properties and be suitable for use in different circumstances to a clayey waste soil. The properties of soils and stones from construction and demolition sites will vary between different donor sites. There can also be significant variation in the same waste from within a single site, e.g., soils and stones from a brownfield site may vary in composition depending on the spatial distribution of contamination across the site. 
The source(s) of this inherent variation needs to be considered to allow an adequate assessment of the suitability of wastes for use in restoration activities. This is discussed further in Appendix D of the WM3 guidance. The development of the sample plan should reflect these aspects for each type and source of waste as required.       
Testing 
For assessing the suitability of waste for restoration, the flow chart shown in Figure 1 should be followed alongside this text.
The testing to support waste classification is detailed in Box 1 of Figure 1. This sampling and testing must be undertaken as described in Appendix D of the WM3 waste classification guidance, which is based on the waste sampling framework standards (BS EN14899 2005 and Part 1 to 5 of PD CEN/TR 153101 2006). Both the analysing laboratory and the individual test methods should, wherever possible, be accredited by United Kingdom Accreditation Service (UKAS) to BS EN ISO/IEC 17025. These waste classification requirements apply to the wastes to be used as is, as well as individual constituents used to “manufacture” restoration soils. 
Beyond the testing required to support waste classification under WM3, restoration material brought on site will need to be sampled, tested and assessed to show that it meets the suitability criteria (Box 2 Figure 1). Although the information contained in Appendix D of the WM3 guidance specifically relates to waste classification, it could be usefully applied to all of the assessments detailed in this guidance to ensure that the samples analysed are representative of the wastes accepted. More detailed guidance can be found in the framework British Standard (BS EN 14899 2005) for the characterisation of waste. 
For the assessment of risks relating to the water environment, it is unlikely that measurements of the concentrations of contaminants found in the solid waste alone are suitable. However, such measurements may be used to discount a contaminant from further assessment or to inform modelling of contaminant mobility. Leaching tests are important to assess the risk of release of pollutants from waste solids into groundwater or surface waters. All leaching tests aim to determine the expected dissolved-phase concentrations of contaminants that may be generated from the solid waste. 
There are a number of methods for the preparation of leachate which have various pros and cons. The most common leachate preparation methods are those employed for Waste Acceptance Criteria testing (WAC) either with or without size reduction of the material to be tested. In this regard, the most basic method is a single stage 10 l/kg method (BS EN 12457-2, 2002). Another widely used method is a serial batch leaching test, for example the two stage method 2 l/kg and 8 l/kg (BS EN 12457-3 2002). The 10 l/kg means that the leachate is produced from the proportion of 1 kg of solid waste mixed with 10 l of water. The two stage method as the name suggests is a sequential leachate preparation to make up the 10 l/kg proportion. Obviously, this is a ratio rather than the amount used in the test (test portion) which is 0.09 to 0.005 kg dry solid (BS EN 12457-2 2002). More complex methods of preparing a leachate can be used such as the up flow percolation test (BS EN 14405, 2017 & BS EN 17516, 2023). Although these percolation tests are preferable, as they better represent the leaching process, they may not be necessary where the “simpler” methods show an acceptable level of risk. Longer duration leachability testing is also an option to assess the long-term leaching behaviour of a particular waste material, particularly if this is expected to vary significantly over time. 
Note that the methods described in these standards describe the production of leachate rather than the testing suite. While the testing suite should reflect the contaminants of concern, e.g., metals, total petroleum hydrocarbons, and/or polycyclic aromatic hydrocarbons, the leachability testing of organic compounds, particularly, the more volatile species, can be problematic. The standard leachable WAC tests for acceptance of inert or hazardous waste at landfill sites are unlikely to fully cover all contaminants required.              
One aspect that needs careful consideration is the use of statistical methods as part of the assessment of the test results. The statistical approaches that can be used have been widely applied. These are described in the context of waste in the WM3 technical guidance. Alternatively, the guidance on comparing soil contamination data with a critical concentration from CL:AIRE (Contaminated Land Applications in Real Environments) is applicable. To apply these statistical methods requires a methodological approach to sampling and testing different waste populations. In the absence of this planned approach to both sampling and testing it is unlikely that the outcome of an assessment of the data using statistical methods will be dependable.             
The number of samples required to ensure that the waste materials tested are adequately assessed will vary on a site-specific basis. Note that the frequency of testing required is to some extent dependent on a combination of the purpose of the testing and how much information is available already for each type and source of waste material. Where the wastes to be used have already been characterised (which includes chemical analysis), the amount of testing could potentially be reduced for some aspects. The submission should include justification of the adequacy of the dataset provided.
The wastes used in the restoration layer above the cap are likely to be used in one of two ways. Some wastes e.g., waste topsoil or the landfill cap protection layer are more likely to be natural soils or perhaps screened only i.e., not a manufactured soil.  Such wastes can be sampled, tested and assessed for their suitability and stockpiled for use.     
The alternative, for wastes that are not suitable for use alone, e.g. off-specification compost and minerals and wastes from mechanical treatment, is for these to be mixed with other materials to form a material suitable for use in restoration, such as manufactured topsoil or subsoil. 
Finally, verification testing of materials prior to placement is important and should be planned as an integral part of the restoration project. This testing is intended as a final check of the suitability of the material. As such it is a key step and can also be used as evidence towards the eventual surrender of the permit. A sampling plan for verification testing should be provided. A key part of this plan should anticipate whether or not a statistical method can be used to allow a more nuanced assessment rather than the binary pass/fail for each individual testing batch and, if such an approach can be used, how it is best deployed. Verification testing of the material to be placed in the restoration layer should be at a minimum frequency of 1 sample per 5,000m3 of material.
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Figure 1: Flowchart outlining waste material testing.

[image: Schematic for testing waste to be used in the restoration]
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Further Reading
Below is a list of additional references that may assist you in learning more on this topic.

· SEPA Landfill restoration general guidance. WST-G-057 Version 1, 2018.
· General requirements for the competence of testing and calibration laboratories. BS EN ISO/IEC 17025, 2017.
· Soil quality- Determination of dry bulk density. BS EN ISO 11272, 2017.
· Specification for topsoil. BS 3882, 2015.
· Specification for subsoil and requirements for use. BS 8601, 2013.
· Contaminated Land Application in Real Environments Professional Guidance: Comparing Soil Contamination Data with a Critical Concentration. Published in 2020 by CL:AIRE, Buckinghamshire. ISBN 978-1-905046-35-5.
· LQM/CIEH 'Suitable 4 Use Levels'.
· Environment Agency Land Contamination Technical Guidance Contaminated Land Exposure Assessment (Abbreviation CLEA).
· Guidance on the use of groundwater standards
· List of Groundwater Standards.
· WAT-SG-53 Environmental Standards for Discharges to Surface Waters.
· Soil screening values for assessing ecological risk.
· Derivation and use of soil screening values for assessing ecological risks.
· Characterization of waste. Sampling of waste materials. Framework for the preparation and application of a sampling plan. BS EN 14899, 2005
· Guidance on selection and application of criteria for sampling under various conditions. PD CEN/TR 15310-1, 2006.
· Guidance on sampling techniques. PD CEN/TR 15310-2, 2006.
· Guidance on procedures for sub-sampling in the field. PD CEN/TR 15310-3, 2006.
· Guidance on procedures for sample packaging, storage, preservation, transport and delivery. PD CEN/TR 15310-4, 2006.
Guidance on the process of defining the sampling plan. PD CEN/TR 15310-5, 2006.
· Scottish Landfill Tax Guidance for Restoration Published by Revenue Scotland. SLFT 3003.
· Characterisation of waste. Leaching. Compliance test for leaching of granular waste materials and sludges. One stage batch test at a liquid to solid ratio of 10 l/kg for materials with particle size below 4 mm (without or with size reduction). BS EN 12457-2, 2002.  
· Characterisation of waste. Leaching. Compliance test for leaching of granular waste materials and sludges. Two stage batch test at a liquid to solid ratio of 2 l/kg and 8 l/kg for materials with a high solid content and with a particle size below 4 mm (without or with size reduction). BS EN 12457-3, 2002.  
· Characterization of waste - Leaching behaviour test - Up-flow percolation test (under specified conditions). BS EN 14405, 2017. 
· Waste. Characterization of granular solids with potential for use as construction material. Compliance leaching test. Up-flow percolation test. BS EN 17516, 2023.


For information on accessing this document in an alternative format or language, please contact SEPA by emailing equalities@sepa.org.uk
If you are a user of British Sign Language (BSL), the Contact Scotland BSL service gives you access to an online interpreter, enabling you to communicate with us using sign language. contactscotland-bsl.org
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