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1. Background

This Restoration Plan is being submitted to comply with the requirements of environmental permit conditions attached to variation notice EPR/RP3733PC/V008, issued for Trecatti Landfill site under “The Environmental Permitting (England and Wales) Regulations 2010”, to enable the restoration of capped areas of the landfill site at Trecatti, Merthyr Tydfil.  The restoration plan aims to place soils and if necessary improve those soils such that the completed restoration layer will support and maintain grass growth for ecological benefit.
Historically, the restoration of landfill sites has been deemed to be an integral part of the landfilling operation, and has therefore been undertaken in conjunction with those activities without further reference on the Permit, using a suitable range of generally inert materials and materials capable of sustaining plant growth and therefore beneficial use of the restored surface. Recently, the Environment Agency (the Agency) and Natural Resources Wales has been clarifying this position in recently varied permits, through the inclusion of specifically listed restoration activities to formally authorise the restoration activity and through the requirement for a restoration plan to support and document the scope of the restoration activities.

Accordingly, variation V008 to the Trecatti Permit now lists at Schedule 1, Table S1.1 of the Permit the main activities as activity A1, comprising a D5 (specially engineered landfill) and activity A10, comprising R10 (land treatment resulting in benefit to agriculture or ecology), to essentially authorise both the activities of Landfill for non-hazardous waste and landfill restoration.

The environmental permit (Permit), states at Table S1.1, activity A10 that wastes shall only be accepted for restoration where:

(a) They are listed in Schedule 2, table S2.2 (although this is an error that has been identified on the Permit and should instead be taken to refer to table S2.3), and

(b) Table S1.3 requires that they are accepted in accordance with a restoration plan approved in writing by the Natural Resources Wales.

Schedule 2 of the Permit already contains a list of restoration wastes at Table S2.3 that would have been used in relation to a part of the Trecatti site previously restored following capping, and would have then been applied in relation to future restoration works.
The original basis of determination of the current list of restoration wastes at table S2.3 is unclear, as it was not included in the Permit with the original permit determination and it differs slightly from the list of restoration waste types originally submitted as part of the Permit application in 2004 which contains some additional EWC codes that are similar in nature and would be suitable for restoration. At the same time the list at table S2.3 already includes some (suitable) additional EWC codes that were not included within the original permit application.

Natural Resources Wales have adopted various Environment Agency guidance, including their briefing note entitled “The use of waste in restoration at landfills” which includes an annex with waste types they are likely to accept for restoration. There are again some minor differences between the EWC codes described in this annex, when compared against the current approved restoration materials included at Table S2.3 of the Trecatti Permit, although again all waste types in each list are similar in nature and represent a similar level of risk.

It is therefore proposed that those restoration wastes currently specified in Table S2.3 remain, but that some additional wastes that are included in the annex to the above guidance are also incorporated as restoration wastes at Trecatti landfill, as well any further wastes that were incorporated within the original list of restoration wastes in the 2004 permit application, on the basis that these are similar in nature and do not represent an increase in the level of risk. The proposed revised restoration list is included at Table 1. 

The Permit improvement condition at Schedule 1, Table S1.3, reference IP4  requires the submission to Natural Resources Wales in writing for approval a restoration plan for the site which includes wastes quantities, waste types and waste acceptance procedures for wastes for restoration. The improvement condition also requires submission of a report quantifying how much waste is accepted for disposal, to be utilised for engineering purposes, and to be used for restoration. These details will also be summarised within this restoration plan in order to consider availability of materials for restoration.

Therefore, this submission is being made in accordance with IP4, to satisfy the above permit requirements contained in variation V008 to the Trecatti landfill permit.

This submission has been prepared following input by ADAS who undertook work on other Biffa sites, in assessing existing mineral materials arising on sites from inputs of a typical range of inert construction industry type wastes suitable for use in restoration, and establishing typical requirements for additional input of organic materials that may be combined with further inputs of inert restoration materials or existing inert materials already deposited as part of the landfill restoration, to bring about the required benefit to agriculture or ecology as required by the Permit.
It is anticipated that additional organic material may be derived from a number of sources, to bring about the required benefit to agriculture or ecology and therefore to enable an appropriate standard of restoration. This could include input of materials such as sewage sludge, which were previously included on the permit for use as restoration wastes, as well as inputs of other sources of organic materials such as outputs from composting facilities (which could comprise in vessel, or open windrow) and also similar outputs of digestate from AD facilities. These potential inputs were also previously included on the permit for use as restoration wastes.
It is noted that an application has recently been submitted to NRW for a permit to allow open windrow composting and it is anticipated that the outputs from the open windrow facility would be applied to the restoration materials at Trecatti as part of the restoration under this submission.

Biffa have also applied to NRW for a permit to operate a soils treatment facility (STF) at Trecatti. The STF accept soils, typically hazardous wastes with organic contamination, and process these in biopiles to produce soils of a quality suitable for use in restoration. Following treatment and testing to confirm that batches from the process have met the required standards, outputs from the STF process would be utilised as restoration soils at Trecatti. The Trecatti Permit previously included appropriate EWC codes for use as restoration wastes of materials arising from soil remediation processes.

Accordingly, as well EWC codes for suitable mineral materials, the relevant EWC codes for the above organic waste sources and soil remediation outputs have been included on the proposed list of restoration wastes at Table 1.

One of the materials identified as being beneficial in the restoration process is sewage sludge. Accordingly, this restoration plan will assess the potential benefit of this type of arising, when applied in conjunction with previous or future inputs of inert materials for restoration. Generic data has been supplied in support of this assessment which would be taken as typical for restoration activities on landfill sites.
Where green wastes arising from the proposed open windrow composting facility are to be used, these materials will be derived from a PAS100 compliant operation and will be deemed suitable for use in the restoration activities.
Whilst the Trecatti site is also subject to an application for a new Soil Treatment Facility (STF), the outputs from this process will be subject to a detailed quantitative risk assessment, in line with operations that we have undertaken elsewhere. This assessment will be prepared and submitted to Natural Resources Wales, upon issue of the STF permit and prior to use of outputs from the process in restoration at the Site. The STF risk assessment will then be incorporated within this restoration plan as appendix 1. It is not possible to submit the STF risk assessment at this stage, as the STF is not yet processing materials and has no outputs.

Organic materials (in this case a combination of co-composted sewage sludge and green waste, co-composted sewage sludge and wood waste and sewage sludge), as well as open windrow outputs derived from composting ordinary green wastes, provide a valuable source of organic matter and slow release plant available nutrients (nitrogen, phosphate, potash, magnesium and sulphur) for use in land restoration/reclamation projects to create a manufactured soil.  Many restoration projects fail because insufficient major nutrients (mainly nitrogen, phosphorus and potassium) and organic matter are added to both ‘kick-start’ nutrient cycling, and to create a manufactured soil with good water-holding, drainage and nutrient supply properties.  In other words, they confer “benefit and ecological improvement” to the receiving site (SI, 2010; SNIFFER, 2010), which has been supported by operational experience using organic materials in land restoration for many years.

Organic materials are a valuable material for use in land restoration/reclamation projects.  An application rate of either 1,000 or 500 tonnes per hectare dry weight (t/ha dw) of co-composted sewage sludge and sewage sludge incorporated into the onsite mineral material to a depth of 40 cm will create a soil which is able to maintain plant growth over dry summers, and ensure that there are sufficient nutrients to ‘kick start’ growth and sufficient depth of soil to support plant growth and establishment.  Application of co-composted sewage sludge and sewage sludge will provide c.25 t/ha nitrogen and c.350 t/ha organic matter fresh weight thereby ensuring the sustainability of the newly manufactured soil by providing a good rooting depth medium, with enhanced water-holding capacity and drainage characteristics. 
The use of organic materials in land restoration/reclamation also stores soil carbon.  The alternative is to send the material to landfill, commonly resulting in the release of greenhouse gases: in particular methane, which has a global warming potential around 20 fold greater than carbon dioxide.  Re-use on land helps to complete both natural carbon and nutrient cycles.
2 Site characteristics

The site at Trecatti, Merthyr Tydfil is an operational landfill site. Due to the scale and depth of the site, few areas of infilling have reached final waste (pre-settlement contours) and have not therefore been subject to final capping and restoration. Exceptions to this comprise a part of phase 1, located adjacent to the perimeter of the landfill, that reached final levels and was capped during 2008 and restoration soils placed. As an interim measure, a number of other areas have been provided with temporary capping in order to maintain the sites water balance. Due to the depth of infilling required, and phased nature of the landfill, with areas tending to be filled to interim levels initially (with provision of temporary capping) for reasons of maintaining the water balance, commencement of final restoration of many areas may be delayed. This restoration plan has therefore been developed to comply with the existing Permit improvement condition requirements at Schedule 1, Table S1.3, reference IP4, but implementation may be delayed for the same reasons as above. The document has therefore been prepared on a generic basis, and some sections may require updating with current data at the time of restoration.

Improvement reference IP4 also requires submission of details relating to quantities of inert materials used for disposal, and engineering, as well as for restoration and these details are also provided below.

2.1.
Inert Waste Quantities:

Inert wastes will be used at the site for a number of activities in accordance with the Permit requirements. These may comprise materials used as daily cover at the site (predominantly within the stable non-reactive hazardous waste area in relation to asbestos disposal, but also in relation to the general non-hazardous waste landfill activities), for site engineering (as roads, and for engineering of the separation layer between the stable non-reactive hazardous waste area and the non-hazardous landfill wastes), and finally for use in restoration above the capped areas of the site. For the latter use, the inert materials will also require augmenting with organic materials, which will promote plant growth and production and benefit the restoration.
Inert materials are already permitted for disposal at the Site, as detailed in Table S2.2 of the Permit, and form part of the non-hazardous landfill waste inputs, of which Table S1.4 of the Permit allows a total annual input of 625,000 tonnes, albeit the proportion of this covered by EWC codes relating to inert wastes is not separately specified from non-hazardous wastes also listed in Table S2.2. These inert materials are currently used for a number of uses, including daily cover, and engineering of bunds and roadways and potentially capping protection for any temporary capping, and materials are additionally included for engineering and daily cover in the stable non-reactive hazardous waste cell. As the site reaches final waste levels, as defined on drawing BF4857/10/04, Pre-settlement levels, the site will be progressively capped and then subject to restoration under this restoration plan. Restoration will comprise suitable inert waste inputs as well as suitable materials to promote plant growth.
Inert wastes used within the landfill void
Biffa has tended to utilise inert materials for appropriate engineering purposes where possible and avoids simply disposing of such materials within the bulk of general wastes deposited. Alternative materials are also used where possible to maximise availability of inert materials for the most beneficial use. Whilst inert materials have been used for daily cover and in site roads (often themselves taking the place of virgin aggregates in the latter application), use of the leachate solidification process to reduce volumes of free leachate and leachate heads within the landfill site has the net benefit of producing alternative materials for daily cover and alternative aggregates for use as hardcore on site haul roads. This optimises the availability of inert materials for other uses for instance within the stable non-reactive hazardous waste cell and for site restoration.
During the previous year, the following volumes of inert wastes were utilised at the Site:

1. Site roads/daily cover
Approx 50,000 tonnes (typical annual requirement)



(With scope to substitute with materials from leachate solidification and for some outputs from soils treatment facility not suitable for restoration also to be used as daily cover)

2. Stable non-reactive cell
Actual 22,389 tonnes for cover and inert bund

(typical annual requirement would be approx. 26,000 for cover and 4000 for bund, giving an approximate annual total of 30,000 tonnes)

From the above a typical inert requirement would be in the order of approx. 80,000 tonnes, although the total last year that was required and imported was nearer 65,000. This level of inputs is sustainable and the requirement for these quantities for site engineering and daily cover can be reduced by using alternative sources, such as outputs from the leachate solidification process and also outputs from the proposed soils treatment facility (STF) where these are not deemed to be of suitable quality for use in landfill restoration.
Inert wastes used for restoration above the landfill cap
Restoration of the whole of the Trecatti landfill site is likely to require the restoration of a total surface area of 355,236 m2. This would require a 1 metre depth of suitable material comprising cap protection regulating layer and restoration soils. This would give a total volume of restoration materials (comprising both inert and organic materials) of 355, 236 m3. 
The above is a large volume, but it should be noted that due to the nature of the Trecatti facility, only a very small area has so far reached restoration levels and restoration activities are not likely to be an annual occurrence, with much of the actual required restoration likely to be in the future. Even then, the total volume of restoration materials only represents around 4 years of current inert inputs to the site, assuming only inert material were used, with no organic wastes being added to improve quality of soils. This is easily achievable and typically towards the very end of the life of a site, as inputs for disposal scale down and decrease, inert waste becomes more available for use in the restoration activities rather than for daily cover and engineering which would have ceased by then. It is also possible to attract more easily to the site suitable inert wastes for use in restoration as these would not be subject to landfill tax as would materials deposited within the landfill. This means that additional inert waste is likely to be available.
As a worst case annual requirement for inert wastes for restoration (assuming no organic material were also incorporated), it could be assumed that the largest operational area which the site can have exposed at any one time (15% of the site) requires capping and restoration in a single year. This would comprise an area of approx. 53,000m2, so requiring approx. 53,000m3 of restoration wastes. This could be met from a combination of normal inert waste inputs (some having been freed up by use of alternative materials within the landfill as described above), additional inert wastes attracted to the site for restoration purposes given no landfill tax would be liable, and also importantly by the use of suitable treated outputs from the proposed STF, which could produce treated soils suitable for use in restoration. At the same time, organic materials could be used replace some of this volume of inert wastes, to produce soils of sufficient ecological benefit for use in the restoration, comprising materials such as sewage sludge and compost derived from the proposed open windrow compost facility. In practice, the area requiring restoration is likely to be less on an annual basis and the restoration activity can be accomplished without impacting on inert wastes required for site engineering within the landfill void.
2.2.
Restoration Wastes:

It is assumed as a worst case scenario that the maximum requirement for restoration wastes (inert and organic in mature) may be approximately 53,000m3 per annum. Materials may be stockpiled prior to incorporation in restoration at the site, and it is proposed that the maximum annual tonnage accepted for restoration may be in the order of 100,000 tonnes.
As the site reaches final waste levels, as defined on drawing BF4857/10/04, Pre-settlement levels, the site will be progressively capped and then subject to restoration under this restoration plan by placement of suitable materials above the capped area. Drawing number ESID5, Restoration, computer reference T3230700, dated 5th May 2004 shows the approved restoration profile of the Site and post settlement contours. Restoration is to grassland. 

Restoration materials used to achieve the desired restoration will comprise inert wastes, as well as organic materials to improve the quality of the restoration soils and aid plant growth for ecological benefit.
Restoration materials, to comprise inert inputs, organic materials such as sewage sludges and compost from the proposed open windrow composting facility, and suitable risk assessed inert outputs from the proposed STF would be in accordance with table 1, below:
Table 1: Proposed waste types for restoration

(Up to 100,000 tonnes per annum of restoration materials from the table below may be accepted at the site for use in restoration).
	Waste Code
	Description

	01
	WASTE RESULTING FROM EXPLORATION, MINING, QUARRYING, AND PHYSICAL AND CEMICAL TREATMENT OF MINERALS.

	01 01
	Waste from mineral excavation

	01 01 01
	Waste from mineral metalliferous excavation

	01 01 02
	Waste from mineral non-metalliferous excavation

	01 04
	Waste from physical and chemical processing of non-metalliferous minerals.

	01 04 08
	Waste gravel and crushed rocks other than those containing dangerous substances.

	01 04 09
	Waste sand and clays.

	02
	WASTE FROM AGRICULTURE, HORTICULTURE, AQUACULTURE, FORESTRY, HUNTING AND FISHING, FOOD PREPARATION AND PROCESSING

	02 01
	Waste from agriclture, horticulture, aquaculture, forestry, hunting and fishing

	02 01 03
	Plant tissue waste

	02 04
	Waste from sugar processing

	02 04 01
	Soil from cleaning and washing beet

	03
	WASTE FROM WOOD PROCESSING AND THE PRODUCTION OF PANELS AND FURNITURE, PULP, PAPER AND CARDBOARD

	03 03
	Wastes from pulp, paper and cardboard production and processing

	03 03 05
	De-inking sludges from paper recycling

	03 03 09
	Lime mud waste

	10
	WASTE FROM THERMAL PROCESSES

	10 12
	Waste from manufacture of ceramic goods, bricks, tiles and construction products

	10 12 08
	Waste ceramics, bricks, tiles and construction products (after thermal processing)

	17
	CONSTRUCTION AND DEMOLITION WASTE (INCLUDING EXCAVATED SOIL FROM CONTAMINATED SITES).

	17 01
	Concrete bricks, tiles and ceramics

	17 01 01
	Concrete

	17 01 02
	Bricks

	17 01 03
	Tiles and Ceramics

	17 01 07
	Mixtures of concrete, bricks, tiles and ceramics

	17 05
	Soil (including excavated soil from contaminated sites), stones and dredging spoil.

	17 05 04
	Soil and stones (excluding soil and stones from contaminated sites)

	17 05 06
	Dredging spoil (excluding spoil from contaminated sites)

	17 09
	Other construction and demolition wastes

	17 09 04
	Mixed construction and demolition wastes other than those mentioned in 17 09 01, 17 0902 and 17 09 03

	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

	19 05
	Wastes from aerobic treatment of solid wastes

	19 05 03
	Compost derived from green waste composting

	19 06
	Wastes from anaerobic treatment of wastes

	19 06 04
	Digestate from anaerobic treatment of municipal waste

	19 06 06
	Digestate from anaerobic treatment of animal and vegetable waste

	19 08
	Wastes from waste water treatment plants not otherwise specified

	19 08 05
	Sludges from treatment of urban waste water

	19 09
	Wastes from the preparatio of water intended for human consumption or water for industrial use

	19 09 02
	Sludges from water clarification

	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 13
	Wastes from soil and groundwater remediation

	19 13 02 *1
	Solid wastes from soil remediation other than those mentioned in 19 13 01

	19 13 04 *1
	Sludges from soil remediation other than those mentioned in 19 13 03

	20
	MUNICIPAL WASTES (HOUSEHOLD WASTE AND SIMILAR COMMERCIAL, INDUSTRIAL AND INSTITUTIONAL WASTES) INCLUDING SEPARATELY COLLECTED FRACTIONS

	20 02
	Garden and park wastes (including cemetery waste)

	20 02 02
	Soil and stones (only from garden and parks waste)


*1 Wastes from 19 13 02 and 19 13 04 will be derived from the soils treatment facility (STF) currently subject of a permit application and will not be accepted until submission to and agreement by Natural Resources Wales of the risk assessment to be incorporated at Appendix 1, following commissioning of the facility.
3.
Mineral material
Without the addition of further organic materials (as included within table 1), the mineral materials specified in table 1 which would typically be received at landfill sites for use in restoration would be susceptible to soil erosion and any plants attempting to grow would be susceptible to drought and nutrient (particularly nitrogen) deficiency, plus the low organic matter.  In summary, the mineral material would not provide a good soil forming material for ecological improvement of the site, without the addition of further organic materials.

In work commissioned by Biffa to look at landfill restoration, ADAS have taken a soil sample from a Biffa site accepting a typical range of similar mineral materials from various sources, which was analysed by a UKAS accredited laboratory.  These results are displayed in Table 2. These results give a representive view of likely soil quality on similarly permitted landfill sites accepting the same ranges of wastes from a number of sources, and have been assumed as indicative therefore as part of a generic approach in establishing a restoration plan.
Table 2: Typical landfill site mineral material analysis data

	Soil  property
	Units+
	Analytical Results

	Total N
	%
	0.10

	Extractable Phosphorus
	mg/l
	42 (ADAS Index 3)

	Extractable Potassium
	mg/l
	284 (ADAS Index 3)

	Extractable Magnesium
	mg/l
	143 (ADAS Index 3)

	pH
	
	8.8

	Organic matter
	%
	2.9

	Total Zinc
	mg/kg dm
	97.2

	Total Copper
	mg/kg dm
	28.1

	Total Nickel
	mg/kg dm
	23.6

	Total Cadmium
	mg/kg dm
	1.94

	Total Lead
	mg/kg dm
	21.1

	Total Chromium
	mg/kg dm
	82.5

	Total Mercury
	mg/kg dm
	0.13

	Total Arsenic
	mg/kg dm
	10.3

	Total Selenium
	mg/kg dm
	0.29

	Total Molybdenum
	mg/kg dm
	4.90

	Total Fluoride
	mg/kg dm
	< 1.00


+
% = percentage; mg/l = milligrams per litre; mg/kg dm = milligrams per kilogram dry matter
Mineral materials will also be augmented by suitable soil outputs from the proposed STF, for use in restoration. These materials would be released from batches following satisfactory processing and testing, in accordance with the STF risk assessment that will be prepared and forwarded to NRW for approval and subsequent incorporation within this restoration plan as Appendix 1.
4. Organic material properties

In order to stabilise soils placed, promote plant growth and bring ecological benefit as a result of the restoration of the site, mineral materials will be augmented with additional organic materials. These will be sourced from the materials included within Table 1. These comprise materials such as composts, as well as other sources such as sewage sludge.

Composts will be produced at the proposed green waste open windrow composting facility that has been proposed at the site. These would be produced to a PAS100 standard and materials derived from the process would be suitable for application to the restoration.

Other materials such as sewage sludges may contain a number of potential contaminants including heavy metals which can be elevated if application rates are not carefully controlled. These materials have therefore been subject to further risk assessment here. In work commissioned with ADAS, which looked at landfill restoration on Biffa sites, a number of samples of different potential sources of organic materials arising from treatment of sewage sludge were taken and analysed by a UKAS accredited laboratory. The intention was to gain an understanding of typical composition of such materials, to be able to assess risk when applied as part of landfill restoration, and to determine appropriate application rates. These results have been reported here as part of a generic approach. It is likely that any local sources to Trecatti would be similarly characterised before acceptance at Trecatti, in order to confirm application rates to bring about the desired ecological benefit, without resulting in risk to surface water and groundwater in the surrounding environment. The analysis results are summarised below (Table 3).

Table 3: Typical organic materials laboratory analysis data

	Determinand
	Units*
	Sewage sludge co-composted with green waste

(19 05 03)
	Sewage sludge co-composted with wood waste

(19 05 99)
	Sludge from treatment of urban waste water (19 08 05)

	Total Nitrogen
	kg/t fw
	8.21
	10.0
	13.3

	Total Phosphate
	kg/t fw
	6.00
	12.2
	15.5

	Total Potash
	kg/t fw
	3.03
	4.18
	0.66

	Dry Matter
	%
	38
	58
	18

	pH
	
	-
	8.5
	7.8

	Organic Matter
	% dm
	55
	-
	27

	Total Zinc
	mg/kg dm
	205
	240
	393

	Total Copper
	mg/kg dm
	67.5
	63.0
	196

	Total Nickel
	mg/kg dm
	13.2
	350
	21.2

	Total Cadmium
	mg/kg dm
	0.64
	1.00
	1.07

	Total Lead
	mg/kg dm
	98.2
	110
	120

	Total Chromium
	mg/kg dm
	26.9
	22.0
	103

	Total Mercury
	mg/kg dm
	0.27
	0.25
	0.68

	Total Arsenic
	mg/kg dm
	5.90
	3.72
	5.70

	Total Selenium
	mg/kg dm
	0.81
	0.59
	2.68

	Total Molybdenum
	mg/kg dm
	2.69
	4.50
	6.06

	Total Fluoride
	mg/kg dm
	126
	45.0
	235


* % = percentage; kg/t fw = kilograms per tonnes fresh weight; % dm = percentage dry matter; mg/kg dm = milligrams per kilogram dry matter
The importance of the organic materials in creating a soil forming material is summarised below.

4.1.
Nutrient supply:

The addition of organic materials provides a valuable source of major plant nutrients (nitrogen, phosphate and potash).
4.2.
Organic materials:

Organic materials provide a valuable source of organic matter, which is particularly beneficial in a land restoration/reclamation situation and will help to create a sustainable growing medium.  An application of the organic materials will provide c.350 t/ha of organic matter.  Additional organic matter is vital in land restoration projects as it increases the water-holding capacity and rooting environment of the manufactured soil, which is important for grass and tree establishment, but also to sustain growth during dry periods.
4.3.
Heavy metals:

Heavy metal concentrations in the organic materials assessed here are similar to typical levels found in biosolids (Nicholson and Chambers, 2007). 

5. Proposed operations

Biffa Waste Services propose to use the organic materials to restore capped areas approx 35 hectares of land at Trecatti landfill, Merthyr Tydfil to grassland; aiding in the ecological improvement of the site.  This will involve creating a soil profile 1.0 metre (m) in depth, with the top 0.4 m being topsoil (Figure 1).

Figure 1. Restored soil profile

	Overall soil profile 1 m in depth
	Topsoil – 0.4 m

Mineral material amended with organic materials 

	
	Subsoil – 0.6 m

Mineral material

	Base

Landfill cap


The subsoil will be composed of solely mineral material.

The topsoil would be produced by using a mixture of mineral materials and organic matter, either to comprise compost derived to PAS100 on site, or suitable sources of sewage sludge. Indicative, generic rates are given below based on ADAS advice in relation to Biffa landfill restoration activities, using data provided above.

The topsoil could be produced by depositing organic materials such as sewage sludges with the mineral materials, basing the application rate upon the figures detailed in Table 4 (below). Organic materials would be placed in a pre-prepared trench c.200 mm deep. Following this, an excavator will further incorporate the organic material with in-situ mineral material to an additional c.200 mm depth to give the stated depth of 0.4 m.  This will ensure adequate plant rooting depth and available water capacity specifically for the growth of grass.  The handling and placing of these organic materials and subsequent cultivations will only be carried out in dry conditions, and in line with good practice (MAFF, 2000; Defra, 2005).
The addition of these organic materials when cultivated into the mineral material will produce a manufactured soil which meets the maximum permissible heavy metal concentrations specified in the Sludge (Use in Agriculture) Regulations (SI, 1989), with the exception of copper and nickel (for co-composted sewage sludge), see Figures 2 - 4.
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Figure 2. Soil metal concentrations following application of co-composted green waste to create a manufactured soil
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Figure 3. Soil metal concentrations following application of co-composted wood waste to create a manufactured soil
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Figure 4. Soil metal concentrations following application of sewage sludge to create a manufactured soil
Although the copper (and nickel following the application of co-composted wood waste) and molybdenum (as per the limits specified in the Code of Practice for the Agricultural Use of Sewage Sludge, DoE, 1996) concentration is above the maximum permitted concentrations stipulated in the Sludge (Use in Agriculture) Regulations (SI, 1989), this legislation is designed to protect animal and human health (risks via soil ingestion) and uptake into crops. The Trecatti landfill is being restored to grassland and so the elevated concentrations of copper would not compromise the ecological benefit aims of this restoration programme, albeit the above example is illustrative and the actual source therefore unlikely to be used and more local sources would be assessed for compliance and potential risk at the appropriate time in accordance with the same principles above.  It should also be noted that these elevated levels of copper will not cause problems for watercourses as its mobility is strongly influenced by the pH of the soil (DoE, 1996).  In more alkaline conditions i.e. where the pH of soil is >pH7, metals such as copper become less mobile and less bioavailable for herbage uptake, due in part to the chemical forms the ions take within the soil.  Following the creation of the manufactured topsoil the pH will be >7.5.  Copper also becomes bound to soil organic matter, further reducing its mobility in the soil (Keller et al., 2002).
A combination of co-composted sewage sludge (both using green and wood waste) and sewage sludge could be used in the restoration process.  However, this is only a generic approach to give indicative loadings and it is not possible at this stage to determine local sources that may be used or their chemical breakdown. In practice a mixture of suitable organic materials may be applied to the restoration layer, including sewage sludges and composts. As such the quantities of materials quoted in Table 4 below are based on the maximum tonnage of each material that could be used in the restoration programme i.e. assuming the entire approx. 35 ha area was restored using only that particular organic material and are for illustrative purposes only.  In practice, a combination of each organic material could be used; meaning the actual quantity of each organic material will be well below the figures in Table 4.

	Table 4: Indicative maximum tonnages of organic materials that could be utilised

	Organic material
	EWC code
	Potential maximum tonnage (fw)

	Sewage sludge co-composted with green waste

(source typical outputs from Knostrop, Yorkshire Water)
	19 05 03
	90,000 *1

	Sewage sludge co-composted with wood waste

(source typical outputs from Knostrop, Yorkshire Water)
	19 05 99
	58,000 *1

	Sludges from treatment of urban waste water

(source typical outputs from Knostrop, Yorkshire Water)
	19 08 05
	97,000 *1


*1 Assumes no other organic materials deposited with this source, either from this table, or from the proposed green waste open windrow facility
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DRAWINGS
APPENDIX 1
- RISK ASSESSMENT FOR SOILS TREATMENT FACILITY OUTPUTS TO LANDFILL RESTORATION
(To be incorporated following issue of STF permit and prior to release of batches from processing for use in restoration)
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