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Executive summary
This final report describes the methodology, sourcing and establishment of 4 trial sites in Wales together with
relevant laboratory analyses, surveys and conclusions. The project was undertaken by David Jarvis Associates
Limited (DJA) and Professor Geoffrey Walton and Associates LLp (PGW&A); ecological analysis was provided by
SK Environmental Solutions. The research (WRAP Project Codes WLR001-002 and 003) was undertaken between
October 2009 and March 2011.
The project was established in an attempt to test two hypotheses, namely, that:
1.

Green waste compost produced to the recognised standard (PAS100:2005 and 2011) can be added to
potential soil-forming materials of poor nutrient status at mineral sites to allow the successful
establishment of grass and/or wildflower mixes which would be difficult or impossible to establish on the
unaltered soil-forming materials.

2.

Liquid biofertiliser produced from the anaerobic digestion biofertiliser of source-segregated food waste,
produced to the recognised standard (PAS110:2010), can be applied to existing and newly established
grass mixes and naturally-regenerated vegetation on mineral sites to speed up the establishment and
growth of vegetation in order to reduce erosion in high rainfall areas.

In order to reflect the extent of historical mineral extraction in Wales, trials were organised at 4 sites representing
open cast coal, aggregate, slate and metalliferous ore extraction; in addition, this provided a wide geographical
spread within Wales and ensured that works within high rainfall areas were covered.
Discussions with WRAP Cymru, the Welsh Assembly Government and the local EA enforcement officers resulted in
permission being granted for the trials (including the use of biofertiliser) by the EA Modernising Waste Regulation
Panel for Wales in June 2010.
The four sites selected were as follows:
Ffos-y-fran Land Reclamation Scheme part of which includes an open cast coal mine near Merthyr Tydfil
that is being progressively restored. The site is operated by Miller Argent. The trials were located on an existing
overburden tip, the overburden being representative of the type of soil-forming material that is available for use
in restoration at the site.
Borras Airfield Quarry is an active sand and gravel quarry near Wrexham, operated by Tarmac. The trials
were located on an area from which sand and gravel has previously been extracted but which has not yet been
restored.
Oakley Quarry is a slate quarry at Blaenau Ffestiniog, owned by Welsh Slate. The trials were located on an
existing overburden and waste slate tip.
Brynposteg domestic landfill site near Llanidloes, is operated by Potters Waste Management Ltd. The trials
were undertaken on a partially restored part of the site (clay capped but not yet topsoiled), using lead processing
waste from a former lead mine at Dylife. A self-contained trial facility was constructed at the landfill so that the
lead processing waste and other materials could be kept separated from the landfill itself. All the trials materials
are scheduled for removal from the landfill at the end of the trials and disposed of at an appropriately-licensed
waste disposal facility.
Various rates of compost and biofertiliser were applied singly and in combination. Similarly, a range of seed
mixes was used to reflect the different restoration objectives.
Full laboratory analyses and vegetation surveys were undertaken at the beginning and end of the trials; these
are included at Appendices 1, 2, 5, 6, 7, 8 and 9. A photographic record of each site at inception, during and at
the end of the trial period is included at Appendix 10.
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Conclusions
The research concluded that the addition of PAS 100 Compost to mineral non-waste by-product at the four sites
had a dramatic effect on the successful growth of the various vegetation trials; the photographs in Appendix 10
are clear testimony to this. The single application of biofertiliser liquor appears to have had a more subtle
improvement on vegetation growth beyond that enabled by the PAS 100 compost addition.
These results have been achieved irrespective of the variation in pH, particle size or chemical make up of the
non-waste by-products available and used at the four sites. This indicates that it is the amendments and/or the
process of mixing/application which has engendered these results.
While not tested within the brief of this research, one can speculate as to the possible factors which aided this
much-enhanced vegetation growth. Firstly, PAS 100 compost and biofertiliser provide nutrients (in particular, N,
P and K). Secondly, PAS 100 compost provides water retention (all the more important where the mineral nonwaste by-products have minimal capacity to retain moisture). Thirdly, the application of biofertiliser, itself,
provides one watering action. Fourthly, the addition of PAS 100 compost provides a structure to the
manufactured soil, in particular, providing aeration. Fifthly, the incorporation of the compost and biofertiliser
provides the nutrient, water, air etc. at an optimal level for emerging root growth.
The laboratory analysis of the mineral non-waste by-products at the four sites confirmed the general
understanding of geochemical variations within naturally occurring rocks near the sites investigated.
No discernible change in chemistry (including pH) was discovered in the final samples tested in March 2011 or
could reliably be linked to variations in growth. Variations in mixing appears to override anticipated changes in
chemistry of some soil mixes. The range of pH from slightly acid to alkaline did not appear to limit the vegetation
growth achieved once PAS 100 compost and biofertiliser was added.
Further trials are recommended to evaluate the uptake of heavy metals at the sites where these were present at
above normal Soil Guidance Values as published by the EA.
The vegetation growth at all sites on all plots with added compost/biofertiliser compared with the control plots
was substantial and, in most cases, dramatic. The Italian rye grass shown on the lead waste with PAS 100
compost at Brynposteg grew 0.5m in one season compared with nil germination on the control plots. Those plots
with the addition of biofertiliser grew by up to an additional 10%. While the additional growth due to biofertiliser
is subtle, further applications might well have achieved even better results. In summary, it is the addition of PAS
100 compost (even in small amounts) which appears to provide the nutrients, water retention and structure that
encourage vegetation growth; the application of biofertiliser appears to be a short term boost to growth. It may,
therefore, require regular applications and this is a recommend approach for future or on-going trials.
All sites other than Borras are above 300m AOD with high rainfall. There is therefore significant potential for
erosion avoidance. It is the author’s opinion that plant growth may make a useful contribution to erosion control.
These trials were devised to assess vegetation growth over a single planting season. They cannot, therefore,
address the question of whether the growth achieved is sustainable or might require additional dressing of
compost or applications of biofertiliser.
The principal reason for using PAS 100 was that it was a product not a waste and therefore permitting or permit
exemption would not be required from the EA; it is also certified to Quality Protocol Standard. A reading of the
Mining Waste Directive that came out by way of the introduction of Extractive Materials Management Statements
towards the end of 2010 indicates that even though mineral materials earmarked for quarry restoration that
would be treated by the EA as non-waste by-products and not require an Environmental Permit for use in
restoration, this material could possibly be treated as mining waste if it was mixed with another material, even
though that material was a product (as in the case for PAS 100 + QP compost or PAS110 + ADQP biofertilliser).
It is important that the UK Government, Welsh Assembly Government and the EA clarify the situation and allow
the use of PAS 100 compost and PAS 110 biofertiliser with their respective quality protocols in the restoration of
mineral (and similar) sites. The authors are convinced that the use of PAS 100 as an additive to mineral matter
that is classed by the EA as non-waste by-product is not an activity that generates a new waste but constitutes a
viable method of producing soils for quarry restoration.
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Glossary
Aggregation: refers to the way in which sand, silt and clay particles come together to form a soil structure.
Ameliorant: substance added to soil to improve growing conditions for plants.
Anaerobic digestate: whole digestate resulting from an anaerobic digestion process, and any subsequently
separated fibre or liquor.
Attrition: as part of soil remediation technology, removes fine particles and contaminants from the surface of
primary material (soil).
Biomass: refers to the mass of biological organisms in an area of ecosystem at any given time.
Biofertiliser: if an anaerobic digestion plant meets the PAS110:2010 standard and Anaerobic Digestion Quality
Protocol (ADQP), its digestate will be regarded as having been fully recovered and to have ceased to be waste,
and it can be sold with the name “Biofertiliser”.
Brownfield: refers to both known contaminated sites and any land or premises which have previously been
used or developed and not currently fully in use (this excludes agricultural land).
Bulk density: the mass of a unit volume of soil, generally expressed in g/cm³. Light and porous soils have low
bulk densities, whereas heavy and compacted soils have high bulk densities.
Carbon sequestration: long-term storage of carbon dioxide or other forms of carbon to mitigate global
warming.
Cation exchange capacity (CEC): the total amount of exchangeable cations that a particular soil, or soil
forming material can absorb at a given pH. Light textured soils (in the sandy categories) possess low cation
exchange capacities (CEC) and adding compost raises the CEC of these soils. This enables the soil to better hold
onto nutrients, such as potash and nitrogen, which would otherwise leach beyond the rooting depth.
Compost: solid particulate materials that is the result of composting, that has been sanitised and stabilised and
that confers beneficial effects when added to soil, used as a component of a growing medium, or is used in
another way in conjunction with plants. This definition refers to BSI PAS 100 compost for the purposes of this
document.
Composting: process of controlled biological decomposition of biodegradable materials under managed
conditions that are predominantly aerobic and that allow the development of thermophilic temperatures as a
result of biologically produced heat.
Domestic use: compost use by members of the public in their own gardens, communal or shared gardens, and
allotments.
Electrical conductivity: measurement relating to the concentration of soluble ionic constituents, particularly
ammonium, calcium, chloride, magnesium, nitrate, phosphate, potassium, sodium and sulphate.
Food derived compost: Compost that has been made from suitable low-risk food wastes such as household
and commercial kitchen wastes. Facilities producing such composts are authorised by Animal Health to ensure
that they achieve appropriate conditions to ensure their safety.
Fertiliser: soil amendment containing nutrients (macronutrients and micronutrients), added to promote plant
growth.
Green compost: The feedstock used to produce green compost is source segregated material collected
independently from other waste streams from sources such as domestic gardens, municipal parks and
recreational areas.
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Green waste: Arboreal and other botanical residues such as grass clippings and other plan residues derived
from parks, gardens, nurseries and amenity areas and sometimes waste from vegetable or fruit processing
activities.
Growing medium: material, other than soils in situ, in which plants are grown.
Heavy Metals are those potentially toxic elements naturally occurring within the ground that can contaminate
ground water and inhibit plant growth. They include relatively low or moderate concentrations of copper, zinc,
lead, arsenic, cadmium, nickel, chromium, mercury, selenium and some other elements when present in high
concentrations such as iron and manganese.
Land reclamation: the recovery of land from a brownfield or underutilised state to make it suitable for reuse
achieved through stabilisation, contouring, maintenance, conditioning, reconstruction and vegetation
establishment.
Land remediation: the process of making a site fit-for-purpose through the removal or containment of
contaminants. Environmental damage is reversed or treated through the management, removal, sealing or
treatment of dangerous substances or stabilisation in order to render the site safe for a specific use, but not
necessarily for all possible uses.
Land restoration: the process of making a site fit-for-purpose through (among activities carried out),
amelioration of the site’s soil or soil forming materials.
Micro-organisms: include bacteria, algae, fungi and protozoa. They recycle nutrients and actively decompose
organic matter.
Mulch: substance spread and allowed to remain on the soil surface to conserve soil moisture, suppress weeds
and shield soil particles from the erosive forces of raindrops, run-off and wind.
Oxygen diffusion capacity: the capacity of the soil to transfer oxygen to plant roots.
PAS: Publicly Available Specification.
Quality Protocol (QP): Set of criteria for the production, placement on the market, storage and use of
products derived from suitable types and sources of waste, such that any risks to the environment and to human
and animal health are acceptably low when any such product may, under certain circumstances, be used without
waste regulatory controls, in those countries in which the QP applies.
Rotavator: a machine designed to break up soil using rotating blades.
Sewage sludge cake: dewatered, organic-rich sewage sludge that is an output from the sewage treatment
process.
Soil improver: material added to soil in situ primarily to maintain or improve its physical properties, and which
may improve its chemical and/or biological properties or activity.
Stable, stabilised: degree of processing and biodegradation at which the rate of biological activity under
conditions favourable for aerobic biodegradation has slowed and microbial respiration will not significantly resurge
under altered conditions, such as manipulation of moisture and oxygen levels, or temperature or the addition of a
source of water soluble nitrogen.
Subsoil/substrata: the layer of soil below the layer of topsoil.
Sustainable Urban Drainage Systems (SUDS): surface water drainage systems developed in line with the
ideals of sustainable development are collectively referred to as Sustainable Urban Drainage Systems (SUDS).
Topsoil manufacture: blending of soils available on site and potentially other organic or inorganic materials
with BSI PAS100 compost to produce a soil that suits the requirements of the site and which provides the same
function as topsoil.

Biofertiliser and Compost Trials on Mineral Extraction Sites in Wales

7

Tilth: state of aggregation of soil and its condition for supporting plant growth.
Topsoil: the uppermost layer of soil, where the majority of biological soil activity, concerning micro-organisms
and organic matter, occurs.
Water holding capacity: the ability of soil to retain water and thus making it available for a longer period of
time in dry conditions.
Wetlands: an area where the soil is saturated with moisture either permanently or seasonally.
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1.0

Introduction

This final report describes the methodology, sourcing and establishment of 4 trial sites in Wales together with
relevant laboratory analyses, surveys and conclusions. The project was undertaken by David Jarvis Associates
Limited (DJA) and Professor Geoffrey Walton and Associates LLp (PGW&A); ecological analysis was provided by
SK Environmental Solutions. The research (WRAP Project Codes WLR001-002 and 003) was undertaken between
October 2009 and March 2011.
The project was established in an attempt to test two hypotheses, namely, that:
1.

Green waste compost produced to the recognised standard (PAS100:2005 and 2011) can be added to
potential soil-forming materials of poor nutrient status at mineral sites to allow the successful
establishment of grass and/or wildflower mixes which would be difficult or impossible to establish on the
unaltered soil-forming materials.

2.

Liquid biofertiliser produced from the anaerobic digestion biofertiliser of source-segregated food waste,
produced to the recognised standard (PAS110:2010), can be applied to existing and newly established
grass mixes and naturally-regenerated vegetation on mineral sites to speed up the establishment and
growth of vegetation in order to reduce erosion in high rainfall areas.

In order to reflect the extent of historical mineral extraction in Wales, trials were organised at 4 sites representing
open cast coal, aggregate, slate and metalliferous ore extraction; in addition, this provided a wide geographical
spread within Wales and ensured that works within high rainfall areas were covered.
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2.0

Compost and Biofertiliser Availability

BSI PAS100:2005 (Now updated to PAS100:2011)
BSI PAS100 is the Publicly Available Standard for the production of green waste compost. It is one of the
recognised standards referred to in the Quality Protocol for Compost – see below. Significantly, as a publicly
available standard there is no charge to obtain a copy of the standard, though there is likely to be a charge for a
compost producer to be audited against the standard by an accredited auditing body (e.g. The Soil Association).
If the audit is passed successfully the producer is said to have achieved certification against the standard.
At the time of the trials, there were only six producers of compost in Wales who had achieved certification against
the PAS100 standard, and one of these producers was used to supply compost for the trials.
BSI PAS110:2010
BSI PAS110 is the Publicly Available Standard for the production of anaerobic digestate from source-segregated
biodegradable waste. It is the recognised standard referred to in the Quality Protocol for Anaerobic Digestate –
see below. As with the PAS100 standard, there is no charge for obtaining a copy of the standard, though there is
likely to be a charge for an anaerobic digestate producer to be audited against the standard by an accredited
auditing body.
At the time of the trials due to the newness of the standard, there were no Anaerobic Digestion plants in the UK
that had achieved certification against the PAS110 or ADQP standards – although this is now no longer the case.
Therefore the digestate used was sourced from a plant undergoing certification at the time of the trials and is
regarded as Biofertiliser for the purposes of this report.
QUALITY PROTOCOL FOR COMPOST (QP)
“This Quality Protocol has been developed by WRAP (Waste and Resources Action Programme) and the
Environment Agency in consultation with industry and other regulatory stakeholders. It is applicable in England,
Wales and Northern Ireland.
It sets out criteria for the production of quality compost from source-segregated biodegradable waste (biowaste).
If these criteria are met, quality compost will normally be regarded as having been fully recovered and to have
ceased to be waste.
Details of how quality compost may be produced are given in Section 2 [of the Quality Protocol]. In summary,
compost will normally be regarded as having been fully recovered and to have ceased to be waste, and therefore
no longer subject to waste management controls when dispatched to the customer, provided the following
criteria are met:
x
x
x

the compost is produced using only those source-segregated input materials listed in Appendix B [of the
Quality Protocol];
the compost meets the requirements of an approved standard; and
the compost is destined for appropriate use, in accordance with Section 4, in one of the designated
market sectors.

Quality compost must not be used in such a way as to adversely affect human health
or the environment.”1
QUALITY PROTOCOL FOR ANAEROBIC DIGESTATE (ADQP)
“The Quality Protocol sets out criteria for the production of quality outputs from anaerobic digestion of material
that is biodegradable waste (biowaste). Quality outputs from anaerobic digestion include the whole digestate,
the separated fibre fraction and the separated liquor. If these criteria are met, quality outputs from anaerobic
digestion will normally be regarded as having been fully recovered and to have ceased to be waste.”
1

WRAP and Environment Agency (2008, Updated 2010) Quality Protocol for Compost
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“Quality digestate will normally be regarded as having ceased to be waste, and therefore no longer subject to
waste management controls, provided it:
x
x
x

has been produced using only those source-segregated input materials listed in Appendix B [of the
Quality Protocol];
meets the requirements of an approved standard; and
is destined for appropriate use in one of the designated market sectors.

Quality digestate must not be used in such a way as to adversely affect human health or
the environment.”2
SOURCES OF COMPOST AND BIOFERTILISER
BIOFERTILISER FROM BIOGEN GREENFINCH, LUDLOW
Biofertiliser from source-segregated food waste was obtained from Biogen Greenfinch’s Ludlow plant. The plant
takes source-segregated food waste from a number of local authority waste contractors in the vicinity of the
plant. At the current time the biofertiliser produced by the plant is applied to agricultural land, typically under a
U10 Exemption (previously a Paragraph 7 Exemption).
The plant operators are currently working towards certification against PAS110, but at the time the biofertiliser
was supplied has not yet achieved certification. An analysis of the digestate is included at Appendix 1.
Any biofertiliser left over from the trials was returned to the Ludlow plant and reprocessed.
COMPOST FROM BRYN QUARRY, HENGOED
Compost produced to PAS100 for the trials was sourced from Bryn Compost Ltd., Gelliargwellt Farm, Gelligaer,
Hengoed, Mid Glamorgan, Wales CF82 8FY. Bryn Compost Ltd was at the time of the trials one of only six
compost producers in Wales that had achieved certification against the PAS100 standard. A copy of their current
Certificate of Compliance to PAS100:2005 is provided at Appendix 2.
Compost was supplied either loose or in 1m3 bulk bags, depending on the haulage distance and the quantity of
compost required for each site. For the Ffos-y-fran site, which is less than 8 miles from Gelliargwellt Farm, the
compost was delivered by Bryn Compost Ltd themselves. For the other three sites, independent hauliers were
used to transport the compost.

2

WRAP and Environment Agency (September 2009) Quality Protocol for Anaerobic Digestate
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3.0

Legislative Requirements (and Effects on Trial Methodologies)

NEGOTIATIONS WITH ENVIRONMENT AGENCY AND AGREEMENT ON METHODOLOGY AND
ENVIRONMENTAL SAFETY REQUIREMENTS
The restoration of mineral sites is considered to be an ‘appropriate use’ of PAS100 compost in one of the
‘designated markets’ identified in the Quality Protocol. The compost would therefore no longer be considered as
‘waste’ if used in the trials and such use would not therefore require any special permits or permissions.
However, the mixing of QP-compliant non-waste compost with another waste would mean that the compost
would again be classed as waste.
Prior to April 2010, the EA’s Paragraph 7 ‘standard exemption’ would have allowed the spreading of non-QP
compost and anaerobic digestate to confer benefit on agricultural land under certain restrictions. Their Paragraph
9 ‘standard exemption’ would have allowed the spreading of non-QP compost on non-agricultural land for
reclamation, restoration or improvement, again under certain restrictions. The Paragraph 9 exemption would not
permit the spreading of digestate on any type of land. Both types of exemption are obtained from the EA, and a
fee would be payable.
At the start of April 2010, the Environment Agency (EA) modified its permitting arrangements, including those
relevant to the use of non-QP compost and digestate. These modifications resulted in some significant changes
to ‘standard exemptions’: a U10 exemption now allows the spreading under certain restrictions of both non-QP
compost and digestate to confer benefit on agricultural land; a U11 exemption now allows the spreading under
certain restrictions of both non-QP compost and digestate to confer benefit on brownfield and derelict land.
The trials would not therefore have fallen under either a Paragraph 7 or Paragraph 9 exemption, and at the time
of the initial discussions with the EA the new exemptions system was not yet in force. Discussions with WRAP
Cymru, the Welsh Assembly Government, and the local EA enforcement officers for the different sites and the
EA’s Modernising Waste Regulation Panel for Wales resulted in advice that permission for the trials should be
sought through the Modernising Waste Regulation Panel (the Panel) in the form of a Regulatory Position
Statement (RPS).
Site-specific discussions were entered into with local enforcement officers to refine the proposed trial
methodologies for the different sites so as to minimise the risks of environmental damage arising from the trials
whilst maximising the value of the research. The refined methodologies together with site plans and trial plot
layouts were then submitted to the Panel for consideration. Additional information was provided to the Panel as
requested, and an RPS permitting the trials (Reference MWRP RPS 068) was issued in June 2010. A copy of the
RPS is provided at Appendix 4.
The agreed trial methodologies included certain requirements relating to the transport, storage, application
methods and application rates for the biofertiliser. It is not considered that any of these were unduly onerous or
had unacceptable effects on the validity or value of the trials.
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4.0

Methodology

General
The overall methodology for the project was agreed with WRAP and is included as Appendix 3.
The sites for the trials were chosen to represent the range of types of mineral sites that are found in Wales:
Ffos-y-fran Land Reclamation Scheme part of which includes an open cast coal mine near Merthyr Tydfil
that is being progressively restored. The site is operated by Miller Argent. The trials were located on an existing
overburden tip, the overburden being representative of the type of soil-forming material that is available for use
in restoration at the site.
Borras Airfield Quarry is an active sand and gravel quarry near Wrexham, operated by Tarmac. The trials
were located on an area from which sand and gravel has previously been extracted but which has not yet been
restored.
Oakley Quarry is a slate quarry at Blaenau Ffestiniog, owned by Welsh Slate. The trials were located on an
existing overburden and waste slate tip.
Brynposteg domestic landfill site near Llanidloes, is operated by Potters Waste Management Ltd. The trials
were undertaken on a partially restored part of the site (clay capped but not yet topsoiled), using lead processing
waste from a former lead mine at Dylife. A self-contained trial facility was constructed at the landfill so that the
lead processing waste and other materials could be kept separated from the landfill itself. All the trials materials
are scheduled for removal from the landfill at the end of the trials and disposed of at an appropriately-licensed
waste disposal facility.
RATES OF APPLICATION FOR COMPOST AND BIOFERTILISER
PAS100 compost was applied to the trial plots to a depth of 25mm, dug into the top approximately 75mm of
substrate. This is equivalent to 25% of the volume of the top 100mm depth of ‘seedable’ substrate, and equates
to 250m3 of compost per hectare or approximately 187.5kg/ha (based on 1m3 = 750kg).
The biofertiliser trials used three different application rates – high, medium and low. The high rate was
calculated as 1/10th of the maximum permitted application rate for sewage sludge being applied to agricultural
land under the old Paragraph 7 standard exemption. The maximum permitted rate for sewage sludge was 250
tonnes/ha, or 250000kg/ha, or 25kg/m2. The high rate of biofertiliser application was therefore set at 2.5kg/m2
or 2.5litres/m2. The medium rate was set at 50% of the high rate (= 1.25litres/m2), and the low rate was set at
50% of the medium rate (= 0.63litres/m2).
Under the U11 exemption for the application of biofertiliser to brownfield or derelict land, the maximum rate of
application is 50 tonnes/ha or 5kg/m2. The high rate used in the trials was still only 50% of this.
On the larger trial sites, at Borras and Ffos-y-fran, a range of biofertiliser application rates was used. On other
sites only a single rate was used, the rate being selected according to the porosity of the substrate and therefore
the likely risk of leaching.
CHOICE OF SEED MIXES
The seed mixes used for the trials where new vegetation was established were chosen to suit the site conditions
and, where applicable, the permitted restoration schemes for the sites.
For the Ffos-y-fran site, the approved grass mix used elsewhere on the site for restoration and temporary green
cover was used for the trials. The ‘Tip Reclamation Mix’ is made up of the following proportions of different
species:
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Lolium perenne
Tet lolium multiflorum
Agrostis castellana
Festuca rubra ssp. commutata
Festuca rubra ssp. rubra
Trifolium repens

Perennial Ryegrass
Italian Ryegrass
Brown Top Bent
Chewings Fescue
Creeping Red Fescue
White Clover

55%
5%
5%
10%
20%
5%

The seed was sown at 35g/m2.
The Ffos-y-fran ‘Tip Reclamation Mix’ was also used, sown at 25g/m2, for the Blaenau Ffestiniog and Brynposteg
sites. In the case of Brynposteg, the seed was sown at 35g/m2.
For the Borras site, a commercially available WF1 flowering meadow mix from British Seed Houses was used for
the initial sowing. WF1 contains the following species:

Agrostemma githago
Anthenmis arvensis
Centaurea cyanus
Centaurea nigra
Chrysanthemum segetum
Digitalis purpurea
Hypericum perforatum
Leucanthemum vulgare
Lotus corniculatus
Papaver rhoeas
Plantago lanceolata
Prunella vulgaris
Silene alba
Vicia sativa

Corn Cockle
Corn Camomile
Cornflower
Common Knapweed
Corn Marigold
Foxglove
St John’s Wort
Ox-eye Daisy
Birdsfoot Trefoil
Corn Poppy
Ribwort Plantain
Self-Heal
White Campion
Common Vetch

The prolonged dry weather that followed the sowing of the trial plots lead to delayed germination of the wild
flower mix. This delay was considered significant enough in the context of a sandy site to warrant the re-seeding
of the trial plots with a grass mix specifically for dry sites – British Seed Houses A3 Landscape and Embankments
grass mix:

Agrostis castellana
Festuca rubra ssp. commutata
Festuca rubra ssp. rubra
Festuca arundinacea

Brown Top Bent
Chewings Fescue
Creeping Red Fescue
Tall Fescue

5%
20%
60%
15%

The re-seeding was undertaken at 35g/m2.
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5.0

Site Specific Methodologies

FFOS-Y-FRAN LAND RECLAMATION SCHEME
Key personnel:
Brian Rostron – Miller Argent
Kylie Jones – Miller Argent
Jason Davies – Miller Argent
Rob Pile – David Jarvis Associates Ltd
Kiran Sankoli – David Jarvis Associates Ltd
The trials were set up on 18 and 19 May 2010 by Rob Pile and Kiran Sankoli.
The biofertiliser liquor was applied to the trial plots on 27 July 2010 by HM Price Ltd (hydroseeding contractors).
Before the trials could be set up on site, all staff involved in the set up were required to undergo an induction
course concerning site safety and emergency procedures.
The trials plots were located on an overburden tip (see Location Plan 001).
The PAS100/biofertiliser trial plots were located on a more or less level area adjacent to the tip access road. The
overburden here had been heavily compacted by vehicular traffic and had no existing vegetation.
The existing vegetation trials were located on the steep side of the overburden tip. The overburden here had
been consolidated to prevent subsidence but had not been trafficked. The area had previously been hydroseeded
with the same Tip Reclamation Mix that was used to seed the PAS100/biofertiliser trials.
The PAS100/biofertiliser trial plots were marked out using marker paint and timber pegs, though the
hardness/rockiness of the ground meant that the pegs were extremely difficult to hammer in.
The plots were ripped to a depth of 75mm using a toothed bucket mounted on the back-actor of a JCB 3CX. The
plots were then levelled by hand raking.
25mm depth of PAS100 compost was then spread over the relevant trial plots before being incorporated into the
top 75mm of loosened overburden using the JCB toothed bucket. The plots were then levelled again by hand
raking.
The plots were seeded using the Tip Reclamation Mix before being raked over a final time to cover the grass
seed.
The trial plots were then fenced (timber post and wire/stock netting) by Miller Argent to prevent grazing damage
by the feral sheep that are present on the site.
Once the grasses were successfully established biofertiliser was applied to one set of the PAS100 trial plots using
hydroseeding equipment (see below).
The existing vegetation trials were marked out using timber pegs and marker paint during the same visit as the
PAS100/biofertiliser trials were set up. The steepness of the slope meant that the marking out had to be carried
out very carefully to avoid slipping, and resulted in changes to the methodology and approval from the EA so that
the biofertiliser could be applied using hydroseeding equipment rather than by watering can.
The trial plots were fenced by Miller Argent to exclude feral sheep. Metal crowd control barriers were used for
the fencing as the steepness of the slope and rockiness of the substrate meant that it would have been very
difficult to fence using timber posts and wire/stock netting.
The biofertiliser was then applied to the sites using a hydroseeder mounted on a trailer towed by a Landrover
Defender. The hydroseeder had previously been calibrated by measuring the time taken to fill a container of
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known volume. The different rates of biofertiliser were applied to the trial plots by applying the biofertiliser for a
measured period of time according to the rate per m2 required.
The detailed botanical survey of the trial plots was carried out on 4 October 2010. The full results of this survey
are provided at Appendix 7. The final detailed botanical survey was carried out on 4 March 2011 and the full
results are provided at Appendix 8.
BORRAS AIRFIELD SAND AND GRAVEL QUARRY
Key personnel:
Richard Hulse – Tarmac Quarry Materials, Central Region
Steve Williams – Tarmac Quarry Materials
Rob Maurice-Jones – Tarmac Quarry Materials
Rob Pile – David Jarvis Associates Ltd
Adam Carter – David Jarvis Associates Ltd
Kiran Sankoli – David Jarvis Associates Ltd
Mathias Kolbe – David Jarvis Associates Ltd
The trials were set up on 6 and 7 April 2010 by Rob Pile and Kiran Sankoli, having been marked out by Adam
Carter and Mathias Kolbe on 24 and 25 March 2010.
The PAS100/biofertiliser plots were overseeded on 24 June 2010 by Rob Pile.
The biofertiliser liquor was applied to the trial plots on 29 July 2010 by Midland Landscapes (hydroseeding
contractors).
The detailed botanical survey of the trial plots was carried out on 6 October 2010 and on 1 March 2011 by SK
Environmental Solutions; the full reports are at Appendix 7 and 8.
Before the trials could be set up on site, all staff involved in the set up were required to undergo an induction
course concerning site safety and emergency procedures.
The trials were located on an area of the site from which sand and gravel had already been extracted but which
had not yet been restored (see Location Plan 002). The site was partially protected from site operations by one
of the conveyors bringing as-dug material from the extraction areas to the processing plant. There was some
existing naturally occurring vegetation across the whole of the trial site.
The PAS100/biofertiliser trial plots were initially cultivated to a depth of 75mm using an agricultural chisel plough
(heavy duty cultivator) mounted on a tractor. The plots were then levelled by hand raking.
25mm depth of PAS100 compost was then spread over the relevant trial plots before being incorporated into the
top 75mm of cultivated substrate using the tractor-mounted chisel plough. The plots were then levelled again by
hand raking.
The plots were seeded using the BSH WF1 flowering meadow mix before being raked over a final time to cover
the grass seed.
The trial plots were then fenced (timber post and wire/rabbit netting) by a contractor to prevent rabbit damage.
10 weeks after seeding there was still only very limited germination of the wildflower mix. This was thought to
be due to the exceptionally dry spring/early summer weather and it was therefore decided to overseed the trial
plots with a grass mix specifically designed for use on dry sites and embankments (BSH A3). The plots were then
lightly hand raked to cover the seed.
Once the wildflower mix and grasses were successfully established biofertiliser was applied to three sets of the
PAS100 trial plots at three different rates using hydroseeding equipment.
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The hydroseeding equipment used on this site was calibrated to apply the biofertiliser by volume. However, the
volumes required for the trials were low compared to the volumes normally applied during hydroseeding
operations and the biofertiliser therefore had to be diluted by 100%.
The high volumes of liquid that were applied to the existing vegetation plots therefore resulted in a certain
amount of run-off from the trial plots and may have resulted in cross-contamination between the high and
medium rate plots.
OAKLEY QUARRY - BLAENAU FFESTINIOG SLATE QUARRY
Key personnel:
Mark Jones – Welsh Slate
Rob Pile – David Jarvis Associates Ltd
Kiran Sankoli – David Jarvis Associates Ltd
The process of obtaining EA permission to undertake the trials resulted in delays setting up the trials. The trials
methodology for the BF site had originally involved the use of silver birch transplants planted into pockets of
compost dug into the substrate, with biofertiliser then applied to some of the pockets of compost. The delayed
start to the trials meant that it was too late to use tree transplants and the trial methodology therefore had to be
revised.
The revised methodology involved the mixing of slate ‘fines’ (from the slate processing facility on the site) with
the blocky waste slate. PAS100 compost and biofertiliser were then added to the slate waste and slate fines mix
and seeded with the Tip Reclamation Mix to provide a second set of trials.
The trials were set up on 9 and 10 June 2010 by Rob Pile and Kiran Sankoli.
The biofertiliser liquor was applied to the trial plots on 28 July 2010 by Rob Pile and Kiran Sankoli.
The detailed botanical survey of the trial plots was carried out on 5 October 2010 and 7 March 2011 by SK
Environmental Solutions; the full reports are at Appendix 7 and 8.
Before the trials could be set up on site, all staff involved in the set up were required to undergo an induction
course concerning site safety and emergency procedures.
The trials were located on a slate waste tip (see Location Plan 003), on a relatively level area that appeared to
have been heavily trafficked and was therefore well consolidated.
The trial plots were marked out using marker paint and wooden pegs. The consolidated nature of the substrate
meant that holes for the pegs had to be made using a steel ‘pinch bar’ before the pegs could be hammered into
the ground. The ground was so hard that even the point of the pinch bar became bent/damaged.
The plots were ripped to a depth of 75mm using a toothed bucket mounted on the back-actor of a JCB 3CX. The
plots were then levelled by hand raking.
Half of the plots then had 25mm depth of slate fines added and incorporated into the top 75mm of loosened
overburden using the JCB toothed bucket.
25mm depth of PAS100 compost was then spread over the relevant trial plots before being incorporated into the
top 75mm of loosened overburden using the JCB toothed bucket. The plots were then levelled again by hand
raking.
The plots were seeded using the Tip Reclamation Mix before being raked over a final time to cover the grass
seed.
The trial plots were then fenced (timber post and wire/stock netting) by a local contractor to prevent grazing
damage by the sheep that sometimes stray onto the site.
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Once the grasses were successfully established biofertiliser was applied to one set of the PAS100 trial plots and
one set of the PAS100 + slate fines trial plots. The biofertiliser was applied using a watering can fitted with a
plastic baffle plate to dissipate the flow. The required volume of biofertiliser for each plot was measured using a
plastic measuring jug.
The trials should have required 2.7m3 of PAS100 compost in order to add 25mm depth of compost to 12 of the
trial plots. 3 No. 1m3 bags of compost were delivered to the site, but this did not provide sufficient compost for
all the 12 plots. One of the plots was therefore reduced in size from 9m2 to 4.5m2 in order to maintain the 25mm
depth of compost over all the trial areas. The shortfall may have arisen because of bags not being filled to
capacity, or alternatively the unevenness of the blocky substrate may have meant that the compost may
unintentionally have been applied at slightly more than the required 25mm depth.
DYLIFE LEADMINE/BRYNPOSTEG LANDFILL
Key personnel:
Alled Anwyl – Dylife lead mine
David Williams - Potters Waste Management
Mark Pritchard – PGW&A
Rob Pile – David Jarvis Associates Ltd
Kiran Sankoli – David Jarvis Associates Ltd
The trials facility was designed to be a lined, self-contained unit with a sump at the down slope end to collect any
runoff from the trial plots. Such runoff could then be removed and disposed of in an appropriate manner.
AGREEMENT FROM OPERATOR AND EA
The trials were set up on 24-26 May 2010 by Rob Pile and Kiran Sankoli, with the assistance of a contractor, Mark
Baker of J Baker and Son. The weather during the set-up was extremely hot.
The biofertiliser liquor was applied to the trial plots on 28 July 2010 by Rob Pile and Kiran Sankoli.
The detailed botanical surveys of the trial plots was carried out on 9 September 2010 and 4 March 2011 by SK
Environmental Solutions; the full reports are at Appendix 7 and 8.
CONSTRUCTION OF TRIALS FACILITY
Brynposteg Landfill, near Llanidloes, is a domestic refuse landfill site operated by Potters Waste Management.
The trials were located on an area of the landfill which had been filled and clay-capped, but not yet topsoiled
ready for final restoration (see Location Plan 004).
The walls of the trials facility were constructed from tyre bales produced on site from waste tyres. The bales are
1.5m x 1.25m x 0.7m and weigh 800kg each. The upper end and two sides of the facility were constructed first
using a 42 tonne Liebherr tracked 360° excavator.
A layer of Pozidrain 6S250/NW8 drainage fabric was laid across the base and sides of the facility to prevent the
polythene sheeting from being punctured by stones or other sharp objects. A double layer of Visqueen Agri-S
polythene silage sheeting was then laid over the drainage fabric and weighted down along the tops of the tyre
bale walls using loose tyres. The lower end of the facility was left open to allow the importation of the lead
processing waste.
Using an 8-tonne Yanmar tracked 360° excavator, a temporary roadway was constructed at the Dylife site to
allow the tractor and dump trailer that would be used to transport the material to Brynposteg to gain access to
the extraction area. The 360° excavator was then used to load the dump trailer, and three trailer loads (52
tonnes) of lead processing waste were taken to Brynposteg and tipped into the trials facility. The Dylife site was
then tidied/levelled and the temporary road removed before the excavator was transported back to Brynposteg
by low loader trailer.
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The lead processing waste was spread evenly across the trials area to a depth of 150mm using the 8-tonne
excavator. The trial plots were then marked out using marker paint and canes pushed carefully into the
substrate.
PAS100 compost was placed onto the relevant trial plots by the 8-tonne excavator working from outside the trails
facility. The compost was levelled to a depth of 150mm by hand raking, before being incorporated into the
substrate by the excavator. The plots were levelled by hand raking before being seeded with the Tip Reclamation
Mix and hand raking to cover the seed.
Once the grass mix was established, biofertiliser was applied to one set of trial plots at the medium rate using a
watering can fitted with a plastic baffle plate to dissipate the flow. The required volume of biofertiliser for each
plot was measured using a plastic measuring jug.
Monitoring of the trials facility by the landfill operator resulted in concerns about the integrity of the sump liner.
Rob Pile and Kiran Sankoli therefore returned to the site on 3 August 2010 in order to carry out repairs to the
liner. The contents of the sump were emptied using a vacuum tanker, and the polythene liner peeled back as far
as possible (to the edge of the substrate). A new double layer of polythene was put in place before the existing
liner was replaced and the contents of the tanker emptied back into the sump.
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6.0

Laboratory Analysis of Mineral Non-Waste By-Products, Compost and
Biofertiliser

Introduction
The full laboratory analysis results and/or certification for the PAS100 compost, Anaerobic digestate, initial
mineral non-waste by-products/plot mixes from each quarry and final analysis of these plot mixes are included at
Appendix 1 (PAS 100 Certificate), Appendix 2 (Biofertiliser Analysis), Appendix 5 (Soil Sample Results at Setup)
and Appendix 9 (Soil Sample Results March 2011).
Initial soil analyses 2010
The first soil samples were taken at the time of setting up of the plots. Representative 15 to 20 kg samples were
tested for particle size distribution at Geotechnics Laboratory and chemically analysed by Chemtest.
The following table sets out the samples analysed in 2010 as part of the initial appraisal of the sites, immediately
following or just before planting.
Site

Date Sampled

Ffos y Fran
Blaenau Ffestiniog
Borras
Dylife/Bryn Posteg
Bryn Posteg
Ffos y Fran
Blaenau Ffestiniog

29 Jan 2010
19 Feb 2010
12 Apr 2010
11 May 2010
1 Jun 2010
19 May 2010
17 Jun 2010

Number of
samples tested
2
2
3
2
3
3
6

Ffos y Fran samples OB South and OB North from January 2010 and FyF01 and FyF03 from May 2010 were
chemically very similar with high levels of iron and surprisingly high levels of calcium. There are no significantly
adverse levels of heavy metals apart from iron and manganese that are characteristic of Lower Coal Measure
strata and the pH ranges from 6.9 to 7.8. Surprisingly the organic matter appears to be relatively high at 5 to
9%. Given the calcium content – 1,000 to 1,700 ppm the cation exchange capacity is relatively high at 21 to 35
meq/100g. The grading curves are relatively similar, typical of open cast overburden, and show a clay to medium
silt content of 5 to 20% - this assists with the high CEC. Sample FyF02 was of PAS100 and in some respects
indicates vegetation derived from the general coalfield area.
The Borras samples BO10 and BO11 taken in April 2010 are gravel-rich sands; BO11 is the basic soil mix and
BO10 has 25% added PAS100. Both have negligible clay contents. Iron and manganese contents are relatively
high and there are slightly elevated levels of lead (52 to 66 ppm). This probably reflects the likely origin of the
sandy gravels/gravelly sands from the Carboniferous Limestone. The pH of the samples is slightly alkaline
reflecting the proximity to limestones. CEC is moderately low notwithstanding the presence of calcium – this
probably reflects the low clay and fine silt content. Organic matter levels are low (1.2 to 1.7%). Sample BO09
was of PAS100.
Blaenau Ffestiniog samples were taken in February 2010 (2 no) and June 2010 (6 no including 1 of PAS100);
both comprised waste slate debris. Clay and silt contents were very low in the February samples and in samples
BFT01 to BFT03 in June. Samples BFT04 to BFT06 had a greater silt content. Organic matter represented by
25% PAS100 that was added to BFT02, 03, 05 and 06 is not uniformly reflected in the analyses. This is probably
due to mixing. The cation exchange capacity was however moderate, increasing with the addition of PAS100, but
appearing to fall with the further addition of biofertiliser. This again may be related to mixing. Iron and
manganese levels were high in both sets of results, one sample in each set of results having more than 100 ppm
reflecting the local metamorphic geochemistry. The pH was mostly moderately high although BFT01 was 6.9. In
general the pH increased with the addition of PAS100 and again following the addition of biofertiliser.
At Dylife two samples were taken at the time of removing bulk samples to Bryn Posteg. These samples had a
sandy gravelly texture with little clay or silt. They had remarkably high lead concentrations of 15 to 22,000 ppm
(1.5 to 2.2%), with copper levels of 780 to 3700 ppm. This is characteristic of mining waste that included
negligible organic matter. The pH of the material was about 5.5 and acid; the mineral ores were sulphides
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contributing to the acidity. Unsurprisingly the cation exchange capacity was about 1 meq/100g. The materials
sampled at the Bryn Posteg site after placement are ostensibly represented by BP01 and BP02 although the
concentration of lead in both samples is very significantly lower than in the sample taken at Dylife and the pH
was correspondingly higher. Sample BP03 is stated to be PAS100 although its organic content is quoted at only
3.1% compared with 31% in BP02. The results from the analyses undertaken at the NRM Laboratories in March
2011 appear more reliable and consistent.
Subsequent soil analyses 2011
Repeat samples were taken during the second SK Environmental survey in early March 2011. The following table
sets out the samples analysed; individual samples are numbered in accordance with the plan of the plots. These
analyses are based on samples submitted to the Natural Resource Management Laboratories at the time of the
plant growth assessment. Analyses covered a range of determinands including pH, basic soil plant feed
chemicals (P, K, N and S), heavy metals and organic contaminants and total petroleum hydrocarbons (TPH (C10C40)). The soils investigated included a range of mineral matter, mineral matter plus PAS100 and mineral matter
plus PAS100 plus biofertiliser. The samples were collected and analysed in early to mid March 2011 after a
growing season. In most cases the analyses were consistent with the initial analyses undertaken in 2010 with
respect to mineral matter; one exception being the Bryn Posteg analyses from June 2010. It is considered that
the analyses for sample C2 from Bryn Posteg undertaken by NRM are more reliable and consistent with
anticipated geochemistry.

Site

Date Sampled

Ffos y Fran
Blaenau Ffestiniog
Borras
Dylife/Bryn Posteg

March
March
March
March

2011
2011
2011
2011

Number of samples
tested
7
6
9
3

In general it is well recognised that levels of N are high in biofertiliser compared with PAS100 and that levels of K
are high in PAS100 compared with biofertiliser. The addition of these materials separately or together should
have the effect of increasing the levels of K and N relative to mineral matter, and the levels of N relative to soils
comprising mineral matter and PAS100.
pH levels vary between a maximum of 8.7 and a minimum of 5.8. In all cases variations occurred within and
between sites as indicated below, and commonly as influenced by the application of PAS100. The findings for
each site are as follows:x

x

x
x

Borras. Here the soils are moderately alkaline, ranging from 8.2 to 8.7. There appears to be no
evidence of a decrease in pH resulting from the addition of 25% PAS100 but a slight fall occurred
following the application of biofertiliser.
Blaenau Ffestiniog. The mineral matter was that found on an existing tip but in one set of tests finer
waste was added to the existing tip material. Interestingly the existing waste tip had a pH of 5.8
(moderately acid) but with the added slate fines the pH was 8.6. Addition of PAS100 to the existing tip
increased the pH to 7.3 with a further increase to 7.8 on the addition of biofertiliser. A more
understandable reduction in pH occurred for the tip material with fine slate where the pH reduced from
8.6 to 8.1 with the PAS100 and further reduced to 7.6 with biofertiliser.
Bryn Posteg. Here the slightly acid pH ranged from 6.2 to 6.6 with no clear increase in acidity with the
addition of PAS100 (pH 6.6 cf 6.2 in the metal-rich soil).
Ffos y Fran. In the small trial plots the addition of PAS100 showed a reduction in pH from 7.8 to 7.3 but
increased to 7.8 with the addition of biofertiliser. Existing soil plots with established vegetation and
added biofertiliser (but with no PAS100) showed an increase in pH from 6.5 to between 6.8 and 6.9 for
various concentrations of biofertiliser.

From the above it appears that established soils at Borras and Ffos y Fran show a slight increase in pH with the
addition of biofertiliser although this increase does not appear to be proportional to the concentration of
biofertiliser applied. The situation elsewhere and with the trial plots comprising mineral matter and PAS100 is
inconsistent. The pH levels rose on the application of PAS100 at Blaenau Ffestiniog and Bryn Posteg but fell at
Ffos y Fran. To some extent these results may reflect the chemistry of the PAS100 employed but in general it
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appears that shifts in pH value are not dramatic on the application of biofertiliser but could have some effect on
pH levels on soils if high proportions of PAS100 are added.
The P, K, N, and S concentrations are similarly variable in the different sites with the addition of PAS100 and
subsequent biofertiliser applications:x

x

x

x

Borras. High levels of P, K and Mg resulted from the addition of biofertiliser to existing soil plots that did
not include PAS100. However the increase was not uniform but always marked at the highest
concentration level. There was little indication of any significant change in respect of nitrate or
ammonium N.
Blaenau Ffestiniog. The levels of P generally increased with both the application of PAS100 and
biofertiliser. However, whilst this also occurred for K and Mg with the slate waste following the addition
of PAS100 and biofertiliser the situation was less clear with respect to the slate waste that had added
slate waste fines. In the latter case there was a reduction in K and Mg values at the highest biofertiliser
concentrations. The reasons for this are not clear.
Bryn Posteg. The levels of P and K increased with the addition of biofertiliser and the addition of
PAS100 (but only for K). N levels also increased progressively with the addition of PAS100 and
biofertiliser. The increase in K levels was particularly marked (from 26 to 135 and 168 mg/l).
Ffos y Fran. The trial plots incorporating the use of PAS100 showed significant increases in P, K and Mg
compared with mineral only soils but a slight reduction in K and Mg levels with the addition of
biofertiliser. For the existing soils the levels of P dropped irrespective of concentration as did the level of
K. Mg levels increased but not directly in proportion to the concentration of biofertiliser. Nitrate N levels
changed little and the ammonium N also appeared to change little and decrease in respect of the small
trial plots.

From the above it is possible to see that whilst some anticipated increases occurred, others did not. The
reasons for this are not apparent although the impact was obvious in terms of plant growth. It is possible that
natural variations within the mineral matter and the permeability of the soils that were sampled are such that
increases that might have occurred were not identified in the testing.
The heavy metals comprising Cu, Zn, Pb, As, Cd, Ni, Cr etc were determined by ICPMS methods that involve
the dissolving of the soil samples in very strong acids – this puts the metals into solution for quantification.
On this basis the addition of PAS100 and biofertiliser would have little material impact on the overall level of
heavy metals as these additives themselves have low concentrations of heavy metals. Inspection of the test
results reveals a range of heavy metal concentrations that are totally within the variability of soils derived from
rocks containing these materials in relatively low concentrations. However there are some variations across
the sites that are of interest:x

x

x

x

Borras. Two of the soil samples (C2 and EC2) show high levels of Zn (962 and 1311 mg/kg) although
many of the soils have a much lower Zn content between 20 and 50 mg/kg. This is wholly consistent
with a glacially derived overburden that locally could comprise higher levels of heavy metals. There are
no changes in heavy metal concentrations that could be attributed to the application or otherwise of
PAS100 or biofertiliser. Pb levels are similarly elevated in the same two samples.
Blaenau Ffestiniog. The conductivity of the soil samples is surprisingly high at this site since although Zn
levels are slightly elevated there are no other heavy metals of significant concentration. It should
however be noted that the P levels are elevated; this may be due to a locally increased concentration of
iron which has various associated iron phosphate minerals. Whilst there is an increase in total P levels
with PAS100 and biofertiliser this is likely to be attributable to the local mineralogy rather than the
impact of the additives.
Bryn Posteg. The chemistry of this site is very interesting as it appears that three heavy metals Pb, Zn
and Cu comprise 6% by weight of the soil mineral materials. Pb on its own has a concentration of 52 to
53,000 ppm (5.2 to 5.2%). No significant change would be expected as a result of the addition of
PAS100 or biofertiliser notwithstanding the possibility that some of the vegetation may have removed a
small amount of heavy metal during plant growth. It should also be noted that the sulphate levels are
high since these elements occur as sulphates and sulphides together with other heavy metals including
arsenic and are linked to the low pH level.
Ffos y Fran. The conductivity at this site is similar to that at Bryn Posteg (slightly higher at
approximately 2,050 uS/cm). This again is probably partly due to the presence of iron phosphates. The
levels of Zn are also slightly elevated. There is no indication of any change in concentrations of heavy
metals as a consequence of the addition of PAS100/biofertiliser.
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Together, the findings of the analyses of the heavy metals and plant feed chemicals mixed with PAS100 and
biofertiliser, are consistent with variations in mixing the mineral matter with PAS100. Hand mixing and indeed
mixing with rotavators etc will never completely homogenise samples. Examples where anticipated increases on
mixing with PAS100 or adding biofertiliser have not occurred are probably attributable to mixing inconsistencies.
These are likely to occur in practice at the large scale. However variations in plant growth do not appear to be
reflected in heavy metal chemistry.
The analyses of organic compounds and total petroleum hydrocarbons (TPH) are almost entirely below the limits
of detection for all compounds on all four sites.
The most interesting results have not yet been obtained, namely the analysis of the organic matter growing on
the metal-rich artificial soil at Bryn Posteg. It is recommended that this be further investigated.
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7.0

Botanical Survey Results

The full botanical survey reports for both 2010 and 2011 covering all four trial sites are contained in Appendix 7
and 8. The following represents a non-technical summary for each visit to each trial.
FFOS-Y-FRAN – 2010 VISIT

Site Overburden, Tip Reclamation Mix, biofertiliser and PAS 100 Compost (Plots 1-9)
It is clear at Ffos-y-Fran that the addition of PAS 100 Compost and / or biofertiliser is beneficial for the
establishment of grassland species. The results shown in Table FYF1.1 clearly illustrate a stark contrast between
the plots that were supplemented with nutrients (1-3 and 4-6) and the control plots (7-9).
None of plots 1-9 scored very well on the National Vegetation Classification (NVC) system and it would not be
accurate to assign any known vegetation community to these plots. In subsequent years it is possible that this
will change and these plots may benefit from thinning of the Italian Rye-grass (Lolium multiflorum) to allow the
other species sown a chance to gain a foothold and reduce its dominance.

Site Overburden, Tip Reclamation Mix and biofertiliser at Low, Medium and High rate (Plots 1a – 12a)
Plots 1a – 12a scored very well on the NVC system, however it is difficult to be accurate about what effect, if any,
the addition of biofertiliser at the varying rates has had. It is clear that more of the sown species occurred at the
higher rates of biofertiliser addition, although even the control plots (1a-3a) showed good establishment of grass
species. Another limiting factor on this site is the slope of the overburden tip upon which the biofertiliser was
added. There was no obvious sign that the plots nearest the bottom of the hill showed any more effect of the
supplement than did the plots higher up the hill, but it is considered prudent to monitor this site for any signs of
this potential leaching effect in the future.
FFOS-Y-FRAN – 2011 VISIT

Site Overburden, Tip Reclamation Mix, Biofertiliser and PAS 100 Compost (Plots 1-9)
The results of the March 2011 survey are similar to those of the survey undertaken in 2010. This is to be
expected given that the period of time between surveys corresponds to the season where vegetation growth is at
its lowest. Evidence of die back is present within the plots with dead grasses being recorded at 59.2% in plots
with biofertiliser and PAS100 compost added (Plots 1-3) and 50.8% in plots with PAS100 compost added (Plots
4-6). This die back is typical of the time of year and correlates to the reduction in % grass cover within these
treatments when compared to the 2010 survey results. It is considered likely that the majority of the recorded
‘dead grass’ is Italian ryegrass (Tet. Lolium multiflorum). Italian ryegrass is a fairly large grass species and
therefore as it dies back it covers larger areas. It may be prudent in future years to undertake a management
regime at the plots which could include strimming in the autumn months and removal of arisings from the plots in
order to prevent rotting of grasses as they die back which can lead to vegetation beneath being smothered and
dying.
When the March 2011 data was analysed using Tablefit Version 1.0 none of the treatments were satisfactorily
matched to any British Standard National Vegetation Classification community. This was the same as the previous
years results.
The benefits of adding biofertiliser and PAS100 compost to the substrate to promote vegetation establishment
can still clearly be seen, with vegetation within the control plots being very sparse and specimens being much
smaller than in the non-control plots.
Subsequent surveys on the plots will be necessary to establish whether there is a distinct benefit in adding
biofertiliser to the compost, and if so what rates of biofertiliser would be optimal. Further monitoring will also be
necessary to determine whether the effect seen so far continues or if over time nutrients leach out and
vegetation cover/composition begins to change.
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Site Overburden, Tip Reclamation Mix and Biofertiliser at Low, Medium and High rate (Plots 1a – 12a)
The March 2011 survey results for Plots 1a – 12a are very similar to those recorded during the 2010 surveys.
Species composition across the plots remained consistent with approximately 10-15% dead grass recorded;
however this is typical for the time of year.
The Tablefit results for March 2011 were all rated as ‘Good’ with the NVC community MG7a – Lolium perenne Ley
Subcommunity: Lolium perenne – Trifolium repens being assigned to all treatments. These results are
comparable to the 2010 results although the Control treatment dropped from ‘Very good’ to ‘Good’, although
again this is likely to be due to the time of year.
As with the 2010 results it is difficult to be accurate about what effect, if any, the addition of biofertiliser at the
varying rates has had. From a distance when looking at the trial site the plots with biofertiliser added do appear
greener/healthier however, this is a qualitative assessment, with field results not showing significant differences
between species recorded within the plots. It may be that over time the differences become more apparent. As
mentioned in the 2010 report an additional factor for consideration is the slope of the overburden tip upon which
the plots are located. There was no obvious sign that the plots nearest the bottom of the hill showed any more
effect of the supplement than did the plots higher up the hill, but it is considered prudent to monitor this site for
any signs of this potential leaching effect in the future.
BORRAS – 2010 VISIT

Quarry Materials, BSH WF1 + A3, PAS 100 Compost and Biofertiliser
In the case of Plots 1- 15 where PAS 100 compost and/or biofertiliser were added at different rates there is a
clear sign that the species planted benefited greatly from the supplements. In fact, it is clearer here than on any
of the other Welsh sites that the different ratios of biofertiliser showed a distinct correlation to the ‘healthiness’ of
the plots.
During the course of the next 12 months it will be very interesting to see which species become dominant, i.e. as
the annual wildflower species die back, will the grassland species become more abundant?

Quarry Materials, Existing Vegetation Biofertiliser (Plots 1a -12a)
The plots where the existing vegetation had been allowed to continue growing after the addition of varying rates
of biofertiliser did not show significant differences. Much of the site was water-logged and the vegetation was
sparse over all of the plots.
There was no response from the existing vegetation to the addition of biofertiliser. Therefore, we can conclude it
would be deemed worthwhile adding further biofertiliser to determine whether or not an additional treatment
would be required before any significant differences in growth rates are perceived. In other words, was enough
biofertiliser added to stimulate growth and if not, how much would be needed at this site?
BORRAS – 2011 VISIT

Quarry Materials, BSH WF1 + A3, PAS 100 Compost and Biofertiliser
When surveyed in 2010 the plots were all dominated by the wildflower species which were sown, along with
additional herb species which had encroached on the plots from the surrounding area. As discussed in the
previous report (October 2010) the plots are now, as expected, dominated by the grasses. The majority of the
wildflower species which were sown were annual species which have died back during the winter months. This
reduction in overall coverage of wildflower species has allowed the grass species present to become increasingly
dominant. Visually plots look much less vibrant than during the 2010 surveys when the wildflowers were in
flower, however the grasses present appear healthy.
Wildflower species were still identified during the March 2011 survey, however the majority of these were actually
dead, with the brown stems, leaves and seed heads being recorded. An exception was ox-eye daisy
(Leucanthemum vulgare) which is a perennial and therefore it was the new growth of basal leaves which were
recorded. Very immature seedlings were recorded in areas of bare ground (left where herb species had died
back) although at the time of the survey they were too immature to identify to species level. It remains to be
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seen whether annual wildflower species will be observed later in 2011 as the annuals will either have to be
present within the existing seed bank or grow from seeds dropped from plants grown in 2010. It is predicted that
ox-eye daisy along with other perennial wildflower species will become increasingly dominant as they become
more established over the coming years.
The grasses, which were seen to have become dominant during the March 2011 survey, should continue to grow
well during the 2011 season. However, if left unmanaged during the winter of 2011 the taller grasses may die
back and rot, which could result in a decrease in grass species coverage as vegetation beneath the rotting
grasses could die due to a lack of light; this would lead to areas of bare earth re-appearing and a chance for the
seed bank to germinate again. In order to avoid grasses rotting it would be advisable to undertake management
such as strimming during the autumn months with arisings removed from the plot; this would encourage healthy
growth of grasses.
Overall the ‘healthiness’ of Plots 1-15 has not decreased significantly from the 2010 survey, and the small
decreases are most likely due to the timing of the survey as the 2011 growth season was only just beginning and
dead vegetation from the previous years annuals was present. The benefits of adding PAS100 compost and/or
biofertiliser were still evident within plots 1-12 (with the exception of plot 10, see below) when compared to the
control plots (plots 13-15).
The sward heights recorded during the March 2011 survey were lower than in 2010 but this reduction was
observed across all plots. The decrease in sward height is due to the fact it was fully grown wildflowers which
were being measured in 2010 and now it is newly growing grasses, which are generally shorter. During the 2010
surveys the control plots were on average almost half the height of the remaining plots. During the March 2011
survey the vegetation within the control plots was seen to be very sparse and it was not possible to measure
sward height using the same methodology employed for the remaining plots but it is considered to be below
50mm. This again gives a good indication of the benefit of adding biofertiliser and/or PAS 100 compost.
Plot 10 represents an anomaly where fat hen (Chenopodium album), an un-sown species, was seen to be
dominant in 2010. The coverage of fat hen seems to have precluded the growth of the sown grass species and a
number of wildflower species and although the fat hen has now died back (dead foliage still remains present)
bare ground is present beneath. This may mean that the wildflower and grass seed sown in 2010 could still be
present in the seed bank within the soil and therefore species not identified during the 2010 surveys may still
germinate in 2011. It may be prudent to remove the majority of the fat hen prior to any subsequent surveys to
identify whether or not any seedbank remains from species that were sown. This effect was also seen to a lesser
extent within plots 11 and 12. All three of these plots are within the same row and have be subject to the same
treatment of 2.5cm of PAS100 dug into the top 7.5cm of substrate with no biofertiliser added. Therefore, the
difference could be due to the absence of biofertiliser but presence of PAS100 compost allowing the fat hen to
take hold within the plots before the wildflower species had chance to become established. This would indicate an
important role for biofertiliser as it enables quick establishment of sown seed. However, it may be due to the
micro-environment within which the three plots are situated, given that they are all in the same row, e.g. they
could be located within close proximity to existing fat hen plants, from which the seed may have come.

Quarry Materials, Existing Vegetation Biofertiliser (Plots 1a -12a)
As during the 2010 surveys no significance differences were recorded between the treatments. The area of
ground used for this trial has very uneven topography with humps and troughs present throughout. Areas of
troughs have become water logged and willow carr is beginning to form in some of the wetter areas. Even where
small troughs are found vegetation is very different to that adjacent and these micro environments, present
across the study area, seem to be having more effect on vegetation growth than the treatments at present.
As suggested in the 2010 report it may be worthwhile adding further biofertiliser to determine whether or not an
additional treatment would be required before any significant differences in growth rates are perceived. In other
words, was enough biofertiliser added to stimulate growth and if not, can we establish how much would be
needed at this site.

Biofertiliser and Compost Trials on Mineral Extraction Sites in Wales

27

BLAENAU FFESTINIOG – 2010 VISIT

Slate Waste, Slate Fines, Coal Board Seed Mix, Biofertiliser and PAS 100 Compost (Plots 1-9)
It is clear from Table BF1.1 that the addition of both biofertiliser + PAS 100 (Plots 1 – 3) and PAS 100 alone
(Plots 4 – 6) had a positive effect on the establishment of the species sown. The differences between the
establishment rates of grasses and herbaceous plants e.g. White Clover (Trifolium repens), are to be expected
given the ratios at which these species were sown.
Table BF1.1 also illustrates that there is only a subtle difference between the addition of PAS 100 combined with
biofertiliser and that of PAS 100 alone, in terms of the establishment of the grasses. The higher success rate of
herbaceous species in the trials where only PAS 100 was added can be attributed to a lower success rate of the
grasses in these plots; allowing for greater colonisation of wildflowers. This may potentially vary as time passes,
but due to the unknown nature of how biofertiliser will perform over time in comparison to PAS 100 compost it is
difficult to say at this stage.
Furthermore, a subtle difference in sward height can be seen between the PAS 100 + biofertiliser treatment and
the PAS 100 treatment. With subsequent monitoring and further data it will be possible to quantatively measure
these differences and obtain a better understanding of the treatment effects. The differences between these
treatments and that of the control (Plots 7 – 9) are marked in contrast and can be assumed to be real effects.
Table BF1.4 shows that both of the treatments where PAS 100 and/or biofertiliser were added can be assigned an
NVC value. Neither of these values is sufficiently high to indicate a definitive vegetation type but they do illustrate
the benefits of adding the biofertiliser and/or PAS 100 to the substrate of this site in terms of producing
vegetation cover appropriate for restoration.

Slate Waste, Coal Board Seed Mix, PAS 100 Compost and Biofertiliser (Plots 1a – 9a)
Table BF2.1 illustrates a marked contrast between grass cover compared with the herb cover within Plots 1a – 3a
and 4a – 6a (PAS 100 + biofertiliser and PAS 100 only) and an overall poorer performance within the control plots
(7a – 9a). Although the overall sward height within plots 1a - 6a is lower than that seen within the plots 1 - 6.
The grass cover within plots 1a - 6a is higher, allowing limited space for colonisation by the clover or any other
herbaceous species. It is clear that through the addition of PAS 100 + biofertiliser or PAS 100 alone, a positive
influence on germination and establishment of the grass species occurred.
There is almost no difference in sward height between plots 1a - 3a and 4a - 6a, but both have grown
significantly higher than in plots 7a – 9a which could not be measured due to lack of growth of the vegetation.
The fact that very little benefit can be identified currently by the addition of biofertiliser to the PAS 100 compost
does not necessarily mean that there will be no difference over a longer period of time. Although this may be
something that will not become apparent until further on in the trials.
Table BF2.4 illustrates that Plots 1a – 3a and 4a – 5a scored poorly in Tablefit and were assigned the same NVC
Community as that of the PAS 100 only trials in plots 4 – 6.
It is clear, on this site that without the addition of either PAS 100 Compost and/or biofertiliser that the seed mix
will struggle to establish. Subsequent surveys on the plots will be necessary to establish whether there is a
distinct benefit in adding biofertiliser to the compost, and if so what rates of biofertiliser would be optimal.
Further monitoring will also be necessary to determine whether the effect seen so far continues or if over time
nutrients leach out and vegetation cover/composition begins to change, as so far all that is clear is that
PAS100/biofertiliser are essential for initial establishment of vegetation.
A comparison between the two control (7, 8 and 9 and 7a, 8a and 9a) plots on this trial clearly shows that there
is benefit for growth through the addition of slate fines. Although, the addition of the slate fines alone is not
sufficient to stimulate satisfactory growth there is however an increase in grasses where the slate fines were
added and a decrease in overall bare ground.
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BLAENAU FFESTINIOG – 2011 VISIT

Slate Waste, Slate Fines, Tip Reclamation Mix, Biofertiliser and PAS100 Compost (Plots 1-9) and Slate Waste, Tip
Reclamation Mix, PAS100 Compost and Biofertiliser (Plots 1a – 9a)
The results of the March 2011 survey closely match those of the survey undertaken in 2010. This is to be
expected given that the period of time between surveys corresponds to the season where vegetation growth is at
its lowest. Some evidence of die back is present within the plots with dead grasses being recorded at
approximately 5-10% across all plots; however this is typical of the time of year.
The benefits of adding biofertiliser and PAS100 compost to the substrate to promote vegetation establishment
can still clearly be seen, with vegetation within the control plots being very sparse and specimens being much
smaller than in the non-control plots.
The Tablefit Version 1.0 results for the March 2011 survey show that for slate waste and fines plots and slate
waste only plots the closest fit for an NVC community is MG7a Lolium perenne Ley Subcommunity: Lolium
perenne – Trifolium repens. This community has a ‘goodness of fit’ which is high enough to be accepted for plots
1-3 (slate waste, slate fines, PAS100 compost plus biofertiliser) and plots 4-6 (slate waste, slate fines and PAS100
compost) which is an improvement on last year. This community can also be accepted for plots 1A-3A (slate
waste, PAS100 compost and biofertiliser) and plots 4A-6A (slate waste plus PAS100 compost) which is the same
as the 2010 results.
The addition of slate fines when compared to slate waste alone appears to have small additional benefits with
white clover cover being higher in plots with slate fines added. However, more time will be needed to determine
if this is significant in the long term.
It is difficult to use the percentage of bare ground as a guide to whether the different treatments are more or
less successful as across the trial the majority of bare ground, within plots which have had biofertiliser and/or
PAS100 compost added, comprises large pieces of slate (which cannot support vegetation growth) and therefore
it is the substrate environment, i.e. how many large pieces of slate are present, which determines bare ground
percentage. Wherever practically and realistically possible it may be worth while removing all large pieces of
slate (above an agreed size e.g. 25cm) from the trial plots in order for a greater level of consistency between
baseline conditions within the plots to be observed in the future, allowing differences in vegetation cover to
become apparent due to the different treatments alone.
Subsequent surveys on the plots will be necessary to establish whether there is a distinct benefit in adding
biofertiliser to the compost, and if so what rates of biofertiliser would be optimal. Further monitoring will also be
necessary to determine whether the effect seen so far continues or if over time nutrients leach out and
vegetation cover/composition begins to change.
BRYNPOSTEG – 2010 VISIT

Lead Processing Waste, Tip Reclamation Mix, PAS 100 Compost and Biofertiliser (Plots 1-9)
Table BR1.1 illustrates clearly that both PAS 100 + biofertiliser treatment (Plots 1 – 3) and the PAS 100 only
treatment (Plots 4 – 6) benefited hugely from the addition of both organic amendments. There is very little
difference in the effect of either treatment. In stark contrast the grasses in the control treatment (Plots 7 – 9)
struggled to establish at all. This indicates that without any addition of nutrients from either the biofertiliser or
the PAS 100 compost, the seed mix would fail to establish on this substrate.
Good growth rates for grass species, especially Perennial Rye Grass (Lolium perenne) and Italian Rye Grass
(Lolium multiflorum) can be clearly seen by the sward heights attained on Plots 1 – 3 and 4 – 6. There was very
little difference in heights.
The NVC communities assigned to Plots 1 – 3 and 4 - 6 in Table BRY1.4 have poor ‘goodness of fit’ values (51
and 58 respectively) and therefore cannot be relied on as a useful indication of the NVC community. It is clear
from the raw data in Appendix 3 that only the two species of rye grass mentioned above have managed to grow
well on this substrate. However, the total failure of any of the species sown to establish within the control plots is
a strong indication that without adding either PAS 100 and / or biofertiliser that the seed mix used would not
establish on this substrate.
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Further investigation into what species mix would be more suited to this site would be recommended based on
these initial findings.
At present it would seem that PAS 100 compost added to the substrate on its own has a beneficial effect without
the addition of biofertiliser. However we cannot be sure, six months after the trial commenced, that sequestration
of metals by organic matter will be effective in the long-term and reduced plant growth may occur in the future.
The raw mine spoil (Dylife lead mine) contained high total concentrations of the phytotoxic elements copper
(3700 mg kg-1), lead (22,000 mg kg-1), zinc (4800 mg kg-1) and manganese (850 mg kg-1). The additional
constraint to plant growth was the extremely low concentration of major plant nutrients (available P (<2.0 mg l1), K (<5.0 mg l-1), Mg (13.0 mg l-1) and ammonium-N (<0.5 mg kg-1). Cation exchange capacity was also
extremely low and thus the spoil will have virtually no nutrient retention capacity. Therefore it was not a surprise
that there was very low survival of grass seedlings in the control treatment plots.
BRYNPOSTEG – 2011 VISIT

Metal Processing Waste, Tip Reclamation Mix, PAS100 Compost and Biofertiliser (Plots 1-9)
As discussed within the previous report (October 2010), it is not surprising that the control plots show a very low
survival (conversely, high mortality) of grass seedlings with the vast majority of seeds failing to germinate. The
un-germinated seeds were observed lying on the surface of the spoil. A combination of toxicity and a physically
unsuitable spoil surface were probably responsible for the failed germination and plant establishment and growth.
This trend has continued, with the same result being observed during the March 2011 survey with no
improvement in seed germination and/or vegetation growth within the control plots.
Blending PAS100 green compost with mine spoil and blending biofertiliser plus PAS100 compost had a dramatic
and substantial effect on plant growth as observed during the 2010 survey with the response being similar in all
three replicates of both treatments. The result was dense grassland with a sward height close to, or just above,
half a metre in the majority of plots. Total foliage cover estimated in sample quadrats (1m x 1m) was 100% in all
plots. The species composition of the vegetation was dominated by Italian ryegrass (Tet. Lolium muliflorum)
which had a percentage cover of 88% in the biofertiliser plus PAS100 compost treatment and 83.2% in the
PAS100 compost treatment. Perennial ryegrass (Lolium perenne) contributed between 11-15% and bent
(Agrostis capillaries) being present at a low percentage (other sown species were insignificant (creeping red
fescue (festuca rubra rubra) or not found at all (chewings fescue (Festuca rubra commutate) and white clover
(Trifolium repens). During the 2010 surveys it was observed that suppressed plants at the base of the vegetation
were senescent and starting to rot.
During the March 2011 survey it was found that the senescence and rotting of the vegetation had become
complete with a mat of dead rotten grass (silage) covering all but the very edges of all of the non-control plots.
The mat of dead grass has completely killed the vegetation underneath with only bare ground present when it is
pulled to one side.
The best options for moving forward with this trial are to remove the matted dead grass and either to dig over
the ground and leave it to see whether the seed bank is still viable re-growth of grasses will occur or to re-seed
the plots. No quadrat data has been recorded for these plots as the cover of dead grass estimated in sample
quadrats (1m x 1m) would be 100%.
During the 2010 surveys the composition of vegetation around the outer fringe of each plot was different with a
lesser contribution from Italian ryegrass and relatively more perennial ryegrass, bent and red/chewings fescue
being observed. This almost certainly occurred due to reduced competition from Italian ryegrass. This is
interesting as the outer fringes of the plots are the only areas where grass species have survived in March 2011.
All sown species, with the exception of white clover, were recorded within the outer fringes of all six non-control
plots, with no obvious differences between the biofertiliser and PAS100 compost treatment and PAS100 compost
treatment being observed.
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8.0

Conclusions and Recommendations

Generally
It is concluded that the addition of PAS 100 Compost to mineral non-waste by-product at the four sites had a
dramatic effect on the successful growth of the various vegetation trials; the photographs in Appendix 10 are
clear testimony to this. The single application of biofertiliser liquor appears to have had a subtler improvement
on vegetation growth beyond that enabled by the PAS 100 compost addition.
These results have been achieved irrespective of the variation in pH, particle size or chemical make up of the
non-waste by-products available and used at the four sites. This indicates that it is the amendments and/or the
process of mixing/application which has engendered these results.
While not tested within the brief of this research, one can speculate as to the possible factors which aided this
much-enhanced vegetation growth. Firstly, PAS 100 compost and biofertiliser provide nutrients (in particular, N,
P and K). Secondly, PAS 100 compost provides water retention (all the more important where the mineral nonwaste by-products have minimal capacity to retain moisture). Thirdly, the application of biofertiliser, itself,
provides one watering action. Fourthly, the addition of PAS 100 compost provides a structure to the
manufactured soil, in particular, providing aeration. Fifthly, the incorporation of the compost and biofertiliser
provides the nutrient, water, air etc. at an optimal level for emerging root growth.
Site Selection
The objective of covering the four main historic extractive industries of Wales (coal, aggregate, slate and
metalliferous ore) was achieved. The original proposal of finding a metalliferous mine where the trials could take
place in-situ proved problematic given planning designation constraints and general environmental concerns. The
use of a bespoke trial facility at Brynposteg utilising material from Dylife overcame these difficulties.
Trial Location
The trial plots in Borras, Blaenau Ffestinoig and Ffos-y-fran were located in places which were typical of the
slopes and configurations of the restoration objectives. At Brynposteg, the lead mine waste was spread to recreate, in part, the disposition at Dylife. At Ffos-y-fran, given the large overburden mound side slopes already
seeded, additional trials were located on these slopes onto which biofertiliser was hydraseeded.
Methodology
The original methodology was adhered to (see Appendix 3) with minor adjustments. The Dylife trials were relocated to Brynposteg. The Brynposteg trials were kept to a minimum while those at Borras and Ffos-y-fran were
extended to include more variables. The Blaenau Ffestiniog trials were adjusted to suit the planting season i.e.
bare root tree planting was replaced by a seed mix.
Logistics
1000 litre Intermediate Bulk Containers (IBCs) on pallets proved to be the preferred method for delivering
biofertiliser to sites (and for their distribution within the sites). Compost was similarly delivered to (and used
within) sites in 1m³ bulk bags. For full restoration schemes, truck delivery of PAS 100 and tanker delivery of
biofertiliser would be required; temporary on-site storage may need to be arranged.
Laboratory analysis
The laboratory analysis of the mineral non-waste by-products at the four sites confirmed the general
understanding of geochemical variations within naturally occurring rocks near the sites investigated.
No discernible change in chemistry (including pH) was discovered in the final samples tested in March 2011 or
could reliably be linked to variations in growth. Variations in mixing appears of override anticipated changes in
chemistry of some soil mixes. The range of pH from slightly acid to alkaline did not appear to limit the vegetation
growth achieved once PAS 100 compost and biofertiliser was added.
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Further trials are recommended to evaluate the uptake of heavy metals at the sites where these were present at
above normal Soil Guidance Values as published by the EA.
Vegetation Growth
The vegetation growth at all sites on all plots with added compost/biofertiliser compared with the control plots
was substantial and in most cases dramatic. The Italian rye grass shown on the lead waste with PAS 100
compost at Brynposteg grew 0.5m in one season compared with nil germination on the control plots. Those plots
with the addition of biofertiliser grew by up to an additional 10%. While the additional growth due to biofertiliser
is subtle, further applications might well have achieved even better results. In summary, it is the addition of PAS
100 compost (even in small amounts) which appears to provide the nutrients, water retention and structure that
encourage vegetation growth; the application of biofertiliser appears to be a short term boost to growth. It may,
therefore, require regular applications and this should be the subject of future or on-going trials.
All sites other than Borras are above 300m AOD with high rainfall. There is therefore significant potential for
erosion avoidance. It is the author’s opinion that plant growth may make a useful contribution to erosion control.
Longevity
These trials were devised to assess vegetation growth over a single planting season. They cannot, therefore,
address the question of whether the growth achieved is sustainable or might require additional dressing of
compost or applications of biofertiliser. At Brynposteg the vigorous 0.5 metre growth of the rye-grass has
become a dense mat over winter which may suppress future growth. At the other sites growth of other seed
mixes and plants appears to be more typical which may lead to a more sustainable on-going vegetation cover and
soil development.
Legal Context
The principal reason for using PAS 100 was that it was a product not a waste and therefore permitting or permit
exemption would not be required from the EA; it is also certified to Quality Protocol Standard. A reading of the
Mining Waste Directive that came out by way of the introduction of Extractive Materials Management Statements
towards the end of 2010 indicates that even though mineral materials earmarked for quarry restoration that
would be treated by the EA as non-waste by-products and not require an Environmental Permit for use in
restoration, this material could possibly be treated as mining waste if it was mixed with another material, even
though that material was a product (as in the case for PAS 100).
It is important that the UK Government, Welsh Assembly Government and the EA clarify the situation and allow
the use of PAS 100 compost and eventually Quality Protocol Compliant PAS 110 biofertiliser in the restoration of
mineral (and similar) sites. The authors are convinced that the use of PAS 100 as an additive to mineral matter
that is classed by the EA as non-waste by-product is not an activity that generates a new waste but constitutes a
viable method of producing soils for quarry restoration.
Recommendations for Future Work
1.

Trials are undertaken which are longer term and involve additional and repeated applications of
biofertiliser on both the already established plots (or parts thereof). This would establish the specific
benefit and role played by biofertiliser.

2.

Expand the trials on metalliferous wastes to include different vegetation mixes (the current trials have
established that PAS 100 compost and biofertiliser can enable the growth of vigorous and robust species
such as rye grasses).

3.

Test the vegetation at Brynposteg in order to assess the uptake of heavy metals by the ryegrasses.

4.

Undertake testing of:
i.
ii.

Water flowing in surface streams upstream of the Brynposteg and Dylife sites;
Water flowing in surface streams downstream of Dylife;
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iii.

5.

Water collected from the sealed sump at Brynposteg where the vegetation growth, action of
the compost/biofertiliser may have some effect on heavy metal levels.3

Discuss with the UK and Welsh Assembly Governments and the EA the need for clarity to encourage the
use of PAS 100 compost and PAS 110 biofertiliser in the restoration of mineral sites (and similar land).

3
During the investigation of suitable metaliferous mine sites in central Wales, it was apparent that spoil tips with little or no
vegetative cover were contributing to downstream contamination following seasonal heavy rainfall.
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Appendix 1
AD Analysis
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Appendix 2
PAS 100 Certificates
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ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF
ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

General Information

1.

Criteria

Commentary

The aim of the trial must be to
recover1 waste.

The aim of the trial is to assess the benefits of, and
develop best practice for, using AD liquor as a
fertiliser in mineral restoration projects, thereby
utilising a waste product and reducing the use of
artificial fertilisers.
A Quality Protocol (QP) for AD digestate has recently
been published, but not all AD liquor will meet the
requirements of the QP. AD liquor that does not
meet the requirements of the QP will still be classed as
waste.
Furthermore, the QP does not permit the application
of AD liquor for land restoration/remediation purposes
– it only permits the use of QP AD liquor in agriculture
and forestry. AD liquor, even that which meets the
requirements of the QP in all other respects, applied
to land for restoration/remediation purposes would
still be classed as waste and would therefore require a
U11 Exemption.
With the number of AD plants being used to process
biodegradable (food) waste in the UK likely to rise in
the future, the production of AD liquor will rise
accordingly and alternative uses (other than spreading
on agricultural or forestry land) for both QP and nonQP AD liquor will be required – see Point 3 below.
It is hoped that these trials will provide evidence of
the benefits and environmental safety of using AD
liquor for restoration/remediation purposes, and that
this evidence can then be considered in the next
review of the QP with a view to permitting the use of
AD liquor that meets all the other requirements of the
QP for restoration/remediation purposes (and
therefore no longer classifying such AD liquor as
waste).

2.

The types and quantities of waste
to be used in the trial must be
clearly specified.

The only type of waste that will be used in the trial is
AD liquor, which will be applied to overburden tips.
The quantities to be used are all very small, as detailed
in the trial methodology.
N.B. The QP PAS100 compost which is also being
used in the trials is NOT classed as waste.

1

The essential characteristic of a waste recovery operation is that its principal objective is that the waste
serves a useful purpose in replacing other materials which would have had to be used for that purpose,
thereby conserving natural resources.

June 2010
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3.

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF
ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

Criteria

Commentary

The trial must be designed to
produce clear outcomes including
an understanding of the benefits
and any risks or potential harm
that might result from the
process.

The trials are designed to allow comparison of survival
and growth rates of planted and existing vegetation
after the application of AD liquor (as fertiliser) with
survival and growth rates obtained on control plots
and on plots with the addition of QP compost only.
Since 6 April 2010, AD liquor derived from anaerobic
digestion at premises not used for agriculture and
burning of resultant biogas (Paragraph T25) has been
permitted to be spread on reclamation/restoration
sites under the Standard Exemption U11 – Spreading
waste on non-agricultural land to confer benefit.
However, to the best of our knowledge little research
has been undertaken into the impacts of this
application on the growth of existing or planted
vegetation on mineral restoration sites.
The use of slightly differing methodologies on the
four different trial sites (for each of which permission
is being sought separately) is intended to take account
of the different types of mineral restoration sites that
occur in Wales, and the implications (both positive
and negative) that these have for the use of AD liquor
in restoration.

4.

There must be a realistic prospect
that the trial will lead to a process
that can be adopted more widely
and that the trial will not be a
one-off exercise.

The use of slightly differing methodologies on the
four different trial sites is intended to take account of
the different types of mineral restoration sites that
occur in Wales, and the implications (both positive
and negative) that these have for the use of AD liquor
in restoration. It is hoped that any positive impacts
arising from the application of AD liquor could be
adopted widely in Wales, the UK and further afield.

5.

There must be a scientific need to
demonstrate that the proposed
process works.

To the best of our knowledge, no trials of AD liquor
have so far been undertaken in relation to the
restoration of mineral sites. While it is known that AD
liquor applied to, for example, agricultural land has
beneficial impacts on plant growth, the effects of AD
liquor on existing and planted vegetation on (restored)
mineral sites is not known.

6.

The scientific need cannot be met
using information that can
reasonably be sourced elsewhere
(e.g. from previous trials,
experience in other countries or a
literature search).

To the best of our knowledge AD liquor has not
previously been used in this way, either experimentally
or on a larger scale.

June 2010

Although AD liquor is currently used as fertiliser on
agricultural land, the requirements of a fertiliser for
the vegetation types that are typically used in mineral
restoration are significantly different to the
requirements of a ‘normal’ agricultural fertiliser. The
growing substrate is also often significantly different,
generally poorer, to ‘normal’ agricultural land.
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7.

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF
ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

Criteria

Commentary

The trial must have a start and
end date and will not normally
continue for more than six
months.

The start date for the field trial stage of the trials is
April 2010, though the initial stages do not involve
the application of AD liquor to the trial sites.
The end date for the field trial stage is March 2011.
It is necessary for the trials to last longer than 6
months as the monitoring of survival and growth rates
over only 6 months would have little validity or realworld application.

8.

There must be a clear plan for
dealing with any residual waste
or infrastructure on the site at the
end of the trial to ensure these
will not be abandoned.

The only on-site infrastructure that will be required for
the trials is the fencing of the trial plots to prevent
grazing damage by sheep and rabbits, timber pegs to
mark the boundaries of the different trial plots, and a
containment ditch to be dug around the trial plots to
capture any runoff that may arise. Both fencing and
pegs will be removed at the end of the trials, and the
containment ditch will be back-filled.
Where possible the trial locations have been chosen
so that any planted vegetation that remains at the
end of the trials can be incorporated into the agreed
restoration scheme for the relevant trial site. Where
this is not possible, any residual vegetation will be
removed at the end of the trial and disposed of as
‘green waste’ at an appropriate licensed waste facility.

9.

The trial will not distort the
market while it is carried out.

The current ‘market’ for AD liquor is, to the best of
our knowledge, as an agricultural fertiliser. The
quantities of AD liquor that will be used in the trials
are insignificant within the overall volume of AD
liquor produced either by the supplying AD plant (at
Holsworthy in Devon) or in the UK as a whole.

10.

It would be disproportionate for
you to obtain a permit for the
trial.

The small quantities of AD liquor that will be applied
in a single application to each of the four sites, and
the low rates per m2 that it is being applied at, mean
that it is considered disproportionate to be required to
apply for an environmental permit or exemption. The
funding of the project, provided by WRAP/WAG, and
the project timescales, are not sufficient to allow
environmental permits or exemptions to be obtained
for each site.
Furthermore the trials project is being overseen by
WRAP and funded by WAG, and although there is no
charge for the issuing of a U11 Exemption the
additional costs that would be entailed in obtaining
the exemption are not considered to be an efficient
use of WAG funds.

June 2010
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11.

12.

13.

June 2010

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF
ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

Criteria

Commentary

The trial meets the relevant
objectives of the Water
Framework Directive: “…ensuring
that waste is recovered or
disposed of without endangering
human health and without using
processes or methods which
could harm the environment and
in particular without – (i) risk to
water, air, soil, plants or animals;
or (ii) causing nuisance through
noise or odours; or (iii) adversely
affecting the countryside or
places of special interest”.

The trial sites have been chosen to minimise the risk
of them having any impact on fauna and flora, other
than existing vegetation which forms part of the trials.

Where the activity is covered by
the Integrated Pollution
Prevention and Control Directive
you must also demonstrate
efficient use of energy and water.

We do not believe that the activities would be covered
by the IPPC Directive.

We are able to set specific and
appropriate conditions for the
duration of the trial to ensure
there is no harm to health or the
environment.

The trial involves the application of AD liquor at only
very low rates, and any run-off that does occur would
be captured in the surrounding containment ditch.

The trial sites will be located at least 10m from any
watercourse, and 50m from any borehole.
While odour could potentially cause a nuisance, the
isolated location of the trial sites and the low volumes
of AD liquor to be applied should mean that any
odour nuisance is both short-lived and of negligible
significance.

Furthermore, the trials will not make direct use of
energy or water (other than in setting up and
monitoring the trials which will make use of limited
mobile plant and machinery for the installation of
perimeter fencing and excavation of the containment
ditch, and road transport for the movement of
personnel, fencing materials, QP PAS100 compost, AD
liquor and planting material).

An appropriate risk assessment will be undertaken for
the trial methodology, and measures relating to the
health and safety and the provision and use of
appropriate PPE will be undertaken to minimise the
risks to operatives and any other persons who might
be affected by the trials.
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ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF
ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

Current Status of Compost and AD Liquor in Mineral Restoration and
Reclamation
Compost meeting the relevant Quality Protocol (QP) is not classed as waste and can
therefore be used in mineral restoration/reclamation without requiring environmental
permits or exemptions.
Non-QP compost is classed as waste, but its use in mineral restoration/reclamation can
be permitted under the Standard Exemption U11 at the discretion of Environment
Agency (EA).
A QP for AD digestate has recently been approved. Under the QP, AD liquor meeting all
the other requirements of the QP can be applied to agricultural or forestry land. The QP
allows the application of AD digestate fibre that meets all the other requirements of the
QP to restoration/remediation land, but not AD liquor.
AD liquor is still classed as waste if applied to restoration/remediation land, but its use
in this context can be permitted under the Standard Exemption U11 at the discretion of
EA.

June 2010
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Current position: any existing environmental permits or
exemptions from the need for a permit. Operator’s level of
competence.

2.

June 2010

Proposed operation (including proposed waste types to be
used), purpose and intended outcome of the trial. Intended
environmental or commercial benefits, waste inputs and
outputs – include details of any residual waste not recovered
more efficiently.

1.

Information Required

ANNEX 1
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As landscape architects and planners with extensive experience in the minerals and waste
industries, David Jarvis Associates Limited (DJA) is experienced in the design and
implementation of mineral and waste restoration schemes.

The Miller Argent team are experienced in earth moving operations. The Operations
Manager is responsible for all workings and activities which take place within the site
boundary. An Environmental Liaison Officer was appointed at the beginning of the scheme
to oversee all environmental issues on site. Miller Argent routinely has regular meetings
with the Environment Agency & other relevant government agencies/departments.

To the best of our knowledge there are no EA exemptions relating to the use of waste on
the site.

SEE DETAILED TRIAL METHODOLOGY FOR FURTHER INFORMATION

N.B. QP PAS100 compost is NOT classed as a waste product and does NOT therefore require
permitting or exemption.

No residual waste will be generated by the use of non-QP AD liquor.

If non-QP AD liquor is shown to be beneficial and safe for mineral restoration/reclamation
sites, this will create an additional market/use for non-QP AD liquor.

(b) Triplicated trials to assess effects of the addition of non-QP AD liquor on the growth of
existing emergent vegetation growing on as-yet unrestored colliery waste.

(a) Triplicated trials to assess effects of the addition of QP PAS100 compost and QP PAS100
compost and non-QP AD liquor in the establishment and growth of low maintenance grass
seed mix sown on as-yet unrestored colliery waste.

Information or Location of Information

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF ANAEROBIC DIGESTATE
LIQUOR (A WASTE) WITHOUT THE ISSUE OF ENVIRONMENTAL PERMITS OR EXEMPTIONS

Whether there are existing methods capable of being used to
achieve the objective. If so, how the proposed trial differs and
the benefits of that difference.

Details of on-site operation/activity including quantities of
waste to be stored and processed, and the method of storage
and processing.

4.

5.

June 2010

Site location and infrastructure (including plan).

3.

Information Required

ANNEX 1
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SEE DETAILED TRIAL METHODOLOGY FOR FURTHER INFORMATION

Once applied to the trial plots, the vegetation on the trial plots will be monitored at
appropriate intervals (depending on the season) to assess establishment, growth and survival
rates.

Any unused AD liquor will be disposed of via an appropriately licensed waste management
facility.

The AD liquor will be applied to the trial plots by watering can fitted with a dribble bar.

No further processing of the AD liquor will be required.

AD liquor will be brought onto site and stored in closed 1000 litre Integrated Bulk
Containers (IBCs). The containers will be stored until needed in an observed and safe part
of the site 10m away from any watercourses or drainage ditches and 50m away from any
Spring or well.

To the best of our knowledge, the use of AD liquor in this context has not been previously
trialled.

The only new infrastructure that will be installed at the site is fencing around the overall
boundary of the trial plots to exclude sheep and rabbits from the trial plots, and a
containment ditch to be dug around the trial plots.

The only part of the existing site infrastructure that will be used for the trials are the existing
site access roads.

The location of the trial plots within the site are shown on Figure 2.

The trial will take place at Miller Argent’s Ffos-y-fran land reclamation scheme, Fochriw
Road, Merthyr Tydfil, CF48 4AE, Wales – see Figure 1.

Information or Location of Information
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controlled waters*

land

sewer

plants

animals

nuisance.

x

x

x

x

x

x

Details of environmental and health impact, and proposed
mitigation measures, for:

8.

air (including dust, litter, odour)

Period of trial – normally the activity should not exceed six
months. You will have to justify any longer period.

7.

x

Actions that will be taken following completion of the trial,
e.g. what permit will be needed for the proposed activity, will
an application for a permit be made, removal of
wastes/infrastructure, etc.

6.

Information Required

ANNEX 1
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The trials are not predicted to have any other significant impact on any other sensitive
receptors either inside or outside the site.

While odour could potentially cause a nuisance, the isolated location of the trial sites and
the low volumes of AD liquor to be applied should mean that any odour nuisance is both
short-lived and of negligible significance.

The trial sites will be located at least 10m from any watercourse, and 50m from any
borehole. The low levels of AD liquor that are being applied to the sites should minimise
the risks of run-off and associated water or ground pollution. In addition, a containment
ditch will be dug around the trial plots to capture any runoff that does occur.

The trial sites have been chosen to minimise the risk of them having any impact on fauna
and flora, other than existing vegetation which forms part of the trials.

The nature of the trials means that it is necessary for the trials to last at least one complete
growing season in order to provide valid results.

The field trials will run from April 2010 to March 2011, though the parts of the trials
relating to the use of AD liquor are not due to take place during the initial stages.

Any runoff from the trials that has been captured in the surrounding containment ditch will
be removed and disposed of via an appropriately licensed waste management facility. The
ditch will then be backfilled and restored to existing/surrounding surface levels.

All fencing and marker posts will be removed from the trial plots and disposed of via an
appropriately licensed waste management facility.

Information or Location of Information

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF ANAEROBIC DIGESTATE
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energy consumption.

x

June 2010

Does your trial align with the adopted national, regional or
local spatial planning framework for waste or support its
implementation?

generation of waste

x

11.

generation of noise and vibration

x

Whether a market already exists for the output you are
proposing and, if so, how the trial will affect that market.

generation of heat/energy

x

Details of approximate:

10.

9.

Information Required

ANNEX 1
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The trials are a WRAP/WAG-funded project and relate to finding future beneficial uses for
the output (AD liquor) from the anaerobic digestion of biodegradable waste (predominantly
food and animal waste). The trials therefore relate to the reuse of a waste product.

There is no marketable output from the trials.

Other than that which arises from the transport of materials and personnel to the sites, the
erection of the perimeter fencing, the marking out of the trial plots, and the dismantling of
the trial plots, the trials should consume no measurable amounts of energy.

The only waste that will be generated by the trials will be the fencing (timber posts and
wire) that will be removed at the end of the trials. The IBCs will be returned to the
supplying for washing and reuse. Any AD liquor that is trapped in the containment ditch
will be removed and disposed of via an appropriately licensed waste management facility.

Except during the erection of perimeter fencing, the marking out of the plots, the
excavation of the containment ditch, and the eventual dismantling of the trial plots, the
trials should generate no heat, energy, noise or vibration.

Information or Location of Information
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12.

Why should you not obtain an environmental permit for this
proposal?

Information Required
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Furthermore the trials project is being overseen by WRAP and funded by WAG, and
although there is no charge for the issuing of a U11 Exemption the additional costs that
would be entailed in obtaining the exemption are not considered to be an efficient use of
WAG funds.

The aspect of the trial that theoretically requires an environmental permit or standard
exemption is the application of a total of 398 litres of non-QP AD liquor (which is classed as
waste) to 12 No. trial plots covering an area of 252m2 of as-yet unrestored colliery waste.
Whilst the permeable nature of the substrate, and the potential run-off risks that this
entails, are understood, the risks of measurable environmental damage arising from the
trials are considered to be minimal. The requirement to obtain an environmental permit or
exemption for the trials is therefore considered an unnecessary burden on the trial
operators.

Information or Location of Information
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1949/FYF/AD/Compost Trials in Wales

WRAP (WALES)

AD/COMPOST TRIALS
PROPOSED DETAILED TRIAL METHODOLOGY – FFOS-Y-FRAN
Revised 11 June 2010

SITE DESCRIPTION
Site description – land reclamation scheme (former coal workings), Fochriw Road, Merthyr Tydfil, CF48
4AE on Miller Argent controlled land. See Figure 1 - Location Plan.
Trial plots will take place on overburden tips within the land reclamation scheme site. See Figure 2 –
Trial Locations Plan.
QP PAS 100 TRIALS
There will be 9 No. 3m x 3m trial plots, including 3 control plots. All trial plots to be in triplicate.

METHODOLOGY
1. Set out trial plots and mark using timber posts.
2. Add 2.5cm depth QP PAS 100 compost and incorporate into top 7.5cm of substrate on 6 No.
plots. (outlined green in Diagram 1)
x

x
x

3

3

1.35m (approximately 1 tonne, based on conversion of 1m = 0.75 tonnes) compost to
be delivered in bulk to Miller Argent Site at Ffos-Y-Fran by Bryn Quarry Ltd at a date
agreed with Miller Argent.
Compost to be transported within site to trial location point by Miller Argent using
appropriate mobile plant.
QP PAS 100 compost to be incorporated into substrate using mobile plant (plant and
operator provided by Miller Argent) and hand tools as required.

3. Seed plots with rough grass mix as used elsewhere in the restoration – 55% perennial ryegrass,
5% Italian ryegrass, 5% brown top bent, 10% Chemings fescue, 20% creeping red fescue, 5%
white clover.
4. Miller Argent to fence perimeter of trial plots with rabbit and sheep-proof fencing ASAP after
seeding – 1m offset from outside edge of trial plots – 68m total length of fence.

5. Miller Argent to excavate containment ditch around perimeter of trial plots – see Point 6 below.
6. Once vegetation has started emerging on the plots AD liquor to be applied onto 3 No. plots
(hatched solid orange in Diagram 1).
x
x
x
x
x

x
x
x

Set out 1m string grid (using canes) to facilitate accurate application of AD liquor.
3 plots to have a small quantity (11.25l each) of AD liquor applied in a single
application.
Liquor to be applied by watering can/dribble bar.
AD liquor will NOT be applied during periods of heavy rainfall.
If run off from the plots occurs it is likely to be minimal due to the very small quantities
of liquor being applied. However if run off does occur this would be contained within
the containment ditch surrounding the trial plots.
In addition the 3 No. plots on which AD liquor will be applied will have had PAS 100
incorporated into them to further reduce the risk of run off.
All measuring and filling will be done in the area within the containment ditch.
3
AD liquor nutrient analysis:
6.18kg N/m pH 8

(See ‘AD Liquor – Notes Applicable to Both Trials’ at end of this document for further details on
AD Liquor and handling)
7. Monitor germination and growth of grass.
st
8. The trial period will last from the day of installation/set-up until 31 March 2011.
Total volume of AD liquor to be applied on small PAS 100 Trials = 37 litres.

AD LIQUOR TRIALS
AD liquor nutrient analysis:

6.18kg N/m

3

pH 8

12 No. 5m x 5m trial plots, including control plots. All trial plots to be in triplicate, including control
plots.

METHODOLOGY
1. Set out trial plots on emergent vegetation and mark using timber posts.
2. Miller Argent to fence perimeter of trial plots with rabbit and sheep-proof fencing – 1m offset
from outside edge of trial plots – 112m total length of fence.
3. Miller Argent to excavate containment ditch around primeter of trial plots – see Point 6 below.
4. Application of AD liquor (single application)
x Set out 1m string grid (using canes) to facilitate accurate application of AD liquor.
x 3/12 plots to have low rate of AD liquor applied. 15.75l per plot.
x 3/12 plots to have medium rate of AD liquor applied. 31.25l per plot.
x 3/12 plots to have higher rate of Ad liquor applied. 62.5l per plot.
x Liquor to be applied by watering can/dribble bar.
x AD liquor will NOT be applied during periods of heavy rainfall.
x If run off from the plots occurs it is likely to be minimal due to the small quantities of
liquor being applied. However if run off does occur this would be contained within the
containment ditch surrounding the trial plots.
x All measuring and filling will be done in the area within the containment ditch.
3
x AD liquor nutrient analysis:
6.18kg N/m pH 8

5. Monitor effects on existing vegetation.
st
6. The trial period will last from the day of installation/set-up until 31 March 2011.
Total volume of AD liquor to be applied on larger trials = 361 litres.

AD LIQUOR – NOTES APPLICABLE TO BOTH TRIALS
x
x
x
x
x
x
x
x

x

AD liquor will be sourced from Holsworthy AD Plant.
The material is to be transported to site in IBCs and/or Drums (depending on volume).
IBC/Drums to be filled with AD liquor by Holsworthy personnel.
AD liquor to be transported to site by haulier with appropriate waste transport licence.
Once delivered to site, IBC units and drums to be stored in an appropriate secured area 10m
away from existing watercourses and 50m away from existing spring or well.
Containers to be transported to trial plot locations by Miller Argent using appropriate mobile
plant.
Only small quantities of AD liquor to be administered.
If run off from the plots occurs it is likely to be minimal due to the small quantities of liquor
applied. However if run off does occur this would be contained within the containment
ditch(es) surrounding the trial plots.
There is potential for some odour. However the trial plots are in an isolated position and the
odour would be short-lived.

Total volume of AD liquor to be applied at this site = 398 litres.
(Note: the indicated volume of AD liquor includes a 10% margin.)
This equates to 2.46kg N in total applied across the entire trial area.

SITE BOUNDARY
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ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF
ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

General Information

1.

Criteria

Commentary

The aim of the trial must be to
recover1 waste.

The aim of the trial is to assess the benefits of, and
develop best practice for, using AD liquor as a
fertiliser in mineral restoration projects, thereby
utilising a waste product and reducing the use of
artificial fertilisers.
A Quality Protocol (QP) for AD digestate has recently
been published, but not all AD liquor will meet the
requirements of the QP. AD liquor that does not
meet the requirements of the QP will still be classed as
waste.
Furthermore, the QP does not permit the application
of AD liquor for land restoration/remediation purposes
– it only permits the use of QP AD liquor in agriculture
and forestry. AD liquor, even that which meets the
requirements of the QP in all other respects, applied
to land for restoration/remediation purposes would
still be classed as waste and would therefore require a
U11 Exemption.
With the number of AD plants being used to process
biodegradable (food) waste in the UK likely to rise in
the future, the production of AD liquor will rise
accordingly and alternative uses (other than spreading
on agricultural or forestry land) for both QP and nonQP AD liquor will be required – see Point 3 below.
It is hoped that these trials will provide evidence of
the benefits and environmental safety of using AD
liquor for restoration/remediation purposes, and that
this evidence can then be considered in the next
review of the QP with a view to permitting the use of
AD liquor that meets all the other requirements of the
QP for restoration/remediation purposes (and
therefore no longer classifying such AD liquor as
waste).

2.

The types and quantities of waste
to be used in the trial must be
clearly specified.

The only type of waste that will be used in the trial is
AD liquor, which will be applied to overburden tips.
The quantities to be used are all very small, as detailed
in the trial methodology.
N.B. The QP PAS100 compost which is also being
used in the trials is NOT classed as waste.

1

The essential characteristic of a waste recovery operation is that its principal objective is that the waste
serves a useful purpose in replacing other materials which would have had to be used for that purpose,
thereby conserving natural resources.

June 2010
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3.

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF
ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

Criteria

Commentary

The trial must be designed to
produce clear outcomes including
an understanding of the benefits
and any risks or potential harm
that might result from the
process.

The trials are designed to allow comparison of survival
and growth rates of planted and existing vegetation
after the application of AD liquor (as fertiliser) with
survival and growth rates obtained on control plots
and on plots with the addition of QP compost only.
Since 6 April 2010, AD liquor derived from anaerobic
digestion at premises not used for agriculture and
burning of resultant biogas (Paragraph T25) has been
permitted to be spread on reclamation/restoration
sites under the Standard Exemption U11 – Spreading
waste on non-agricultural land to confer benefit.
However, to the best of our knowledge little research
has been undertaken into the impacts of this
application on the growth of existing or planted
vegetation on mineral restoration sites.
The use of slightly differing methodologies on the
four different trial sites (for each of which permission
is being sought separately) is intended to take account
of the different types of mineral restoration sites that
occur in Wales, and the implications (both positive
and negative) that these have for the use of AD liquor
in restoration.

4.

There must be a realistic prospect
that the trial will lead to a process
that can be adopted more widely
and that the trial will not be a
one-off exercise.

The use of slightly differing methodologies on the
four different trial sites is intended to take account of
the different types of mineral restoration sites that
occur in Wales, and the implications (both positive
and negative) that these have for the use of AD liquor
in restoration. It is hoped that any positive impacts
arising from the application of AD liquor could be
adopted widely in Wales, the UK and further afield.

5.

There must be a scientific need to
demonstrate that the proposed
process works.

To the best of our knowledge, no trials of AD liquor
have so far been undertaken in relation to the
restoration of mineral sites. While it is known that AD
liquor applied to, for example, agricultural land has
beneficial impacts on plant growth, the effects of AD
liquor on existing and planted vegetation on (restored)
mineral sites is not known.

6.

The scientific need cannot be met
using information that can
reasonably be sourced elsewhere
(e.g. from previous trials,
experience in other countries or a
literature search).

To the best of our knowledge AD liquor has not
previously been used in this way, either experimentally
or on a larger scale.

June 2010

Although AD liquor is currently used as fertiliser on
agricultural land, the requirements of a fertiliser for
the vegetation types that are typically used in mineral
restoration are significantly different to the
requirements of a ‘normal’ agricultural fertiliser. The
growing substrate is also often significantly different,
generally poorer, to ‘normal’ agricultural land.
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7.

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF
ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

Criteria

Commentary

The trial must have a start and
end date and will not normally
continue for more than six
months.

The start date for the field trial stage of the trials is
March 2010, though the initial stages do not involve
the application of AD liquor to the trial sites.
The end date for the field trial stage is March 2011.
It is necessary for the trials to last longer than 6
months as the monitoring of survival and growth rates
over only 6 months would have little validity or realworld application.

8.

There must be a clear plan for
dealing with any residual waste
or infrastructure on the site at the
end of the trial to ensure these
will not be abandoned.

The only on-site infrastructure that will be required for
the trials is the fencing of the trial plots to prevent
grazing damage by sheep and rabbits, and timber
pegs to mark the boundaries of the different trial
plots. Both fencing and pegs will be removed at the
end of the trials.
Where possible the trial locations have been chosen
so that any planted vegetation that remains at the
end of the trials can be incorporated into the agreed
restoration scheme for the relevant trial site. Where
this is not possible, any residual vegetation will be
removed at the end of the trial and disposed of as
‘green waste’ at an appropriate licensed waste facility.

9.

The trial will not distort the
market while it is carried out.

The current ‘market’ for AD liquor is, to the best of
our knowledge, as an agricultural fertiliser. The
quantities of AD liquor that will be used in the trials
are insignificant within the overall volume of AD
liquor produced either by the supplying AD plant (at
Holsworthy in Devon) or in the UK as a whole.

10.

It would be disproportionate for
you to obtain a permit for the
trial.

The small quantities of AD liquor that will be applied
in a single application to each of the four sites, and
the low rates per m2 that it is being applied at, mean
that it is considered disproportionate to be required to
apply for an environmental permit or exemption. The
funding of the project, provided by WRAP/WAG, and
the project timescales, are not sufficient to allow
environmental permits or exemptions to be obtained
for each site.
Furthermore the trials project is being overseen by
WRAP and funded by WAG, and although there is no
charge for the issuing of a U11 Exemption the
additional costs that would be entailed in obtaining
the exemption are not considered to be an efficient
use of WAG funds.

June 2010
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11.

12.

13.

June 2010

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF
ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

Criteria

Commentary

The trial meets the relevant
objectives of the Water
Framework Directive: “…ensuring
that waste is recovered or
disposed of without endangering
human health and without using
processes or methods which
could harm the environment and
in particular without – (i) risk to
water, air, soil, plants or animals;
or (ii) causing nuisance through
noise or odours; or (iii) adversely
affecting the countryside or
places of special interest”.

The trial sites have been chosen to minimise the risk
of them having any impact on fauna and flora, other
than existing vegetation which forms part of the trials.

Where the activity is covered by
the Integrated Pollution
Prevention and Control Directive
you must also demonstrate
efficient use of energy and water.

We do not believe that the activities would be covered
by the IPPC Directive.

We are able to set specific and
appropriate conditions for the
duration of the trial to ensure
there is no harm to health or the
environment.

The trial involves the application of AD liquor at only
very low rates.

The trial sites will be located at least 10m from any
watercourse, and 50m from any borehole.
While odour could potentially cause a nuisance, the
isolated location of the trial sites and the low volumes
of AD liquor to be applied should mean that any
odour nuisance is both short-lived and of negligible
significance.

Furthermore, the trials will not make direct use of
energy or water (other than in setting up and
monitoring the trials which will make use of limited
mobile plant and machinery for the incorporation of
QP PAS100 compost and the installation of perimeter
fencing, and road transport for the movement of
personnel, fencing materials, QP PAS100 compost, AD
liquor and planting material).

An appropriate risk assessment will be undertaken for
the trial methodology, and measures relating to the
health and safety and the provision and use of
appropriate PPE will be undertaken to minimise the
risks to operatives and any other persons who might
be affected by the trials.
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ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF
ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

Current Status of Compost and AD Liquor in Mineral Restoration and
Reclamation
Compost meeting the relevant Quality Protocol (QP) is not classed as waste and can
therefore be used in mineral restoration/reclamation without requiring environmental
permits or exemptions.
Non-QP compost is classed as waste, but its use in mineral restoration/reclamation can
be permitted under the Standard Exemption U11 at the discretion of Environment
Agency (EA).
A QP for AD digestate has recently been approved. Under the QP, AD liquor meeting all
the other requirements of the QP can be applied to agricultural or forestry land. The QP
allows the application of AD digestate fibre that meets all the other requirements of the
QP to restoration/remediation land, but not AD liquor.
AD liquor is still classed as waste if applied to restoration/remediation land, but its use
in this context can be permitted under the Standard Exemption U11 at the discretion of
EA.

June 2010
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Current position: any existing environmental permits or
exemptions from the need for a permit. Operator’s level of
competence.

2.

June 2010

Proposed operation (including proposed waste types to be
used), purpose and intended outcome of the trial. Intended
environmental or commercial benefits, waste inputs and
outputs – include details of any residual waste not recovered
more efficiently.

1.

Information Required

ANNEX 1

1949 AD/Compost Trials in Wales
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As landscape architects and planners with extensive experience in the minerals and waste
industries, David Jarvis Associates Limited (DJA) is experienced in the design and
implementation of mineral and waste restoration schemes.

The site operator, Tarmac, has no formally recognised experience in the operation of waste
facilities.

The site already carries a Paragraph 13 exemption.

SEE DETAILED TRIAL METHODOLOGY FOR FURTHER INFORMATION

N.B. QP PAS100 compost is NOT classed as a waste product and does NOT therefore require
permitting or exemption.

No residual waste will be generated by the use of non-QP AD liquor.

If non-QP AD liquor is shown to be beneficial and safe for mineral restoration/reclamation
sites, this will create an additional market/use for non-QP AD liquor.

(b) Triplicated trials to assess effects of the addition of non-QP AD liquor on the growth of
existing emergent vegetation growing on as-yet unrestored quarry workings.

(a) Triplicated trials to assess effects of the addition of QP PAS100 compost and QP PAS100
compost and non-QP AD liquor in the establishment and growth of low maintenance
wildflower mix sown on as-yet unrestored quarry workings.

Information or Location of Information

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF ANAEROBIC DIGESTATE
LIQUOR (A WASTE) WITHOUT THE ISSUE OF ENVIRONMENTAL PERMITS OR EXEMPTIONS

Whether there are existing methods capable of being used to
achieve the objective. If so, how the proposed trial differs and
the benefits of that difference.

Details of on-site operation/activity including quantities of
waste to be stored and processed, and the method of storage
and processing.

4.

5.

June 2010

Site location and infrastructure (including plan).

3.

Information Required

ANNEX 1
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Once applied to the trial plots, the vegetation on the trial plots will be monitored at
appropriate intervals (depending on the season) to assess establishment, growth and survival
rates.

Any unused AD liquor will be disposed of via an appropriately licensed waste management
facility.

The AD liquor will be applied to the trial plots by watering can fitted with a dribble bar or
my hydroseeding equipment.

No further processing of the AD liquor will be required.

AD liquor will be brought onto site and stored in closed 1000 litre Integrated Bulk
Containers (IBCs). The containers will be stored until needed in an observed and safe part
of the site 10m away from any watercourses or drainage ditches and 50m away from any
spring or well.

To the best of our knowledge, the use of AD liquor in this context has not been previously
trialled.

The only new infrastructure that will be installed at the site is fencing around the overall
boundary of the trial plots to exclude sheep and rabbits from the trial plots.

The only part of the existing site infrastructure that will be used for the trials are the existing
site access roads.

The location of the trial plots within the site are shown on Figure 2.

The trial will take place at Tarmac’s Borras Airfield sand and gravel quarry, Holt Road,
Wrexham, Clwyd, LL13 9SE Wales – see Figure 1.

Information or Location of Information

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF ANAEROBIC DIGESTATE
LIQUOR (A WASTE) WITHOUT THE ISSUE OF ENVIRONMENTAL PERMITS OR EXEMPTIONS
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controlled waters*

land

sewer

plants

animals

nuisance.

x

x

x

x

x

x

Details of environmental and health impact, and proposed
mitigation measures, for:

8.

air (including dust, litter, odour)

Period of trial – normally the activity should not exceed six
months. You will have to justify any longer period.

7.

x

Actions that will be taken following completion of the trial,
e.g. what permit will be needed for the proposed activity, will
an application for a permit be made, removal of
wastes/infrastructure, etc.

6.

Information Required

ANNEX 1
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The trials are not predicted to have any other significant impact on any other sensitive
receptors either inside or outside the site.

While odour could potentially cause a nuisance, the isolated location of the trial sites and
the low volumes of AD liquor to be applied should mean that any odour nuisance is both
short-lived and of negligible significance.

The trial sites will be located at least 10m from any watercourse, and 50m from any
borehole. The low levels of AD liquor that are being applied to the sites should minimise
the risks of run-off and associated water or ground pollution.

The trial sites have been chosen to minimise the risk of them having any impact on fauna
and flora, other than existing vegetation which forms part of the trials.

The nature of the trials means that it is necessary for the trials to last at least one complete
growing season in order to provide valid results.

The field trials will run from March 2010 to March 2011, though the parts of the trials
relating to the use of AD liquor are not due to take place during the initial stages.

All fencing and marker posts will be removed from the trial plots and reused or disposed of
via an appropriately licensed waste management facility.

Information or Location of Information

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF ANAEROBIC DIGESTATE
LIQUOR (A WASTE) WITHOUT THE ISSUE OF ENVIRONMENTAL PERMITS OR EXEMPTIONS

energy consumption.

x

June 2010

Does your trial align with the adopted national, regional or
local spatial planning framework for waste or support its
implementation?

generation of waste

x

11.

generation of noise and vibration

x

Whether a market already exists for the output you are
proposing and, if so, how the trial will affect that market.

generation of heat/energy

x

Details of approximate:

10.

9.

Information Required

ANNEX 1
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The trials are a WRAP/WAG-funded project and relate to finding future beneficial uses for
the output (AD liquor) from the anaerobic digestion of biodegradable waste (predominantly
food and animal waste). The trials therefore relate to the reuse of a waste product.

There is no marketable output from the trials.

Other than that which arises from the transport of materials and personnel to the sites, the
erection of the perimeter fencing, the marking out of the trial plots, and the dismantling of
the trial plots, the trials should consume no measurable amounts of energy.

The only waste that will be generated by the trials will be the fencing (timber posts and
wire) that will be removed at the end of the trials. The IBCs will be returned to the
supplying for washing and reuse.

Except during the erection of perimeter fencing, the marking out of the plots, and the
eventual dismantling of the trial plots, the trials should generate no heat, energy, noise or
vibration.

Information or Location of Information
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12.

Why should you not obtain an environmental permit for this
proposal?

Information Required

ANNEX 1
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Furthermore the trials project is being overseen by WRAP and funded by WAG, and
although there is no charge for the issuing of a U11 Exemption the additional costs that
would be entailed in obtaining the exemption are not considered to be an efficient use of
WAG funds.

The aspect of the trial that theoretically requires an environmental permit or standard
exemption is the application of a total of 1287 litres of non-QP AD liquor (which is classed
as waste) to 18 No. trial plots covering an area of 801m2 of as-yet unrestored quarry
workings. Whilst the permeable nature of the substrate, and the potential run-off risks that
this entails, are understood, the risks of measurable environmental damage arising from the
trials are considered to be minimal. The requirement to obtain an environmental permit or
exemption for the trials is therefore considered an unnecessary burden on the trial
operators.

Information or Location of Information
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WRAP (WALES)

AD/COMPOST TRIALS
PROPOSED DETAILED TRIAL METHODOLOGY
BORRAS (TARMAC)
11 June 2010

SITE DESCRIPTION
Borras Quarry, Holt Road, Wrexham, Clwyd, LL13 9SE is an operational sand and gravel quarry. Trial
plots will take place in non-operational parts of the quarry. See Figure 1 – Location Plan.
Trial plots will take place on land close to silt lagoons and a conveyor. See Figure 2 – Trial Plot
Locations.
PAS100 TRIALS
15 No. 3m x 3m trial plots, including control plots. All trial plots to be in triplicate, including control
plots.

METHODOLOGY
1. Set out trial plots and mark using timber posts.
2. Add 2.5cm depth QP PAS100 compost and incorporate into top 7.5cm of substrate for 12 of
the 15 No. trial plots (outlined green in Diagram 1).
x
x
x
x

QP PAS100 supplier to be Bryn Quarry Group Ltd.
3
3
4m PAS100 compost will be delivered to Borras Quarry in 1m bulk bags by an
independent haulier.
The bags will be offloaded from the haulier’s vehicle by forklift/telehandler (by Tarmac).
The bags will be moved to the trial location by suitable mobile plant (by Tarmac).

x

The compost will be incorporated into the substrate using machinery/hand tools as
approved.

3. Fence perimeter of trial plots with rabbit-proof fencing – 1m offset from outside edge of trial
plots – 100m total length of fence (by Tarmac-inducted contractor).
4. Seed plots with low maintenance rough grass mix.
5. Once grass has started emerging on the trial plots, AD liquor to be applied in a single
application to 9 of the 15 No. trial plots.
x
x
x
x
x
x
x
x

Set out 1m string grid (using canes) to facilitate accurate application of AD liquor.
AD liquor nutrient analysis:
6.18kg N/m3 pH 8
3 No. plots to have low rate of AD liquor applied – 5.67 litres/plot.
3 No. plots to have medium rate of AD liquor applied – 11.25 litres/plot.
3 No. plots to have high rate of AD liquor applied – 22.5 litres/plot.
Apply AD liquor by watering can /dribble bar.
Total volume of AD liquor to be applied to small trial plots = 130 litres.
AD liquor will NOT be applied during (expected) periods of heavy rainfall.

6. Monitor germination and growth of grass.
st
7. The trial period will last from the day of installation/set-up until 31 March 2011.

AD LIQUOR TRIALS
12 No. 10m x 8m trial plots, including control plots. All trial plots to be in triplicate, including control
plots.

METHODOLOGY
1. Set out trial plots on emergent vegetation and mark using timber posts.
2. Fence perimeter of trial plots with rabbit-proof fencing – 1m offset from outside edge of trial
plots – 170m total length of fence (by Tarmac-inducted contractor)
3. Apply AD liquor by hydroseeder (by Tarmac-inducted contractor).
x
x
x
x
x
x
x

AD liquor nutrient analysis:
6.18kg N/m3 pH 8
3 No. plots to have low rate of AD liquor applied – 50.4 litres/plot.
3 No. plots to have medium rate of AD liquor applied – 100 litres/plot.
3 No. plots to have high rate of AD liquor applied – 200 litres/plot.
Apply AD liquor by hydroseeder.
Total volume of AD liquor to be applied to large trial plots = 1157 litres.
AD liquor will NOT be applied during (expected) periods of heavy rainfall.

4. Monitor effects on existing vegetation.
st
5. The trial period will last from the day of installation/set-up until 31 March 2011.

AD LIQUOR – NOTES APPLICABLE TO BOTH TRIALS
x
x
x
x
x

x
x
x

AD liquor will be sourced from Holsworthy AD Plant.
The material is to be transported to site in IBCs and/or drums (depending on volume).
IBCs/drums to be filled with AD liquor by Holsworthy personnel.
AD liquor to be transported to site by haulier with appropriate waste transport licence.
Once delivered to site, IBC units and drums to be offload from haulage vehicle by
forklift/telehandler and stored in an appropriate secured area 10m away from existing
watercourses and 50m away from existing spring or well.
Containers to be transported to trial plot locations by Tarmac using appropriate mobile plant.
Only relatively small quantities of AD liquor to be administered.
There is potential for some odour. However the trial plots are in a relatively isolated position (at
least 200m from the nearest residential property) and the odour would be short-lived.

Total volume of AD liquor to be applied at this site = 1287 litres.
(Note: the indicated volume of AD liquor includes a 10% margin).
This equates to 7.95kg N in total applied across the entire trial area.
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ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF
ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

General Information

1.

Criteria

Commentary

The aim of the trial must be to
recover1 waste.

The aim of the trial is to assess the benefits of, and
develop best practice for, using AD liquor as a
fertiliser in mineral restoration projects, thereby
utilising a waste product and reducing the use of
artificial fertilisers.
A Quality Protocol (QP) for AD digestate has recently
been published, but not all AD liquor will meet the
requirements of the QP. AD liquor that does not
meet the requirements of the QP will still be classed as
waste.
Furthermore, the QP does not permit the application
of AD liquor for land restoration/remediation purposes
– it only permits the use of QP AD liquor in agriculture
and forestry. AD liquor, even that which meets the
requirements of the QP in all other respects, applied
to land for restoration/remediation purposes would
still be classed as waste and would therefore require a
U11 Exemption.
With the number of AD plants being used to process
biodegradable (food) waste in the UK likely to rise in
the future, the production of AD liquor will rise
accordingly and alternative uses (other than spreading
on agricultural or forestry land) for both QP and nonQP AD liquor will be required – see Point 3 below.
It is hoped that these trials will provide evidence of
the benefits and environmental safety of using AD
liquor for restoration/remediation purposes, and that
this evidence can then be considered in the next
review of the QP with a view to permitting the use of
AD liquor that meets all the other requirements of the
QP for restoration/remediation purposes (and
therefore no longer classifying such AD liquor as
waste).

2.

The types and quantities of waste
to be used in the trial must be
clearly specified.

The only type of waste that will be used in the trial is
AD liquor, which will be applied to slate waste tips.
The quantities to be used are all very small, as detailed
in the trial methodology.
N.B. The QP PAS100 compost which is also being
used in the trials is NOT classed as waste.

1

The essential characteristic of a waste recovery operation is that its principal objective is that the waste
serves a useful purpose in replacing other materials which would have had to be used for that purpose,
thereby conserving natural resources.

June 2010
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3.

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF
ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

Criteria

Commentary

The trial must be designed to
produce clear outcomes including
an understanding of the benefits
and any risks or potential harm
that might result from the
process.

The trials are designed to allow comparison of survival
and growth rates of planted vegetation after the
application of AD liquor (as fertiliser) with survival and
growth rates obtained on control plots and on plots
with the addition of QP compost only.
Since 6 April 2010, AD liquor derived from anaerobic
digestion at premises not used for agriculture and
burning of resultant biogas (Paragraph T25) has been
permitted to be spread on reclamation/restoration
sites under the Standard Exemption U11 – Spreading
waste on non-agricultural land to confer benefit.
However, to the best of our knowledge little research
has been undertaken into the impacts of this
application on the growth of existing or planted
vegetation on mineral restoration sites.
The use of slightly differing methodologies on the
four different trial sites (for each of which permission
is being sought separately) is intended to take account
of the different types of mineral restoration sites that
occur in Wales, and the implications (both positive
and negative) that these have for the use of AD liquor
in restoration.

4.

There must be a realistic prospect
that the trial will lead to a process
that can be adopted more widely
and that the trial will not be a
one-off exercise.

The use of slightly differing methodologies on the
four different trial sites is intended to take account of
the different types of mineral restoration sites that
occur in Wales, and the implications (both positive
and negative) that these have for the use of AD liquor
in restoration. It is hoped that any positive impacts
arising from the application of AD liquor could be
adopted widely in Wales, the UK and further afield.

5.

There must be a scientific need to
demonstrate that the proposed
process works.

To the best of our knowledge, no trials of AD liquor
have so far been undertaken in relation to the
restoration of mineral sites. While it is known that AD
liquor applied to, for example, agricultural land has
beneficial impacts on plant growth, the effects of AD
liquor on existing and planted vegetation on (restored)
mineral sites is not known.

6.

The scientific need cannot be met
using information that can
reasonably be sourced elsewhere
(e.g. from previous trials,
experience in other countries or a
literature search).

To the best of our knowledge AD liquor has not
previously been used in this way, either experimentally
or on a larger scale.

June 2010

Although AD liquor is currently used as fertiliser on
agricultural land, the requirements of a fertiliser for
the vegetation types that are typically used in mineral
restoration are significantly different to the
requirements of a ‘normal’ agricultural fertiliser. The
growing substrate is also often significantly different,
generally poorer, to ‘normal’ agricultural land.
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7.

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF
ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

Criteria

Commentary

The trial must have a start and
end date and will not normally
continue for more than six
months.

The start date for the field trial stage of the trials is
May 2010, though the initial stages do not involve the
application of AD liquor to the trial sites.
The end date for the field trial stage is March 2011.
It is necessary for the trials to last longer than 6
months as the monitoring of survival and growth rates
over only 6 months would have little validity or realworld application.

8.

There must be a clear plan for
dealing with any residual waste
or infrastructure on the site at the
end of the trial to ensure these
will not be abandoned.

The only on-site infrastructure that will be required for
the trials is the fencing of the trial plots to prevent
grazing damage by sheep and rabbits, and timber
pegs to mark the boundaries of the different trial
plots. Both fencing and pegs will be removed at the
end of the trials.
Where possible the trial locations have been chosen
so that any planted vegetation that remains at the
end of the trials can be incorporated into the agreed
restoration scheme for the relevant trial site. Where
this is not possible, any residual vegetation will be
removed at the end of the trial and disposed of as
‘green waste’ at an appropriate licensed waste facility.

9.

The trial will not distort the
market while it is carried out.

The current ‘market’ for AD liquor is, to the best of
our knowledge, as an agricultural fertiliser. The
quantities of AD liquor that will be used in the trials
are insignificant within the overall volume of AD
liquor produced either by the supplying AD plant (at
Holsworthy in Devon) or in the UK as a whole.

10.

It would be disproportionate for
you to obtain a permit for the
trial.

The small quantities of AD liquor that will be applied
in a single application to each of the four sites, and
the low rates per m2 that it is being applied at, mean
that it is considered disproportionate to be required to
apply for an environmental permit or exemption. The
funding of the project, provided by WRAP/WAG, and
the project timescales, are not sufficient to allow
environmental permits or exemptions to be obtained
for each site.
Furthermore the trials project is being overseen by
WRAP and funded by WAG, and although there is no
charge for the issuing of a U11 Exemption the
additional costs that would be entailed in obtaining
the exemption are not considered to be an efficient
use of WAG funds.

June 2010
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11.

12.

13.

June 2010

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF
ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

Criteria

Commentary

The trial meets the relevant
objectives of the Water
Framework Directive: “…ensuring
that waste is recovered or
disposed of without endangering
human health and without using
processes or methods which
could harm the environment and
in particular without – (i) risk to
water, air, soil, plants or animals;
or (ii) causing nuisance through
noise or odours; or (iii) adversely
affecting the countryside or
places of special interest”.

The trial sites have been chosen to minimise the risk
of them having any impact on fauna and flora, other
than existing vegetation which forms part of the trials.

Where the activity is covered by
the Integrated Pollution
Prevention and Control Directive
you must also demonstrate
efficient use of energy and water.

We do not believe that the activities would be covered
by the IPPC Directive.

We are able to set specific and
appropriate conditions for the
duration of the trial to ensure
there is no harm to health or the
environment.

The trial involves the application of AD liquor at only
very low rates, and any run-off that does occur would
be captured in the surrounding containment ditch.

The trial sites will be located at least 10m from any
watercourse, and 50m from any borehole.
While odour could potentially cause a nuisance, the
isolated location of the trial sites and the low volumes
of AD liquor to be applied should mean that any
odour nuisance is both short-lived and of negligible
significance.

Furthermore, the trials will not make direct use of
energy or water (other than in setting up and
monitoring the trials which will make use of limited
mobile plant and machinery for the installation of
perimeter fencing, and road transport for the
movement of personnel, fencing materials, QP
PAS100 compost, AD liquor and planting material).

An appropriate risk assessment will be undertaken for
the trial methodology, and measures relating to the
health and safety and the provision and use of
appropriate PPE will be undertaken to minimise the
risks to operatives and any other persons who might
be affected by the trials.
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ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

Current Status of Compost and AD Liquor in Mineral Restoration and
Reclamation
Compost meeting the relevant Quality Protocol (QP) is not classed as waste and can
therefore be used in mineral restoration/reclamation without requiring environmental
permits or exemptions.
Non-QP compost is classed as waste, but its use in mineral restoration/reclamation can
be permitted under the Standard Exemption U11 at the discretion of Environment
Agency (EA).
A QP for AD digestate has recently been approved. Under the QP, AD liquor meeting all
the other requirements of the QP can be applied to agricultural or forestry land. The QP
allows the application of AD digestate fibre that meets all the other requirements of the
QP to restoration/remediation land, but not AD liquor.
AD liquor is still classed as waste if applied to restoration/remediation land, but its use
in this context can be permitted under the Standard Exemption U11 at the discretion of
EA.

June 2010
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Current position: any existing environmental permits or
exemptions from the need for a permit. Operator’s level of
competence.

2.

June 2010

Proposed operation (including proposed waste types to be
used), purpose and intended outcome of the trial. Intended
environmental or commercial benefits, waste inputs and
outputs – include details of any residual waste not recovered
more efficiently.

1.

Information Required

ANNEX 1

1949 AD/Compost Trials in Wales
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As landscape architects and planners with extensive experience in the minerals and waste
industries, David Jarvis Associates Limited (DJA) is experienced in the design and
implementation of mineral and waste restoration schemes.

The site operators, Welsh Slate Limited, are experienced slate quarry operators.

To the best of our knowledge there are no EA exemptions relating to the use of waste on
the site.

SEE DETAILED TRIAL METHODOLOGY FOR FURTHER INFORMATION

N.B. QP PAS100 compost is NOT classed as a waste product and does NOT therefore require
permitting or exemption.

No residual waste will be generated by the use of non-QP AD liquor.

If non-QP AD liquor is shown to be beneficial and safe for mineral restoration/reclamation
sites, this will create an additional market/use for non-QP AD liquor.

(b) Triplicated trials to assess effects of the addition of non-QP AD liquor on the growth of
existing emergent vegetation growing on as-yet unrestored slate waste.

(a) Triplicated trials to assess effects of the addition of QP PAS100 compost and QP PAS100
compost and non-QP AD liquor in the establishment and growth of low maintenance grass
seed mix sown on as-yet unrestored slate waste.

Information or Location of Information

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF ANAEROBIC DIGESTATE
LIQUOR (A WASTE) WITHOUT THE ISSUE OF ENVIRONMENTAL PERMITS OR EXEMPTIONS

Whether there are existing methods capable of being used to
achieve the objective. If so, how the proposed trial differs and
the benefits of that difference.

Details of on-site operation/activity including quantities of
waste to be stored and processed, and the method of storage
and processing.

4.

5.

June 2010

Site location and infrastructure (including plan).

3.

Information Required

ANNEX 1
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Once applied to the trial plots, the vegetation on the trial plots will be monitored at
appropriate intervals (depending on the season) to assess establishment, growth and survival
rates.

Any unused AD liquor will be disposed of via an appropriately licensed waste management
facility.

The AD liquor will be applied to the trial plots by watering can fitted with a dribble bar.

No further processing of the AD liquor will be required.

AD liquor will be brought onto site and stored in closed 25 litre plastic drums. The
containers will be stored until needed in an observed and safe part of the site 10m away
from any watercourses or drainage ditches and 50m away from any spring or well.

To the best of our knowledge, the use of AD liquor in this context has not been previously
trialled.

The only new infrastructure that will be installed at the site is fencing around the overall
boundary of the trial plots to exclude sheep and rabbits from the trial plots.

The only part of the existing site infrastructure that will be used for the trials are the existing
site access roads.

The location of the trial plots within the site are shown on Figure 2.

The trial will take place at the Blaenau Ffestiniog slate quarry, Gloddsa ganol, Blaenau
Ffestiniog, Gwynedd, LL41 3ND, Wales, operated by Welsh Slate Limited – see Figure 1.
N.B. Extraction operations at the site have recently ceased due to concerns about rock
stability in the main working areas of the quarry. The trials will take place away from the
main working areas on partially restored waste tips.

Information or Location of Information

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF ANAEROBIC DIGESTATE
LIQUOR (A WASTE) WITHOUT THE ISSUE OF ENVIRONMENTAL PERMITS OR EXEMPTIONS
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controlled waters*

land

sewer

plants

animals

nuisance.

x

x

x

x

x

x

Details of environmental and health impact, and proposed
mitigation measures, for:

8.

air (including dust, litter, odour)

Period of trial – normally the activity should not exceed six
months. You will have to justify any longer period.

7.

x

Actions that will be taken following completion of the trial,
e.g. what permit will be needed for the proposed activity, will
an application for a permit be made, removal of
wastes/infrastructure, etc.

6.

Information Required

ANNEX 1
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The trials are not predicted to have any other significant impact on any other sensitive
receptors either inside or outside the site.

While odour could potentially cause a nuisance, the isolated location of the trial sites and
the low volumes of AD liquor to be applied should mean that any odour nuisance is both
short-lived and of negligible significance.

The trial sites will be located at least 10m from any watercourse, and 50m from any
borehole. The low levels of AD liquor that are being applied to the sites should minimise
the risks of run-off and associated water or ground pollution.

The trial sites have been chosen to minimise the risk of them having any impact on fauna
and flora, other than existing vegetation which forms part of the trials.

The nature of the trials means that it is necessary for the trials to last at least one complete
growing season in order to provide valid results.

The field trials will run from May 2010 to March 2011, though the parts of the trials relating
to the use of AD liquor are not due to take place during the initial stages.

All fencing and marker posts will be removed from the trial plots and disposed of via an
appropriately licensed waste management facility.

Information or Location of Information

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF ANAEROBIC DIGESTATE
LIQUOR (A WASTE) WITHOUT THE ISSUE OF ENVIRONMENTAL PERMITS OR EXEMPTIONS

energy consumption.

x

June 2010

Does your trial align with the adopted national, regional or
local spatial planning framework for waste or support its
implementation?

generation of waste

x

11.

generation of noise and vibration

x

Whether a market already exists for the output you are
proposing and, if so, how the trial will affect that market.

generation of heat/energy

x

Details of approximate:

10.

9.

Information Required

ANNEX 1
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The trials are a WRAP/WAG-funded project and relate to finding future beneficial uses for
the output (AD liquor) from the anaerobic digestion of biodegradable waste (predominantly
food and animal waste). The trials therefore relate to the reuse of a waste product.

There is no marketable output from the trials.

Other than that which arises from the transport of materials and personnel to the sites, the
erection of the perimeter fencing, the marking out of the trial plots, and the dismantling of
the trial plots, the trials should consume no measurable amounts of energy.

The only waste that will be generated by the trials will be the plastic drums used to
transport and store the AD liquor, and the fencing (timber posts and wire) that will be
removed at the end of the trials.

Except during the erection of perimeter fencing, the marking out of the plots, and the
eventual dismantling of the trial plots, the trials should generate no heat, energy, noise or
vibration.

Information or Location of Information
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12.

Why should you not obtain an environmental permit for this
proposal?

Information Required

ANNEX 1
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Furthermore the trials project is being overseen by WRAP and funded by WAG, and
although there is no charge for the issuing of a U11 Exemption the additional costs that
would be entailed in obtaining the exemption are not considered to be an efficient use of
WAG funds.

The aspect of the trial that theoretically requires an environmental permit or standard
exemption is the application of a total of 20 litres of non-QP AD liquor (which is classed as
waste) to 6 No. trial plots covering an area of 117m2 of as-yet unrestored slate waste.
Whilst the permeable nature of the substrate, and the potential run-off risks that this
entails, are understood, the risks of measurable environmental damage arising from the
trials are considered to be minimal. The requirement to obtain an environmental permit or
exemption for the trials is therefore considered an unnecessary burden on the trial
operators.

Information or Location of Information
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WRAP (WALES)

AD/COMPOST TRIALS
PROPOSED DETAILED TRIAL METHODOLOGY
BLAENAU FFESTINIOG (WELSH SLATE)
11 June 2010

Site description – operational slate quarry at Gloddsa ganol, Blaenau Ffestiniog, Gwynedd, LL41 3ND.
Trial plots will take place in (partially restored) waste tips, adjacent to existing Bangor University trials –
see Figure 2 and photograph below.

Wildflower Seed Mix
9 No. 3m x 3m trial plots, including control plots. All trial plots to be in triplicate, including control
plots.

1. Set out trial plots and mark using timber posts.
2. Add 2.5cm depth QP PAS100 compost to 6 No. trial plots (outlined in green in Diagram 1) and
incorporate into top 7.5cm of substrate.
x
x
x
x
x

QP PAS100 supplier to be Bryn Quarry Group Ltd.
3
3
3m QP PAS100 compost will be delivered to Blaenau Ffestiniog Quarry in 1m bulk bags
by an independent haulier.
The bags will be offloaded from the haulier’s vehicle by forklift/telehandler (by Welsh
Slate).
The bags will be moved to the trial location by suitable mobile plant (backhoe loader
with pallet forks).
The compost will be incorporated into the substrate using a backhoe loader.

3. Fence perimeter of trial plots with rabbit and sheep-proof fencing – 1m offset from outside
edge of trial plots – 68m total length of fence.
4. Seed plots with locally native wildflower mix – mix to be agreed with Welsh Slate.
5. Once wildflower mix has started emerging on the trial plots, AD liquor to be applied in a single
application to 3 of the 9 No. trial plots (shaded orange in Diagram 1).
x
x
x
x
x
x

Set out 1m string grid (using canes) to facilitate accurate application of AD liquor.
AD liquor nutrient analysis:
6.18kg N/m3 pH 8
3 No. plots to have low rate of AD liquor applied – 5.67 litres/plot.
Apply AD liquor by watering can /dribble bar.
Total volume of AD liquor to be applied to small trial plots = 17.01 litres.
AD liquor will NOT be applied during (expected) periods of heavy rainfall.

6. Monitor germination and growth of wildflower mix.
st
7. The trial period will last from the day of installation/set-up until 31 March 2011.
Volume of AD liquor to be applied = <19 litres (allowing for 10% margin).

Tree and Shrub Planting
9 No. 6m x 5m trial plots, including control plots. All trial plots to be in triplicate, including control
plots.

1. Set out trial plots and mark using timber posts.
2. Using hand tools, add 2 litres PAS100 compost to likely planting ‘pockets’ at approx. 1m
centres in 6 No. trial plots (outlined in green in Diagram 2). Compost to be transported to trials
site as per wildflower mix methodology.
3. Fence perimeter of trial plots with rabbit and sheep-proof fencing – 1m offset from outside
edge of trial plots – 98m total length of fence.
4. Plant 10 trees and 10 shrubs in each plot – species to be chosen for their suitability to harsh
mountainous conditions, and conformity to already agreed restoration scheme and objectives.
5. One month after planting, AD liquor to be applied in a single application to 3 of the 9 No. trial
plots (shaded orange in Diagram 2).
x
x
x
x
x

AD liquor nutrient analysis:
6.18kg N/m3 pH 8
3 No. plots to have low rate of AD liquor applied – 13.5ml/planting pocket.
Measure and apply AD liquor by measuring cylinder.
Total volume of AD liquor to be applied to small trial plots = 0.81 litres.
AD liquor will NOT be applied during (expected) periods of heavy rainfall.

6. Monitor growth/survival of trees and shrubs.
st
7. The trial period will last from the day of installation/set-up until 31 March 2011.
Volume of AD liquor to be applied = <1 litre (allowing for 10% margin).

AD LIQUOR – NOTES APPLICABLE TO BOTH TRIALS
x
x
x
x
x
x
x
x

AD liquor will be sourced from Holsworthy AD Plant.
The material is to be transported to site in 25 plastic drums.
Drums to be filled with AD liquor by Holsworthy personnel.
AD liquor to be transported to site by haulier with appropriate waste transport licence.
Once delivered to site, drums to be offloaded from haulage vehicle and stored in an appropriate
secured area 10m away from exiting watercourses and 50m away from existing spring or well.
Containers to be transported to trial plot locations by using appropriate mobile plant.
Only very small quantities of AD liquor to be applied.
There is potential for some odour. However the quantities of AD liquor to be applied in the
single application are very small, and odour is therefore considered unlikely to cause a nuisance.

Total volume of AD liquor to be applied at this site = <20 litres.
This equates to less than 0.12kg N in total applied across the entire trial area.
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ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF
ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

General Information

1.

Criteria

Commentary

The aim of the trial must be to
recover1 waste.

The aim of the trial is to assess the benefits of, and
develop best practice for, using AD liquor as a
fertiliser in mineral restoration projects, thereby
utilising a waste product and reducing the use of
artificial fertilisers. The trial will also examine whether
any toxic/environmentally damaging materials are
taken up and ‘locked up’ by the growing vegetation.
A Quality Protocol (QP) for AD digestate has recently
been published, but not all AD liquor will meet the
requirements of the QP. AD liquor that does not
meet the requirements of the QP will still be classed as
waste.
Furthermore, the QP does not permit the application
of AD liquor for land restoration/remediation purposes
– it only permits the use of QP AD liquor in agriculture
and forestry. AD liquor, even that which meets the
requirements of the QP in all other respects, applied
to land for restoration/remediation purposes would
still be classed as waste and would therefore require a
U11 Exemption.
With the number of AD plants being used to process
biodegradable (food) waste in the UK likely to rise in
the future, the production of AD liquor will rise
accordingly and alternative uses (other than spreading
on agricultural or forestry land) for both QP and nonQP AD liquor will be required – see Point 3 below.
It is hoped that these trials will provide evidence of
the benefits and environmental safety of using AD
liquor for restoration/remediation purposes, and that
this evidence can then be considered in the next
review of the QP with a view to permitting the use of
AD liquor that meets all the other requirements of the
QP for restoration/remediation purposes (and
therefore no longer classifying such AD liquor as
waste).

2.

The types and quantities of waste
to be used in the trial must be
clearly specified.

The only type of waste that will be used in the trial is
AD liquor, which will be applied to overburden tips.
The quantities to be used are all very small, as detailed
in the trial methodology.
N.B. The QP PAS100 compost which is also being
used in the trials is NOT classed as waste.

1

The essential characteristic of a waste recovery operation is that its principal objective is that the waste
serves a useful purpose in replacing other materials which would have had to be used for that purpose,
thereby conserving natural resources.

June 2010
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ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF
ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

Criteria

Commentary

The trial must be designed to
produce clear outcomes including
an understanding of the benefits
and any risks or potential harm
that might result from the
process.

The trials are designed to allow comparison of survival
and growth rates of planted and existing vegetation
after the application of AD liquor (as fertiliser) with
survival and growth rates obtained on control plots
and on plots with the addition of QP compost only.
Since 6 April 2010, AD liquor derived from anaerobic
digestion at premises not used for agriculture and
burning of resultant biogas (Paragraph T25) has been
permitted to be spread on reclamation/restoration
sites under the Standard Exemption U11 – Spreading
waste on non-agricultural land to confer benefit.
However, to the best of our knowledge little research
has been undertaken into the impacts of this
application on the growth of existing or planted
vegetation on mineral restoration sites.
The use of slightly differing methodologies on the
four different trial sites (for each of which permission
is being sought separately) is intended to take account
of the different types of mineral restoration sites that
occur in Wales, and the implications (both positive
and negative) that these have for the use of AD liquor
in restoration.

4.

There must be a realistic prospect
that the trial will lead to a process
that can be adopted more widely
and that the trial will not be a
one-off exercise.

The use of slightly differing methodologies on the
four different trial sites is intended to take account of
the different types of mineral restoration sites that
occur in Wales, and the implications (both positive
and negative) that these have for the use of AD liquor
in restoration. It is hoped that any positive impacts
arising from the application of AD liquor could be
adopted widely in Wales, the UK and further afield.

5.

There must be a scientific need to
demonstrate that the proposed
process works.

To the best of our knowledge, no trials of AD liquor
have so far been undertaken in relation to the
restoration of mineral sites. While it is known that AD
liquor applied to, for example, agricultural land has
beneficial impacts on plant growth, the effects of AD
liquor on existing and planted vegetation on (restored)
mineral sites is not known.

6.

The scientific need cannot be met
using information that can
reasonably be sourced elsewhere
(e.g. from previous trials,
experience in other countries or a
literature search).

To the best of our knowledge AD liquor has not
previously been used in this way, either experimentally
or on a larger scale.

June 2010

Although AD liquor is currently used as fertiliser on
agricultural land, the requirements of a fertiliser for
the vegetation types that are typically used in mineral
restoration are significantly different to the
requirements of a ‘normal’ agricultural fertiliser. The
growing substrate is also often significantly different,
generally poorer, to ‘normal’ agricultural land.
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ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF
ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

Criteria

Commentary

The trial must have a start and
end date and will not normally
continue for more than six
months.

The start date for the field trial stage of the trials is
May 2010, though the initial stages do not involve the
application of AD liquor to the trial sites.
The end date for the field trial stage is March 2011.
It is necessary for the trials to last longer than 6
months as the monitoring of survival and growth rates
over only 6 months would have little validity or realworld application.

8.

There must be a clear plan for
dealing with any residual waste
or infrastructure on the site at the
end of the trial to ensure these
will not be abandoned.

In order to completely control the trials environment,
the trials will be carried out in a segregated part of
the site. Segregation will be achieved through the use
of polythene liners and a perimeter bund created from
tyre bales. A sump will be created within the trials
area to collect any run-off from the trials, and the
base substrate (metaliferous processing waste) will be
imported from outside the site. The contents of the
sump will be removed as required and disposed of via
an appropriately licensed waste management facility.
At the end of the trials, all residues and trial
infrastructure will be cleared from the site, segregated
into different waste types, and recycled or disposed of
via appropriately licensed waste disposal facilities.

9.

The trial will not distort the
market while it is carried out.

The current ‘market’ for AD liquor is, to the best of
our knowledge, as an agricultural fertiliser. The
quantities of AD liquor that will be used in the trials
are insignificant within the overall volume of AD
liquor produced either by the supplying AD plant (at
Holsworthy in Devon) or in the UK as a whole.

10.

It would be disproportionate for
you to obtain a permit for the
trial.

The small quantities of AD liquor that will be applied
in a single application to each of the four sites, and
the low rates per m2 that it is being applied at, mean
that it is considered disproportionate to be required to
apply for an environmental permit or exemption. The
funding of the project, provided by WRAP/WAG, and
the project timescales, are not sufficient to allow
environmental permits or exemptions to be obtained
for each site.
Furthermore the trials project is being overseen by
WRAP and funded by WAG, and although there is no
charge for the issuing of a U11 Exemption the
additional costs that would be entailed in obtaining
the exemption are not considered to be an efficient
use of WAG funds.

June 2010
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11.

12.

13.

June 2010

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF
ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

Criteria

Commentary

The trial meets the relevant
objectives of the Water
Framework Directive: “…ensuring
that waste is recovered or
disposed of without endangering
human health and without using
processes or methods which
could harm the environment and
in particular without – (i) risk to
water, air, soil, plants or animals;
or (ii) causing nuisance through
noise or odours; or (iii) adversely
affecting the countryside or
places of special interest”.

The trials area will be artificially segregated from the
rest of the site by the use of polythene liners fitted
within a bund created from tyre bales. A sump will be
provided within the trials area to collect any run-off
from the trials, and any such collected run-off will be
disposed of via an appropriately licensed waste
facility.

Where the activity is covered by
the Integrated Pollution
Prevention and Control Directive
you must also demonstrate
efficient use of energy and water.

We do not believe that the activities would be covered
by the IPPC Directive.

We are able to set specific and
appropriate conditions for the
duration of the trial to ensure
there is no harm to health or the
environment.

The trial involves the application of AD liquor at only
very low rates, and any run-off that does occur would
be captured in a sump and disposed off at an
appropriately licensed waste facility.

The trial sites will be located at least 10m from any
watercourse, and 50m from any borehole.
While odour could potentially cause a nuisance, the
isolated location of the trial sites and the low volumes
of AD liquor to be applied should mean that any
odour nuisance is both short-lived and of negligible
significance. Furthermore, the site is an existing
operational landfill site taking domestic waste.

Furthermore, the trials will not make direct use of
energy or water (other than in setting up and
monitoring the trials which will make use of limited
mobile plant and machinery for the installation of the
trials infrastructure, and road transport for the
movement of personnel, materials, QP PAS100
compost, AD liquor and planting material).

An appropriate risk assessment will be undertaken for
the trial methodology, and measures relating to the
health and safety and the provision and use of
appropriate PPE will be undertaken to minimise the
risks to operatives and any other persons who might
be affected by the trials.
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1949 AD/Compost Trials in
Wales

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF
ANAEROBIC DIGESTATE LIQUOR (A WASTE) WITHOUT THE ISSUE OF
ENVIRONMENTAL PERMITS OR EXEMPTIONS

Current Status of Compost and AD Liquor in Mineral Restoration and
Reclamation
Compost meeting the relevant Quality Protocol (QP) is not classed as waste and can
therefore be used in mineral restoration/reclamation without requiring environmental
permits or exemptions.
Non-QP compost is classed as waste, but its use in mineral restoration/reclamation can
be permitted under the Standard Exemption U11 at the discretion of Environment
Agency (EA).
A QP for AD digestate has recently been approved. Under the QP, AD liquor meeting all
the other requirements of the QP can be applied to agricultural or forestry land. The QP
allows the application of AD digestate fibre that meets all the other requirements of the
QP to restoration/remediation land, but not AD liquor.
AD liquor is still classed as waste if applied to restoration/remediation land, but its use
in this context can be permitted under the Standard Exemption U11 at the discretion of
EA.

June 2010
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Brynposteg Landfill Site

Current position: any existing environmental permits or
exemptions from the need for a permit. Operator’s level of
competence.

2.

June 2010

Proposed operation (including proposed waste types to be
used), purpose and intended outcome of the trial. Intended
environmental or commercial benefits, waste inputs and
outputs – include details of any residual waste not recovered
more efficiently.

1.

Information Required

ANNEX 1
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As landscape architects and planners with extensive experience in the minerals and waste
industries, David Jarvis Associates Limited (DJA) is experienced in the design and
implementation of mineral and waste restoration schemes.

Potters Waste Management Limited (PWM) is an experienced waste management company
and has complete control of all site operations. The Technical Manager will oversee the
trials to ensure that the risks of environmental damage occurring are minimised.

To the best of our knowledge there are no relevant EA exemptions relating to the use of
waste on the site.

SEE DETAILED TRIAL METHODOLOGY FOR FURTHER INFORMATION

N.B. QP PAS100 compost is NOT classed as a waste product and does NOT therefore require
permitting or exemption.

No residual waste will be generated directly by the use of non-QP AD liquor. However, the
trials infrastructure will be cleared from the site at the end of the trials and recycled or
disposed of via appropriate waste management facilities.

If non-QP AD liquor is shown to be beneficial and safe for mineral restoration/reclamation
sites, this will create an additional market/use for non-QP AD liquor.

Triplicated trials to assess effects of the addition of QP PAS100 compost and QP PAS100
compost and non-QP AD liquor in the establishment and growth of low maintenance grass
seed mix sown on metaliferous processing waste from a former lead mine. The trial will also
examine whether any toxic/environmentally damaging materials are taken up and ‘locked
up’ by the growing vegetation.

Information or Location of Information

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF ANAEROBIC DIGESTATE
LIQUOR (A WASTE) WITHOUT THE ISSUE OF ENVIRONMENTAL PERMITS OR EXEMPTIONS

Whether there are existing methods capable of being used to
achieve the objective. If so, how the proposed trial differs and
the benefits of that difference.

4.

June 2010

Site location and infrastructure (including plan).

3.

Information Required

ANNEX 1
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Brynposteg Landfill Site

To the best of our knowledge, the use of AD liquor in this context has not been previously
trialled.

SEE DETAILED TRIAL METHODOLOGY FOR FURTHER INFORMATION

In order to completely control the trials environment, the trials will be carried out in a
segregated part of the site. Segregation will be achieved through the use of polythene
liners and a perimeter bund created from tyre bales. A sump will be created within the trials
area to collect any run-off from the trials, and the base substrate (metaliferous processing
waste) will be imported from outside the site. The contents of the sump will be removed as
required and disposed of via an appropriately licensed waste management facility.

The only part of the existing site infrastructure that will be used for the trials are the existing
site access roads.

The location of the trial plots within the site are shown on Figure 2.

The trial will take place at Brynposteg Landfill site, Tylwch Road, Llanidloes, Powys, SY18 6JJ,
Wales – see Figure 1. The site is operated by Potters Waste Management Limited.

Information or Location of Information

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF ANAEROBIC DIGESTATE
LIQUOR (A WASTE) WITHOUT THE ISSUE OF ENVIRONMENTAL PERMITS OR EXEMPTIONS

Actions that will be taken following completion of the trial,
e.g. what permit will be needed for the proposed activity, will
an application for a permit be made, removal of
wastes/infrastructure, etc.

Period of trial – normally the activity should not exceed six
months. You will have to justify any longer period.

6.

7.

June 2010

Details of on-site operation/activity including quantities of
waste to be stored and processed, and the method of storage
and processing.

5.

Information Required

ANNEX 1
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The nature of the trials means that it is necessary for the trials to last at least one complete
growing season in order to provide valid results.

The field trials will run from May 2010 to March 2011, though the parts of the trials relating
to the use of AD liquor are not due to take place during the initial stages.

Run-off collected in the sump will be removed and disposed of via an appropriately licensed
waste management facility.

At the end of the trials, all residues and trial infrastructure will be cleared from the site,
segregated into different waste types, and recycled or disposed of via appropriately licensed
waste disposal facilities.

SEE DETAILED TRIAL METHODOLOGY FOR FURTHER INFORMATION

Once applied to the trial plots, the vegetation on the trial plots will be monitored at
appropriate intervals (depending on the season) to assess establishment, growth and survival
rates.

Any unused AD liquor will be disposed of via an appropriately licensed waste management
facility.

The AD liquor will be applied to the trial plots by watering can fitted with a dribble bar.

No further processing of the AD liquor will be required.

AD liquor will be brought onto site and stored in closed 25 litre plastic drums. The
containers will be stored until needed in an observed and safe part of the site 10m away
from any watercourses or drainage ditches and 50m from any spring or well.

Information or Location of Information

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF ANAEROBIC DIGESTATE
LIQUOR (A WASTE) WITHOUT THE ISSUE OF ENVIRONMENTAL PERMITS OR EXEMPTIONS

June 2010

10.

9.

8.

controlled waters*

land

sewer

plants

animals

nuisance.

x

x

x

x

x

x

generation of noise and vibration

generation of waste

energy consumption.

x

x

x

Whether a market already exists for the output you are
proposing and, if so, how the trial will affect that market.

generation of heat/energy

x

Details of approximate:

air (including dust, litter, odour)

x

Details of environmental and health impact, and proposed
mitigation measures, for:

Information Required

ANNEX 1
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There is no marketable output from the trials.

Brynposteg Landfill Site

Other than that which arises from the transport of materials and personnel to the sites and
the construction and eventual dismantling of the trial plots, the trials should consume no
measurable amounts of energy.

At the end of the trials, all residues and trial infrastructure will be cleared from the site,
segregated into different waste types, and recycled or disposed of via appropriately licensed
waste disposal facilities. Run-off collected in the sump will be removed and disposed of via
an appropriately licensed waste management facility.

Except during the construction and eventual dismantling of the trial plots, the trials should
generate no heat, energy, noise or vibration.

The trials are not predicted to have any other significant impact on any other sensitive
receptors either inside or outside the site.

While odour could potentially cause a nuisance, the isolated location of the trial sites and
the low volumes of AD liquor to be applied should mean that any odour nuisance is both
short-lived and of negligible significance. Furthermore, the site is an existing operational
landfill site taking domestic waste.

The trial site will be located at least 10m from any watercourse, and 50m from any
borehole. The low levels of AD liquor that are being applied to the site should minimise the
risks of run-off and associated water or ground pollution. In addition, any run-off that does
occur will be held in a sump. Run-off collected in the sump will be removed and disposed
of via an appropriately licensed waste management facility.

The trial site has been chosen to minimise the risk of the trials having any impact on fauna
and flora.

Information or Location of Information

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF ANAEROBIC DIGESTATE
LIQUOR (A WASTE) WITHOUT THE ISSUE OF ENVIRONMENTAL PERMITS OR EXEMPTIONS

Why should you not obtain an environmental permit for this
proposal?

12.

June 2010

Does your trial align with the adopted national, regional or
local spatial planning framework for waste or support its
implementation?

11.

Information Required

ANNEX 1
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Furthermore the trials project is being overseen by WRAP and funded by WAG, and
although there is no charge for the issuing of a U11 Exemption the additional costs that
would be entailed in obtaining the exemption are not considered to be an efficient use of
WAG funds.

The aspect of the trial that theoretically requires an environmental permit or standard
exemption is the application of a total of 37 litres of non-QP AD liquor (which is classed as
waste) to 3 No. trial plots covering an area of 27m2 of imported metaliferous processing
waste. The completely segregated nature of the trials means that the risks of measurable
environmental damage arising from the trials are considered to be minimal. The
requirement to obtain an environmental permit or exemption for the trials is therefore
considered an unnecessary burden on the trial operators.

The trials are a WRAP/WAG-funded project and relate to finding future beneficial uses for
the output (AD liquor) from the anaerobic digestion of biodegradable waste (predominantly
food and animal waste). The trials therefore relate to the reuse of a waste product.

Information or Location of Information

ENVIRONMENT AGENCY REQUIREMENTS TO ALLOW TRIALS OF THE USE OF ANAEROBIC DIGESTATE
LIQUOR (A WASTE) WITHOUT THE ISSUE OF ENVIRONMENTAL PERMITS OR EXEMPTIONS

1949/BRP/AD/Compost Trials in Wales

WRAP (WALES)

AD/COMPOST TRIALS
PROPOSED DETAILED TRIAL METHODOLOGY
BRYNPOSTEG LANDFILL SITE
Revised 11 June 2010

SITE DESCRIPTION
Brynposteg landfill site (domestic refuse), Tylwch Road, Llanidloes, Powys, SY18 6JJ is operated by
Potters Waste Management (PWM). See Figure 1 – Site Location Plan
Trial plots will take place on an area of already filled void that has been capped with 300mm subsoil,
over drainage net, over 1mm HDPE, over foundation layer, over waste. The area has not yet been
topsoiled. See Figure 2 – Trial Locations Plan.
PAS 100 TRIALS
There will be 9 No. 3m x 3m trial plots, including 3 control plots. All trial plots to be in triplicate.

METHODOLOGY
1. Place 1.5m x 1.25m x 0.7m tyre bales to form perimeter bund to trial plots. Tyre bale bund to
be double thickness on down-slope side of trial area. Orange hi-visibility fencing to be
positioned around access road side of tyre bale wall.
2. Lay Pozidrain 6S250/NW8 drainage fabric over subsoil cap and tyre bales to prevent damage to
polythene liner.

3. Place 2 No. layers Visqueen Agri-S/Polisile polythene liner over drainage fabric as liner to trial
plots to contain any run-off from trial plots. Sump to collect run-off to be formed within trial
area on down-slope side of trial plots.
4. Add 150mm depth of metaliferous processing waste. Waste to be tested as required by EA,
and transported to site by an appropriately licensed waste carrier. Spread waste to an even
depth using mini-excavator (mini-excavator and operator provided by landfill operator).
5. Mark out trial plots using spray paint and lengths of timber (50mm x 75mm or similar).
6. Add 150mm depth PAS 100 compost and incorporate into waste on 6 No. plots (outlined green
in Diagram 1)
x
x
x
x

3

3

8.1m (approximately 6.1 tonnes, based on conversion of 1m = 0.75 tonnes) compost
to be delivered in bulk from Bryn Quarry Ltd at a date agreed with PWM.
Compost to be transported within site to trial location point by PWM using appropriate
mobile plant.
PAS 100 compost to be incorporated into substrate using hand tools, taking care not to
damage the polythene liner.
Any damage to the liner that does occur will be repaired using appropriate tape before
any application of AD liquor.

7. Seed plots with rough grass mix – 55% perennial ryegrass, 5% Italian ryegrass, 5% brown top
bent, 10% Chemings fescue, 20% creeping red fescue, 5% white clover.
8. Once vegetation has started emerging on the plots AD liquor to be applied onto 3 No. plots
(hatched solid orange in Diagram 1).
x
x
x
x
x

x

x
x
x

Set out 1m string grid (using canes) to facilitate accurate application of AD liquor.
3 plots to have a small quantity (11.25l each) of AD liquor applied in a single
application.
Liquor to be applied by watering can/dribble bar.
AD liquor will NOT be applied during periods of heavy rainfall.
If run off from the plots occurs it is likely to be minimal due to the very small quantities
of liquor being applied. However if run off does occur this would be collected in the
sump within the trial area. The sump will be visually monitored by landfill site staff and
emptied as required by an appropriate licensed contractor. Collected run-off will be
disposed of at an appropriately licensed waste disposal facility.
3
The sump has a design capacity of approximately 13.5m . This capacity is considered
appropriate to deal with the likely maximum potential amounts of run-off, based on a
recorded annual rainfall for the site of 988mm in 2009, and a collection area (i.e. the
2
area covered by the liner) of 286m .
In addition the 3 No. plots on which AD liquor will be applied will have had PAS 100
incorporated into them to further reduce the risk of run off.
All measuring and filling of application equipment will be carried out in sump area.
3
AD liquor nutrient analysis:
6.18kg N/m pH 8

(See ‘Additional information about AD liquor’ below for further details on AD Liquor and
handling.)
9. Monitor germination and growth of grass.
10. At the end of the trial period, all residues and trial infrastructure will be cleared from the site,
segregated into waste types and recycled or disposed of via appropriately licensed waste
management facilities.
st
11. The trial period will last from the day of installation/set-up until 31 March 2011.

Additional information about AD liquor
x
x
x
x
x
x
x
x

AD liquor will be sourced from Holsworthy AD Plant.
The material is to be transported to site in 25 litre plastic drums.
Drums to be filled with AD liquor by Holsworthy personnel.
AD liquor to be transported to site by haulier with appropriate waste transport licence.
Once delivered to site, drums to be stored in an appropriate secured area 10m from existing
watercourse and 50m from existing spring or well.
Containers to be transported to trial plot locations by PWM using appropriate mobile plant.
Only small quantities of AD liquor to be administered.
There is potential for some odour. However the trial plots are in an isolated position and the
odour would be short-lived.

Total volume of AD liquor to be applied at this site = 37 litres.
(Note: the indicated volume of AD liquor includes a 10% margin.)
This equates to 0.23kg N in total applied across the entire trial area.

BRYNPOSTEG LANDFILL
SITE
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Appendix 4
EA Regulatory Position Statement

Anaerobic Digestate and Compost Trials on Mineral Extraction Sites
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The trial of using anaerobic digestate liquor as a growth promoter in
the restoration of mineral operations at Borras Quarry, Ffos y Fran,
Bryn Posteg and Welsh Slate Blaenau Ffestiniog
If you comply with the requirements set out below, we will allow the trial of
the use of anaerobic digestate (AD) liquor as a growth promoter to
artificial soils used in the restoration of mineral operations.
Background
WRAP Wales have obtained funding from the Welsh Assembly Government to carry
out trials into the use of PAS 100 compost and Quality Protocol (QP) compliant
PAS110 AD liquor in the restoration of mineral workings.
QP Compost is to be used as an additive to existing on-site quarry waste to produce
an artificial soil. It is intended to trial the addition of AD liquor to this material to see if it
has a beneficial effect in reducing the risk of erosion to restored land by promoting
rapid plant growth on the mineral substrates. .
The intention is to assess how effective the use of AD liquor is when added to the
compost base and to assess if there are differing responses and hence different
dosage rate requirements on the substrates from different mineral operations.
Our position
We will not pursue an application for an environmental permit for the operation where:
x

The format and methodology for the trials at the sites below are agreed in
advance with us;





x

Borras Quarry, Holt Road, Wrexham, Clwyd
Ffos y Fran reclamation scheme, Fochriw Road, Merthyr Tydfil
Bryn Posteg Landfill Site, Tylwch Road, Llanidloes, Powys and
Welsh Slate Quarry, Gloddfa Ganol, Blaenau Ffestiniog, Gwynedd.

The treatment of the waste is carried out in accordance with the site specific
working plans for each site dated 11th June 2010;
1949/BF/AD/Compost Trials in Wales = Blaenau Ffestiniog
1949/BO/AD/Compost Trials in Wales = Borras
1949/BRP/AD/Compost Trials in Wales = Bryn Posteg
1949/FYF/AD/Compost Trials in Wales = Ffos-Y-Fran

.

x

Any changes to a particular working plan must be agreed in writing with the
local area office;

x

You advise us in writing of the date you intend to start each trial;

x

Records relating to the trial must be kept for the duration of the trial and two
years thereafter and made available to us on request;

x

You meet the relevant objectives of the Waste Framework Directive;
’… ensuring that waste is recovered or disposed of without endangering human
health and without using processes or methods which could harm the
environment and in particular without –
(i) risk to water, air, soil, plants or animals; or
(ii) causing nuisance through noise or odours; or
(iii) adversely affecting the countryside or places of special interest.’

This regulatory position statement applies only to this trial and does not allow trials
of any other wastes or at any other location nor does it allow any repeat or
subsequent trials at the same location.

Monitoring and feedback on the trial
Our area teams will:
x
x
x
x

check that the trial is carried out as specified;
use information that you submit on performance of the trial to decide whether
the intended benefits have been realised;
record their decision; and
advise on permitting implications for developing the activity.

Enforcement
In not pursuing an application for a permit, this means we will not normally take enforcement
action unless the activity has caused, or is likely to cause, pollution or harm to health. For a
more detailed explanation of this enforcement position, please refer to the public interest
factors in Guidance for the Enforcement and Prosecution Policy. This document can be found
on the ‘How we regulate you’ page in the Business & Industry section of our website.

This regulatory position will be reviewed by 31st March 2011.

MWRP RPS 068
Version: 1.0
Issued: June 2010

Appendix 5
Soil Sample Results Site Setup
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Appendix 6
Brynposteg Sump Leachate

Anaerobic Digestate and Compost Trials on Mineral Extraction Sites

40

Analytical Services

Torrington Avenue,
Coventry, CV4 9GU

Mr Williams
Potters Waste Management
Potters Yard
Severn Road
Welshpool SY21 7YE
Powys

T: +44 (0)24 7642 1213
F: +44 (0)24 7685 6575
www.stsanalytical.com

04 August 2010
Test Report: COV/711371/2010

Dear Mr Williams
Analysis of your sample(s) submitted on 23 July 2010 is now complete and we have pleasure
in enclosing the appropriate test report(s).
An invoice for the analysis carried out will be sent under separate cover.
Should you have any queries regarding this report(s) or any part of our service, please
contact Customer Services on +44 (0)24 7642 1213 who will be happy to discuss your
requirements.
If you would like to arrange any further analysis, please contact Customer Services. To
arrange container delivery or sample collection, please call the Couriers Department directly
on 024 7685 6562.
Thank you for using Severn Trent Services and we look forward to receiving your next
samples.
Yours Sincerely,
Signed:
Name:

G. Coiley

Title:

Organics Operations Manager

Severn Trent Services Analytical Services is a trading name of Severn Trent Laboratories Limited. This communication has been sent to you by
Severn Trent Laboratories Ltd. Registered in England and Wales. Registration No.2148934. Registered Office: 2297 Coventry Road,
Birmingham B26 3PU

Report Summary
1314
1229
0897
4409

Mr David Williams
Potters Waste Management
Potters Yard
Severn Road
Welshpool
Powys
SY21 7YE

Date of Issue:

Report Number: COV/711371/2010
Job Description:

Sump Water Analysis

Job Location:

Potters Waste Management

Number of Samples
included in this report

Issue 1

Job Received:

23 July 2010

1

Number of Test Results
included in this report 13

Signed:

04 August 2010

Analysis Commenced: 26 July 2010

Name:

G. Coiley

Date: 04 August 2010

Title:

Organics Operations Manager

Severn Trent Services was not responsible for sampling unless otherwise stated. Sampling is not covered by our UKAS accreditation.
Information on the methods of analysis and performance characteristics are available on request.
Opinions and interpretations expressed herein are outside the scope of UKAS accreditation. The results relate only to the items tested.
Tests marked 'Not UKAS Accredited' in this Report/Certificate are not included in the UKAS Accreditation Schedule for our laboratory.
Severn Trent Services Analytical Services is a trading name of Severn Trent Laboratories Limited. This communication has been sent to you by Severn
Trent Laboratories Limited. Registered in England and Wales. Registration No. 2148934. Registered Office: 2297 Coventry Road, Birmingham B26
3PU
(c) Severn Trent Services 2010. All rights reserved. We, Severn Trent Laboratories Limited, are the owner of all copyright in this report. You must not
copy, reproduce, amend or adapt this report, its contents or any format in which it is delivered without our prior written agreement. If you copy,
reproduce, amend, or adapt this report in any way without our agreement you will be liable for any damage or loss to us. In the event of a dispute the
copy of the report held by us shall be the reference copy.

Severn Trent Services
Analytical Services, Torrington Avenue, Coventry, CV4 9GU
Tel:+44 (0)24 7642 1213 Fax:+44 (0)24 7685 6575
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Certificate of Analysis
1314
1229
0897
4409

Report Number:
COV/711371/2010
Laboratory Number: 11887235

Issue
1
Sample 1

of 1

Potters Waste Management
Sample Source:
Sample Point Description:
Sample Description:
GW10
Sample Matrix:

Waste waters

Sample Date:

Sample Received

23 July 2010

Test Description

Analysis Complete:

30 July 2010

Result

Units

Cadmium, Filtered as Cd

78.8

ug/l

Y

Cov

WAS049

Chromium, Filtered as Cr

3.2

ug/l

Y

Cov

WAS049

Copper, Filtered as Cu

385

ug/l

Y

Cov

WAS049

Lead, Filtered as Pb

1880

ug/l

Y

Cov

WAS049

Mercury, Filtered as Hg

2.2

ug/l

Y

Cov

WAS013

Nickel, Filtered as Ni

13

ug/l

Y

Cov

WAS049

9340

ug/l

Y

Cov

WAS049

6.9

pH units

Y

Cov

WAS039

Conductivity- Electrical 20C

924

uS/cm

Y

Cov

WAS039

Ammoniacal Nitrogen as N

4.45

mg/l

Y

Cov

WAS036

<0.009

mg/l

Y

Cov

WAS018

Selenium, Filtered as Se

<1.6

ug/l

Y

Cov

WAS051

Arsenic, Filtered as As

8.2

ug/l

Y

Cov

WAS051

Zinc, Filtered as Zn
pH

Cyanide, Total as CN

Analyst Comments for 11887235:

Accreditation

Method

No Analyst Comment

Accreditation Codes: Y = UKAS Accredited, N = Not UKAS Accredited, M = MCERTS.
Analysed at: Brd = Bridgend, Cov = Coventry, Rea = Reading, Run = Runcorn, S = Subcontracted, Wak = Wakefield.
For Microbiological determinands 0 or ND=Not Detected, For Legionella ND=Not Detected in volume of sample filtered. Relating to Legionella volume analysed 1g is approximately equivalent to 1ml.
I/S=Insufficient sample

Signed:

Name:

G. Coiley

Date: 04 August 2010

Title:

Organics Operations Manager

Severn Trent Services
Analytical Services, Torrington Avenue, Coventry, CV4 9GU
Tel:+44 (0)24 7642 1213 Fax:+44 (0)24 7685 6575

Page 2 of 2

Severn Trent Laboratories Ltd - Terms and Conditions for the Sale of Services
"Severn Trent Services Analytical Services" and "Severn Trent Services" are trading names of Severn Trent
Laboratories Limited, which is the contracting party under these terms and conditions and is referred to in them as
"STL". Severn Trent Laboratories Limited (registered number 2148934) is registered in England and Wales, and its
registered office is at 2297 Coventry Road, Birmingham B26 3PU

.

(1) GENERAL
(a) In these terms and conditions of sale (“Conditions”) “STL”
means Severn Trent Laboratories Limited,
“the Customer” means the person, firm or company named in
the quotation or order acknowledgement.
These Conditions shall form part of every agreement for the
provision of services by STL (“Contract”).
Any variation of the Conditions shall only be effective if mutually
agreed in writing and signed by a duly authorised representative
of STL.
(b) Every Contract between STL and the Customer shall be subject
to English Law. The Customer hereby submits to the exclusive
jurisdiction of the English Courts for the determination of any
question or dispute.
(2) QUOTATIONS AND ACCEPTANCE OF ORDERS
(a) Any tender or quotation given by STL shall, unless otherwise
stated, remain valid for acceptance for a period of 60 days from
the date of the tender.
(b) A Contract between STL and the Customer shall not arise until
such time as the parties have agreed in writing the services to
be provided, the timescale for the performance of the services
and the charges to be levied, or, STL commence performance of
the services (whichever is the earlier).
(c) If STL commence the services before an agreement in writing is
in place then the document ordering the services and these
Conditions shall together form the Contract and that in the event
of any discrepancy between the two, these Conditions shall
prevail.
(3) DESCRIPTION, DRAWINGS AND SPECIFICATION
All descriptions, drawings, specifications, representations and
other particulars furnished by STL in catalogues, price lists and
elsewhere (whether verbally or in writing) are given for general
information only and are not binding upon STL.
(4) PRICE AND PAYMENT
(a) Charges are exclusive of Value Added Tax.
(b) A separate invoice may be issued for each item listed in the
quotation.
(c) Liability for payment of the Charges shall arise upon completion
of the whole or part of the services provided under the Contract
(or as otherwise agreed in writing between STL and the
Customer), whether pursuant to a written order or pursuant to
submission to STL of a sample or any document whatsoever.
STL will issue invoices in respect of the Charges payable by the
Customer prior to the relevant payment date.
(d) The services or an item of the services will be deemed to be
completed and the relevant element of the Contract price (“the
Charges”) to be due and payable forthwith:
(i) when STL issues a written notice to the Customer confirming
such completion; or
(ii) if STL is available to perform the services under this Contract
but is prevented from doing so at the time agreed for the
provision of the services by reason of the lack of relevant
assistance from the Customer (such as lack of availability of test
components from the Customer) and/or by reason of the
condition or accessibility of the Customer’s premises on the site
at which the services are to be provided and/or the facilities at or
the services available therein.
(e) Payment of the Charges shall be made by the Customer within
30 days after the earlier of the date of invoice or the provision of
the services (or item of services). No payment shall be deemed
to have been received until STL has received cleared funds.
Time for payment shall be of the essence.
(f) Charges remaining unpaid after the due date shall bear interest
from the due date for payment until the day payment is received

at the statutory rate of interest for late payment from time to
time, such interest accruing from month to month. Without
prejudice to any other rights or remedies of STL any default by
the Customer in making payment on the due date shall entitle
STL to suspend services under this or any other contract so long
as the default continues and to treat this Contract as repudiated
by the Customer if the Customer has not within 14 days of
receiving written notice from STL paid all sums due to STL.
(g) No payments may be withheld nor any counterclaims of the
Customer be set off against any payment due hereunder without
the written consent of STL.
(5) SERVICE LEVELS
(a) STL will use reasonable endeavours to:
(i) ensure that all samples are analysed and the results of such
analysis notified to the Customer;
(ii) ensure that all samples are analysed in accordance with best
analytical practices;
(iii) ensure that its staff whilst on premises under control of the
Customer will act responsibly and in accordance with safe
working procedures;
(iv) ensure that commercially sensitive information relating to the
business and activities of the Customer which are known to STL
and the staff of STL as a consequence of the services provided
by STL are not divulged to any third party without prior written
approval from the Customer;
(b) Any special analytical procedures set out in STL’s quotation
shall not be varied without the prior written agreement between
the Customer and STL.
(c) STL reserves the right to reject any samples which in its opinion
by reason of its nature, volume or presentation is not such as to
permit STL to conduct an adequate analysis.
(6) CUSTOMER’S OBLIGATIONS
(a) The Customer shall:
(i) unless otherwise agreed be responsible for the delivery of all
samples and materials to the laboratory specified by STL;
(ii) clearly and accurately label all samples and materials delivered
to STL;
(iii) ensure that reasonable notice of bottle requirements/collection
arrangements is made during normal working hours;
(iv) notify STL if the analysis is required for legal proceedings prior
to STL carrying out the analysis. For such purposes, the
Customer should prepare a chain of custody document (in a
form agreed by STL) to be signed by STL as acknowledgement
of receipt;
(v) provide STL with such quantities of samples for analysis and in
such forms as STL requires. The Customer shall submit a full
schedule with the samples together with any other relevant
information likely to be useful during analysis, in particular,
without limitation, where the Customer has any suspicion that
there may be present in the sample substances hazardous to
health or dangerous to employees, servants or agents of STL.
(vi) The Customer fully indemnifies STL against all claims,
demands, actions, proceedings and all damages, losses, costs
and expenses which are made or brought against or incurred or
suffered by STL directly or indirectly and whether wholly or
partly resulting from the Customer’s failure to comply with its
obligations under these Conditions or under the Contract.
(b) If access to the Customer’s premises is necessary for the
fulfilment by STL of its obligations under the Contract, the
Customer shall allow STL full access and if such access is
hindered or prevented, then STL shall have the right to
terminate the Contract immediately without prejudice to its rights
to charge in respect of services rendered up to the date of such
termination.
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(c) If the Customer, acting reasonably, suspects that any samples
may contain substances hazardous to human health, it shall
take steps to notify STL of its suspicions prior to delivery of any
such samples. This clause will not operate to override any
specific instructions stipulated by STL and is meant to act as a
failsafe mechanism.
(7) WARRANTY AND LIABILITY OF STL
(a) All Conditions and warranties whether expressed or implied by
statute or otherwise shall be construed subject to these
Conditions and insofar as they are inconsistent therewith, shall
be excluded to the fullest extent allowed by law.
(b) If STL fails to perform the services (or any part thereof) due to a
breach of its obligations under this Contract, the Customer shall
be entitled to require STL to remedy such breach by
re-executing the relevant part of the services without additional
charge up to the amount of the charges received by STL for the
provision of such services.
(c) STL will use its reasonable endeavours to meet any date quoted
by STL for completion of services but any date named by STL
for completion is given and intended as an estimate only and is
not to be of the essence of the contract. STL shall not be liable
in any way in respect of late completion of the services
howsoever caused, nor shall such late completion be deemed to
be a breach of contract. Any exclusion or limitation of liability in
these Conditions or the Contract shall not apply in the case of
liability for fraudulent misrepresentation, death or personal injury
resulting directly from STL’s negligence.
(d) Save for any liability for death or personal injury arising from
STL’s negligence or fraudulent misrepresentation (which is not
excluded), STL’s total aggregate liability in respect of any loss or
damage sustained by the Customer, whether for negligence or
breach of contract or otherwise, shall in no event exceed the
value of the services provided under this Contract as set out in
the quotation for the provision of services. STL confirms and the
Customer acknowledges that the services are specifically costed
on the basis that this clause applies.
(8) BREACH BY OR INSOLVENCY OF THE CUSTOMER
STL shall have the right forthwith to terminate this and any other
Contract with the Customer but without affecting any other
claim, right or remedy of STL against the Customer, if:
(a) the Customer fails to comply with any of its obligations to STL
under this or any other Contract; or
(b) upon the occurrence of any of the following events:
(i) any notice to the Customer that a Receiver or Manager of the
Customer is to be or has been appointed; or
(ii) any notice to the Customer that a petition to wind it up is to be or
has been presented or any notice conveying a meeting of the
Customer at which such a resolution is to be proposed to wind
up the Customer (save for the purposes of and followed by a
bona fide reconstruction or amalgamation); or
(iii) a decision by the Customer that it intends to make an
arrangement with its Creditors; or
(iv) any act by or bankruptcy of the Customer.
(9) CANCELLATION, SUSPENSION AND TERMINATION
Subject only to clause 9 (a) below, the Customer can only
terminate a Contract (or any part of a Contract) with STL’s prior
written agreement. The Customer shall be liable to indemnify
STL in full in respect of any direct or indirect losses (to include
but not be limited to economic loss including loss of profits) it
incurs as a result of such termination.
(a) If for any cause beyond its control, STL is unable to perform any
of its obligations under the Contract STL may by notice in writing
to the Customer terminate the Contract or suspend the Contract
in respect of any one or more part or parts of its obligations
without liability for any loss or damage thereby incurred by the
Customer.

(b)

(c)

(d)

(e)

such changes in design, construction, composite materials
layout or equipment as it in its absolute discretion deems
appropriate.
All intellectual property rights (including, without limitation,
patents, registered and unregistered designs, trade marks and
service marks (registered or not) and copyright and any
applications for them) (“Intellectual Property”) created by STL in
the course of the performance of the Contract or otherwise
created or used in the provision of the services shall remain
STL’s property.
Subject to the payment of all Charges under the Contract, STL
agrees to grant to the Customer an irrevocable, royalty free
copyright licence to use and reproduce the Intellectual Property
contained within the documentation provided to the Customer as
part of the Contract. STL shall not be liable for the use of such
documentation other than for the purposes intended under the
Contract, or for any use or reliance by third parties.
STL shall have no liability to the Customer in respect of any
actual or alleged infringement of any intellectual property right of
third parties in relation to the services specified in the order or
their testing, except to the extent (if any) that such infringement
occurs by reason of the design of STL.
Both parties shall keep and procure to be kept secret and
confidential all information disclosed or obtained as a result of
the relationship of the parties under the Contract and shall not
use or disclose the same save for the purposes or the proper
performance of the Contract or with the prior written consent of
the other party; except that this obligation of confidentiality shall
not extend to any matter which can be shown to be part of the
public domain other than as a result of a breach of the
obligations of confidentiality under this Contract; or where any
applicable law requires the disclosure of the relevant matter.

(11) RECOMMENDED THIRD PARTIES, SUB-CONTRACTING
AND THIRD PARTIES’ RIGHTS
(a) If STL recommends that the Customer should engage other
laboratories to carry out particular services, then STL shall not
be held liable for the performance of such services by such
recommended parties.
(b) STL shall be entitled to sub-contract any of the services under
the Contract if it anticipates that it will be unable to meet the
timescale set out in the Contract or if a particular determinand
cannot be analysed in-house. In any other circumstances, STL
will not sub-contract any of the services without the Customer’s
written agreement (such agreement not to be unreasonably
withheld or delayed). The Customer is not entitled to assign the
benefit of any Contract.
(c) The Contract (Rights of Third Parties) Act 1999 shall not apply
to any Contract and no third party shall have the benefit of the
right to enforce these Conditions.
(12) FORCE MAJEURE
(a) Neither STL nor the Customer shall be liable for a failure to
perform arising from any causes or events beyond the control
and without the fault or negligence of STL and/or the Customer
and without prejudice to the generality of the foregoing to
include acts of God or a public enemy, acts of the Government
of STL’s or Customer’s country or any public authority or
governmental agency in either country, acts of any person
engaged in subversive activity or sabotage, fires, floods,
explosion or other catastrophes, epidemics or quarantine
restrictions, power outages, major equipment failure, strikes,
slowdowns, lockouts, or labour stoppages or disputes of any
kind, freight embargoes, unusually severe weather or delays of
the Customer due to any of the above causes or events.
(b) In the event of a failure by the Customer to perform arising
under sub-paragraph (a) of this clause, STL shall be entitled to
delay its obligations of supply for a period up to and including 30
days in which case all obligations including payment provisions
under this Contract shall apply.

(10) DESIGN IMPROVEMENTS, CONFIDENTIALITY AND
INTELLECTUAL PROPERTY
(a) STL reserves the right at any time without prior notice to make
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INTRODUCTION
SK Environmental Solutions was commissioned by David Jarvis Associates Ltd to
undertake the botanical monitoring of four trial sites across Wales. These trials were
undertaken as part of a WRAP (Waste & Resources Action Programme) Cymrufunded research project to investigate the re-use of on-site soil-forming materials at
mineral sites through the addition of PAS100 green waste compost and anaerobic
digestate from source-segregated food waste.
Triplicate trials were set up by the incorporation of PAS100 compost into the top
7.5cm of in situ substrate, followed by seeding with grass or wildflower mixes. Once
the vegetation was established, anaerobic digestate was also added to some of the
trial plots.
On two of the sites, further triplicate trials were set up to investigate the effects of
applying anaerobic digestate to existing vegetation.
The aim of the initial botanical assessment of the four trials was to obtain baseline
data regarding initial plant establishment and vegetation development of sown
grassland and / or wildflower plant communities.
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SITE LOCATIONS
The trial sites are situated throughout Wales at National Grid locations as given
below:
x

Ffos-y-fran Land Reclamation Scheme – Merthyr Tydfil, South Wales – an
opencast coal mine undergoing progressive restoration. National Grid Reference:
SO 0837 0705.

x

Borras Sand & Gravel Quarry – Borras Airfield, Wrexham – an operational sand
and gravel quarry. National Grid Reference: SJ 3606 5275.

x

Blaenau Ffestiniog Welsh Slate Quarry – Blaenau Ffestiniog, North Wales, a
recently active slate quarry. National Grid Reference: SH 694 475.

x

Brynposteg Landfill Site – Llanidloes, Mid Wales – an active, commercial landfill
site. National Grid Reference: SN 9709 8216. The trials at this site used waste
material from a former lead mine at Dylife, Powys as the substrate.
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OBJECTIVES
The main objective of the monitoring of the four trial sites was to provide a
description of early plant establishment, vegetation development and growth over a
period of 4-5 months after sowing seed and 2-3 months after the application of
anaerobic digestate.
If additional project funding could be secured, these baseline data could then be
used to undertake comparative analysis from consecutive surveys at the same sites.
Over time this would give a good indication of the longer term success of mixing
compost and anaerobic digestate with on-site soil forming materials to create soil on
the different site types.
From these initial baseline data it might be possible to align NVC (National
Vegetation Classification) communities to individual plots, potentially providing a
snapshot of the plant community at the early establishment phase. For grassland
communities the plant assemblage is likely to change over time, whereas for
wildflower communities which comprise mainly annuals the data collected should be
a fair representation.
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EXPERIMENTAL DESIGN AT EACH SITE
Ffos-y-fran Land Reclamation Scheme
There are nine trial plots (3m X 3m) at Ffos-y-fran Land Reclamation Site. There are
three variations within the plots including a control (no supplement), PAS 100
compost and anaerobic digestate + PAS 100. The trial plots are made up of the
following seed mix, substrate, PAS 100 and / or anaerobic digestate supplement.
TABLE A – Seed Mixes, substrate and supplements PAS 100 and / or
Anaerobic Digestate for Ffos-y-fran Trial
Plot Number

Substrate

Seed Mix

Supplement

1, 2 & 3

Site Overburden

Tip Reclamation Mix

PAS 100 + AD

4, 5 & 6

Site Overburden

Tip Reclamation Mix

PAS 100

7, 8 & 9

Site Overburden

Tip Reclamation Mix

CONTROL

Also at the Ffos-y-fran Land Reclamation Site, a further twelve trial plots have been
set up on an area of existing vegetation. These trial plots have four variations; a
control (no anaerobic digestate), and low, medium and high rates of anaerobic
digestate applied to existing vegetation (areas of overburden tip that had previously
been seeded with the same Tip Reclamation Mix). The trial plots comprise the
following seed mix, substrate and rate of anaerobic digestate.
TABLE B – Existing Vegetation, substrate and Anaerobic Digestate for Ffos-yfran Trial
Plot Number

Substrate

Seed Mix

Supplement

1, 2 & 3

Site Overburden

Tip Reclamation Mix

CONTROL

4, 5 & 6

Site Overburden

Tip Reclamation Mix

Low Rate AD

7, 8 & 9

Site Overburden

Tip Reclamation Mix

Medium Rate
AD

10, 11 & 12

Site Overburden

Tip Reclamation Mix

High Rate AD
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Borras Sand and Gravel Quarry
There are fifteen trial plots at Borras Sand and Gravel Quarry, each 3m X 3m. The
trial plots are made up of different rates of anaerobic digestate and / or PAS 100
compost supplements, each with three replicates. They consist of the following
substrates, seed mixes, with either no supplement (CONTROL), PAS 100 and / or
anaerobic digestate added;
TABLE C – Seed Mix, substrate and supplements of PAS 100 compost and / or
Anaerobic Digestate for Borras Trial
Plot Number
1, 2 & 3

4, 5 & 6

7, 8 & 9

10, 11 & 12

13, 14 & 15

Substrate

Seed Mix

PAS 100 Ratio

Quarry Material

BSH WF1,
overseeded with
A3

AD High Rate +
PAS 100

Quarry Material

BSH WF1,
overseeded with
A3

AD Medium Rate +
PAS 100

Quarry Material

BSH WF1,
overseeded with
A3

AD Low rate +
PAS 100

Quarry Material

BSH WF1,
overseeded with
A3

PAS 100

Quarry Material

BSH WF1,
overseeded with
A3

CONTROL

At the Borras site there are a further twelve plots (8m X 10m) that have been
designed to monitor the growth of existing on-site vegetation through the addition of
varying rates of anaerobic digestate. Four sets of trial plots were set up: a control (no
anaerobic digestate) and low, medium and high rates of anaerobic digestate
application. The plots are laid out below and consisted of the following rates of
anaerobic digestate.
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TABLE D – Existing vegetation, substrate and rates of Anaerobic Digestate for
Borras Trial
Plot Number

Substrate

Seed Mix

PAS 100 Ratio

1a, 2a & 3a

Quarry Material

Existing Vegetation

CONTROL

4a, 5a & 6a

Quarry Material

Existing Vegetation

LOW RATE AD

7a, 8a & 9a

Quarry Material

Existing Vegetation

MED RATE AD

10a, 11a & 12a

Quarry Material

Existing Vegetation

HIGH RATE AD

Blaenau Ffestiniog Welsh Slate Quarry
There are eighteen trial site plots at Blaenau Ffestiniog Welsh Slate quarry; six
different mixes of anaerobic digestate, PAS 100, Slate Fines and Slate Waste – with
three replicates of each. They consist of the following seed mixes, supplements of
PAS 100 compost and / or anaerobic digestate (AD) and in-situ substrate.
TABLE E – Seed Mixes, Anaerobic Digestate (AD), Substrate and PAS 100
compost Ratios for Blaenau Ffestiniog Trial
Plot Number

Substrate

Seed Mix / Trees

Supplement

1, 2 & 3

Slate Waste

Tip Reclamation Mix

Slate Fines +
PAS 100 + AD

4, 5 & 6

Slate Waste

Tip Reclamation Mix

Slate Fines +
PAS 100

7, 8 & 9

Slate Waste

Tip Reclamation Mix

Slate Fines

10, 11 & 12

Slate Waste

Tip Reclamation Mix

PAS 100 + AD

13, 14 & 15

Slate Waste

Tip Reclamation Mix

PAS 100

16, 17 & 18

Slate Waste

Tip Reclamation Mix

CONTROL

Brynposteg Landfill Site
There are nine trial plots at Brynposteg Landfill Site; set up in a fully contained trials
facility using lead processing waste imported from a former lead mine at Dylife,
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Powys. There are three treatments, with 3 replicates of each, including a control,
PAS100 on its own, and anaerobic digestate + PAS 100 compost. They consist of the
following seed mix, PAS 100 and / or anaerobic digestate:
TABLE F – Seed Mix, substrate and supplements of PAS 100 compost and /
or Anaerobic Digestate for Brynposteg Trial
Plot Number

Substrate

Seed Mix

Supplement

1, 2 & 3

Lead processing
waste

Tip Reclamation Mix

CONTROL

4, 5 & 6

Lead processing
waste

Tip Reclamation Mix

PAS 100

7, 8 & 9

Lead processing
waste

Tip Reclamation Mix

PAS 100 + AD
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METHODOLOGY
Vegetation (Grassland and Wildflower Mixes)
The objective of the monitoring assessments at the four trial sites is to measure initial
establishment of the variety of plant mixes on the different soil blends and treatments.
Within each plot two types of measurement were made. The first involved sampling
the percentage foliage cover of vegetation using a 1.0m x 1.0m sample area
(quadrat) and recording separately percentage grasses, herbaceous plants, ruderal
weeds and bare ground; this was undertaken twice for each plot i.e. two quadrats per
plot and a mean taken. The second measurement involved two samples per plot
using a 0.25m x 0.25m quadrat subdivided into 25 equal squares (5cm x 5cm). The
frequency of the most abundant species was measured and a mean of the two
samples recorded per plot.
The percentage foliage data were converted using the Domin Scale to categorise the
cover of each species. The Domin Scale is set out below:
x

Cover of 91-100% is recorded as Domin 10

x

Cover of 76-90% is recorded as Domin 9

x

Cover of 51-75% is recorded as Domin 8

x

Cover of 34-50% is recorded as Domin 7

x

Cover of 26-33 is recorded as Domin 6

x

Cover of 11-25% is recorded as Domin 5

x

Cover of 4-10% is recorded as Domin 4

x

Cover of <4% with many individuals is Domin 3

x

Cover of <4% with several individuals is Domin 2

x

Cover of <4% with few individuals is Domin 1

The mean Domin figures for each species within each plot were then entered into
TABLEFIT Version 1.0. The following information explains what TABLEFIT is used
for and how results should be interpreted. It has been taken from the TABLEFIT
Handbook – TABLEFIT version 1.0, for identification of vegetation types (Hill, M.O.
(1996), Huntingdon: Institute of Terrestrial Ecology).
“TABLEFIT is a programme designed to identify vegetation types. Given a list of
species, together with their frequency and abundance, the programme will assign the
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list to a vegetation type. In its present form, it has been written specially to identify
the vegetation types described in British Plant Communities (Rodwell 1991a,b, 1992,
1995, 2000). The basic description of the program is set out by Hill (1989). This is
simply to define a measure of goodness-of-fit between samples of vegetation and the
expected species composition of each vegetation type. The expected species
composition can be inferred from a summarised association table. To identify the
vegetation type of any sample, we seek the association with highest goodness-of-fit.
The measure of goodness-of-fit is similar to that outlined by Hill (1989).
The communities and sub-communities recognised in British Plant Communities are
called NVC types. NVC is an abbreviation, referring to the National Vegetation
Classification, which was the project under which British Plant Communities was
prepared.
Version 0.0 of TABLEFIT was published in 1993. The program presented here as
Version 1.0 is basically the same, but it has been expanded to allow for a new series
of NVC types, designated "OV" (standing for Other Vegetation). These are mostly
weed and inundation communities, with a few heavy-metal and crevice communities
as well. The addition of these new communities is highly significant for botanists who
study the man-made environment. Vegetation of roadsides and disturbed ground
can now be categorized.
The most appropriate community, if there is one, will almost always be one of the top
five listed. If goodness-of-fit is very poor (< 50), then you should probably not assign
your vegetation to any NVC type.
Another point to watch in interpreting the results is that two communities may have
almost equal goodness-of-fit. If their goodness-of-fit differs by 0 or 1 units, then your
sample may be intermediate. Intermediate samples are quite common, and one of
the strengths of a computer program such as TABLEFIT is that it allows them to be
recognised.”
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In addition to determining the NVC Community which best fits the sample data, a
number of other items of information are also provided. These include:
x

number of species recorded per quadrat and a mean taken for each plot;

x

number of sown species recorded per quadrat and a mean taken for each plot;

x

number of non-sown species recorded per quadrat and a mean taken for each
plot;

x

proportion of sown and non-sown species provided as a percentage of total
species recorded per quadrat and a mean taken for each plot;

x

number of sown species NOT recorded within each quadrat and a mean taken
for each plot;

x

a list of sown species NOT recorded for each plot; and

x

a list of additional species identified within each plot but not recorded during the
quadrat sampling.

A bar graph representing the mean frequency values (of 2 samples) for the most
common and / or significant species within each plot have also been included within
the results section.
Limitations
The only serious limitation of the methodology, in terms of scientific validity, is the
lack of randomisation of the different treatment plots. Due to the fact that they have
been arranged adjacent to each other in straight lines creates a problem of
interpretation of the results The vegetation may appear very different in different
treatments but there can be no scientific certainty (with statistical analysis) that the
differences are due to a real effect and are not just a random outcome influenced by
unknown environmental variables.
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RESULTS
Ffos-y-fran Land Reclamation Scheme
Site overburden, Tip Reclamation Mix, Anaerobic Digestate and PAS 100
Compost (Plots 1-9)
Table FYF1.1 below provides the percentage cover for bare ground, grass species
and herb species within each treatment; a qualitative assessment on the condition of
the vegetation is also provided.
TABLE FYF1.1 – Mean Percentage Cover for Grasses, Herbs and Bare Ground with
Qualitative Condition Assessment
Plots 1, 2 & 3
Plots 4, 5 & 6
Plots 7, 8 & 9
Plot Numbers
(Treatment)
(PAS 100 + AD)
(PAS 100)
(CONTROL)
Mean % Bare
Ground
Mean % Herb
Cover
Mean % Grass
Cover
Average Sward
Height
Qualitative
Condition
Assessment

1

0.5

59.2

9.33

18

1

123.7

142.8

39

193

197

*N/A

Good

Average - Good

Poor

*Vegetation too low to measure in the Control Plots
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Table FYF1.2 sets out the mean number of sown and non sown species recorded
within each treatment.
TABLE FYF1.2 – Mean Number of Sown and Non-sown Species Recorded Within
Each Treatment
Plot Numbers (Treatment)

Plots 1, 2 & 3
(PAS 100 + AD)

Plots 4, 5 & 6
(PAS 100)

Plots 7, 8 & 9
(CONTROL)

Total Number of Sown and
Non-sown Species
Recorded

5.3

5

3

Number of Sown Species
Recorded

5.3

5

3

Number of Non-sown
Species Recorded

0

0

0

Number of Sown Species
NOT Recorded

0.7

1

3

100

100

100

0

0

0

Proportion of Sown
Species as a % of Total
Number of Species
Recorded
Proportion of Non-sown
Species as a % of Total
Number of Species
Recorded

12

November 2010

Monitoring of PAS 100 and Anaerobic Digestate Trial
Sites (Welsh 1949)

SK/PR0016/D01

Tables FYF1.3, FF1.3a and FF1.3b provide lists of additional species recorded within
each plot but not identified by the quadrat sampling and a list of species which were
sown but were not recorded within each plot.

TABLE FYF1.3 - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers

Plot 1

Plot 2

Plot 3

Additional
Species
Recorded within
each Plot (i.e.
those species
which were not
identified within
the Quadrat
samples)

N/A

N/A

N/A

List of Sown
Species NOT
Identified within
Each Plot

N/A

Perennial Rye-grass
(Lolium perenne)

Perennial Rye-grass
(Lolium perenne)

TABLE FYF1.3a - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers

Plot 4

Plot 5

Plot 6

Additional
Species
Recorded within
each Plot (i.e.
those species
which were not
identified within
the Quadrat
samples)

N/A

N/A

N/A

List of Sown
Species NOT
Identified within
Each Plot

Perennial Rye-grass
(Lolium perenne)

Perennial Rye-grass
(Lolium perenne)

Perennial Rye-grass
(Lolium perenne)
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TABLE FYF1.3b - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers

Plot 7

Plot 8

Plot 9

Additional
Species
Recorded within
each Plot (i.e.
those species
which were not
identified within
the Quadrat
samples)

N/A

N/A

N/A

Perennial Rye-grass
(Lolium perenne)
Strong Creeping Red
Fescue (Festuca
rubra sp. rubra)

Perennial Rye-grass
(Lolium perenne)
Strong Creeping Red
Fescue (Festuca rubra
sp. rubra)

Perennial Rye-grass
(Lolium perenne)
Strong Creeping Red
Fescue (Festuca
rubra sp. rubra)

List of Sown
Species NOT
Identified within
Each Plot

Figure 1 below is a bar graph showing the mean frequency (per treatment) of the six
most prevalent species within Plots 1-9.

Frequency

% Fequency of Six Most Abundant Species Plots 1-9
100
80
60
40
20
0

AD + PAS 100
PAS 100
CONTROL
Perennial
Rye Grass
(Lolium
perenne)

Italian
Ryegrass
(Lolium
multiflorum)

Highland
Bent
(Agrostis
castellana)

Chewings Red Fescue
(Festuca
Fescue
rubra ssp.
(Festuca
rubra)
rubra ssp.
commutata)

Clover
(Trifolium
repens)

Species

Figure 1 – Bar Graph showing mean frequency (per treatment) of six most abundant
species within Plots (Plots 1-9)
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TABLEFIT Version 1.0 was used to determine the NVC community with the best fit to
the mean Domin scores for each treatment. Table FYF1.4 below sets out a summary
of the TABLEFIT results, providing the NVC Community with the best goodness of fit
and saying whether the goodness of fit is high enough to assign the NVC Community
to the vegetation within each treatment.

TABLE FYF1.4 – Summary of TABLEFIT Results for Determining the NVC Community
with the highest goodness of fit for each Treatment
Plot
Assign NVC
Goodness
NVC
Number
Community?
NVC Community
of Fit
Code
(Treatment)
(Y/N)
1, 2 & 3
Festuca ovina – Agrositis
43 Very
N
U1f
(AD + PAS
capillaris – Rumex acetosella
poor
100)
(Sub – Hypochoeris radicata)
Festuca ovina – Agrositis
45 Very
4, 5 & 6
N
U1f
capillaris – Rumex acetosella
poor
(PAS 100)
(Sub – Hypochoeris radicata)
Festuca ovina – Agrositis
44 Very
7, 8 & 9
N
U1f
capillaris – Rumex acetosella
Poor
(CONTROL)
(Sub – Hypochoeris radicata)
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Site Overburden, Tip Reclamation Mix and Anaerobic Digestate at Low,
Medium and High rate (Plots 1a – 12a)
Table FYF2.1 below sets out the percentage cover for bare ground, grass species
and herb species within each treatment; a qualitative assessment on the condition of
the vegetation is also provided.

TABLE FYF2.1 – Mean Percentage Cover for Grasses, Herbs and Bare Ground with
Qualitative Condition Assessment
Plot Number

Plot 1, 2 & 3
(CONTROL)

Plot 4, 5 & 6
(AD LOW)

Plot (7, 8 & 9 (AD
MED)

Plot 10, 11 &
12 (AD HIGH)

Mean % Bare
Ground

22

27.5

35.8

21.7

Mean % Herb
Cover

5

6.2

1.

3.3

Mean %
Grass Cover

74.3

73.2

87

84.7

*Average
Sward Height

N/A

N/A

N/A

N/A

Qualitative
Condition
Assessment

Average

Average

Average - Good

Average Good

*N.B. Uneven ground made it impossible to take any accurate measurements of sward height
here, although from the pictures of this area it can be seen there is not much difference
overall.
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Table FYF2.2 sets out the mean number of sown and non sown species recorded
within each treatment.

TABLE FYF2.2 – Mean Number of Sown and Non-sown Species Recorded Within
Each Treatment
Plot Numbers
(Treatment)

Plot 1, 2 & 3
(CONTROL)

Plot 4, 5 & 6
(AD LOW)

Plot 7, 8 & 9
(AD MED)

Plot 10, 11 &
12 (AD HIGH)

Total Number of
Sown and Non-sown
Species Recorded

4.33

5.17

5.83

5.67

Number of Sown
Species Recorded

4.33

4.33

5.17

5.17

0.00

0.50

0.83

0.33

1.67

1.67

1.00

0.83

Proportion of Sown
Species as a % of
Total Number of
Species Recorded

100.00

85.00

89.29

92.06

Proportion of Nonsown Species as a %
of Total Number of
Species Recorded

0.00

2.78

11.27

5.16

Number of Nonsown Species
Recorded
Number of Sown
Species NOT
Recorded
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Tables FYF2.3, FYF2.3a, FYF2.3b and FF2.3c provide lists of additional species
recorded within each plot but not identified by the quadrat sampling and a list of
species which were sown but were not recorded within each plot.

TABLE FYF2.3 - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers
Additional
Species
Recorded
within each
Plot (i.e.
those species
which were
not identified
within the
Quadrat
samples)

Plot 1A

Plot 2A

Plot 3A

N/A

N/A

N/A

List of Sown
Species NOT
Identified
within Each
Plot

Italian Rye-grass
(Tetraploid Lolium
multiflorum)
Highland Bent
(Agrostis castellana)

Italian Rye-grass
(Tetraploid Lolium
multiflorum)
Highland Bent
(Agrostis castellana)

Italian Rye-grass
(Tetraploid Lolium
multiflorum)

TABLE FYF2.3a - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers

Plot 4A

Plot 5A

Plot 6A

Additional
Species
Recorded within
each Plot (i.e.
those species
which were not
identified within
the Quadrat
samples)

N/A

N/A

N/A

List of Sown
Species NOT
Identified within
Each Plot

Italian Rye-grass
(Tetraploid Lolium
multiflorum)
Highland Bent
(Agrostis castellana)

Italian Rye-grass
(Tetraploid Lolium
multiflorum)

Italian Rye-grass
(Tetraploid Lolium
multiflorum)
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TABLE FYF2.3b - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers
Additional
Species
Recorded
within each
Plot (i.e. those
species which
were not
identified
within the
Quadrat
samples)
List of Sown
Species NOT
Identified
within Each
Plot

Plot 7A

Plot 8A

Plot 9A

N/A

Annual Meadow Grass
(Poa annua)

N/A

N/A

White Clover (Trifloium
repens)

N/A

TABLE FYF2.c - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers
Additional
Species
Recorded
within each
Plot (i.e. those
species which
were not
identified
within the
Quadrat
samples)
List of Sown
Species NOT
Identified
within Each
Plot

Plot 10A

Plot 11A

Plot 12A

N/A

N/A

N/A

N/A

N/A

Highland Bent (Agrostis
castellana)
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Figure 2 below is a bar graph showing the mean frequency (per treatment) of the six
most prevalent species within Plots 1-9.

F re q u e n c y

% Frequency of Six Most Abundant Species in Plots 1a-12a
100
80
60
40
20
0

CONTROL
LOW RATE AD
MEDIUM RATE AD
HIGH RATE AD
Red Fescue
Chewings
Highland Bent
Italian Rye
Perennial Rye
(Festuca rubra
Fescue
(Agrostis
Grass (Lolium Grass (Lolium
castellana) (Festuca rubra ssp. rubra)
multiflorum)
perenne)
ssp.
commutata)

Clover
(Trifolium
repens)

Species

Figure 2 – Bar Graph showing mean frequency (per treatment) of six most abundant
species within Plots (Plots 1a-12a)

TABLEFIT Version 1.0 was used to determine the NVC community with the best fit to
the mean Domin scores for each treatment. Table FYF2.4 below sets out a summary
of the TABLEFIT results, providing the NVC Community with the best goodness of fit
and stating whether the goodness of fit is sufficient to assign the NVC Community to
the vegetation within each treatment.
TABLE FYF2.4 – Summary of TABLEFIT Results for Determining the NVC Community
with the highest goodness of fit for each Treatment
Plot
Number
(Treatment)

Goodness
of Fit

Assign NVC
Community?
(Y/N)

NVC
Code

1a, 2a & 3a
(CONTROL)

83 Very
good

Y

MG7a

4a, 5a & 6a
(LOW AD)

76 Good

Y

MG7a

7a, 8a & 9a
(MED AD)

75 Good

Y

MG7a

10a, 11a &
12a (HIGH
AD)

70 Good

Y

MG7a

20

NVC Community
Lolium perenne Ley (Sub –
community: Lolium perenne –
Trifolium repens)
Lolium perenne Ley (Sub –
community: Lolium perenne –
Trifolium repens)
Lolium perenne Ley (Sub –
community: Lolium perenne –
Trifolium repens)
Lolium perenne Ley (Sub –
community: Lolium perenne –
Trifolium repens)
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Non Technical Summary – Ffos-y-Fran
Site Overburden, Tip Reclamation Mix, Anaerobic Digestate and PAS 100
Compost (Plots 1-9)
It is clear at Ffos-y-Fran that the addition of PAS 100 Compost and / or anaerobic
digestate is beneficial for the establishment of grassland species. The results shown
in Table FYF1.1 clearly illustrate a stark contrast between the plots that were
supplemented with nutrients (1-3 and 4-6) and the control plots (7-9).
None of plots 1-9 scored very well on the NVC system and it would not be accurate
to assign any known vegetation community to these plots. In subsequent years it is
possible that this will change and these plots may benefit from thinning of the Italian
Rye-grass (Lolium multiflorum) to allow the other species sown a chance to gain a
foothold and reduce its dominance.
Site Overburden, Tip Reclamation Mix and Anaerobic Digestate at Low,
Medium and High rate (Plots 1a – 12a)
Plots 1a – 12a scored very well on the NVC system, however it is difficult to be
accurate about what effect, if any, the addition of anaerobic digestate at the varying
rates has had. It is clear that more of the sown species occurred at the higher rates of
anaerobic digestate addition, although even the control plots (1a-3a) showed good
establishment of grass species. Another limiting factor on this site is the slope of the
overburden tip upon which the anaerobic digestate was added. There was no
obvious sign that the plots nearest the bottom of the hill showed any more effect of
the supplement than did the plots higher up the hill, but it is considered prudent to
monitor this site for any signs of this potential leaching effect in the future.
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Borras Sand and Gravel Quarry, Wrexham
Quarry material, WF1 and A3, PAS 100 Compost and Anaerobic Digestate
(Plots 1-15)
Table BO1.1 below shows the percentage cover for bare ground, grass species and
herb species within each treatment; a qualitative assessment on the condition of the
vegetation is also provided.

TABLE BO1.1 – Mean Percentage Cover for Grasses, Herbs and Bare Ground with
Qualitative Condition Assessment
Plot Number
(Treatment)
Mean % Bare
Ground
Mean % Herb
Cover
Mean %
Grass Cover
Average
Sward Height
(mm)
Qualitative
Condition
Assessment

Plot 1, 2 & 3
(AD HIGH +
Pas 100)

Plot 4, 5 & 6
(AD MED +
PAS 100)

Plot (7, 8 &
9 (AD LOW
+ PAS 100)

Plot 10, 11
& 12 (PAS
100)

Plot 13, 14 &
15
(CONTROL)

0

0

1.3

0

40.8

98

68

66.5

66.6

42.3

51.5

72.2

56.3

60.2

27.5

450

425

460

450

270

Good

Average Good

Average Good

Average

Poor Average
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Table BO1.2 sets out the mean number of sown and non sown species recorded
within each treatment.
TABLE BO1.2 – Mean Number of Sown and Non-sown Species Recorded Within
Each Treatment
7, 8 & 9
Plot 10,
Plot 13,
1, 2 & 3
4, 5 & 6
Plot Numbers
11 & 12
14 & 15
(AD LOW
(AD HIGH
(AD MED +
(Treatment)
+ PAS
(PAS
(CONT
+ PAS 100)
PAS 100)
100)
100)
ROL)
Total Number of Sown
and Non-sown
Species Recorded

11.67

14.33

12.67

13.33

11.33

Number of Sown
Species Recorded

7.67

8.33

8.33

8.67

7.33

Number of Non-sown
Species Recorded
Number of Sown
Species NOT
Recorded
Proportion of Sown
Species as a % of
Total Number of
Species Recorded
Proportion of Nonsown Species as a %
of Total Number of
Species Recorded

4.00

6.00

4.33

4.67

4.00

10.33

9.67

9.67

9.33

10.67

65.83

58.67

64.60

64.32

66.10

34.17

41.33

35.40

35.68

33.90

23

November 2010

Monitoring of PAS 100 and Anaerobic Digestate Trial
Sites (Welsh 1949)

SK/PR0016/D01

Tables BO1.3, BO1.3a, BO1.3b, BO1.3c and BO1.3d provide lists of additional
species recorded within each plot but not identified by the quadrat sampling and a list
of species which were sown but were not recorded within each plot.
TABLE BO1.3 - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot
Plot 1
Plot 2
Plot 3
Numbers

Additional
Species
Recorded
within
each Plot
(i.e. those
species
which
were not
identified
within the
Quadrat
samples)

List of
Sown
Species
NOT
Identified
within
Each Plot

Perforate St John’s Wort
(Hypericum perforatum)
Creeping Buttercup
(Ranunculus repens)
Creeping Thistle
(Cirsium arvense)
Hop Trefoil (Trifolium
campestre)
Yorkshire Fog (Holcus
lanatus)
Smooth Meadow Grass
(Poa pratensis)
Cornflower (Centaurea
cyanus)

Foxglove (Digitalis
purpurea)
Bird’s-foot Trefoil (Lotus
corniculatus)
Poppy (Papaver rhoeas)
Selfheal (Prunella
vulgaris)
White Campion (Silene
alba)
Raisa Chewings Fescue
(Festuca rubra ssp
commutata. )
Blackwatch Tall Fescue
(Festuca arundinaceae)

Perforate St John’s
Wort (Hypericum
perforatum)
Common Knapweed
(Centaurea nigra)
Coltsfoot (Tussilago
farfara)
Ragwort (Senecio
jacobaea)
Creeping thistle
(Cirsium arvense)
Creeping Cinquefoil
(Potentilla reptans)

Common Knapweed
(Centaurea nigra)
Foxglove (Digitalis
purpurea)
Bird’s-foot Trefoil
(Lotus corniculatus)
Common Poppy
(Papaver rhoeas)
Selfheal (Prunella
vulgaris)
White Campion
(Silene alba)
Raisa Chewings
Fescue (Festuca
rubra ssp
commutata)
Common Vetch
(Vicia sativa)
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Orache (Atriplex patula)
Poppy (Papaver rhoeas)
Dandelion (Taraxacum
officinale)
Creeping Cinqefoil
(Potentilla reptans)
Spear Thistle (Cirsium
vulgare)
Creeping Buttercup
(Ranunculus repens)
Ribwort Plantain
(Plantago lanceolata)
Knotgrass (Polygonum
aviculare)
Broad Leaved Dock
(Rumex obtusifolius)
Tall fescue (Festuca
arundinaceae)
Corncockle (Agrostemma
githago)
Foxglove (Digitalis
purpurea)
Perforate St John’s Wort
(Hypericum perforatum)
Birdsfoot Trefoil (Lotus
corniculatus)
Poppy (Papaver rhoeas)
Selfheal (Prunella
vulgaris)
Raisa Chewings fescue
(Festuca rubra ssp
commutata)
Blackwatch Tall Fescue
(Festuca arundinaceae)
Highland Bent (Agrostis
castellana)
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TABLE BO1.3a - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers
Plot 4
Plot 5
Plot 6
Ragwort (Scenecio
jacobaea)
Additional
Ragwort (Senecio
Creeping Buttercup
Species
jacobaea)
(Ranunculus repens)
Creeping Buttercup
Recorded within
Creeping Buttercup
Orache (Atriplex patula)
(Ranunculus repens)
each Plot (i.e.
(Ranunculus
Knotgrass (Polygounum
Creeping Bent
those species
repens)
aviculare)
(Agrostis
stolonifera)
which were not
Hop Trefoil
Dandelion (Taraxacum
identified within
(Trifolium
officianale)
the Quadrat
campestre)
Black- Grass
samples)
Geranium sp.
(Alopercurus
myosuroides)
Common
Corncockle
Corncockle
Knapweed
(Agrostemma
(Agrostemma githago)
(Centaurea nigra)
githago)
Common Knapweed
Foxglove (Digitalis
Foxglove (Digitalis
(Centaurea nigra)
purpurea)
purpurea)
Foxglove (Digitalis
Poppy (Papaver
Perforate St John’s
purpurea)
rhoeas)
Wort (Hypericum
Poppy (Papaver rheoas) Perforate St John’s
perforatum)
Perforate St John’s Wort
Wort (Hypericum
Bird’s-foot
Trefoil
(Hypericum perforatum)
perforatum)
(Lotus
corniculatus)
Selfheal (Prunella
List of Sown
Ribwort Plantain
Poppy (Papaver
vulgaris)
Species NOT
(Plantago
rhoeas)
Bird’s-foot
Trefoil
(Lotus
Identified within
lanceolata)
Selfheal (Prunella
corniculatus)
Each Plot
Selfheal (Prunella
vulgaris)
White Campion (Silene
vulgaris)
Raisa
Chewings
alba)
Common Vetch
fescue
(Festuca
Raisa Chewings fescue
(Vicia sativa)
rubra
ssp
(Festuca rubra ssp
Blackwatch Tall
commutata)
commutata)
Fescue (Festuca
Blackwatch Tall
Highland Bent (Agrostis
arundinaceae)
Fescue (Festuca
castellana)
Raisa Chewings
arundinaceae)
Common Vetch (Vicia
fescue (Festuca
Highland Bent
sativa)
rubra ssp
(Agrostis castellana)
commutata)
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TABLE BO1.3b - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers
Plot 7
Plot 8
Plot 9
Dandelion
(Taraxacum
White Campion
officinale)
(Silene alba)
Additional
Cranesbill
(Geranium
Curled Dock
Species
maculatum)
Wild Pansy (Viola tricolor)
(Rumex crispus)
Recorded
Ragwort (Senecio
Yorkshire Fog (Holcus
Yorkshire Fog
within each
jacobaea)
lanatus)
(Holcus lanatus)
Plot (i.e. those
Yorkshire
Fog
Black
Grass
(Alopecurus
Ragwort (Senecio
species which
(Holcus
lanatus)
myosuroides)
jacobaea)
were not
Spear Thistle
Broad Leaved Dock
Sticky Groundsel
identified
(Cirsium
vulgare)
(Senecio viscosus)
within the
(Rumex obtusifolius)
Storksbill (Erodium
Knotgrass
Quadrat
cicutarium)
(Polygonum
samples)
Tall Fescue (Festuca
aviculare)
arundinacea)

List of Sown
Species NOT
Identified
within Each
Plot

Foxglove (Digitalis
purpurea)
Poppy (Papaver
rhoeas)
Perforate St John’s
Wort (Hypericum
perforatum)
Selfheal (Prunella
vulgaris)
Bird’s-foot Trefoil
(Lotus corniculatus)
Blackwatch Tall
Fescue (Festuca
arundinaceae)
Raisa Chewings
fescue (Festuca
rubra ssp
commutata)

Common Knapweed
(Centaurea nigra)
Foxglove (Digitalis
purpurea)
Poppy (Papaver
rhoeas)
Perforate St John’s
Wort (Hypericum
perforatum)
Ribwort Plantain
(Plantago lanceolata)
Selfheal (Prunella
vulgaris)
Common Vetch
(Vicia sativa)
Blackwatch Tall
Fescue (Festuca
arundinaceae)
Raisa Chewings
fescue (Festuca
rubra ssp
commutata)
Corn Cockle
(Agrostema githago)
Corn Chamomile
(Anthemis arvensis)
Highland Bent
(Agrostis castellana)
Bird’s-foot Trefoil
(Lotus corniculatus)
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White Campion (Silene
alba)
Foxglove (Digitalis
purpurea)
Perforate St John’s Wort
(Hypericum perforatum)
Bird’s-foot Trefoil (Lotus
corniculatus)
Poppy (Papaver rhoeas)
Selfheal (Prunella
vulgaris)
Raisa Chewings fescue
(Festuca rubra ssp
commutata)
Blackwatch Tall Fescue
(Festuca arundinaceae)
Highland Bent (Agrostis
castellana)
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TABLE B4.3 - Additional Species Recorded in each Plot and List of Sown Species NOT
Identified within each Plot
Plot Numbers
Plot 10
Plot 11
Plot 12

Additional
Species
Recorded within
each Plot (i.e.
those species
which were not
identified within
the Quadrat
samples)

Common
Knapweed
(Centaurea nigra)
Spear Thistle
(Cirsium vulgare)
Yorkshire Fog
(Holcus lanatus)
Coltsfoot
(Tusilago farfara)
Bristly Ox Tongue
(Picris echioides)

Creeping Thistle
(Cirsium arvense)
Perforate St John’s Wort
(Hypericum perforatum)
Ribwort Plantain
(Plantago lanceolata)
Common plantain
(Plantago major)
Spear Thistle (Cirsium
vulgare)
Wild Mustard (Sinapis
arvensis)

List of Sown
Species NOT
Identified within
Each Plot

Corn Cockle
(Agrostema
githago)
Common
Knapweed
(Centaurea nigra)
Foxglove
(Digitalis
purpurea)
Poppy (Papaver
rhoeas)
Perforate St
John’s Wort
(Hypericum
perforatum)
Selfheal (Prunella
vulgaris)
Bird’s-foot Trefoil
(Lotus
corniculatus)
Blackwatch Tall
Fescue (Festuca
arundinaceae)
Raisa Chewings
fescue (Festuca
rubra ssp
commutata)
Ribwort Plantain
(Plantago
lanceoloata)
White Campion
(Silene alba)

Foxglove (Digitalis
purpurea)
Poppy (Papaver rheoas)
Perforate St John’s Wort
(Hypericum perforatum)
White Campion (Silene
alba)
Selfheal (Prunella
vulgaris)
Common Vetch (Vicia
sativa)
Blackwatch Tall Fescue
(Festuca arundinaceae)
Raisa Chewings fescue
(Festuca rubra ssp
commutata)
Bird’s-foot Trefoil (Lotus
corniculatus)
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Black Grass
(Alopecurus
myosuroides)
Ribwort Plantain
(Plantago lanceolata)
Ragwort (Senecio
jacobaea)
Creeping Bent Grass
(Agrostis stolinifera)
Marsh Thistle (Cirsium
palustre)
Greater Plantain
(Plantago major)

White Campion (Silene
alba)
Foxglove (Digitalis
purpurea)
Perforate St John’s Wort
(Hypericum perforatum)
Bird’s-foot Trefoil (Lotus
corniculatus)
Poppy (Papaver rhoeas)
Ribwort Plantain
(Plantago lanceolata)
Raisa Chewings fescue
(Festuca rubra ssp
commutata)
Blackwatch Tall Fescue
(Festuca arundinaceae)
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TABLE B4.3 - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers

Plot 13

Additional
Species
Recorded
within each
Plot (i.e.
those species
which were
not identified
within the
Quadrat
samples)

Creeping Thistle
(Cirsium arvense)
Common plantain
(Plantago major)
Corn Cockle
(Agrostema
githago)

List of Sown
Species NOT
Identified
within Each
Plot

Corn Marigold
(Chrysanthemum
segetum)
Corn Chamomile
(Anthemis arvensis)
Foxglove (Digitalis
purpurea)
Poppy (Papaver
rheoas)
Perforate St John’s
Wort (Hypericum
perforatum)
Selfheal (Prunella
vulgaris)
Blackwatch Tall
Fescue (Festuca
arundinaceae)
Raisa Chewings
fescue (Festuca
rubra ssp
commutata)
Ribwort Plantain
(Plantago
lanceoloata)
White Campion
(Silene alba)

Plot 14
Perennial Rye- grass
(Lolium perenne)
Ragwort (Senecio
jacobaea)
Prickly Sow Thistle
(Sonchus asper)
Bristly Ox Tongue
(Picris ecioides)
Greater plantain
(Plantago major)
Highland Bent Grass
(Agrostis castellana)
Perforate St Johns Wort
(Hypericum perforatum)
Ribwort Plantain
(Planatgo lanceolata)
Corn Cockle (Agrostema
githago)
Foxglove (Digitalis
purpurea)
Poppy (Papaver rhoeas)
Perforate St Johns Wort
(Hypericum perforatum)
White Campion (Silene
alba)
Selfheal (Prunella
vulgaris)
Common Vetch (Vicia
sativa)
Blackwatch Tall Fescue
(Festuca arundinaceae)
Raisa Chewings fescue
(Festuca rubra ssp
commutata)
Corn Marigold
(Chrysanthemum
segetum)
Aniset Strong Creeping
Red Fescue (Festuca
rubra ssp rubra)
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Plot 15
European Cinquefoil
({Potentilla reptans)
Dandelion (Taraxacum
officinale)
Creeping Buttercup
(Ranunculus repens)
Ragwort (Senecio
jacobaea)
Fat Hen (Chenopodium
album)
Highland Bent Grass
(Agrostis castellana)

White Campion (Silene
alba)
Foxglove (Digitalis
purpurea)
Perforate St John’s Wort
(Hypericum perforatum)
Selfheal (Prunella
vulgaris)
Poppy (Papaver rhoeas)
Common Vetch (Vicia
sativa)
Raisa Chewings fescue
(Festuca rubra ssp
commutata)
Blackwatch Tall Fescue
(Festuca arundinaceae)
Corn Marigold
(Chrysanthemum
segetum)
Highland Bent Grass
(Agrostis castellana)
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TABLEFIT Version 1.0 was used to determine the NVC community with the best fit to
the mean Domin scores for each treatment. Table BO1.4 below sets out a summary
of the TABLEFIT results, providing the NVC Community with the best goodness of fit
and stating whether the goodness of fit is high enough to assign the NVC Community
to the vegetation within each treatment.

TABLE BO1.4 – Summary of TABLEFIT Results for Determining the NVC Community
with the highest goodness of fit for each Treatment
Plot
Assign NVC
Goodness
NVC
Number
Community?
NVC Community
of Fit
Code
(Treatment)
(Y/N)
1a, 2a & 3a
(AD HIGH +
PAS 100)

35 Very
poor

N

MC9c

Festuca rubra – Holcus lanatus
( Sub – Achillea millefoilium)

4a, 5a & 6a
(AD MED +
PAS 100)

37 Very
Poor

N

MC8a

Festuca rubra – Armeria
maritima (Sub – Typical)

7a, 8a & 9a
(AD LOW +
PAS 100)

30 Very
poor

N

MC9c

Festuca rubra – Holcus lanatus
( Sub – Achillea millefoilium)

10a, 11a &
12a (PAS
100)

26 Very
poor

N

MC9c

Festuca rubra – Holcus lanatus
(Sub – Achillea millefoilium)

13, 14 & 15
(CONTROL)

38

N

M11

Festuca rubra – Agrostis
stolonifera – Potentilla anserina
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Non Technical Summary – Borras
Quarry Materials, BSH WF1 + A3, PAS 100 Compost and Anaerobic Digestate
In the case of Plots 1- 15 where PAS 100 compost and / or anaerobic digestate were
added at different rates there is a clear sign that the species planted benefitted
greatly from the supplements. In fact, it is clearer here than on any of the other Welsh
sites that the different ratios of anaerobic digestate showed a distinct correlation to
the ‘healthiness’ of the plots.
During the course of the next 12 months it will be very interesting to see which
species become dominant, i.e. as the annual wildflower species die back, will the
grassland species become more abundant?
Quarry Materials, Existing Vegetation Anaerobic Digestate (Plots 1a -12a)
The plots where the existing vegetation had been allowed to continue growing after
the addition of varying rates of anaerobic digestate did not show significant
differences. Much of the site was water-logged and the vegetation was sparse over
all of the plots.
There was no response from the existing vegetation to the addition of anaerobic
digestate. Therefore, we can conclude it would be deemed worthwhile adding further
anaerobic digestate to determine whether or not an additional treatment would be
required before any significant differences in growth rates are perceived. In other
words, was enough anaerobic digestate added to stimulate growth and if not, how
much would be needed at this site?
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Blaenau Ffestiniog
Slate Waste, Tip Reclamation Mix, Slate Fines, Anaerobic Digestate and PAS
100
Compost (Plots 1-9)
Table BF1.1 below sets out the mean percentage cover for bare ground, grass
species and herb species for each treatment; a qualitative assessment on the
condition of the vegetation is also provided.

TABLE BF1.1 – Mean Percentage Cover for Grasses, Herbs and Bare Ground with
Qualitative Condition Assessment
Plot Numbers
(Treatment)
Mean % Bare
Ground
Mean % Herb
Cover
Mean % Grass
Cover
Average Sward
Height (mm)
Qualitative
Condition
Assessment

Plots 1, 2 & 3 (Slate
Fines + PAS 100 +
AD)

Plots 4, 5 & 6
(Slate Fines + PAS
100)

Plots 7, 8 & 9 (Slate
Fines)

19.2

12.3

73.3

24.7

66.7

7

78.2

68.3

35.2

85

75

<50

Average - Good

Poor - Average

Poor
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Table BF1.2 sets out the average number of sown and non-sown species recorded
within plots 1-9.
TABLE BF.1.2 – Mean Number of Sown and Non-sown Species Recorded within each
Treatment
Plot Numbers
(Treatment)

Plots 1, 2 & 3
(PAS 100 + AD
+Slate Fines)

Plots 4, 5 & 6
(PAS 100 + Slate
Fines)

Plots 7, 8 & 9
(Slate Fines)

Total Number of Sown
and Non-sown Species
Recorded

6.17

5.33

5.33

Number of Sown
Species Recorded

5.83

5.33

5.33

Number of Non-sown
Species Recorded

0.33

0.17

0.17

Number of Sown
Species NOT Recorded

0.00

0.50

0.50

95.24

100.00

100.00

4.76

2.78

2.78

Proportion of Sown
Species as a % of Total
Number of Species
Recorded
Proportion of Non-sown
Species as a % of Total
Number of Species
Recorded
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Tables BF1.3, BF1.3a & BF1.3b provide a list of additional species recorded within
each plot (1-9) but not identified by the quadrat sampling and a list of species which
were sown but were not recorded within each plot.
TABLE BF1.3 - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers
Plot 1
Plot 2
Plot 3
Additional
Species
Recorded within
each Plot (i.e.
N/A
N/A
N/A
those species
which were not
identified within
the Quadrat
samples)
List of Sown
Species NOT
Identified within
Each Plot

N/A

N/A

N/A

TABLE BF1.3a - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers

Plot 4

Plot 5

Plot 6

Additional
Species
Recorded within
each Plot (i.e.
those species
which were not
identified within
the Quadrat
samples)

N/A

N/A

N/A

List of Sown
Species NOT
Identified within
Each Plot

N/A

N/A
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TABLE BF1.3b - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot 7

Plot 8

Plot 9

Additional
Species
Recorded within
each Plot (i.e.
those species
which were not
identified within
the Quadrat
samples)

N/A

N/A

N/A

List of Sown
Species NOT
Identified within
Each Plot

Italian Rye-grass
(Tetraploid Lolium
mutliflorum)

Italian Rye-grass
(Tetraploid Lolium
mutliflorum)

N/A

Figure 3 below is a bar graph showing the mean frequency (for each treatment) of
the six most prevalent species within Plots 1-9.

Frequency

% Frequency of Six Most Abundant Species in Slate Waste and Slate Fines (Plots 1-9)
30
25
20
15
10
5
0

AD + PAS 100 + Slate Fines
PAS 100 + Slate Fines
Slate Fines
Perennial
Ryegrass
(Lolium
perenne)

Highland
Italian Rye
Bent
Grass
(Agrostis
(Lolium
multiflorum) castellana)

Chewings Red Fescue
(Festuca
Fescue
rubra ssp.
(Festuca
rubra)
rubra ssp.
commutata)

Clover
(Trifolium
repens)

Species

Figure 3 – Bar Graph showing mean frequency (for each treatment) of the six most
abundant species within Plots (Plots 1-9)
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TABLEFIT Version 1.0 was used to determine the NVC community with the best fit to
the mean Domin scores for each treatment. Table BF1.4 below sets out a summary
of the TABLEFIT results, providing the NVC Community with the best goodness of fit
and sating whether the goodness of fit is high enough to assign the NVC Community
to the vegetation within each treatment.
TABLE BF1.4 – Summary of TABLEFIT Results for Determining the NVC Community
with the highest goodness of fit for each Treatment
Plot
Numbers
(Treatment)

Goodness
of Fit

Assign NVC
Community?
(Y/N)

NVC
Code

NVC Community

1, 2 & 3
(Slate Fines
+ AD + PAS
100)

58 % Poor

Y

MG6

Lolium perenne – cynosurus
cristatus

4, 5 & 6
(Slate Fines
+ PAS 100)

61 Fair

Y

MG7a

Lolium perenne – Trifolium repens

7, 8 & 9
(Slate Fines)

42 Very
poor

N

MG11

Festuca rubra – Agrostis
stolonifera – Potentilla anserina
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Slate Waste, Coal Board Mix, PAS 100 Compost and Anaerobic Digestate (Plots
1a – 9a)
Table BF 2.1 below sets out the mean percentage cover for bare ground, grass
species and herb species within each treatment; a qualitative assessment on the
condition of the vegetation is also provided.
TABLE BF2.1 – Mean Percentage Cover for Grasses, Herbs and Bare Ground with
Qualitative Condition Assessment
Plots 7a, 8a & 9a
Plots 1a, 2a & 3a
Plots 4a, 5a & 6a
Plot Numbers
(PAS 100 + AD)
(PAS 100)
(CONTROL)
Mean % Bare
Ground

14.5

19.5

84.7

12.8

23.7

0.33

115.8

127.7

14

Average Sward
Height (mm)

76

73

*N/A

Qualitative
Condition
Assessment

Average - Good

Average - Good

Poor

Mean % Herb
Cover
Mean % Grass
Cover

* No reading was able to be taken for the height of these plots due to the poor
vegetation growth and the size of the quarry waste stones.
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Table BF2.2 sets out the number of sown and non-sown species recorded within
each treatment.
TABLE BF2.2 – Mean Number of Sown and Non-sown Species Recorded within each
Treatment
Plot Numbers
(Treatment)

Plots 1a, 2a & 3a
(PAS 100 + AD)

Plots 4a, 5a & 6a
(PAS 100)

Plots 7a, 8a & 9a
(CONTROL)

Total Number of
Sown and Non-sown
Species Recorded

6.17

5.67

4.00

Number of Sown
Species Recorded

6.00

5.67

3.50

0.17

0.00

0.50

0.00

0.33

3.83

97.62

95.24

73.61

2.38

4.76

2.78

Number of Nonsown Species
Recorded
Number of Sown
Species NOT
Recorded
Proportion of Sown
Species as a % of
Total Number of
Species Recorded
Proportion of Nonsown Species as a %
of Total Number of
Species Recorded

Tables BF2.3, BF 2.3a & BF2.3b provide lists of additional species recorded within
each plot but not identified by the quadrat sampling and a list of species which were
sown but were not recorded within each plot.

TABLE BF2.3 - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers
Additional Species
Recorded within each
Plot (i.e. those species
which were not identified
within the Quadrat
samples)
List of Sown Species
NOT Identified within
Each Plot

Plot 1A

Plot 2A

Plot 3A

N/A

N/A

Mouse Ear
(Cerastium
fontanum)
Annual Meadow
Grass
(Poa annua)
N/A
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TABLE BF2.3a - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers

Plot 4A

Plot 5A

Plot 6A

Additional Species
Recorded within each
Plot (i.e. those species
which were not identified
within the Quadrat
samples)

N/A

N/A

N/A

List of Sown Species
NOT Identified within
Each Plot

N/A

N/A

N/A

TABLE BF2.3b - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers
Additional
Species
Recorded within
each Plot (i.e.
those species
which were not
identified within
the Quadrat
samples)

List of Sown
Species NOT
Identified within
Each Plot

Plot 7A

Plot 8A

Plot 9A

N/A

N/A

N/A

Perennial Ryegrass (Lolium
perenne)
White Clover
(Trifolium repens)
Italian Rye-grass
(Tetraploid Lolium
multiflorum)
Highland bent
(Agrostis capillaris)

Perennial Rye-grass
(Lolium perenne)
White Clover
(Trifolium repens)
Italian Rye-grass
(Tetraploid Lolium
multiflorum)
Highland bent
(Agrostis capillaris)

Perennial Rye-grass
(Lolium perenne)
Italian Rye-gass
(Tetraploid Lolium
multiflorum)
Highland bent
(Agrostis capillaris)
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Figure 4 below is a bar graph showing the mean frequency (for each treatment) of
the six most prevalent species within Plots 1a – 9a.
% Frequency of Six Most Abundant Species in Slate Waste (Plots 1a-9a)

100
F re q u e n c y

80
AD + PAS 100

60

PAS 100
CONTROL

40
20
0
Perennial Ryegrass
(Lolium perenne)

Italian Rye Grass (Lolium Highland Bent (Agrostis
multiflorum)
castellana)

Chewings Fescue
(Festuca rubra ssp.
commutata)

Red Fescue (Festuca
rubra ssp. rubra)

Clover (Trifolium repens)

Species
Figure 4 – Bar Graph showing mean frequency (per treatment) of the six most
abundant species within Plots 1a-9a

TABLEFIT Version 1.0 was used to determine the NVC community with the best fit to
the mean Domin scores for each treatment. Table BF2.4 below sets out a summary
of the TABLEFIT results, providing the NVC Community with the best goodness of fit
and stating whether the goodness of fit is high enough to assign the NVC Community
to the vegetation within each treatment.
TABLE BF2.4 – Summary of TABLEFIT Results for Determining the NVC Community with
the highest goodness of fit for each Treatment
Plot Number
(Treatment)

Goodness
of Fit

Assign NVC
Community?
(Y/N)

NVC
Code

NVC Community

1a, 2a & 3a
(AD + PAS
100

55 Poor

Y

MG7a

Lolium perenne – Trifolium repens

4a, 5a & 6a
(PAS 100)

53 Poor

Y

MG7a

Lolium perenne – Trifolium repens

7a, 8a & 9a
(CONTROL)

37 Very
poor

N

MG11c

Festuca rubra – Agrostis stolonifera
– Potentilla anserina
(Sub-community: Honken peploid)
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Non Technical Summary of Results - Blaenau Ffestiniog
Slate Waste, Slate Fines, Coal Board Seed Mix, Anaerobic Digestate and PAS
100 Compost (Plots 1-9)
It is clear from Table BF1.1 that the addition of both anaerobic digestate + PAS 100
(Plots 1 – 3) and PAS 100 alone (Plots 4 – 6) had a positive effect on the
establishment of the species sown. The differences between the establishment rates
of grasses and herbaceous plants e.g. White Clover (Trifolium repens), are to be
expected given the ratios at which these species were sown.
Table BF1.1 also illustrates that there is only a subtle difference between the addition
of PAS 100 combined with anaerobic digestate and that of PAS 100 alone, in terms
of the establishment of the grasses. The higher success rate of herbaceous species
in the trials where only PAS 100 was added can be attributed to a lower success rate
of the grasses in these plots; allowing for greater colonisation of wildflowers. This
may potentially vary as time passes, but due to the unknown nature of how anaerobic
digestate will perform over time in comparison to PAS 100 compost it is difficult to
say at this stage.
Furthermore, a subtle difference in sward height can be seen between the PAS 100 +
anaerobic digestate treatment and the PAS 100 treatment. With subsequent
monitoring and further data it will be possible to quantatively measure these
differences and obtain a better understanding of the treatment effects. The
differences between these treatments and that of the control (Plots 7 – 9) are marked
in contrast and can be assumed to be real effects.
Table BF1.4 shows that both of the treatments where PAS 100 and / or anaerobic
digestate were added can be assigned an NVC value. Neither of these values is
sufficiently high to indicate a definitive vegetation type but they do illustrate the
benefits of adding the anaerobic digestate and / or PAS 100 to the substrate of this
site in terms of producing vegetation cover appropriate for restoration.
Slate Waste, Coal Board Seed Mix, PAS 100 Compost and Anaerobic Digestate
(Plots 1a – 9a)
Table BF2.1 illustrates a marked contrast between grass cover compared with the
herb cover within Plots 1a – 3a and 4a – 6a (PAS 100 + anaerobic digestate and
PAS 100 only) and an overall poorer performance within the control plots (7a – 9a).
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Although the overall sward height within plots 1a - 6a is lower than that seen within
the plots 1 - 6. The grass cover within plots 1a - 6a is higher, allowing limited space
for colonisation by the clover or any other herbaceous species. It is clear that through
the addition of PAS 100 + anaerobic digestate or PAS 100 alone, a positive influence
on germination and establishment of the grass species occurred.
There is almost no difference in sward height between plots 1a - 3a and 4a - 6a, but
both have grown significantly higher than in plots 7a – 9a which could not be
measured due to lack of growth of the vegetation.
The fact that very little benefit can be identified currently by the addition of anaerobic
digestate to the PAS 100 compost does not necessarily mean that there will be no
difference over a longer period of time. Although this may be something that will not
become apparent until further on in the trials.
Table BF2.4 illustrates that Plots 1a – 3a and 4a – 5a scored poorly in Tablefit and
were assigned the same NVC Community as that of the PAS 100 only trials in plots 4
– 6.
It is clear, on this site that without the addition of either PAS 100 Compost and / or
anaerobic digestate that the seed mix will struggle to establish. Subsequent surveys
on the plots will be necessary to establish whether there is a distinct benefit in adding
anaerobic digestate to the compost, and if so what rates of anaerobic digestate would
be optimal.
Further monitoring will also be necessary to determine whether the effect seen so far
continues or if over time nutrients leach out and vegetation cover/composition begins
to change, as so far all that is clear is that PAS100 / anaerobic digestate are
essential for initial establishment of vegetation.
A comparison between the two control (7, 8 & 9 and 7a, 8a & 9a) plots on this trial
clearly shows that there is benefit for growth through the addition of slate fines.
Although, the addition of the slate fines alone is not sufficient to stimulate satisfactory
growth there is however an increase in grasses where the slate fines were added and
a decrease in overall bare ground.
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Brynposteg Landfill Site
Metal Processing Waste, Tip Reclamation Mix, PAS 100 Compost and
Anaerobic Digestate

(Plots 1-9)

Table BRY1.1 below sets out the mean percentage cover for bare ground, grass
species and herb species within each treatment; a qualitative assessment on the
condition of the vegetation is also provided.

TABLE BRY1.1 – Mean Percentage Cover for Grasses, Herbs and Bare Ground with
Qualitative Condition Assessment
Plots
1, 2 & 3
Plots 4, 5 & 6
Plots 7, 8 & 9
Plot Numbers
(Treatment)
(PAS 100 + AD)
(PAS 100)
(CONTROL)
Mean % Bare
Ground
Mean % Herb
Cover
Mean % Grass
Cover
Average Sward
Height (mm)
Qualitative
Condition
Assessment

0

0

100

0

0

0*

100

100

<1*

480

465

0*

Average - Good

Average - Good

Poor

* Plots 7, 8 & 9 - very little growth. A few tiny individuals of Lolium perenne and Festuca spp.
were identified but the specimens were so small it was not possible to distinguish between
red fescue and chewings fescue. Overall cover was well below 1% and non-germinated
seeds were evident on the surface in significant numbers.
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Table BRY1.2 sets out the mean numbers of sown and non sown species recorded
within each treatment.
TABLE BRY1.2 – Mean Number of Sown and Non-sown Species Recorded within
each Treatment
Plot Numbers
(Treatment)

Plots 1, 2 & 3
(PAS 100 + ADL)

Plots 4, 5 & 6
(PAS 100)

Plots 7, 8 & 9
(CONTROL)

Total Number of Sown
and Non-sown Species
Recorded

0

3.83

4.33

Number of Sown
Species Recorded

0

3.67

4.33

Number of Non-sown
Species Recorded

0

0.17

0.00

Number of Sown
Species NOT Recorded

0

3.33

2.50

Proportion of Sown
Species as a % of Total
Number of Species
Recorded

0

95.83

100.00

Proportion of Non-sown
Species as a % of Total
Number of Species
Recorded

0

4.17

0.00
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Tables BRY1.3, BRY1.3a and BRY1.3b provide lists of additional species recorded
within each plot but not identified by the quadrat sampling and a list of species which
were sown but were not recorded within each plot.

TABLE BRY1.3 - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers
Additional
Species
Recorded within
each Plot (i.e.
those species
which were not
identified within
the Quadrat
samples)
List of Sown
Species NOT
Identified within
Each Plot

Plot 1

Plot 2

Plot 3

N/A

N/A

N/A

N/A

N/A

N/A

TABLE BRY1.3a - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers

Plot 4

Plot 5

Plot 6

Additional
Species
Recorded within
each Plot (i.e.
those species
which were not
identified within
the Quadrat
samples)

N/A

N/A

Groundsel (Scenecio
vulgaris)

List of Sown
Species NOT
Identified within
Each Plot

Chewings Fescue
(Festuca rubra sp
commutata)
White Clover
(Trifolium repens)
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Highland Bent
(Agrostis capillaris )
Chewings fescue
(Festuca rubra sp.
commutata)
Strong creeping red
fescue (Festuca rubra
sp. rubra)
White Clover (Trifolium
repens)

Chewings fescue
(Festuca rubra sp.
commutata)
Strong creeping red
fescue (Festuca
rubra sp. rubra)
White Clover
(Trifolium repens)
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TABLE BRY1.3b - Additional Species Recorded in each Plot and List of Sown
Species NOT Identified within each Plot
Plot Numbers
Additional
Species
Recorded within
each Plot (i.e.
those species
which were not
identified within
the Quadrat
samples)

List of Sown
Species NOT
Identified within
Each Plot

Plot 7

Plot 8

Plot 9

N/A

N/A

N/A

Chewings fescue
(Festuca rubra sp
commutata)

Chewings fescue
(Festuca rubra sp.
commutata)

White Clover
(Trifolium repens)

White Clover (Trifolium
repens)

Chewings fescue
(Festuca rubra sp.
commutata)
Highland Bent
(Agrostis
castellana)
White Clover
(Trifolium repens)

Figure 5 below is a bar graph showing the mean frequency (per treatment) of the two
most prevalent species within Plots 4-9. N.B plots 1-3 (Control) had almost no
growth and are therefore not included in this graph.

% Frequency of Two Most Abundant Species Plots 4-9

Frequency

100
80
60

PAS 100 + AD

40

PAS 100 Only

20
0
Italian Rye Grass (Lolium
multiflorum)

Perennial Rye Grass (Lolium
perenne)
Species

Figure 5 - Bar Graph showing mean frequency (per treatment) of two most abundant
species within Plots 4-9.
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TABLEFIT Version 1.0 was used to determine the NVC community with the best fit to
the mean Domin scores for each treatment. Table BRY1.4 below sets out a summary
of the TABLEFIT results, providing the NVC Community with the best goodness of fit
and stating whether the goodness of fit is high enough to assign the NVC Community
to the vegetation within each treatment.
TABLE BRY1.4 – Summary of TABLEFIT Results for Determining the NVC Community
with the highest goodness of fit for each Treatment
Goodness
of Fit

Assign NVC
Community?
(Y/N)

NVC
Code

NVC Community

1, 2 & 3
(AD + PAS
100)

51 Poor

Y (but very
close to
acceptance limit
of 50 and
above)

MG7a

Lolium perenne lay (Sub Lolium
perenne – Trifolium repens)

4, 5 & 6
(PAS 100)

58 Poor

Y

MG7a

Lolium perenne lay (Sub Lolium
perenne – Trifolium repens)

*7, 8 & 9
(CONTROL)

N/A

N/A

N/A

N/A

Plot
Number

* NB – Tablefit could not be used here to ascertain an NVC community as there was so little
growth within plots 7, 8 & 9 that measurements of % cover (and therefore DOMIN) could not
be made.
Non Technical Summary of Results – Brynposteg
Lead Processing Waste, Tip Reclamation Mix, PAS 100 Compost and
Anaerobic Digestate (Plots 1-9)
Table BR1.1 illustrates clearly that both PAS 100 + anaerobic digestate treatment
(Plots 1 – 3) and the PAS 100 only treatment (Plots 4 – 6) benefitted hugely from the
addition of both organic amendments. There is very little difference in the effect of
either treatment. In stark contrast the grasses in the control treatment (Plots 7 – 9)
struggled to establish at all. This indicates that without any addition of nutrients from
either the anaerobic digestate or the PAS 100 compost, the seed mix would fail to
establish on this substrate.
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Good growth rates for grass species, especially Perennial Rye Grass (Lolium
perenne) and Italian Rye Grass (Lolium multiflorum) can be clearly seen by the sward
heights attained on Plots 1 – 3 and 4 – 6. There was very little difference in heights.
The NVC communities assigned to Plots 1 – 3 and 4 - 6 in Table BRY1.4 have poor
‘goodnes of fit’ values (51 and 58 respectively) and therefore cannot be relied on as a
useful indication of the NVC community. It is clear from the raw data that only the two
species of rye grass mentioned above have managed to grow well on this substrate.
However, the total failure of any of the species sown to establish within the control
plots is a strong indication that without adding either PAS 100 and / or anaerobic
digestate that the seed mix used would not establish on this substrate.
Further investigation into what species mix would be more suited to this site would be
recommended based on these initial findings.
At present it would seem that PAS 100 compost added to the substrate on its own
has a beneficial effect without the addition of anaerobic digestate. However we
cannot be sure, six months after the trial commenced, that sequestration of metals by
organic matter will be effective in the long-term and reduced plant growth may occur
in the future.
The raw mine spoil (Dylife lead mine) contained high total concentrations of the
phytotoxic elements copper (3700 mg kg-1), lead (22,000 mg kg-1), zinc (4800 mg
kg-1) and manganese (850 mg kg-1). The additional constraint to plant growth was
the extremely low concentration of major plant nutrients (available P (<2.0 mg l-1), K
(<5.0 mg l-1), Mg (13.0 mg l-1) and ammonium-N (<0.5 mg kg-1). Cation exchange
capacity was also extremely low and thus the spoil will have virtually no nutrient
retention capacity. Therefore it was not a surprise that there was very low survival of
grass seedlings in the control treatment plots.
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Repeat Monitoring of PAS 100 and Anaerobic Digestate
Trial Sites (Welsh 1949)

INTRODUCTION
SK Environmental Solutions was commissioned by David Jarvis Associates Ltd to
undertake repeat botanical monitoring of four trial sites across Wales, following on
from surveys undertaken in October 2010 (see Report Ref: PR0016/D01). These
trials were undertaken as part of a WRAP (Waste & Resources Action Programme)
Cymru-funded research project to investigate the re-use of on-site soil-forming
materials at mineral sites through the addition of PAS100 green waste compost and
Anaerobic Digestate from source-segregated food waste.
Triplicate trials were set up through the incorporation of PAS100 compost into the top
7.5cm of in situ substrate, followed by seeding with grass or wildflower mixes. Once
the vegetation was established, Anaerobic Digestate was also added to some of the
trial plots.
On two of the sites, further triplicate trials were set up to investigate the effects of
applying Anaerobic Digestate to existing vegetation.
The aim of the initial botanical assessment of the four trials was to obtain baseline
data regarding initial plant establishment and vegetation development of sown
grassland and / or wildflower plant communities. The follow up monitoring surveys
are being undertaken to provide comparative data with which to compare and
contrast the initial baseline data.

1

March 2011

SK/PR0016/D02

2

Repeat Monitoring of PAS 100 and Anaerobic Digestate
Trial Sites (Welsh 1949)

SITE LOCATIONS
The trial sites are situated throughout Wales at National Grid locations as given
below:
x

Ffos-y-fran Land Reclamation Scheme – Merthyr Tydfil, South Wales – an
opencast coal mine undergoing progressive restoration. National Grid Reference:
SO 0837 0705.

x

Borras Sand & Gravel Quarry – Borras Airfield, Wrexham – an operational sand
and gravel quarry. National Grid Reference: SJ 3606 5275.

x

Blaenau Ffestiniog Welsh Slate Quarry – Blaenau Ffestiniog, North Wales, a
recently active slate quarry. National Grid Reference: SH 694 475.

x

Brynposteg Landfill Site – Llanidloes, Mid Wales – an active, commercial landfill
site. National Grid Reference: SN 9709 8216. The trials at this site used waste
material from a former lead mine at Dylife, Powys as the substrate.
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OBJECTIVES
The initial objective of the monitoring of the four trial sites was to provide a
description of early plant establishment, vegetation development and growth over a
period of 4-5 months after sowing seed and 2-3 months after the application of
Anaerobic Digestate.
Follow up surveys were undertaken in March 2011. It is considered that by repeating
these surveys in the coming months it would give a good indication of the longer term
success of mixing PAS100 compost and Anaerobic Digestate with existing substrates
at each of the sites.
It is considered that there will be little difference in the data collected in the repeat
surveys when compared to the initial data collected in the baseline surveys (October
2010). We should, however, see a change in the community plant assemblage on
sites where wildflowers were sown. The vast majority of the species were annual
flowering plants and as such they will have been expected to die back during the
winter, giving the grass species a stronger foothold within these plots. The data will
again be subject to investigation using Tablefit Version 1.0 in an attempt to align NVC
communities to the plots; which will subsequently be compared against the existing
baseline data and discussed within the non executive summary sections at the end of
each set of results.
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EXPERIMENTAL DESIGN AT EACH SITE
Ffos-y-fran Land Reclamation Scheme
There are nine trial plots (3m X 3m) at Ffos-y-fran Land Reclamation Site. There are
three variations within the plots including a control (no supplement), PAS 100
compost and Anaerobic Digestate + PAS 100. The trial plots are made up of the
following seed mix, substrate, PAS 100 and / or Anaerobic Digestate supplement.
TABLE A – Seed Mixes, substrate and supplements PAS 100 and / or
Anaerobic Digestate for Ffos-y-fran Trial
Plot Number

Substrate

Seed Mix

Supplement

1, 2 & 3

Site Overburden

Tip Reclamation Mix

PAS 100 + AD

4, 5 & 6

Site Overburden

Tip Reclamation Mix

PAS 100

7, 8 & 9

Site Overburden

Tip Reclamation Mix

CONTROL

Also at the Ffos-y-fran Land Reclamation Site, a further twelve trial plots have been
set up on an area of existing vegetation. These trial plots have four variations; a
control (no Anaerobic Digestate), and low, medium and high rates of Anaerobic
Digestate applied to existing vegetation (areas of overburden tip that had previously
been seeded with the same Tip Reclamation Mix). The trial plots comprise the
following seed mix, substrate and rate of Anaerobic Digestate.
TABLE B – Existing Vegetation, substrate and Anaerobic Digestate for Ffos-yfran Trial
Plot Number

Substrate

Seed Mix

Supplement

1, 2 & 3

Site Overburden

Tip Reclamation Mix

CONTROL

4, 5 & 6

Site Overburden

Tip Reclamation Mix

Low Rate AD

7, 8 & 9

Site Overburden

Tip Reclamation Mix

Medium Rate
AD

10, 11 & 12

Site Overburden

Tip Reclamation Mix

High Rate AD

4

March 2011

Repeat Monitoring of PAS 100 and Anaerobic Digestate
Trial Sites (Welsh 1949)

SK/PR0016/D02

Borras Sand and Gravel Quarry
There are fifteen trial plots at Borras Sand and Gravel Quarry, each 3m X 3m. The
trial plots are made up of different rates of Anaerobic Digestate and / or PAS 100
compost supplements, each with three replicates. They consist of the following
substrates, seed mixes, with either no supplement (CONTROL), PAS 100 and / or
Anaerobic Digestate added;
TABLE C – Seed Mix, substrate and supplements of PAS 100 compost and / or
Anaerobic Digestate for Borras Trial
Plot Number
1, 2 & 3

4, 5 & 6

7, 8 & 9

10, 11 & 12

13, 14 & 15

Substrate

Seed Mix

PAS 100 Ratio

Quarry Material

BSH WF1,
overseeded with
A3

AD High Rate +
PAS 100

Quarry Material

BSH WF1,
overseeded with
A3

AD Medium Rate +
PAS 100

Quarry Material

BSH WF1,
overseeded with
A3

AD Low rate +
PAS 100

Quarry Material

BSH WF1,
overseeded with
A3

PAS 100

Quarry Material

BSH WF1,
overseeded with
A3

CONTROL

At the Borras site there are a further twelve plots (8m X 10m) that have been
designed to monitor the growth of existing on-site vegetation through the addition of
varying rates of Anaerobic Digestate. Four sets of trial plots were set up: a control
(no Anaerobic Digestate) and low, medium and high rates of Anaerobic Digestate
application. The plots are laid out below and consisted of the following rates of
Anaerobic Digestate.
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TABLE D – Existing vegetation, substrate and rates of Anaerobic Digestate for
Borras Trial
Plot Number

Substrate

Seed Mix

PAS 100 Ratio

1a, 2a & 3a

Quarry Material

Existing Vegetation

CONTROL

4a, 5a & 6a

Quarry Material

Existing Vegetation

LOW RATE AD

7a, 8a & 9a

Quarry Material

Existing Vegetation

MED RATE AD

10a, 11a & 12a

Quarry Material

Existing Vegetation

HIGH RATE AD

Blaenau Ffestiniog Welsh Slate Quarry
There are eighteen trial site plots at Blaenau Ffestiniog Welsh Slate quarry; six
different mixes of Anaerobic Digestate, PAS 100, Slate Fines and Slate Waste – with
three replicates of each. They consist of the following seed mixes, supplements of
PAS 100 compost and / or Anaerobic Digestate (AD) and in-situ substrate.
TABLE E – Seed Mixes, Anaerobic Digestate (AD), Substrate and PAS 100
compost Ratios for Blaenau Ffestiniog Trial
Plot Number

Substrate

Seed Mix / Trees

Supplement

1, 2 & 3

Slate Waste

Tip Reclamation Mix

Slate Fines +
PAS 100 + AD

4, 5 & 6

Slate Waste

Tip Reclamation Mix

Slate Fines +
PAS 100

7, 8 & 9

Slate Waste

Tip Reclamation Mix

Slate Fines

10, 11 & 12

Slate Waste

Tip Reclamation Mix

PAS 100 + AD

13, 14 & 15

Slate Waste

Tip Reclamation Mix

PAS 100

16, 17 & 18

Slate Waste

Tip Reclamation Mix

CONTROL

Brynposteg Landfill Site
There are nine trial plots at Brynposteg Landfill Site; set up in a fully contained trials
facility using lead processing waste imported from a former lead mine at Dylife,
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Powys. There are three treatments, with 3 replicates of each, including a control,
PAS100 on its own, and Anaerobic Digestate + PAS 100 compost. They consist of
the following seed mix, PAS 100 and / or Anaerobic Digestate:
TABLE F – Seed Mix, substrate and supplements of PAS 100 compost and /
or Anaerobic Digestate for Brynposteg Trial
Plot Number

Substrate

Seed Mix

Supplement

1, 2 & 3

Lead processing
waste

Tip Reclamation Mix

CONTROL

4, 5 & 6

Lead processing
waste

Tip Reclamation Mix

PAS 100

7, 8 & 9

Lead processing
waste

Tip Reclamation Mix

PAS 100 + AD

N.B. There has been no alteration to the experimental design at any of the sites from
the first set of surveys.
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METHODOLOGY
Vegetation (Grassland and Wildflower Mixes)
The objective of the monitoring assessments at the four trial sites is to measure
ongoing success or failure of the variety of plant mixes on the different soil blends
and treatments. Within each plot two types of measurement were made. The first
involved sampling the percentage foliage cover of vegetation using a 1.0m x 1.0m
sample area (quadrat) and recording separately percentage grasses, herbaceous
plants, ruderal weeds and bare ground; this was undertaken twice for each plot i.e.
two quadrats per plot and a mean taken. The second measurement involved two
samples per plot using a 0.25m x 0.25m quadrat subdivided into 25 equal squares
(5cm x 5cm). The frequency of the most abundant species was measured and a
mean of the two samples recorded per plot.
The percentage foliage data were converted using the Domin Scale to categorise the
cover of each species. The Domin Scale is set out below:
x

Cover of 91-100% is recorded as Domin 10

x

Cover of 76-90% is recorded as Domin 9

x

Cover of 51-75% is recorded as Domin 8

x

Cover of 34-50% is recorded as Domin 7

x

Cover of 26-33 is recorded as Domin 6

x

Cover of 11-25% is recorded as Domin 5

x

Cover of 4-10% is recorded as Domin 4

x

Cover of <4% with many individuals is Domin 3

x

Cover of <4% with several individuals is Domin 2

x

Cover of <4% with few individuals is Domin 1

The mean Domin figures for each species within each plot were then entered into
TABLEFIT Version 1.0. The following information explains what TABLEFIT is used
for and how results should be interpreted. It has been taken from the TABLEFIT
Handbook – TABLEFIT version 1.0, for identification of vegetation types (Hill, M.O.
(1996), Huntingdon: Institute of Terrestrial Ecology).
“TABLEFIT is a programme designed to identify vegetation types. Given a list of
species, together with their frequency and abundance, the programme will assign the
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list to a vegetation type. In its present form, it has been written specially to identify
the vegetation types described in British Plant Communities (Rodwell 1991a,b, 1992,
1995, 2000). The basic description of the program is set out by Hill (1989). This is
simply to define a measure of goodness-of-fit between samples of vegetation and the
expected species composition of each vegetation type. The expected species
composition can be inferred from a summarised association table. To identify the
vegetation type of any sample, we seek the association with highest goodness-of-fit.
The measure of goodness-of-fit is similar to that outlined by Hill (1989).
The communities and sub-communities recognised in British Plant Communities are
called NVC types. NVC is an abbreviation, referring to the National Vegetation
Classification, which was the project under which British Plant Communities was
prepared.
Version 0.0 of TABLEFIT was published in 1993. The program presented here as
Version 1.0 is basically the same, but it has been expanded to allow for a new series
of NVC types, designated "OV" (standing for Other Vegetation). These are mostly
weed and inundation communities, with a few heavy-metal and crevice communities
as well. The addition of these new communities is highly significant for botanists who
study the man-made environment. Vegetation of roadsides and disturbed ground
can now be categorized.
The most appropriate community, if there is one, will almost always be one of the top
five listed. If goodness-of-fit is very poor (< 50), then you should probably not assign
your vegetation to any NVC type.
Another point to watch in interpreting the results is that two communities may have
almost equal goodness-of-fit. If their goodness-of-fit differs by 0 or 1 units, then your
sample may be intermediate. Intermediate samples are quite common, and one of
the strengths of a computer program such as TABLEFIT is that it allows them to be
recognised.”
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In addition to determining the NVC Community which best fits the sample data, a
number of other items of information are also provided. These include:
x

number of species recorded per quadrat and a mean taken for each plot;

x

number of sown species recorded per quadrat and a mean taken for each plot;

x

number of non-sown species recorded per quadrat and a mean taken for each
plot;

x

proportion of sown and non-sown species provided as a percentage of total
species recorded per quadrat and a mean taken for each plot;

x

number of sown species NOT recorded within each quadrat and a mean taken
for each plot;

x

a list of sown species NOT recorded for each plot; and

x

a list of additional species identified within each plot but not recorded during the
quadrat sampling.

A bar graph representing the mean frequency values (of 2 samples) for the most
common and / or significant species within each plot have also been included within
the results section.
Limitations
The only serious limitation of the methodology, in terms of scientific validity, is the
lack of randomisation of the different treatment plots. Due to the fact that they have
been arranged adjacent to each other in straight lines creates a problem of
interpretation of the results The vegetation may appear very different in different
treatments but there can be no scientific certainty (with statistical analysis) that the
differences are due to a real effect and are not just a random outcome influenced by
unknown environmental variables.
Furthermore, it is generally accepted by all parties involved that March is a suboptimal time of year to undertake these follow up surveys – however, as a monitoring
exercise it is worthwhile in terms of re-evaluating the initial baseline data. To
undertake these surveys again in late summer / early autumn would be a worthwhile
exercise for viewing longer term changes in plant communities and illustrating
success or failure over one whole growth season.
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RESULTS
Ffos-y-fran Land Reclamation Scheme
Site overburden, Tip Reclamation Mix, Anaerobic Digestate and PAS 100
Compost (Plots 1-9)
Table FYF1.1 below provides the percentage cover for bare ground, grass species
and herb species within each treatment; a qualitative assessment on the condition of
the vegetation is also provided.
TABLE FYF1.1 – Mean Percentage Cover for Grasses, Herbs and Bare Ground with
Qualitative Condition Assessment
Plots
1, 2 & 3
Plots 4, 5 & 6
Plots 7, 8 & 9
Plot Numbers
(Treatment)
(PAS 100 + AD)
(PAS 100)
(CONTROL)
Mean % Bare
Ground
Mean % Herb
Cover
Mean % Grass
Cover
Average Sward
Height (mm)
Mean % Dead
Grass Species
Qualitative
Condition
Assessment

0

0

67.5

5.0

10.2

<1

70.8

66.7

47.5

118

98

*N/A

59.2

50.8

Average

Average

N/A
Poor

*Vegetation too low to measure in the Control Plots
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Table FYF1.2 sets out the mean number of sown and non sown species recorded
within each treatment.
TABLE FYF1.2 – Mean Number of Sown and Non-sown Species Recorded Within
Each Treatment
Plot Numbers (Treatment)

Plots 1, 2 & 3
(PAS 100 + AD)

Plots 4, 5 & 6
(PAS 100)

Plots 7, 8 & 9
(CONTROL)

Total Number of Sown and
Non-sown Species
Recorded

4.8

5

4

Number of Sown Species
Recorded

4.8

5

4

Number of Non-sown
Species Recorded

0.0

0

0

Number of Sown Species
NOT Recorded

1.2

1

2

100

100

100

0

0

0

Proportion of Sown
Species as a % of Total
Number of Species
Recorded
Proportion of Non-sown
Species as a % of Total
Number of Species
Recorded
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Tables FYF1.3, FF1.3a and FF1.3b provide lists of additional species recorded within
each plot but not identified by the quadrat sampling and a list of species which were
sown but were not recorded within each plot.

TABLE FYF1.3 - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers

Plot 1

Plot 2

Plot 3

Additional
Species
Recorded within
each Plot (i.e.
those species
which were not
identified within
the Quadrat
samples)

N/A

N/A

N/A

List of Sown
Species NOT
Identified within
Each Plot

N/A

Perennial Rye-grass
(Lolium perenne)

Perennial Rye-grass
(Lolium perenne)

TABLE FYF1.3a - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers

Plot 4

Plot 5

Plot 6

Additional
Species
Recorded within
each Plot (i.e.
those species
which were not
identified within
the Quadrat
samples)

N/A

N/A

N/A

List of Sown
Species NOT
Identified within
Each Plot

Perennial Rye-grass
(Lolium perenne)

Perennial Rye-grass
(Lolium perenne)

Perennial Rye-grass
(Lolium perenne)
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TABLE FYF1.3b - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers

Plot 7

Plot 8

Plot 9

Additional
Species
Recorded within
each Plot (i.e.
those species
which were not
identified within
the Quadrat
samples)

N/A

N/A

N/A

Perennial Rye-grass
(Lolium perenne)
Strong Creeping Red
Fescue (Festuca
rubra sp. rubra)

Perennial Rye-grass
(Lolium perenne)
Strong Creeping Red
Fescue (Festuca rubra
sp. rubra)

Perennial Rye-grass
(Lolium perenne)
Strong Creeping Red
Fescue (Festuca
rubra sp. rubra)

List of Sown
Species NOT
Identified within
Each Plot

Figure 1 below is a bar graph showing the mean frequency (per treatment) of the six
most prevalent species within Plots 1-9.

F re q u e n c y

% Fequency of Six Most Abundant Species Plots 1-9
100
80
60
40
20
0

AD + PAS 100
PAS 100
CONTROL
Perennial
Rye Grass
(Lolium
perenne)

Italian
Ryegrass
(Lolium
multiflorum)

Highland
Bent
(Agrostis
castellana)

Chewings Red Fescue
(Festuca
Fescue
rubra ssp.
(Festuca
rubra)
rubra ssp.
commutata)

Clover
(Trifolium
repens)

Species
Figure 1 – Bar Graph showing mean frequency (per treatment) of six most abundant species
within Plots (Plots 1-9)
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TABLEFIT Version 1.0 was used to determine the NVC community with the best fit to
the mean Domin scores for each treatment. Table FYF1.4 below sets out a summary
of the TABLEFIT results, providing the NVC Community with the best goodness of fit
and saying whether the goodness of fit is high enough to assign the NVC Community
to the vegetation within each treatment.

TABLE FYF1.4 – Summary of TABLEFIT Results for Determining the NVC Community
with the highest goodness of fit for each Treatment
Plot
Assign NVC
Goodness
NVC
Number
Community?
NVC Community
of Fit
Code
(Treatment)
(Y/N)
Festuca ovina – Agrositis
1, 2 & 3
42 Very
capillaris – Rumex acetosella
N
U1f
(AD + PAS
Poor
Sub community: Hypochoeris
100)
radicata
Festuca ovina – Agrositis
37 Very
4, 5 & 6
capillaris – Gallium saxtile
N
U4b
Poor
Sub community: Trifolium
(PAS 100)
repens
Festuca rubra – Holcus lanatus
44 Very
7, 8 & 9
N
MC9c
Sub community: Achillea
Poor
(CONTROL)
millefolium
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Site Overburden, Tip Reclamation Mix and Anaerobic Digestate at Low,
Medium and High rate (Plots 1a – 12a)
Table FYF1.1 below sets out the percentage cover for bare ground, grass species
and herb species within each treatment; a qualitative assessment on the condition of
the vegetation is also provided.

TABLE FYF2.1 – Mean Percentage Cover for Grasses, Herbs and Bare Ground with
Qualitative Condition Assessment
Plot 10a, 11a
Plot 1a, 2a & 3a Plot 4a, 5a & 6a Plot (7a, 8a & 9a
Plot Number
& 12a (AD
(CONTROL)
(AD LOW)
(AD MED)
HIGH)
Mean % Bare
Ground

22

26.7

30.8

21.7

Mean % Herb
Cover

5

5.8

1.6

4.8

Mean %
Grass Cover

56.7

59

70.1

76.5

*Average
Sward Height

N/A

N/A

N/A

N/A

% Dead
Grass

15

14.1

13.3

14.2

Qualitative
Condition
Assessment

Average

Average

Average - Good

Average Good

*N.B. Uneven ground made it impossible to take any accurate measurements of sward height
here, although from the pictures of this area it can be seen there is not much difference
overall.
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Table FYF2.2 sets out the mean number of sown and non-sown species recorded
within each treatment.

TABLE FYF2.2 – Mean Number of Sown and Non-sown Species Recorded Within
Each Treatment
Plot Numbers
(Treatment)

Plot 1a, 2a &
3a
(CONTROL)

Plot 4a, 5a &
6a
(AD LOW)

Plot 7a, 8a &
9a (AD MED)

Plot 10a, 11a
& 12a (AD
HIGH)

Total Number of
Sown and Non-sown
Species Recorded

4.33

4.33

5.00

5.17

Number of Sown
Species Recorded

4.33

4.33

5.00

5.17

0.00

0.00

0.00

0.00

1.67

1.67

1.00

0.83

Proportion of Sown
Species as a % of
Total Number of
Species Recorded

100.00

100.00

100.00

100.00

Proportion of Nonsown Species as a %
of Total Number of
Species Recorded

0.00

0.00

0.00

0.00

Number of Nonsown Species
Recorded
Number of Sown
Species NOT
Recorded
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Tables FYF2.3, FYF2.3a, FYF2.3b and FF2.3c provide lists of additional species
recorded within each plot but not identified by the quadrat sampling and a list of
species which were sown but were not recorded within each plot.

TABLE FYF2.3 - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers
Additional
Species
Recorded
within each
Plot (i.e.
those species
which were
not identified
within the
Quadrat
samples)

Plot 1A

Plot 2A

Plot 3A

N/A

N/A

N/A

List of Sown
Species NOT
Identified
within Each
Plot

Italian Rye-grass
(Tetraploid Lolium
multiflorum)
Brown top Bent
(Agrostis capillaris)

Italian Rye-grass
(Tetraploid Lolium
multiflorum)
Brown top Bent
(Agrostis capillaris)

Italian Rye-grass
(Tetraploid Lolium
multiflorum)

TABLE FYF2.3a - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers

Plot 4A

Plot 5A

Plot 6A

Additional
Species
Recorded within
each Plot (i.e.
those species
which were not
identified within
the Quadrat
samples)

N/A

N/A

N/A

List of Sown
Species NOT
Identified within
Each Plot

Italian Rye-grass
(Tetraploid Lolium
multiflorum)
Brown top Bent
(Agrostis capillaris)

Italian Rye-grass
(Tetraploid Lolium
multiflorum)

Italian Rye-grass
(Tetraploid Lolium
multiflorum)
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TABLE FYF2.3b - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers
Additional
Species
Recorded
within each
Plot (i.e. those
species which
were not
identified
within the
Quadrat
samples)
List of Sown
Species NOT
Identified
within Each
Plot

Plot 7A

Plot 8A

Plot 9A

N/A

Annual Meadow Grass
(Poa annua)

N/A

N/A

White Clover (Trifloium
repens)

N/A

TABLE FYF2.c - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers
Additional
Species
Recorded
within each
Plot (i.e. those
species which
were not
identified
within the
Quadrat
samples)
List of Sown
Species NOT
Identified
within Each
Plot

Plot 10A

Plot 11A

Plot 12A

N/A

N/A

N/A

N/A

N/A

Brown top Bent
(Agrostis capillaris)

19

March 2011

Repeat Monitoring of PAS 100 and Anaerobic Digestate
Trial Sites (Welsh 1949)

SK/PR0016/D02

Figure 2 below is a bar graph showing the mean frequency (per treatment) of the six
most prevalent species within Plots 1-9.

F re q u e n c y

% Frequency of Six Most Abundant Species in Plots 1a-12a
100
80
60
40
20
0

CONTROL
LOW RATE AD
MEDIUM RATE AD
HIGH RATE AD
Perennial Rye Italian Rye Highland Bent Chewings
Red Fescue
Grass (Lolium Grass (Lolium
(Agrostis
Fescue
(Festuca rubra
perenne)
multiflorum)
castellana) (Festuca rubra ssp. rubra)
ssp.
commutata)

Clover
(Trifolium
repens)

Species

Figure 2 – Bar Graph showing mean frequency (per treatment) of six most abundant species
within Plots (Plots 1a-12a)

TABLEFIT Version 1.0 was used to determine the NVC community with the best fit to
the mean Domin scores for each treatment. Table FYF2.4 below sets out a summary
of the TABLEFIT results, providing the NVC Community with the best goodness of fit
and stating whether the goodness of fit is sufficient to assign the NVC Community to
the vegetation within each treatment.
TABLE FYF2.4 – Summary of TABLEFIT Results for Determining the NVC Community
with the highest goodness of fit for each Treatment
Plot
Number
(Treatment)

Goodness
of Fit

Assign NVC
Community?
(Y/N)

NVC
Code

1a, 2a & 3a
(CONTROL)

75 Good

Y

MG7a

4a, 5a & 6a
(LOW AD)

79 Good

Y

MG7a

7a, 8a & 9a
(MED AD)

75 Good

Y

MG7a

10a, 11a &
12a (HIGH
AD)

73 Good

Y

MG7a

20

NVC Community
Lolium perenne Ley (Sub –
community: Lolium perenne –
Trifolium repens)
Lolium perenne Ley (Sub –
community: Lolium perenne –
Trifolium repens)
Lolium perenne Ley (Sub –
community: Lolium perenne –
Trifolium repens)
Lolium perenne Ley (Sub –
community: Lolium perenne –
Trifolium repens)
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Non Technical Summary – Ffos-y-Fran
Site Overburden, Tip Reclamation Mix, Anaerobic Digestate and PAS 100
Compost (Plots 1-9)
The results of the March 2011 survey are similar to those of the survey undertaken in
2010. This is to be expected given that the period of time between surveys
corresponds to the season where vegetation growth is at its lowest. Evidence of die
back is present within the plots with dead grasses being recorded at 59.2% in plots
with Anaerobic Digestate and PAS100 compost added (Plots 1-3) and 50.8% in plots
with PAS100 compost added (Plots 4-6). This die back is typical of the time of year
and correlates to the reduction in % grass cover within these treatments when
compared to the 2010 survey results. It is considered likely that the majority of the
recorded ‘dead grass’ is Italian ryegrass (Tet. Lolium multiflorum). Italian ryegrass is
a fairly large grass species and therefore as it dies back it covers larger areas. It may
be prudent in future years to undertake a management regime at the plots which
could include strimming in the autumn months and removal of arisings from the plots
in order to prevent rotting of grasses as they die back which can lead to vegetation
beneath being smothered and dying.
When the March 2011 data was analysed using Tablefit Version 1.0 none of the
treatments were satisfactorily matched to any British Standard National Vegetation
Classification community. This was the same as the previous years results.
The benefits of adding Anaerobic Digestate and PAS100 compost to the substrate to
promote vegetation establishment can still clearly be seen, with vegetation within the
control plots being very sparse and specimens being much smaller than in the noncontrol plots.
Subsequent surveys on the plots will be necessary to establish whether there is a
distinct benefit in adding Anaerobic Digestate to the compost, and if so what rates of
Anaerobic Digestate would be optimal. Further monitoring will also be necessary to
determine whether the effect seen so far continues or if over time nutrients leach out
and vegetation cover/composition begins to change.
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Site Overburden, Tip Reclamation Mix and Anaerobic Digestate at Low,
Medium and High rate (Plots 1a – 12a)
The March 2011 survey results for Plots 1a – 12a are very similar to those recorded
during the 2010 surveys. Species composition across the plots remained consistent
with approximately 10-15% dead grass recorded; however this is typical for the time
of year.
The Tablefit results for March 2011 were all rated as ‘Good’ with the NVC community
MG7a – Lolium perenne Ley Subcommunity: Lolium perenne – Trifolium repens
being assigned to all treatments. These results are comparable to the 2010 results
although the Control treatment dropped from ‘Very good’ to ‘Good’, although again
this is likely to be due to the time of year.
As with the 2010 results it is difficult to be accurate about what effect, if any, the
addition of Anaerobic Digestate at the varying rates has had. From a distance when
looking at the trial site the plots with Anaerobic Digestate added do appear
greener/healthier however, this is a qualitative assessment, with field results not
showing significant differences between species recorded within the plots. It may be
that over time the differences become more apparent. As mentioned in the 2010
report an additional factor for consideration is the slope of the overburden tip upon
which the plots are located. There was no obvious sign that the plots nearest the
bottom of the hill showed any more effect of the supplement than did the plots higher
up the hill, but it is considered prudent to monitor this site for any signs of this
potential leaching effect in the future.
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Borras Sand and Gravel Quarry, Wrexham
Quarry material, WF1 and A3, PAS 100 Compost and Anaerobic Digestate
(Plots 1-15)
Table BO1.1 below shows the percentage cover for bare ground, grass species and
herb species within each treatment; a qualitative assessment on the condition of the
vegetation is also provided.

TABLE BO1.1 – Mean Percentage Cover for Grasses, Herbs and Bare Ground with
Qualitative Condition Assessment
Plot Number
(Treatment)
Mean % Bare
Ground
Mean % Herb
Cover
Mean %
Grass Cover
Average
Sward Height
(mm)
Qualitative
Condition
Assessment

Plot 1, 2 & 3
(AD HIGH +
Pas 100)

Plot 4, 5 & 6
(AD MED +
PAS 100)

Plot (7, 8 &
9 (AD LOW
+ PAS 100)

Plot 10, 11
& 12 (PAS
100)

Plot 13, 14 &
15
(CONTROL)

4.2

0

1.3

0

56.7

62.6

51.3

56.7

101.8

44.0

80.4

65.8

67.5

40.5

11.7

149

128

105

198

N/A*

Average

Average

Average

Poor Average

Poor

* The height of the vegetation within plots 13-15 was too low to measure.
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Table BO1.2 sets out the mean number of sown and non sown species recorded
within each treatment.
TABLE BO1.2 – Mean Number of Sown and Non-sown Species Recorded Within
Each Treatment
7, 8 & 9
Plot 10,
Plot 13,
1, 2 & 3
4, 5 & 6
Plot Numbers
11 & 12
14 & 15
(AD LOW
(AD HIGH
(AD MED +
(Treatment)
+ PAS
(PAS
(CONT
+ PAS 100)
PAS 100)
100)
100)
ROL)
Total Number of Sown
and Non-sown
Species Recorded

10.83

10.67

11.83

8.83

9.67

Number of Sown
Species Recorded

8.17

8.50

8.33

6.50

7.17

2.67

2.17

3.5

2.33

2.50

9.83

9.50

9.67

11.50

10.83

76.14

79.91

69.83

67.58

74.26

23.86

20.09

30.17

32.42

25.74

Number of Non-sown
Species Recorded
Number of Sown
Species NOT
Recorded
Proportion of Sown
Species as a % of
Total Number of
Species Recorded
Proportion of Nonsown Species as a %
of Total Number of
Species Recorded
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Tables BO1.3, BO1.3a, BO1.3b, BO1.3c and BO1.3d provide lists of additional
species recorded within each plot but not identified by the quadrat sampling and a list
of species which were sown but were not recorded within each plot.
TABLE BO1.3 - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot
Plot 1
Plot 2
Plot 3
Numbers
Common dock (Rumex
obtusifolius)
Spear Thistle (Cirsium
Creeping Buttercup
vulgare)
(Ranunculus repens)
Creeping Buttercup
(Ranunculus
repens)
Additional
Greater Plantian
Fat Hen (Chenopodium alba)
Species
(Plantago major)
Corn Comomile (Anthemis
Spear Thistle
Recorded
White Campion (Silene
arvensis)
within
(Cirsium vulgare)
Dandelion (Taraxacum
latifolia)
each Plot
Creeeping Thistle
officianale)
(i.e. those
Yarrow (Achillea
Hawkbit (Leontodon spp.)
(Cirsium arvense)
species
millefolium)
which
Dandelion (Taracum Sow Thistle (Sonchus asper)
Corn Camomile
Ribwort Plantain (Plantago
were not
officianale)
lanceolata)
identified
(Anthemis arvensis)
Yarrow (Achillea millefolium)
within the
Cornflower (Centaura
Greater Plantain (Plantago
Quadrat
cyanus)
major)
samples)
Perforate St Johns Wort
Ragwort (Scenecio
(Hypericum perforatum)
jacobaea)
Ribwort Plantain
(Plantago lanceolata)

List of
Sown
Species
NOT
Identified
within
Each Plot

Common Knapweed
(Centaurea nigra)
Birdsfoot Trefoil
(Lotus corniculatus)
Poppy (Papaver
rhoeas)
Foxglove (Digitalis
purpurea)
Perforate St John’s
Wort (Hypericum
perforatum)
Selfheal (Prunella
vulgaris)
White Campion
(Silene latifolia)

Cornflower (Centaura
cyanus)
Common Knapweed
(Centaurea nigra)
Birdsfoot Trefoil (Lotus
corniculatus)
Poppy (Papaver rhoeas)
Foxglove (Digitalis purpurea)
Perforate St John’s Wort
(Hypericum perforatum)
Selfheal (Prunella vulgaris)
White Campion (Silene
latifolia)
Brown top Bent (Agrostis
capillaris)
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Common Knapweed
(Centaurea nigra)
Birdsfoot Trefoil (Lotus
corniculatus)
Common Vetch (Vicia
sativa)
Poppy (Papaver
rhoeas)
Foxglove (Digitalis
purpurea)
Perforate St John’s
Wort (Hypericum
perforatum)
Selfheal (Prunella
vulgaris)
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TABLE BO1.3a - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers
Plot 4
Plot 5
Plot 6
Fat Hen
Corn Marigold
(Chenopodium
alba)
(Crysanthemum
Common Vetch (Vicia
White Clover
segetum)
sativa)
(Trifolium repens)
Yorkshire Fog
Hawkbit (Leontodon
Sow Thistle
spp)
(Sonchus asper)
(Holcus lanatus)
Dandelion (Taraxacum
Dock (Rumex
Corn Camomile
Additional
officianalis)
obtusifolius)
Species
(Anthemis arvensis)
Perforate St John’s Wort Creeping Buttercup
Recorded within
(Hypericum perforatum)
(Ranunculus
Corn Flower
each Plot (i.e.
Greater Plantain
repens)
(Centaurea cyanus)
those species
(Plantago major)
Ribwort Plantain
which were not
Creeping Thistle
Ribwort Plantain
(Plantago
identified within
(Cirsium arvense)
(Plantago lanceolata)
lanceolata)
the Quadrat
Ragwort (Scenecio
Ragwort (Scenecio
Creeping Buttercup
samples)
jacobaea)
jacobaea)
(Ranunculus repens)
Sow Thistle (Sonchus
Perforate St John’s
Creeping Bent
asper)
Wort (Hypericum
White Clover (Trifolium
perforatum)
(Agrostis stolinifera)
repens)
Spear Thistle
Sow Thistle
(Cirsium vulgare)
(Sonchus
asper)
Cinquefoil
(Potentilla reptans)
Common Knapweed
Common
Common Knapweed
(Centaurea nigra)
Knapweed
(Centaurea nigra)
Birdsfoot Trefoil
(Centaurea nigra)
(Lotus
corniculatus)
Birdsfoot Trefoil (Lotus
Birdsfoot Trefoil
Ribowrt Plantain
corniculatus)
(Lotus corniculatus) (Plantago lanceolata)
List of Sown
Poppy (Papaver rhoeas)
White Campion
White Campion
Species NOT
(Silene latifolia)
(Silene latifolia)
Foxglove (Digitalis
Identified within
Common
Vetch
Common
Vetch
purpurea)
Each Plot
(Vicia sativa)
(Vicia sativa)
Selfheal (Prunella
Poppy (Papaver
Poppy (Papaver
rhoeas)
vulgaris)
rhoeas)
Foxglove (Digitalis
Foxglove (Digitalis
Brown top Bent
purpurea)
purpurea)
(Agrostis capillaris)
Selfheal (Prunella
Selfheal (Prunella
vulgaris)
vulgaris)
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TABLE BO1.3b - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers
Plot 7
Plot 8
Plot 9

Additional
Species
Recorded
within each
Plot (i.e. those
species which
were not
identified
within the
Quadrat
samples)

List of Sown
Species NOT
Identified
within Each
Plot

Ragwort (Scenecio
jacobaea)
Yorkshire Fog
(Holcus lanatus)
Greater Plantain
(Plantago major)
Yarrow (Achillea
millefolium)

Common
Knapweed
(Centaurea nigra)
Corn Marigold
(Chrysanthemum
segetum)
Birdsfoot Trefoil
(Lotus corniculatus)
Common Vetch
(Vicia sativa)
Poppy (Papaver
rhoeas)
Foxglove (Digitalis
purpurea)
Selfheal (Prunella
vulgaris)
Perforate St John’s
Wort (Hypericum
perforatum)

Dock (Rumex
obtusifolius)
Ragwort (Scenecio
jacobaea)
Groundsel (Scenecio
vulgaris)
Yorkshire Fog
(Holcus lanatus)
Creeping Bent
(Agrostis stolinfera)
Common Knapweed
(Centaurea nigra)
Birdsfoot Trefoil
(Lotus corniculatus)
Ribwort Platain
(Plantago lanceolata)
White Campion
(Silene alba)
Common Vetch
(Vicia sativa)
Poppy (Papaver
rhoeas)
Foxglove (Digitalis
purpurea)
Selfheal (Prunella
vulgaris)
Perforate St John’s
Wort (Hypericum
perforatum)
Brown top Bent
(Agrostis capillaris)
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Dock (Rumex obtusifolius)
Yorkshire Fog (Holcus
lanatus)
Creeping Thistle (Cirsium
arvense)
Ragwort (Scenecio
jacobaea)
Sow Thistle (Sonchus
asper)
Perforate St John’s Wort
(Hypericum perforatum)

Common Knapweed
(Centaurea nigra
Birdsfoot Trefoil (Lotus
corniculatus)
White Campion (Silene
alba)
Common Vetch (Vicia
sativa)
Poppy (Papaver rhoeas)
Foxglove (Digitalis
purpurea)
Selfheal (Prunella
vulgaris)
Perforate St John’s Wort
(Hypericum perforatum
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TABLE BO1.3c - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers
Plot 10
Plot 11
Plot 12
Creeping Thistle
(Cirsium arvense)
Ribwort Plantain
Yorkshire Fog (Holcus
lanatus)
(Plantago
Additional
Species
Creeping Thistle
Cinquefoil (Potentilla
lanceolata)
Recorded within
Yorkshire Fog
(Cirsium arvense)
reptans)
each Plot (i.e.
(Holcus
lanatus)
Coltsfoot
(Tussilago
Dock
(Rumex
those species
which were not
farfara)
obtusifolius)
Dock (Rumex
identified within
obtusifolius)
Ragwort (Scenecio
the Quadrat
Cornflower
jacobaea)
samples)
(Centaurea cyanus)
Coltsfoot (Tussilago
farfara)

List of Sown
Species NOT
Identified within
Each Plot

Corn Cockle
(Agrostema
githago)
Corn Camomile
(Anthemis arvensis)
Common
Knapweed
(Centaurea nigra)
Foxglove (Digitalis
purpurea)
Poppy (Papaver
rhoeas)
Perforate St John’s
Wort (Hypericum
perforatum)
Selfheal (Prunella
vulgaris)
Bird’s-foot Trefoil
(Lotus corniculatus)
Blackwatch Tall
Fescue (Festuca
arundinaceae)
Raisa Chewings
fescue (Festuca
rubra ssp
commutata)
lanceoloata)
White Campion
(Silene alba)
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Foxglove (Digitalis
purpurea)
Poppy (Papaver rheoas)
Perforate St John’s Wort
(Hypericum perforatum)
White Campion (Silene
alba)
Selfheal (Prunella
vulgaris)
Common Vetch (Vicia
sativa)
Blackwatch Tall Fescue
(Festuca arundinaceae)
Raisa Chewings fescue
(Festuca rubra ssp
commutata)
Bird’s-foot Trefoil (Lotus
corniculatus)

White Campion
(Silene alba)
Foxglove (Digitalis
purpurea)
Perforate St John’s
Wort (Hypericum
perforatum)
Bird’s-foot Trefoil
(Lotus corniculatus)
Poppy (Papaver
rhoeas)
Corn Cockle
(Agrostema githago)
Corn Camomile
(Anthemis arvensis)
Common Knapweed
(Centaurea nigra)
Selfheal (Prunella
vulgaris)
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TABLE BO1.3d - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers

Plot 13

Plot 14

Plot 15

Additional
Species
Recorded
within each
Plot (i.e.
those species
which were
not identified
within the
Quadrat
samples)

Creeping Thistle
(Cirsium arvense)
Common plantain
(Plantago major)
Prickly Sow Thistle
(Sonchus asper)
European
Cinquefoil
({Potentilla reptans)

Perennial Rye- grass
(Lolium perenne)
Ragwort (Senecio
jacobaea)
Perforate St Johns Wort
(Hypericum perforatum)
Ribwort Plantain
(Planatgo lanceolata)

European Cinquefoil
({Potentilla reptans)
Fat Hen (Chenopodium
album)
Ragwort (Senecio
jacobaea)

List of Sown
Species NOT
Identified
within Each
Plot

Corn Marigold
(Chrysanthemum
segetum)
Corn Chamomile
(Anthemis arvensis)
Foxglove (Digitalis
purpurea)
Poppy (Papaver
rheoas)
Perforate St John’s
Wort (Hypericum
perforatum)
Selfheal (Prunella
vulgaris)
Blackwatch Tall
Fescue (Festuca
arundinaceae)
Raisa Chewings
fescue (Festuca
rubra ssp
commutata)
Ribwort Plantain
(Plantago
lanceoloata)
White Campion
(Silene alba)
Brown top Bent
(Agrostis capillaris)

Corn Cockle (Agrostema
githago)
Foxglove (Digitalis
purpurea)
Poppy (Papaver rhoeas)
Perforate St Johns Wort
(Hypericum perforatum)
White Campion (Silene
alba)
Selfheal (Prunella
vulgaris)
Common Vetch (Vicia
sativa)
Blackwatch Tall Fescue
(Festuca arundinaceae)
Raisa Chewings fescue
(Festuca rubra ssp
commutata)
Corn Marigold
(Chrysanthemum
segetum)
Aniset Strong Creeping
Red Fescue (Festuca
rubra ssp rubra)
Hgihland Bent (Agrostis
capillaris)
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White Campion (Silene
alba)
Foxglove (Digitalis
purpurea)
Perforate St John’s Wort
(Hypericum perforatum)
Selfheal (Prunella
vulgaris)
Poppy (Papaver rhoeas)
Common Vetch (Vicia
sativa)
Raisa Chewings fescue
(Festuca rubra ssp
commutata)
Blackwatch Tall Fescue
(Festuca arundinaceae)
Corn Marigold
(Chrysanthemum
segetum)
Brown top Bent Grass
(Agrostis capillaris)
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TABLEFIT Version 1.0 was used to determine the NVC community with the best fit to
the mean Domin scores for each treatment. Table BO1.4 below sets out a summary
of the TABLEFIT results, providing the NVC Community with the best goodness of fit
and stating whether the goodness of fit is high enough to assign the NVC Community
to the vegetation within each treatment.

TABLE BO1.4 – Summary of TABLEFIT Results for Determining the NVC Community
with the highest goodness of fit for each Treatment
Plot
Assign NVC
Goodness
NVC
Number
Community?
NVC Community
of Fit
Code
(Treatment)
(Y/N)
1, 2 & 3 (AD
HIGH +
PAS 100)

41 Very
Poor

4, 5 & 6 (AD
MED + PAS
100)

38 Very
Poor

7, 8 & 9 (AD
LOW + PAS
100)

N

MG12

Festuca arundicea

N

MG12a

Festuca arundicea
Subcommunity: Lolium perenne
- Holcus lanatus

33 Very
poor

N

MC9c

Holcus lanatus

10, 11 & 12
(PAS 100)

14 Very
poor

N

MC9

Festuca rubra – Holcus lanatus

13, 14 & 15
(CONTROL)

34 Very
Poor

N

M11

Festuca rubra – Agrostis
stolonifera – Potentilla anserina

30

March 2011

SK/PR0016/D02

Repeat Monitoring of PAS 100 and Anaerobic Digestate
Trial Sites (Welsh 1949)

Non Technical Summary – Borras
Quarry Materials, BSH WF1 + A3, PAS 100 Compost and Anaerobic Digestate
When surveyed in 2010 the plots were all dominated by the wildflower species which
were sown, along with additional herb species which had encroached on the plots
from the surrounding area. As discussed in the previous report (October 2010) the
plots are now, as expected, dominated by the grasses. The majority of the wildflower
species which were sown were annual species which have died back during the
winter months. This reduction in overall coverage of wildflower species has allowed
the grass species present to become increasingly dominant. Visually plots look much
less vibrant than during the 2010 surveys when the wildflowers were in flower,
however the grasses present appear healthy.
Wildflower species were still identified during the March 2011 survey, however the
majority of these were actually dead, with the brown stems, leaves and seed heads
being recorded. An exception was ox-eye daisy (Leucanthemum vulgare) which is a
perennial and therefore it was the new growth of basal leaves which were recorded.
Very immature seedlings were recorded in areas of bare ground (left where herb
species had died back) although at the time of the survey they were too immature to
identify to species level. It remains to be seen whether annual wildflower species will
be observed later in 2011 as the annuals will either have to be present within the
existing seed bank or grow from seeds dropped from plants grown in 2010. It is
predicted that ox-eye daisy along with other perennial wildflower species will become
increasingly dominant as they become more established over the coming years.
The grasses, which were seen to have become dominant during the March 2011
survey, should continue to grow well during the 2011 season. However, if left
unmanaged during the winter of 2011 the taller grasses may die back and rot, which
could result in a decrease in grass species coverage as vegetation beneath the
rotting grasses could die due to a lack of light; this would lead to areas of bare earth
re-appearing and a chance for the seed bank to germinate again. In order to avoid
grasses rotting it would be advisable to undertake management such as strimming
during the autumn months with arisings removed from the plot; this would encourage
healthy growth of grasses.
Overall the ‘healthiness’ of Plots 1-15 has not decreased significantly from the 2010
survey, and the small decreases are most likely due to the timing of the survey as the
2011 growth season was only just beginning and dead vegetation from the previous
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years annuals was present. The benefits of adding PAS100 compost and / or
Anaerobic Digestate were still evident within plots 1-12 (with the exception of plot 10,
see below) when compared to the control plots (plots 13-15).
The sward heights recorded during the March 2011 survey were lower than in 2010
but this reduction was observed across all plots. The decrease in sward height is due
to the fact it was fully grown wildflowers which were being measured in 2010 and now
it is newly growing grasses, which are generally shorter. During the 2010 surveys the
control plots were on average almost half the height of the remaining plots. During
the March 2011 survey the vegetation within the control plots was seen to be very
sparse and it was not possible to measure sward height using the same methodology
employed for the remaining plots but it is considered to be below 50mm. This again
gives a good indication of the benefit of adding Anaerobic Digestate and / or PAS 100
compost.
Plot 10 represents an anomaly where fat hen (Chenopodium album), an un-sown
species, was seen to be dominant in 2010. The coverage of fat hen seems to have
precluded the growth of the sown grass species and a number of wildflower species
and although the fat hen has now died back (dead foliage still remains present) bare
ground is present beneath. This may mean that the wildflower and grass seed sown
in 2010 could still be present in the seed bank within the soil and therefore species
not identified during the 2010 surveys may still germinate in 2011. It may be prudent
to remove the majority of the fat hen prior to any subsequent surveys to identify
whether or not any seedbank remains from species that were sown. This effect was
also seen to a lesser extent within plots 11 and 12. All three of these plots are within
the same row and have be subject to the same treatment of 2.5cm of PAS100 dug
into the top 7.5cm of substrate with no Anaerobic Digestate added. Therefore, the
difference could be due to the absence of Anaerobic Digestate but presence of
PAS100 compost allowing the fat hen to take hold within the plots before the
wildflower species had chance to become established. This would indicate an
important role for Anaerobic Digestate as it enables quick establishment of sown
seed. However, it may be due to the micro-environment within which the three plots
are situated, given that they are all in the same row, e.g. they could be located within
close proximity to existing fat hen plants, from which the seed may have come.
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Quarry Materials, Existing Vegetation Anaerobic Digestate (Plots 1a -12a)
As during the 2010 surveys no significance differences were recorded between the
treatments. The area of ground used for this trial has very uneven topography with
humps and troughs present throughout. Areas of troughs have become water logged
and willow carr is beginning to form in some of the wetter areas. Even where small
troughs are found vegetation is very different to that adjacent and these micro
environments, present across the study area, seem to be having more effect on
vegetation growth than the treatments at present.
As suggested in the 2010 report it may be worthwhile adding further Anaerobic
Digestate to determine whether or not an additional treatment would be required
before any significant differences in growth rates are perceived. In other words, was
enough Anaerobic Digestate added to stimulate growth and if not, can we establish
how much would be needed at this site.
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Blaenau Ffestiniog
Slate Waste, Slate Fines, Tip Reclamation Mix, Anaerobic Digestate and PAS
100 Compost (Plots 1-9)
Table BF1.1 below sets out the mean percentage cover for bare ground, grass
species and herb species for each treatment; a qualitative assessment on the
condition of the vegetation is also provided.

TABLE BF1.1 – Mean Percentage Cover for Grasses, Herbs and Bare Ground with
Qualitative Condition Assessment
Plot Numbers
(Treatment)
Mean % Bare
Ground
Mean % Herb
Cover
Mean % Grass
Cover
Average Sward
Height (mm)
Qualitative
Condition
Assessment

Plots 1, 2 & 3 (Slate
Waste, Slate Fines
+ PAS 100 + AD)

Plots 4, 5 & 6
(Slate Waste, Slate
Fines + PAS 100)

Plots 7, 8 & 9 (Slate
Waste + Slate
Fines)

18.3

11.7

80

33.3

40

5

58

67.5

30.3

75

72

<45

Average - Good

Poor - Average

Poor
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Table BF1.2 sets out the average number of sown and non-sown species recorded
within plots 1-9.
TABLE BF.1.2 – Mean Number of Sown and Non-sown Species Recorded within each
Treatment
Plot Numbers
(Treatment)

Plots 1, 2 & 3
(Slate Waste,
Slate Fines +
PAS 100 + AD)

Plots 4, 5 & 6
(Slate Waste,
Slate Fines + PAS
100)

Plots 7, 8 & 9
(Slate Waste +
Slate Fines)

Total Number of Sown
and Non-sown Species
Recorded

5.2

5.2

4.2

Number of Sown
Species Recorded

5.2

5.2

4.2

Number of Non-sown
Species Recorded

0.0

0.0

0.0

Number of Sown
Species NOT Recorded

0.8

0.8

1.8

100.0

100.0

100.00

0.0

0.0

0.0

Proportion of Sown
Species as a % of Total
Number of Species
Recorded
Proportion of Non-sown
Species as a % of Total
Number of Species
Recorded
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Tables BF1.3, BF1.3a & BF1.3b provide a list of additional species recorded within
each plot (1-9) but not identified by the quadrat sampling and a list of species which
were sown but were not recorded within each plot.
TABLE BF1.3 - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers
Plot 1
Plot 2
Plot 3
Additional
Species
Recorded within
each Plot (i.e.
N/A
N/A
N/A
those species
which were not
identified within
the Quadrat
samples)
List of Sown
Species NOT
Identified within
Each Plot

Italian Ryegrass (Tet
Lolium multiflorum)

N/A

Italian Ryegrass (Tet
Lolium multiflorum)

TABLE BF1.3a - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers

Plot 4

Plot 5

Plot 6

Additional
Species
Recorded within
each Plot (i.e.
those species
which were not
identified within
the Quadrat
samples)

N/A

N/A

N/A

List of Sown
Species NOT
Identified within
Each Plot

Italian Ryegrass (Tet
Lolium multiflorum)

N/A

Italian Ryegrass (Tet
Lolium multiflorum)
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TABLE BF1.3b - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Additional
Species
Recorded within
each Plot (i.e.
those species
which were not
identified within
the Quadrat
samples)
List of Sown
Species NOT
Identified within
Each Plot

Plot 7

Plot 8

Plot 9

N/A

N/A

N/A

Italian Rye-grass (Tet
Lolium mutliflorum)

Brown top Bent (Agrostis
capillaris)

Italian Rye-grass
(Tet Lolium
mutliflorum)
Brown top Bent
(Agrostis capillaris)

Figure 3 below is a bar graph showing the mean frequency (for each treatment) of
the six most prevalent species within Plots 1-9.

% Frequency of Six Most Abundant Species in Slate Waste and Slate Fines (Plots 1-9)

F re q u e n c y

120
100
80
60
40
20
0

AD + PAS 100 + Slate Fines
PAS 100 + Slate Fines
Slate Fines
Perennial
Ryegrass
(Lolium
perenne)

Italian Rye Highland Bent Chewings Red Fescue
Grass (Lolium (Agrostis
Fescue (Festuca rubra
multiflorum) castellana) (Festuca rubra ssp. rubra)
ssp.
commutata)

Clover
(Trifolium
repens)

Species
Figure 3 – Bar Graph showing mean frequency (for each treatment) of the six most
abundant species within Plots (Plots 1-9)
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TABLEFIT Version 1.0 was used to determine the NVC community with the best fit to
the mean Domin scores for each treatment. Table BF1.4 below sets out a summary
of the TABLEFIT results, providing the NVC Community with the best goodness of fit
and sating whether the goodness of fit is high enough to assign the NVC Community
to the vegetation within each treatment.
TABLE BF1.4 – Summary of TABLEFIT Results for Determining the NVC Community
with the highest goodness of fit for each Treatment
Plot
Numbers
(Treatment)
Plots 1, 2 &
3 (Slate
Waste, Slate
Fines + PAS
100 + AD)
Plots 4, 5 &
6 (Slate
Waste, Slate
Fines + PAS
100)
Plots 7, 8 &
9 (Slate
Waste +
Slate Fines)

Goodness
of Fit

61 Fair

Assign NVC
Community?
(Y/N)

Y

NVC
Code

MG7a

NVC Community

Lolium perenne
Subcommunity: Lolium perenne –
Trifolium repens

70 Good

47 Very
poor

Y

N
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Slate Waste, Tip Reclamation Mix, PAS 100 Compost and Anaerobic Digestate
(Plots 1a – 9a)
Table BF 2.1 below sets out the mean percentage cover for bare ground, grass
species and herb species within each treatment; a qualitative assessment on the
condition of the vegetation is also provided.
TABLE BF2.1 – Mean Percentage Cover for Grasses, Herbs and Bare Ground with
Qualitative Condition Assessment
Plots 7A, 8A & 9A
Plots 1A, 2A & 3A
Plots 4A, 5A & 6A
(CONTROL
– Slate
Plot Numbers
(Slate Waste + PAS
(Slate Waste + PAS
100 + AD)
100)
Waste)
Mean % Bare
Ground

15.0

15.8

88.3

15.8

23.3

0.5

101.7

95.8

11.2

Average Sward
Height (mm)

71

56

*N/A

Qualitative
Condition
Assessment

Average - Good

Average - Good

Poor

Mean % Herb
Cover
Mean % Grass
Cover

* No reading was able to be taken for the height of these plots due to the poor
vegetation growth and the size of the quarry waste stones.
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TABLE BF2.2 – Mean Number of Sown and Non-sown Species Recorded within each
Treatment
Plot Numbers
(Treatment)

Plots 1A, 2A & 3A
(Slate Waste + PAS
100 + AD)

Plots 4A, 5A & 6A
(Slate Waste +
PAS 100)

Plots 7A, 8A & 9A
(CONTROL – Slate
Waste)

Total Number of
Sown and Non-sown
Species Recorded

5.0

5.0

2.3

Number of Sown
Species Recorded

5.0

5.0

2.3

0.0

0.0

0.0

1.0

1.0

3.7

100.0

100.0

100.0

0.0

0.0

0.0

Number of Nonsown Species
Recorded
Number of Sown
Species NOT
Recorded
Proportion of Sown
Species as a % of
Total Number of
Species Recorded
Proportion of Nonsown Species as a %
of Total Number of
Species Recorded

Table BF2.2 above sets out the number of sown and non-sown species recorded
within each treatment.

37

March 2011

SK/PR0016/D02

Repeat Monitoring of PAS 100 and Anaerobic Digestate
Trial Sites (Welsh 1949)

Tables BF2.3, BF 2.3a & BF2.3b provide lists of additional species recorded within
each plot but not identified by the quadrat sampling and a list of species which were
sown but were not recorded within each plot.

TABLE BF2.3 - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers

Plot 1A

Plot 2A

Plot 3A

Additional Species
Recorded within each
Plot (i.e. those species
which were not identified
within the Quadrat
samples)

Annual Meadow
Grass
(Poa annua)

N/A

N/A

List of Sown Species
NOT Identified within
Each Plot

Italian ryegrass (Tet
Lolium multiflorum)

Italian ryegrass
(Tet Lolium
multiflorum)

Italian ryegrass
(Tet Lolium
multiflorum)

TABLE BF2.3a - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers

Plot 4A

Plot 5A

Plot 6A

Additional Species
Recorded within each
Plot (i.e. those species
which were not identified
within the Quadrat
samples)

N/A

N/A

N/A

List of Sown Species
NOT Identified within
Each Plot

Italian ryegrass
(Tet Lolium
multiflorum)

Italian ryegrass (Tet
Lolium multiflorum)

Italian ryegrass
(Tet Lolium
multiflorum)
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TABLE BF2.3b - Additional Species Recorded in each Plot and List of Sown Species
NOT Identified within each Plot
Plot Numbers
Additional
Species
Recorded within
each Plot (i.e.
those species
which were not
identified within
the Quadrat
samples)

List of Sown
Species NOT
Identified within
Each Plot

Plot 7A

Plot 8A

Plot 9A

N/A

N/A

N/A

Perennial Ryegrass (Lolium
perenne)
White Clover
(Trifolium repens)
Italian Rye-grass
(Tetraploid Lolium
multiflorum)
Brown top bent
(Agrostis capillaris)

Perennial Rye-grass
(Lolium perenne)
White Clover
(Trifolium repens)
Italian Rye-grass
(Tetraploid Lolium
multiflorum)
Brown top bent
(Agrostis capillaris)

Perennial Rye-grass
(Lolium perenne)
Italian Rye-gass
(Tetraploid Lolium
multiflorum)
Brown top bent
(Agrostis capillaris)

Figure 4 below is a bar graph showing the mean frequency (for each treatment) of
the six most prevalent species within Plots 1A – 9A.

% Frequency of Six Most Abundant Species in Slate Waste (Plots 1a-9a)

F re q u e n c y

80
70
60
50
40
30
20
10
0

AD + PAS 100
PAS 100
CONTROL

Perennial Ryegrass
(Lolium perenne)

Italian Rye Grass (Lolium Highland Bent (Agrostis Chewings Fescue (Festuca Red Fescue (Festuca rubra Clover (Trifolium repens)
multiflorum)
castel ana)
rubra ssp. commutata)
ssp. rubra)
Species

Figure 4 – Bar Graph showing mean frequency (per treatment) of the six most
abundant species within Plots 1A-9A
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TABLEFIT Version 1.0 was used to determine the NVC community with the best fit to
the mean Domin scores for each treatment. Table BF2.4 below sets out a summary
of the TABLEFIT results, providing the NVC Community with the best goodness of fit
and stating whether the goodness of fit is high enough to assign the NVC Community
to the vegetation within each treatment.

TABLE BF2.4 – Summary of TABLEFIT Results for Determining the NVC Community
with the highest goodness of fit for each Treatment
Plot Number
(Treatment)

Goodnes
s of Fit

Assign
NVC
Community
? (Y/N)

NVC
Code

NVC Community

1A, 2A & 3A
(Slate Waste +
AD + PAS 100

65 Fair

Y

MG7a

Lolium perenne
Subcommunity: Lolium perenne
– Trifolium repens

MG7a

Lolium perenne
Subcommunity: Lolium perenne
– Trifolium repens

MG11c

Festuca rubra – Agrostis
stolonifera – Potentilla anserina
Sub-community: Honken
peploid

4A, 5A & 6A
(Slate Waste +
PAS 100)
7A, 8A & 9A
(CONTROL –
Slate Waste)

68 Fair

37 Very
poor

Y

N

Non Technical Summary of Results - Blaenau Ffestiniog
Slate Waste, Slate Fines, Tip Reclamation Mix, Anaerobic Digestate and
PAS100 Compost (Plots 1-9) and Slate Waste, Tip Reclamation Mix, PAS100
Compost and Anaerobic Digestate (Plots 1a – 9a)
The results of the March 2011 survey closely match those of the survey undertaken
in 2010. This is to be expected given that the period of time between surveys
corresponds to the season where vegetation growth is at its lowest. Some evidence
of die back is present within the plots with dead grasses being recorded at
approximately 5-10% across all plots; however this is typical of the time of year.
The benefits of adding Anaerobic Digestate and PAS100 compost to the substrate to
promote vegetation establishment can still clearly be seen, with vegetation within the
control plots being very sparse and specimens being much smaller than in the noncontrol plots.
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The Tablefit Version 1.0 results for the March 2011 survey show that for slate waste
and fines plots and slate waste only plots the closest fit for an NVC community is
MG7a Lolium perenne Ley Subcommunity: Lolium perenne – Trifolium repens. This
community has a ‘goodness of fit’ which is high enough to be accepted for plots 1-3
(slate waste, slate fines, PAS100 compost plus Anaerobic Digestate) and plots 4-6
(slate waste, slate fines and PAS100 compost) which is an improvement on last year.
This community can also be accepted for plots 1A-3A (slate waste, PAS100 compost
and Anaerobic Digestate) and plots 4A-6A (slate waste plus PAS100 compost) which
is the same as the 2010 results.
The addition of slate fines when compared to slate waste alone appears to have
small additional benefits with white clover cover being higher in plots with slate fines
added. However, more time will be needed to determine if this is significant in the
long term.
It is difficult to use the percentage of bare ground as a guide to whether the different
treatments are more or less successful as across the trial the majority of bare ground,
within plots which have had Anaerobic Digestate and / or PAS100 compost added,
comprises large pieces of slate (which cannot support vegetation growth) and
therefore it is the substrate environment, i.e. how many large pieces of slate are
present, which determines bare ground percentage. It may be worth while removing
all large pieces of slate (above an agreed size e.g. 25cm) from the trial plots in order
for a greater level of consistency between baseline conditions within the plots to be
observed in the future, allowing differences in vegetation cover to become apparent
due to the different treatments alone.
Subsequent surveys on the plots will be necessary to establish whether there is a
distinct benefit in adding Anaerobic Digestate to the compost, and if so what rates of
Anaerobic Digestate would be optimal. Further monitoring will also be necessary to
determine whether the effect seen so far continues or if over time nutrients leach out
and vegetation cover/composition begins to change.
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Brynposteg Landfill Site
Metal Processing Waste, Tip Reclamation Mix, PAS100 Compost and
Anaerobic Digestate (Plots 1-9)
As discussed within the previous report (October 2010), it is not surprising that the
control plots show a very low survival (conversely, high mortality) of grass seedlings
with the vast majority of seeds failing to germinate. The un-germinated seeds were
observed lying on the surface of the spoil. A combination of toxicity and a physically
unsuitable spoil surface were probably responsible for the failed germination and
plant establishment and growth. This trend has continued, with the same result being
observed during the March 2011 survey with no improvement in seed germination
and / or vegetation growth within the control plots.
Blending PAS100 green compost with mine spoil and blending Anaerobic Digestate
plus PAS100 compost had a dramatic and substantial effect on plant growth as
observed during the 2010 survey with the response being similar in all three
replicates of both treatments. The result was dense grassland with a sward height
close to, or just above, half a metre in the majority of plots. Total foliage cover
estimated in sample quadrats (1m x 1m) was 100% in all plots. The species
composition of the vegetation was dominated by Italian ryegrass (Tet. Lolium
muliflorum) which had a percentage cover of 88% in the Anaerobic Digestate plus
PAS100 compost treatment and 83.2% in the PAS100 compost treatment. Perennial
ryegrass (Lolium perenne) contributed between 11-15% and
bent (Agrostis
capillaries) being present at a low percentage (other sown species were insignificant
(creeping red fescue (festuca rubra rubra) or not found at all (chewings fescue
(Festuca rubra commutate) and white clover (Trifolium repens)). During the 2010
surveys it was observed that suppressed plants at the base of the vegetation were
senescent and starting to rot.
During the March 2011 survey it was found that the senescence and rotting of the
vegetation had become complete with a mat of dead rotten grass (silage) covering all
but the very edges of all of the non-control plots. The mat of dead grass has
completely killed the vegetation underneath with only bare ground present when it is
pulled to one side (see photographs below).
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The best options for moving forward with this trial are to remove the matted dead
grass and either to dig over the ground and leave it to see whether the seed bank is
still viable re-growth of grasses will occur or to re-seed the plots. No quadrat data
has been recorded for these plots as the cover of dead grass estimated in sample
quadrats (1m x 1m) would be 100%.
During the 2010 surveys the composition of vegetation around the outer fringe of
each plot was different with a lesser contribution from Italian ryegrass and relatively
more perennial ryegrass, bent and red/chewings fescue being observed. This almost
certainly occurred due to reduced competition from Italian ryegrass. This is
interesting as the outer fringes of the plots are the only areas where grass species
have survived in March 2011. All sown species, with the exception of white clover,
were recorded within the outer fringes of all six non-control plots, with no obvious
differences between the Anaerobic Digestate and PAS100 compost treatment and
PAS100 compost treatment being observed.
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pH
Available Phosphorus (Index)
Available Potassium (Index)
Available Magnesium (Index)
Nitrate Nitrogen
Ammonium Nitrogen
Dry Matter
Conductivity Sat CaSO4
Available Sulphate
Total Copper
Total Zinc
Total Lead
Total Arsenic
Total Cadmium
Total Nickel
Total Chromium
Total Mercury
Total Selenium
Total Phosphorus
Hot Water Soluble Boron
Total Sulphate
TPH [C10-C40]
Naphthalene
Acenaphthylene
Acenaphthene

Determinand

Sample Reference

Laboratory Reference

Report Number
Date Received
Date Reported
Project
Reference
Order Number

mg/l
mg/l
mg/l
mg/kg
mg/kg
%
uS/cm
mg/l
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Unit
7.8
4 (0)
297 (3)
374 (6)
0.05
1.22
93.2
2042
26.5
38.2
97.0
75.8
11.9
<0.1
46.5
24.9
0.03
0.42
489
0.4
80
<50
<0.2
<0.1
<0.1

SOIL

C2

MINN66961

31027-11
09-MAR-2011
18-MAR-2011
SOIL MINERAL NITROGEN
FFOS Y FRAN

7.3
6 (0)
328 (3)
575 (6)
0.05
0.93
87.6
2036
46.6
51.6
113
36.2
9.3
0.19
55.2
15.4
0.04
0.99
577
0.4
251
<50
<0.2
<0.1
<0.1

SOIL

CC2

MINN66962

M592

ANALYTICAL REPORT

6.5
17 (2)
239 (2+)
657 (7)
<0.05
0.71
87.1
2062
152
43.0
94.6
38.0
13.3
<0.1
45.0
10.5
0.11
0.71
276
0.3
442
<50
<0.2
<0.1
<0.1

SOIL

EC2

MINN66964

Page 1 of 3

7.8
29 (3)
278 (3)
521 (6)
<0.05
<0.05
86.6
2083
33.9
46.0
121
31.9
14.0
0.19
64.7
12.4
0.05
0.84
598
0.4
247
59
<0.2
<0.1
<0.1

SOIL

CC AD2

MINN66963

6.9
4 (0)
199 (2+)
701 (7)
0.06
0.28
88.9
2039
89.3
41.8
99.6
41.9
9.8
0.13
49.5
11.8
0.06
0.63
275
0.3
416
<50
<0.2
<0.1
<0.1

SOIL

EAD2A

MINN66965

MICHAEL KURS
EASTVIEW
1 NORWOOD FARM COTTAGES
HIGH CASTERTON
CUMBRIA
LA6 2SD

6.8
5 (0)
213 (2+)
684 (7)
0.06
0.90
88.7
2040
76.1
44.5
99.1
55.5
11.2
0.14
54.7
11.2
0.08
0.75
312
0.3
457
<50
<0.2
<0.1
<0.1

SOIL

EAD2B

MINN66966

6.9
4 (0)
227 (2+)
706 (7)
<0.05
<0.05
88.2
2040
78.7
43.3
103
53.8
11.7
0.13
52.1
12.3
0.08
0.78
327
0.3
451
<50
<0.2
<0.1
<0.1

SOIL

EAD2C

MINN66967

Client FFOS Y FRAN

Document Control

Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benzo[a]anthracene
Chrysene
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3-cd]pyrene
Dibenzo[a,h]anthracene
Benzo[g,h,i]perylene
PAH EPA16
Notes
Analysis Notes

Determinand

Sample Reference

Laboratory Reference

Report Number
Date Received
Date Reported
Project
Reference
Order Number

<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

SOIL
<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

SOIL

CC2

MINN66962

M592

ANALYTICAL REPORT

<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

SOIL

CC AD2

MINN66963

<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

SOIL

EC2

MINN66964

<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

SOIL

EAD2A

MINN66965

MICHAEL KURS
EASTVIEW
1 NORWOOD FARM COTTAGES
HIGH CASTERTON
CUMBRIA
LA6 2SD

<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

SOIL

EAD2B

MINN66966
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<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

SOIL

EAD2C

MINN66967

Client FFOS Y FRAN

The sample submitted was of adequate size to complete all analysis requested.
The results as reported relate only to the item(s) submitted for testing.
The results are presented on a dry matter basis unless otherwise stipulated.
This test report shall not be reproduced, except in full, without the written approval of the laboratory.

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Unit

C2

MINN66961

31027-11
09-MAR-2011
18-MAR-2011
SOIL MINERAL NITROGEN
FFOS Y FRAN

Reported by

Notes

Report Number
Date Received
Date Reported
Project
Reference
Order Number
M592

ANALYTICAL NOTES

Page 3 of 3

MICHAEL KURS
EASTVIEW
1 NORWOOD FARM COTTAGES
HIGH CASTERTON
CUMBRIA
LA6 2SD

Natural Resource Management Ltd.
Coopers Bridge, Braziers Lane, Bracknell, Berkshire, RG42 6NS
Tel: 01344 886338
Fax: 01344 890972
email: enquiries@nrm.uk.com

Andrew Chase

31027-11
09-MAR-2011
18-MAR-2011
SOIL MINERAL NITROGEN
FFOS Y FRAN

Client FFOS Y FRAN

pH
Available Phosphorus (Index)
Available Potassium (Index)
Available Magnesium (Index)
Nitrate Nitrogen
Ammonium Nitrogen
Dry Matter
Conductivity Sat CaSO4
Available Sulphate
Total Copper
Total Zinc
Total Lead
Total Arsenic
Total Cadmium
Total Nickel
Total Chromium
Total Mercury
Total Selenium
Total Phosphorus
Hot Water Soluble Boron
Total Sulphate
TPH [C10-C40]
Naphthalene
Acenaphthylene
Acenaphthene

Determinand

Sample Reference

Laboratory Reference

Report Number
Date Received
Date Reported
Project
Reference
Order Number

mg/l
mg/l
mg/l
mg/kg
mg/kg
%
uS/cm
mg/l
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Unit
I.S.
19 (2)
I.S.
I.S.
<0.05
0.56
89.2
63
I.S.
10.3
962
161
5.4
4.73
20.9
68.4
0.05
0.15
213
0.2
63
<50
<0.2
<0.1
<0.1

SOIL

C2

MINN66632

30695-11
04-MAR-2011
14-MAR-2011
SOIL MINERAL NITROGEN
BORRAS QUARRY

8.2
6 (0)
74 (1)
99 (2)
<0.05
0.72
86.4
47
I.S.
8.4
271
53.4
3.8
1.41
17.0
60.1
0.03
0.17
200
0.3
<50
<50
<0.2
<0.1
<0.1

SOIL

CC2

MINN66633

M592

ANALYTICAL REPORT

8.5
10 (1)
148 (2-)
94 (2)
0.06
0.67
84.8
60
I.S.
9.4
130
33.4
4.4
0.63
16.8
51.8
<0.02
0.15
223
0.3
60
<50
<0.2
<0.1
<0.1

SOIL

CCAD2A

MINN66635
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8.0
4 (0)
32 (0)
31 (1)
0.06
0.56
87.4
84
56.2
11.0
1311
279
5.5
7.48
18.2
49.9
0.07
0.17
219
<0.2
84
<50
<0.2
<0.1
<0.1

SOIL

EC2

MINN66634

8.2
30 (3)
120 (1)
76 (2)
0.06
2.11
79.4
194
I.S.
24.7
134
45.4
6.2
0.49
18.3
45.5
0.02
0.19
556
0.6
194
<50
<0.2
<0.1
<0.1

SOIL

CCAD2B

MINN66636

MICHAEL KURS
EASTVIEW
1 NORWOOD FARM COTTAGES
HIGH CASTERTON
CUMBRIA
LA6 2SD

8.4
8 (0)
110 (1)
54 (2)
<0.05
1.30
86.4
57
28.7
11.9
69.0
22.7
5.8
0.31
22.3
71.0
<0.02
0.12
265
0.3
57
<50
<0.2
<0.1
<0.1

SOIL

CCAD2C

MINN66637

8.7
3 (0)
27 (0)
35 (1)
0.06
0.89
85.5
30
21.7
10.0
31.4
17.9
4.3
0.13
13.2
25.7
<0.02
<0.09
209
<0.2
<50
<50
<0.2
<0.1
<0.1

SOIL

EAD2A

MINN66638

Client BORRAS QUARRY

8.4
3 (0)
28 (0)
31 (1)
0.05
0.55
89.2
40
27.4
11.2
62.7
19.3
5.6
0.29
20.6
54.7
<0.02
0.14
239
<0.2
<50
<50
<0.2
<0.1
<0.1

SOIL

EAD2B

MINN66639

I.S.
7 (0)
79 (1)
78 (2)
0.06
0.56
90.6
50
I.S.
13.2
52.4
19.9
6.5
0.23
23.0
62.3
<0.02
0.14
296
<0.2
<50
<50
<0.2
<0.1
<0.1

SOIL

EAD2C

MINN66640

Document Control

Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benzo[a]anthracene
Chrysene
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3-cd]pyrene
Dibenzo[a,h]anthracene
Benzo[g,h,i]perylene
PAH EPA16
Notes
Analysis Notes

Determinand

Sample Reference

Laboratory Reference

Report Number
Date Received
Date Reported
Project
Reference
Order Number

<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

SOIL
<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

SOIL

CC2

MINN66633

M592
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<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

SOIL

EC2

MINN66634

<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

SOIL

CCAD2A

MINN66635

<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

SOIL

CCAD2B

MINN66636

MICHAEL KURS
EASTVIEW
1 NORWOOD FARM COTTAGES
HIGH CASTERTON
CUMBRIA
LA6 2SD

<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

SOIL

CCAD2C

MINN66637
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<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

SOIL

EAD2A

MINN66638

Client BORRAS QUARRY

The sample submitted was of adequate size to complete all analysis requested unless specified as I.S.
The results as reported relate only to the item(s) submitted for testing.
The results are presented on an as received basis unless otherwise stipulated.
This test report shall not be reproduced, except in full, without the written approval of the laboratory.

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Unit

C2

MINN66632

30695-11
04-MAR-2011
14-MAR-2011
SOIL MINERAL NITROGEN
BORRAS QUARRY

<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

SOIL

EAD2B

MINN66639

<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

SOIL

EAD2C

MINN66640

Reported by

Notes

Report Number
Date Received
Date Reported
Project
Reference
Order Number
M592

ANALYTICAL NOTES

Page 3 of 3

MICHAEL KURS
EASTVIEW
1 NORWOOD FARM COTTAGES
HIGH CASTERTON
CUMBRIA
LA6 2SD

Natural Resource Management Ltd.
Coopers Bridge, Braziers Lane, Bracknell, Berkshire, RG42 6NS
Tel: 01344 886338
Fax: 01344 890972
email: enquiries@nrm.uk.com

Dr R C Wilkinson

30695-11
04-MAR-2011
14-MAR-2011
SOIL MINERAL NITROGEN
BORRAS QUARRY

Client BORRAS QUARRY

pH
Available Phosphorus (Index)
Available Potassium (Index)
Available Magnesium (Index)
Nitrate Nitrogen
Ammonium Nitrogen
Dry Matter
Conductivity Sat CaSO4
Available Sulphate
Total Copper
Total Zinc
Total Lead
Total Arsenic
Total Cadmium
Total Nickel
Total Chromium
Total Mercury
Total Selenium
Total Phosphorus
Hot Water Soluble Boron
Total Sulphate
TPH [C10-C40]
Naphthalene
Acenaphthylene
Acenaphthene

Determinand

Sample Reference

Laboratory Reference

Report Number
Date Received
Date Reported
Project
Reference
Order Number

mg/l
mg/l
mg/l
mg/kg
mg/kg
%
uS/cm
mg/l
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Unit
5.8
4 (0)
23 (0)
27 (1)
0.40
0.75
96.0
1860
28.5
27.8
97.7
25.1
20.7
<0.1
48.7
55.3
<0.02
<0.09
1004
<0.2
62
<50
<0.2
<0.1
<0.1

WASTE

C2

MINN66955

31026-11
09-MAR-2011
18-MAR-2011
SLATE WASTE
BLAENAU FFESTINIOG

7.3
7 (0)
61 (1)
33 (1)
0.05
0.32
94.8
1950
I.S.
25.1
97.9
25.1
19.9
<0.1
44.8
50.0
<0.02
<0.09
1045
<0.2
52
<50
<0.2
<0.1
<0.1

WASTE

CC2

MINN66956

M592

ANALYTICAL REPORT

7.5
11 (1)
81 (1)
42 (1)
<0.05
0.33
93.6
1962
I.S.
28.0
103
29.4
20.0
<0.1
45.3
47.3
<0.02
0.10
1100
<0.2
52
<50
<0.2
<0.1
<0.1

8.6
3 (0)
35 (0)
24 (0)
<0.05
<0.05
88.6
1910
20.6
37.6
102
23.3
9.7
<0.1
28.9
33.6
<0.02
<0.09
629
<0.2
150
<50
<0.2
<0.1
<0.1

WASTE

FC2

MINN66958

Page 1 of 3

WASTE

CC AD2

MINN66957

8.1
4 (0)
111 (1)
40 (1)
0.06
0.28
92.0
1978
39.1
39.4
115
32.9
18.0
<0.1
39.8
40.7
<0.02
<0.09
889
<0.2
140
<50
<0.2
<0.1
<0.1

WASTE

FCC2

MINN66959

MICHAEL KURS
EASTVIEW
1 NORWOOD FARM COTTAGES
HIGH CASTERTON
CUMBRIA
LA6 2SD

7.6
14 (1)
44 (0)
35 (1)
0.05
0.36
94.2
1990
29.8
31.3
112
92.3
16.2
<0.1
42.8
45.6
<0.02
<0.09
996
<0.2
86
<50
<0.2
<0.1
<0.1

WASTE

FCC AD2

MINN66960

Client BALENAU FFESTINIOG

Document Control

Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benzo[a]anthracene
Chrysene
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3-cd]pyrene
Dibenzo[a,h]anthracene
Benzo[g,h,i]perylene
PAH EPA16
Notes
Analysis Notes

Determinand

Sample Reference

Laboratory Reference

Report Number
Date Received
Date Reported
Project
Reference
Order Number

<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

WASTE
<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

WASTE

CC2

MINN66956

M592
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<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

WASTE

CC AD2

MINN66957

<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

WASTE

FC2

MINN66958

<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

WASTE

FCC2

MINN66959

MICHAEL KURS
EASTVIEW
1 NORWOOD FARM COTTAGES
HIGH CASTERTON
CUMBRIA
LA6 2SD

<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

WASTE

FCC AD2

MINN66960

Client BALENAU FFESTINIOG
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The sample submitted was of adequate size to complete all analysis requested.
The results as reported relate only to the item(s) submitted for testing.
The results are presented on a dry matter basis unless otherwise stipulated.
This test report shall not be reproduced, except in full, without the written approval of the laboratory.

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Unit

C2

MINN66955

31026-11
09-MAR-2011
18-MAR-2011
SLATE WASTE
BLAENAU FFESTINIOG

Reported by

Notes

Report Number
Date Received
Date Reported
Project
Reference
Order Number
M592

ANALYTICAL NOTES

Page 3 of 3

MICHAEL KURS
EASTVIEW
1 NORWOOD FARM COTTAGES
HIGH CASTERTON
CUMBRIA
LA6 2SD

Natural Resource Management Ltd.
Coopers Bridge, Braziers Lane, Bracknell, Berkshire, RG42 6NS
Tel: 01344 886338
Fax: 01344 890972
email: enquiries@nrm.uk.com

Andrew Chase

31026-11
09-MAR-2011
18-MAR-2011
SLATE WASTE
BLAENAU FFESTINIOG

Client BALENAU FFESTINIOG

pH
Available Phosphorus (Index)
Available Potassium (Index)
Available Magnesium (Index)
Nitrate Nitrogen
Ammonium Nitrogen
Dry Matter
Conductivity Sat CaSO4
Available Sulphate
Total Copper
Total Zinc
Total Lead
Total Arsenic
Total Cadmium
Total Nickel
Total Chromium
Total Mercury
Total Selenium
Total Phosphorus
Hot Water Soluble Boron
Total Sulphate
TPH [C10-C40]
Naphthalene
Acenaphthylene
Acenaphthene

Determinand

Sample Reference

Laboratory Reference

Report Number
Date Received
Date Reported
Project
Reference
Order Number

mg/l
mg/l
mg/l
mg/kg
mg/kg
%
uS/cm
mg/l
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Unit
6.2
5 (0)
27 (0)
70 (2)
0.75
0.43
80.8
1895
611
2469
3758
53150
38.4
20.1
33.7
27.0
4.54
1.54
242
<0.2
6116
<50
<0.2
<0.1
<0.1

SOIL

C2

MINN66968

31028-11
09-MAR-2011
18-MAR-2011
SOIL MINERAL NITROGEN
BYRN POSTEG POWYS

6.6
4 (0)
135 (2-)
55 (2)
1.58
2.64
81.6
2128
669
2444
3887
52380
43.8
18.5
37.2
26.0
4.93
1.42
270
0.3
3154
<50
<0.2
<0.1
<0.1

SOIL

CC2

MINN66969

M592

ANALYTICAL REPORT
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6.3
6 (0)
168 (2-)
54 (2)
6.28
0.40
78.9
2096
559
2423
2957
52020
40.6
18.5
37.2
29.5
4.99
1.32
315
0.3
4722
<50
<0.2
<0.1
<0.1

SOIL

CC AD2

MINN66970

MICHAEL KURS
EASTVIEW
1 NORWOOD FARM COTTAGES
HIGH CASTERTON
CUMBRIA
LA6 2SD

Client BRYN POSTEG POWYS

Document Control

Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benzo[a]anthracene
Chrysene
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3-cd]pyrene
Dibenzo[a,h]anthracene
Benzo[g,h,i]perylene
PAH EPA16
Notes
Analysis Notes

Determinand

Sample Reference

Laboratory Reference

Report Number
Date Received
Date Reported
Project
Reference
Order Number

<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

SOIL
<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

SOIL

CC2

MINN66969

M592

ANALYTICAL REPORT

<0.1
<0.2
<0.1
<0.2
<0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<2

SOIL

CC AD2

MINN66970

MICHAEL KURS
EASTVIEW
1 NORWOOD FARM COTTAGES
HIGH CASTERTON
CUMBRIA
LA6 2SD

Client BRYN POSTEG POWYS

Page 2 of 3

The sample submitted was of adequate size to complete all analysis requested.
The results as reported relate only to the item(s) submitted for testing.
The results are presented on a dry matter basis unless otherwise stipulated.
This test report shall not be reproduced, except in full, without the written approval of the laboratory.
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CUMBRIA
LA6 2SD

Natural Resource Management Ltd.
Coopers Bridge, Braziers Lane, Bracknell, Berkshire, RG42 6NS
Tel: 01344 886338
Fax: 01344 890972
email: enquiries@nrm.uk.com

Andrew Chase

31028-11
09-MAR-2011
18-MAR-2011
SOIL MINERAL NITROGEN
BYRN POSTEG POWYS

Client BRYN POSTEG POWYS

Contact :

MICHAEL KURS
EASTVIEW
1 NORWOOD FARM COTTAGES
HIGH CASTERTON
CUMBRIA
LA6 2SD
Tel. : 01524 273410

Client :

BORRAS QUARRY

M592

Please quote the above code for all enquiries

Laboratory Reference

Sample Matrix

: Agricultural Soil

Card Number

07301/11

Date Received
Date Reported

08-Mar-11
14-Mar-11

SOIL ANALYSIS REPORT
Field Details

Laboratory
Sample
Reference

No.

34828/11

1

Name or O.S. Reference
with Cropping Details

Index

mg/l (Available)

Soil
pH

P

K

Mg

P

K

Mg

I.S.

2

I.S.

I.S.

18.6

275

275

8.2

0

1

2

5.6

74

99

8.0

0

0

1

4.0

32

31

8.5

1

2-

2

10.2

148

94

8.2

3

1

2

30.0

120

76

8.4

0

1

2

7.8

110

54

C2
No cropping details given
CC2
34829/11

2
No cropping details given
EC2

34830/11

3
No cropping details given
CCAD2A

34831/11

4
No cropping details given
CCAD2B

34832/11

5
No cropping details given
CCAD2C

34833/11

6
No cropping details given

If general fertiliser and lime recommendations have been requested, these are given on the following sheets.
The analytical methods used are as described in DEFRA Reference Book 427
The index values are determined from the DEFRA Fertiliser Recommendations RB209 8th Edition (Appendix 4).

Dr R C Wilkinson

Released by ...........................................................

On behalf of NRM Ltd

Date

14/03/11

...............................

Contact :

MICHAEL KURS
EASTVIEW
1 NORWOOD FARM COTTAGES
HIGH CASTERTON
CUMBRIA
LA6 2SD
Tel. : 01524 273410

Client :

BORRAS QUARRY

M592

Please quote the above code for all enquiries

Laboratory Reference

Sample Matrix

: Agricultural Soil

Card Number

07301/11

Date Received
Date Reported

08-Mar-11
14-Mar-11

Samples will be stored until 08-APR-2011

SOIL ANALYSIS REPORT
Field Details

Laboratory
Sample
Reference

No.

34834/11

7

Name or O.S. Reference
with Cropping Details

Index

mg/l (Available)

Soil
pH

P

K

Mg

P

K

Mg

8.7

0

0

1

2.6

27

35

8.4

0

0

1

3.4

28

31

I.S.

0

1

2

7.2

79

78

EAD2A
No cropping details given
EAD2B
34835/11

8
No cropping details given
EAD2C

34836/11

9
No cropping details given

If general fertiliser and lime recommendations have been requested, these are given on the following sheets.
The analytical methods used are as described in DEFRA Reference Book 427
The index values are determined from the DEFRA Fertiliser Recommendations RB209 8th Edition (Appendix 4).

Dr R C Wilkinson

Released by ...........................................................

On behalf of NRM Ltd

Date

14/03/11

...............................

MICRO NUTRIENT REPORT
DATE

14th March 2011

SAMPLES FROM

BORRAS QUARRY

MICHAEL KURS
EASTVIEW
1 NORWOOD FARM COTTAGES
HIGH CASTERTON
CUMBRIA
LA6 2SD
Tel: 01524 273410

Reference: 07301/34830/11-1
Field Name: EC2
Available (Phosphate Buffer Soluble) Sulphate mg/l

Result (*) V Low
56.2 1

Low

Risk

Normal High

Reference: 07301/34833/11-1
Field Name: CCAD2C
Available (Phosphate Buffer Soluble) Sulphate mg/l

Result (*) V Low
28.7 1

Low

Risk

Normal High

Reference: 07301/34834/11-1
Field Name: EAD2A
Available (Phosphate Buffer Soluble) Sulphate mg/l

Result (*) V Low
21.7 1

Low

Risk

Normal High

Reference: 07301/34835/11-1
Field Name: EAD2B
Available (Phosphate Buffer Soluble) Sulphate mg/l

Result (*) V Low
27.4 1

Low

Risk

Normal High

Notes (*)
(1) Plants absorb sulphur as the sulphate ion. Sulphates are not retained in the soil, to any great extent, they are soluble and
tend to move with the soil water and are readily leached by high rainfall or irrigation. This is particularly true for low
capacity (sandy) soils. Sulphur behaves very much like nitrogen, the largest pool of sulphur is contained within the
organic matter. The sulphate sulphur becomes available to the plant via bacterial breakdown of the organic matter,
atmospheric sulphur and other forms of reduced sulphur. Intensification of agriculture, improved crop varieties, the use of
sulphur free fertilisers and control of atmospheric pollution have aggravated the sulphur deficiency problem. In many UK
soils, the distribution of sulphate sulphur may not be consistent throughout the soil profile. A profile test down to 90cm
should be considered before using the soil test levels alone to calculate fertiliser sulphur requirements. If the soil has
relatively high sulphur levels at lower depths, the amounts can be reduced. The best method of building soil sulphur
reserves is by adding organic materials and maintaining an adequate organic matter content. Where satisfactory organic
sulphur reserves cannot be maintained, certain fertilisers or amendments have to be used to supply the crop with its sulphur
requirement.

DATE
SAMPLES FROM

14th March 2011
BORRAS QUARRY

MICHAEL KURS
EASTVIEW
1 NORWOOD FARM COTTAGES
HIGH CASTERTON
CUMBRIA
LA6 2SD

SAMPLED BY
Report reference

Tel: 01524 273410
Fax:

07301/11-1

Fertiliser Recommendations
The recommendation should be increased or decreased where yields are substantially more or less than that specified. The amount to apply can be calculated using the
expected yield and values for the offtake of phosphate and potash per tonne of yield given in Appendix 5 of RB209 8th edition.
All recommendations are given for the mid-point of each Index.
Where a soil analysis value (as given by the laboratory) is close to the range of an adjacent Index, the recommendation may be reduced or increased slightly taking account
of the recommendation given for the adjacent Index. Small adjustments of less than 10 kg/ha are generally not justified.
Don’t forget to deduct nutrients applied as organic manures.
For Nitrogen recommendations please refer to the RB209 8th edition or seek advice from an FACTS qualified adviser.
Where lime requirements exceed 3 T/Ac (7.5 Te/Ha) this should spread over 2 years, or for Cereal/Break crops, in two applications, before and after ploughing.

Field Name / Ref / Soil Type

Last Crop / Next Crop

C2
034828 /
Field Name / Ref / Soil Type

Last Crop / Next Crop

CC2
034829 /
Field Name / Ref / Soil Type

Last Crop / Next Crop

Last Crop / Next Crop

Last Crop / Next Crop

Last Crop / Next Crop

Last Crop / Next Crop

EAD2C
034836 /

MgO

Lime (Arable) (Grass)
0
0
T/Ac
0
0
Te/Ha

P2O5

K2O

MgO

Lime (Arable) (Grass)
0
0
T/Ac
0
0
Te/Ha

P2O5

K2O

MgO

Lime (Arable) (Grass)
0
0
T/Ac
0
0
Te/Ha

P2O5

K2O

MgO

Lime (Arable) (Grass)
0
0
T/Ac
0
0
Te/Ha

P2O5

K2O

MgO

Lime (Arable) (Grass)
0
0
T/Ac
0
0
Te/Ha

P2O5

K2O

MgO

Lime (Arable) (Grass)
0
0
T/Ac
0
0
Te/Ha

P2O5

K2O

MgO

Lime (Arable) (Grass)
T/Ac
0
0
0
0
Te/Ha

P2O5

K2O

MgO

Lime (Arable) (Grass)
0
0
T/Ac
0
0
Te/Ha

Units/Acre
Kg/Ha
Last Crop / Next Crop

EAD2B
034835 /
Field Name / Ref / Soil Type

K2O

Units/Acre
Kg/Ha

EAD2A
034834 /
Field Name / Ref / Soil Type

P2O5

Units/Acre
Kg/Ha

CCAD2C
034833 /
Field Name / Ref / Soil Type

Lime (Arable) (Grass)
0
0
T/Ac
0
0
Te/Ha

Units/Acre
Kg/Ha

CCAD2B
034832 /
Field Name / Ref / Soil Type

MgO

Units/Acre
Kg/Ha

CCAD2A
034831 /
Field Name / Ref / Soil Type

K2O

Units/Acre
Kg/Ha

EC2
034830 /
Field Name / Ref / Soil Type

P2O5
Units/Acre
Kg/Ha

Units/Acre
Kg/Ha
Last Crop / Next Crop
Units/Acre
Kg/Ha

Fertiliser recommendations are based on DEFRA RB209 (Eighth Edition - 2010). If a nutrient is deficient and no recommendation is given, either no recommendation
is given in RB209 or we have insufficient data to give a recommendation. Apply Lime to the nearest half Ton / Tonne.
NRM is a UKAS accredited laboratory to ISO/IEC 17025:2005

Appendix 10
Photo Records of Site

Anaerobic Digestate and Compost Trials on Mineral Extraction Sites
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SITE SETUP 19 MAY 2010

FFOS-Y-FRAN

AD APPLICATION 27 JULY 2010 (1 OF 2)

FFOS-Y-FRAN

AD APPLICATION 27 JULY 2010 (2 OF 2)

FFOS-Y-FRAN

MONITORING 22 FEBRUARY 2011

FFOS-Y-FRAN

SITE SETUP 24-25 MARCH 2010 (1 OF 3)

BORRAS

SITE SETUP 24-25 MARCH 2010 (2 OF 3)

BORRAS

SITE SETUP 08 APRIL 2010 (3 OF 3)

BORRAS

AD APPLICATION 29 JULY 2010 (1 OF 3)

BORRAS

AD APPLICATION 29 JULY 2010 (2 OF 3)

BORRAS

AD APPLICATION 29 JULY 2010 (3 OF 3)

BORRAS

MONITORING 20 FEBRUARY 2011 (1 OF 2)

BORRAS

MONITORING 20 FEBRUARY 2011 (2 OF 2)

BORRAS

SITE SETUP 09-10 JUNE 2010 (1 OF 2)

BLAENAU FFESTINOG

SITE SETUP 09-10 JUNE 2010 (2 OF 2)

BLAENAU FFESTINOG

AD APPLICATION 28 JULY 2010

BLAENAU FFESTINOG

MONITORING 25 FEBRUARY 2011

BLAENAU FFESTINOG

BRYN POSTEG

BRYN POSTEG

BRYN POSTEG

SITE SETUP 24-26 MAY 2010

AD APPLICATION 28 JULY 2010

MONITORING 22 FEBRUARY 2011
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