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Foreword 

 

enitial has used its best endeavors, experience and expertise to provide a 
meaningful, accurate and relevant representation of the works required 
by the client. 
 
The information presented in this document relate to information obtained 
by enitial or on behalf of enitial during the period. Information collated 
that was not obtained by enitial or directly on behalf of enitial is so stated 
where relevant. enitial do not take any responsibility for the accuracy or 
appropriateness of third party information however provided. 
 
enitial cannot accept responsibility to any parties whatsoever, pursuant to 
the issue of this report, for any matters arising which may be considered 
outside the agreed scope of works. 
 
This report is issued solely to the Client. enitial does not accept any 
responsibility to any third parties to whom this report may be circulated, in 
part or in full, and any such parties rely on the contents at their own risk. 
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1.0 Background 
 
1.1 Site setting 

 
Park Grounds Landfill is located approximately 2 km northwest of Wootton 
Bassett, Wiltshire. The currently permitted void will be largely infilled within a 
few years, and opportunity exists to develop further void beyond the 
current boundary.  Crapper & Sons are therefore proposing to extend the 
existing non-hazardous landfill westwards and have made a Planning 
Application for those works.  A number of advisors are commissioned to 
undertake supporting technical assessments as part of the Planning 
Application, and permit application.  This document deals primarily with 
landfill gas risk assessment and gas management measures to be 
considered and/or adopted. 
 
The landfill extension forms part of a wider Planning strategy, which also 
includes recycling, power generation and green waste composting 
operations at the site. 
 

1.2 Location 
 

Site location-  The landfill area is located between the M4 Motorway and 
the B4042 as it passes between Brinksworth and Royal Wootton Bassett; 
National Grid Reference (NGR SU 048 837). It is located on the south facing 
slope of a shallow valley within a landscape characteristic of the clay vales 
of southern and eastern England. The existing landfill comprises a large, 
broadly circular area comprising a number of self-contained and 
hydraulically isolated waste cells. The proposed extension is to the west of 
the current boundary, although the majority of the revised waste ‘footprint’ 
overlies the flanks and capped cells of part of the existing landfill.   
 
Access to the site remains via a metalled track off the B4042 Brinkworth 
Road, and waste vehicles and supporting traffic will access the fill areas by 
purpose built temporary hardcore roads. 
 

1.3 Scope of assessment 
 
The objectives of the Risk Assessment are as below: 

• Determination of baseline conditions of the geological environment at 
the site and its environs 

• Identification of potential impacts of the proposed landfill extension 
• Assessment of the magnitude and significance of potential impacts 
• Derivation of appropriate mitigation measures for any identified 

potential impacts 
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1.4 Data sources 
 
The characteristics of the geological environment have been investigated with 
the use of existing published data and reports, assessment of site data, site visits 
and experience of other sites in broadly similar settings.  
The data sources used in the investigation are listed below: 
British Geological Survey (BGS) 1:50,000 scale geological map for Swindon, 
Sheet 252. BGS digital on-line mapping  
Published borehole logs relating to M4 works and on-site borehole investigation 
records 

2.0 Introduction 
 
enitial has been appointed by Crapper and Sons to undertake a review of the 
Landfill Gas Risk Assessment and to update the Gas Management Plan1 for Park 
Grounds Waste Disposal Site. 
 
A landfill permit (EPR/SP33365N/V004) exists with regard to the closed landfill in 
the east and northeast of the landholding, and the current landfill in the centre 
and west of the site. The closed landfill area was largely inert with only the last 
three, northernmost, cells (Cells A to C) including non-hazardous waste. The 
closed landfill resulted from a land-raising operation, infilling a pre-existing low 
valley and raising elevations on a small, local hill top. It has been restored to a 
gently domed profile with a maximum elevation of 98 mAOD.  
 
The operational and recently restored areas of the landfill comprise non-
hazardous waste and were also achieved by land-raising. The extraction of the 
underlying clay was undertaken to provide material for engineering and 
capping works on-site.  Extensive geotechnical assessments have been 
undertaken on the local clay and these have been submitted within CQA plans 
to demonstrate the ongoing suitability of the material to meet the containment 
requirements for the construction of a geological barrier.   
 
The proposed extension area is to be in the north and west of existing Cells 1, 8, 
9 and 10. This land generally comprises arable and low-quality grazing. The M4 
Motorway lies immediately to the south of the site, and a small coppice of 
approximately 5 hectares (ha), known as Withy Bed, is established on the 
northern boundary of the Application Area.  The West Coast Main Line runs to 
the SW corner of the landfill and at its nearest point the track and infrastructure 
is within 50m of the landfill engineering.  Farms make up the majority of local 
dwellings, with the closest settlement being Callow Hill, approximately 1.7 km 
to the northwest.  
 
At the time of writing of the original LFGRA [Joseph Associates 2005], the site 
was taking predominantly low degradability waste and the engineered cells 
were relatively shallow.  While the appraisal of the geological setting remains 
valid, other aspects of that assessment need to be reviewed and updated to 
reflect changes in site development, waste composition and to set against the 
results of the site monitoring programme. 

                                                        
1 Emissions control strategy – Parks Grounds Landfill, Enitial 2011 
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3.0  Geology 
3.1 Bedrock 
 
The site is underlain by dark blue-grey, over-consolidated Jurassic Oxford Clay, 
which dips gently to the east. The log of a borehole near Purton (Purton House), 
5.5 km northeast of the site indicates a thickness of the Oxford Clay in excess of 
88 m. The Oxford Clay contains ‘clay stone’ horizons in places.  
 
Of the nineteen closest recorded boreholes to the site, clay-stones were 
identified in two, they have also been observed in cell preparation works at the 
site (noted in construction quality assurance (CQA report for Cell 9 as randomly 
located, discontinuous and up to 75 mm thick). Based on the nearby borehole 
data, it is assumed that these claystones are not laterally continuous at a local 
scale, i.e. in the vicinity of the site.   
 
More generally, fractures have been seen within the Oxford Clay in exposed 
faces within local brick pits. However, where the formation is un-weathered 
these are likely to be tight or absent and not water-bearing.  
 
The overlying Corallian strata (now the Stamford Formation), a detrital 
limestone, outcrops at Wootton Bassett, 5 km east of the site. It is therefore 
considered likely that almost the full thickness of Oxford Clay is present beneath 
the site. Only the feather edge of the Corallian is present in a north-south 
exposure, the remainder being capped by the overlying Kimmeridge Clay 
further to the east.  Stratigraphically, the Kellaway Beds underlie the Oxford 
Clay and these are in turn underlain by the Cornbrash which is the uppermost 
formation of the Great Oolite Series.  
 
Permeability 
Tests have been carried out on the Oxford Clay at the site which indicate an 
in-situ permeability of less than 1 x 10-9 m/s and a re-worked permeability of less 
than 1 x 10-10 m/s. Published data indicates a range of 1 x 10-9 to 1 x 10-12 m/s. 
 
Waste Operations 
The landfill design, and that for the future development primarily involves land 
raising. However, new landfill cell bases are constructed by excavation of 
intact Oxford Clay to a depth of approximately 8 to 9 m to generate clay for 
landfill lining and capping.  
 
A minimum of 1 m of clay is engineered across the base and sides of each 
landfill cell to create the geological barrier required by the Landfill Directive 
specifications. The side wall liner is constructed adjacent to the excavated side 
walls of the cell up to original ground levels. An unworked ‘bund’ of clay is 
generally left in-situ between landfill cells, hence each cell base is 
predominantly a single hydraulic unit. 
 
The landfill currently accepts non-hazardous municipal, commercial and 
industrial waste together with construction and demolition waste as consented 
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under the Environmental Permitting (England and Wales) Regulations 2016 
(EPR), Permit Number SP3336SN/V005.  
 
The Permit was first issued in April 2006 and has been subject to several 
variations. The Park Grounds complex also benefits from a Permit for recycling 
and composting activities and for operation of power generation equipment. 
All potentially recyclable material delivered to the landfill is diverted to the 
recycling facilities on-site, where card, paper, plastics, metals, timber and 
green waste is extracted for re-use. Non-recyclable waste is then landfilled.  
Over the life of the site, the profile of the received waste has changed 
markedly and the fraction of readily degradable, putrescible waste has 
reduced.  For the foreseeable future, the waste inputs are likely to be largely 
recycling residues, and/or bulky wastes comprising mixed materials that are not 
capable of simple separation.   
 
 
 
  



Park Grounds Landfill – Gas Risk Assessment October 2018 
 

Issue No.1.3 Final Page 9 10/10/2018 

4.0 Review of Gas Conceptual Model 
 
A conceptual site model was previously developed for the original 
LFGRA [Document B1.4.3-GRA  JBJ Environment March 2005].  This follows 
a conventional and commonly accepted source-pathway-receptor 
structure and is laid out as such in the overview below.  

The source term is the biodegradable waste materials which are deposited 
within the site and which give rise to landfill gas as they degrade. 
 
Pathways for landfill gas migration can include both natural pathways through 
permeable strata and man-made pathways through drains and ducts. Direct 
emissions to the atmosphere will also occur through the surface of the site. 
Details of the particular pathways at the site are given in Section 4.4 
 
Receptors may include people living and working in the vicinity of the site, 
property, vegetation and the atmosphere. Receptors and their relative 
sensitivity are described further in Section 4.9 
 
Hazards are the potential or actual effects of the landfill gas. 
 
The overall Risk is the likelihood of the hazard occurring taking into account the 
salient factors. 
 
4.1 Source Term 
 
It is particularly difficult to model landfill gas production for Park Grounds as the 
wastes accepted are not typical of MSW landfills. Models such as GasSim are 
based on empirical modelling algorithms and on research data gathered from 
MSW landfills. The modelled processes which use default waste categories, 
degradation, moisture contents and derived gas generation rates are unlikely 
to be wholly representative of this site due to its multi cellular construction, 
varying waste input profile. 
 
The waste types and quantities accepted upto 2005 are discussed in the 
original LFGRA and were further appraised in a document prepared by Enitial 
in 2011[emissions assessment and control strategy].   
 
Both assessments concluded that given the uncertainties over the volumes and 
generic descriptions of most of the historic waste deposits, an empirical 
assessment of gas generation, via GasSim or similar could not produce any 
reliable assessment of gas generation.  The strategy described and 
implemented from 2011 relied upon the ongoing acquisition of monitoring data 
from facilities installed within the waste and the consistent observations that 
gas was consistently at low static pressure within them. 
 
For the purpose of this Risk Assessment, no further numerical assessment of the 
risk from landfill gas has been carried out because – 

§ the rates and volumes of landfill gas generation are highly variable 
and for cells 1 to 6, the source term is negligible; 

§ there is extreme variability in the waste inputs in terms of degradability 
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and likely to be so for the foreseeable future. 
§ there are no credible pathways from the landfill to any potential 

offsite receptors other than to the atmosphere;  and, 
§ the nearest buildings or built structures [for example the railway line] 

that might be affected are about 350 m from the landfill and lie below 
it topographically.  It is noted also that the track bed of the railway as 
it passes the site is raised on an embankment, hence there is a 
substantive air void between the landfill and the railway. 

 
4.2 GasSim Source Term Validation and Calibration 
 
A simple gas generation model was run in 2014 in order to assess the feasibility 
of the more recent waste cells for a landfill gas power generation scheme. 
The gas generation prediction by the 2014 model has been compared against 
other gas generation estimation techniques [as for example undertaken at the 
site in 2011], to ‘calibrate’ the model (and to compare to the original 2005 
LFGRA report).  
 
The 2011 assessment considered the completed cells 1 to 6 and using a typical 
waste breakdown for the site, and a 15% degradable fraction, then made an 
estimate of peak gas production for those cells being at between 26 and 79 
cu.m per hour at an 85% collection efficiency. 
 
The assessment undertaken during 2014 was for the site upto the completion of 
cell 10 during 2020 but assuming inputs of 35kTpa of domestic waste from 2012 
onwards and 12 kTpa of industrial waste (this is markedly different from current 
inputs). 
 
That 2014 assessment plotted curves at varying moisture content and 
predicted peak gas production to be between 160 and 320 cu.m/hr. 
That same model suggests 2011 rates of gas evolution (based purely on the 
commercial waste inputs) to be between 30 and 60 cu.m/hr.  This is 
comparable to the 2011 assessment as referenced above. 
 
GasSim and other such models are useful indicators, but are rarely reliable as 
accurate indicators of actual rates of abstraction; typically, being prone to 
skewing by moisture content estimates and the day to day variability in waste 
inputs. At Park Grounds in particular it is noted that external circumstances 
relating to waste processing can influence the waste landfilled.  For example, 
a large volume of saturated, highly degradable and odourous recycling 
residues were delivered for disposal for around 2 years and have influenced 
the rates of gas production in cells 7 and 8.  That waste stream has now ceased 
and it is noted that cell 9 has a disproportionate volume of bulky non-
recyclables such as intact mattresses and plastic films whose degradability will 
be substantially less.  The results of a waste input audit conducted in December 
2017 are reported in Appendix D, these indicate that on average, 75% of the 
current inputs and forecast future inputs would be considered low putrescible 
cardboard, fabrics, dense plastics and plastic film.  Just 2.5% of the input was 
organics comprising food waste and green waste.  
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The GasSim source term output graph as indicted by the 2014 modelling is 
given as Figure 1 below: 
 
Figure 1:  Source Term Model Output Graph 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Due to the limitations in the model it has not been used for the gas migration 
risk assessment, this is discussed further in Section 5.0 however the model, 
combined with actual site emission data, might be a useful tool at some 
stage of the site development with which to undertake a Tier 1 risk assessment 
for point source and fugitive emissions from completed areas, see Section 5.4. 
 
4.4 Migration Pathways 
 
Potential gas migration pathways could be considered to exist below ground 
(direct migration of landfill gas) and above ground (direct emissions of landfill 
gas to atmosphere) and potentially as future emissions of gas products from 
any flare, or mitigation process. 
 
The pathways were described in full in the original 2005 LFGRA, these are still 
considered to remain the case, and are pertinent to understanding the 
migration risk assessment:   
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4.5 Geological Pathways 
 
Generally, Park Grounds is unlikely to be subject to lateral below ground 
migration of landfill gas as the site is predominantly a land-raise. The stylised 
geological setting is shown on Figure 2, below.  The information for which is 
taken from the Working Plan, CQA reports and data from British Geological 
Survey maps.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The clay material used for all engineering works at the Park Grounds Landfill 
possesses many beneficial qualities:  

• The material has been used for a long period for all the engineering 
operations at the Park Grounds landfill. During this time the material has 
consistently provided permeability results in excess of the minimum 
requirement. 

• Material has been placed at the Park Grounds Landfill at moisture 
contents between the Optimum Moisture Content and Plastic Limit for 
the material and has demonstrated excellent permeability values, well 
in excess of the necessary requirements. 

• The results from geotechnical classification tests that have been 
previously undertaken indicate that the clay is of intermediate plasticity. 

 
Typical material property ranges for the cell 7 pre-characterisation testing: - 
 
Test Undertaken    Range of Values 

Dry Density     1.53→1.76 Mg/m3 
Bulk Density     1.92→2.12 Mg/m3 
“Sampled” Moisture Content   20→25 % 
Plastic Limit     13→17 % 
 Permeability Values    15.0→5.3x10-11 m/sec 

 
It is concluded that the local clay is ideally-suited for the construction of a 
geological barrier.  In addition to its’ permeability values, it has excellent 
physical and structural properties.  The material possesses excellent shear 
strengths when placed at the above moisture content range. Hand shear 
vanes taken during recent pre-characterisation testing were found to be in the 
range of 78→˃130 kPa, undrained shear results were in the range88→162 kPa, 

Figure 2 - Stylised geological section and engineering materials 
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indicative of geotechnical stability of constructed slopes. 
 
The intact clays at the site boundary and beneath the waste present a barrier 
of substantial thickness, with well-defined and low levels of permeability.  The 
overlying capping material however, while having the same mechanical and 
geotechnical properties, is of 1 to 2m thickness and therefore presents a 
pathway of lesser resistance. 
 
It is concluded that in normal conditions, the preferential pathway for gas 
migration would be vertically through the landfill capping rather than laterally 
through the confining material.   A simulated abnormal condition would be the 
creation of a poor structural interface between the cap and the sidewall liner 
by construction error, or the creation of such an interface by waste settlement. 
In such cases however, the migration pathway would still be to atmosphere 
[albeit the transport would be more rapid].  It is noted however that repeated 
annual surface emission surveys have failed to identify any such failure in the 
cap materials. 
 
Site investigation boreholes have been recently constructed during the 
engineering preparation phases of the waste gasification plant. These confirm 
the geological succession previously documented, but have also identified 
restricted areas where the ground has been made up with hardcore, and 
similar materials to form hard-standing areas. Shallow lateral gas migration 
through the relatively permeable made ground could theoretically be possible 
over short distances before the gas is released vertically to the atmosphere or 
oxidises within the surrounding soil. The site investigation boreholes have been 
cased and are to be retained for use as monitoring points so as to indicate 
potential risks to the process plant from landfill gas associated with the 
adjacent cells.  Their location is shown on Drawing “X” and they will form the 
primary risk-based monitoring installations. 
 
4.6 Engineered Measures 
 
The purpose of the lining operations on site is to prevent the free passage of 
leachate/gas generated from the waste into the surrounding 
strata/groundwater system.  
 
The lining system consists of the following elements:  

• Bulk earthwork excavation for suitable “site won” material to be utilised 
to construct the sidewall for each cell and for future capping operations.  

• Suitable material is placed in layers and compacted using suitably 
approved equipment to move, level and compact to the desired 
specification (the works are validated in-situ by CQA testing).  

• The base of the landfill is subjected to in-situ permeability testing at a 
selection of depths to prove the suitability of the material, in addition 
during this process the presence of any claystone bands is noted and 
these are treated where considered necessary. 
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4.7 Underground Services and Surface Water Drains and Sewers 
 
Underground services (gas, water, electricity) associated with the adjacent 
gasification plant and offices and other buildings have potential to act as 
transport pathways for gas in the ground, although the relatively high 
permeability granular backfill in the trenches, and/or vented cable runs 
mitigate the potential for build-up. Given the relative age of the landfill and the 
new infrastructure associated with the gasification plant, it is clear that the site 
building design elements relating to the ground investigations took account of 
the results of ground gas concentrations. Appropriate measures have been 
employed for protection against any gas which may be present from the made 
ground and potential gas migration from the landfill, and the s/i boreholes have 
been retained and are to be incorporated into the site’s routine surveillance 
programme.   
 
4.8 Fugitive Emissions 
 
Gas can vent to atmosphere as fugitive emissions through the landfill cap or 
from any unsealed components of the leachate extraction system.   Until 2011 
Park Grounds was using uncontrolled venting via leachate chambers as the 
gas mitigation mechanism as was commonly the case for contemporary inert 
sites or low-putresibility waste sites. 
 
The venting chambers were sealed during 2011 and fitted with gas wellheads 
capable of ongoing monitoring, and potentially for use for active gas 
abstraction in the future.  The wells in cells 1 to 7 are now sealed and are 
routinely sampled on a monthly basis to assess gas quality and static pressure. 
 
The level of intrinsic containment below ground level afforded by the 
geological clay makes fugitive releases of gas vertically through the cap more 
likely than lateral migration. Such a release is limited by the rates of diffusion 
through the capping materials, and the nature of the release is ameliorated by 
methane oxidation within the cap. In general, the concentration of the 
diffused gases which are released from the cap will be extremely low because 
the surface area is large and in-waste gas pressures are low.   
 
The sites routine surveillance programme incorporates an annual survey of the 
cap via TDL to determine where gas release exceeds 1000ppm, typically the 
cap is confirmed as performing so as to contain gas, there are only very 
occasional findings where gas is leaking at very small concentrations through 
well seals or broken valves. 
 
4.9 Receptors 
 
The nearest inhabited dwelling to the landfill is Lowgate Cottage.  The closest 
building within the site boundary is the Park Grounds office, and adjacent 
buildings housing the recycling process plant, the waste gasification plant and 
the associated containerised power generation plant.  As noted above, the 
below ground voids and conduits are designed so as to allow venting to 
atmosphere. 
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It should be noted that the extension of the landfill towards the railway is 
primarily to facilitate the overtip of the existing cells, although there will be a 
requirement to extend the cell engineering towards the revised boundary.  The 
base preparation and the perimeter bunds will require design documents, 
specifications and CQA reports [reflecting in-situ performance testing] to be 
approved by the EA prior to construction and waste deposition.   
 
With regard to the risk to the railway infrastructure, the potential migration 
pathways for gas from the source term can be considered as follows.  
 

The laminar interface between the basal containment and the 
perimeter bund –  

This is likely to be at a similar datum level to the railway track elevation, 
assuming the new cell bases to be at the same level as existing cells 1a and 1b.  
The construction methodology mitigates against the interface becoming a 
pathway as clay is re-worked in thin layers in controlled conditions and is 
compacted with a profiled roller to attain a target in-situ density and 
permeability. As stated previously, the railway adjacent to the site is supported 
by an embankment, and there is a substantive air void between the site 
boundary and the track level.  
 

The passage of gas through the liner against pressure or concentration 
gradients 

The specification for geological or composite lining systems for containment of 
non-hazardous waste reflects the requirements of the Landfill Directive and its 
implementation in UK Landfill Regulations.  The geological barrier must attain a 
performance level better than 1m thickness of clay with a permeability of   
1x10-9 m/s.   Monitoring has demonstrated gas pressures in the waste to be low, 
typically less than 10mb relative to atmospheric pressure, and therefore unlikely 
to result in a pressure gradient that would result in sub-surface migration of gas 
through the liner.  Noting also that the base of the cell is roughly at the level of 
the railway, the primary pressure differential would be towards atmosphere.  
This would be the preferential flow-path [as distinct from a longer, horizontal or 
downwards flow-path through natural materials].  With the travel time being 
significant, any gas moving through the barrier would be subjected to 
chemical attenuation in transit, and it is considered that any subsurface 
pressure gradient would be released into the air void below embankment crest 
level. 
 
With a low activity source term and no contiguous pathways, the potential 
receptors are considered to be at very low risk from the gases generated in the 
landfill and subject to continued confirmation by the routine surveillance, the 
potential for direct transport of gas in significant quantities can safely be 
discounted. 
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5.0  Gas Risk Assessment 
 
A simple source term model has been produced for the site. As discussed in 
Section 2.2 the model cannot be considered reliable for predicted gas 
generation rates due to a number of uncertainties incorporated into the model 
resultant from a lack of historic site data, and likely future variability of waste 
inputs. In addition, there are a number of limitations to GasSim and other 
algorithms when considering a lateral migration model for land-raise sites.  
Intuitively it is considered that there is a greater risk of fugitive gas release 
through the landfill capping due to the higher permeability of the capping 
when compared with the possible lateral migration routes. 
 
Although the site is well protected with respect to lateral migration it is 
considered prudent to assume that there is some, if limited, potential for lateral 
gas release. As a result, a risk assessment has been completed via 
consideration of the source-pathway-receptor linkage according to DEFRA 
and EA guidance.  
 
Impacts of future landfill development 
The layout of the cells in the proposed landfill extension extend the overall 
footprint of the site to the west of the current permitted area.  The lateral 
extension revises the levels to which the existing cells 2, 9 and 10 are filled, and 
affects small parts of cells 8, 1a and 1b.  The operational phasing of the 
extension is designed to minimise the potential for disturbance of the existing 
cell infrastructure.  For example, the gas system proposed for cells 7, 8 and 9 
would be relatively undisturbed until waste advances into the new cell 6.   
It would be normal practice during overtipping operations to bury the 
operational gas infrastructure and to decommission/ replace these 
components with new wells and pipework on completion of the capping.  
Experience with raising gas wells concurrent with waste placement is that these 
invariably fail and are rendered ineffective.   
 
Continued operation of a buried system offers time-limited continuity of gas 
abstraction, although does result in limited ability to make changes at 
individual wellheads (except where perimeter manifolds can be retained).  
Retention of the system mitigates the potential impacts of waste surcharging 
and the incremental compressive load pressurising gas present in the waste 
pore-space.  Considering also that the phasing plan proposes to complete the 
cells at the site perimeter before new cell 6 and new cell 7 overtip the deeper 
central area, there is opportunity to install gas wells at the site perimeter in 
advance of the majority of the surcharging. 
 
5.1 Monitoring Data and Historic Trends  
 
The operator has been undertaking regular monitoring of the in-waste wells 
pursuant to the permit.  Following advice in 2011, these chambers were sealed 
so as to more accurately reflect the characteristics of the waste. That change 
is clearly reflected by the gradual rise in gas concentration [methane and 
carbon dioxide] and stabilisation at levels consistent with anaerobic 
degradation of organic waste.  The time series are presented as figure 3 
overleaf. 
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The dataset is generally consistent and is acquired at the requisite frequency, 
and when on occasion enitial have been asked to undertake audit monitoring 
there is good correlation with the  site data as regards the bulk constituents.  
There have been ongoing concerns with the accuracy and relevance of the 
dataset for relative pressure and site auditing indicated that further training was 
required in the procedure for recording well pressures. 
 
In each instance, the monitoring of static pressure in the sealed wells has 
indicated that the suggested +20mb threshold for significance (included in the 
Emissions Control Strategy submitted to the EA in 2011), has not been 
exceeded.  Recent readings taken from wellheads in cells 6 and 7 (the cells 
including the most active, degradable waste) were stable at levels between 5 
and 6mb.   
As noted previously, the likely migration pathways are vertically through the 
cap, and there has never been a risk-based driver [or a regulatory desire] to 
install perimeter monitoring boreholes.  Noting also that the source term has 
minimal static pressure, it remains the operators’ view that the installation of 
boreholes into a proven homogeneous and low permeability geological matrix 
at the site boundary would be of negligible benefit now and into the future.     
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5.2 Source-Pathway-Receptor Risk Assessment Definitions 
 
The definitions for the Source-Pathway-Receptor risk assessment are based on 
UK Government and EA definitions and are outlined in the following tables: 
 
Table 1: Classification of Consequences 

Severe: Explosion; building collapse, serious injury, fatality. Asphyxiation; fatality 

Medium: Chronic damage to human health. Significant effect on a particular crop 

Mild: Significant damage to crops/amenity schemes 

Minor: Localised impact on vegetation 
 
 
Table 2: Classification of Probability 

Classification Definition 

High 
Likelihood 

There is a pollution linkage and an event that either appears very likely in the short 
term and almost inevitable over the long term, or there is evidence at the receptor 
of harm or pollution 

Likely 

There is a pollution linkage and all the elements are present and in the right place, 
which means that it is probable that an event will occur. Circumstances are such 
that an event is not inevitable, but possible in the short term and likely over the long 
term. 

Low 
Likelihood 

There is a pollution linkage and circumstances are possible under which an event 
could occur. However, it is by no means certain that even over a long period such 
event would take place, and is less likely in the shorter term. 

Unlikely There is a pollution linkage but circumstances are such that it is improbable that an 
event would occur even in the very long term. 

 
 
Table 3: Comparison of Consequence against Probability 

  Consequence 
  Severe Medium Mild Minor 

Prob
a

bility
 

High Likelihood Very High Risk High Risk Moderate Risk Moderate 
/Low Risk 

Likely High Risk Moderate Risk Moderate/Low 
Risk Low Risk 

Low Likelihood Moderate Risk Moderate/Low 
Risk Low Risk Very Low 

Risk 

Unlikely Moderate/Low 
Risk Low Risk Very ow Risk Very Low 

Risk 
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Table 4: Description of the Classified Risks and Likely Action Required 

Very High Risk  There is a high probability that severe harm could arise to a designated receptor 
from an identified hazard, OR, there is evidence that sever harm to a designated 
receptor is currently happening. This risk, if realised, is likely to result in a substantial 
liability. Urgent investigation (if not undertaken already) and remediation will be 
required.  

High Risk  Harm is likely to arise to a designated receptor from an identified hazard. Realisation 
of the risk is likely to present a substantial liability. Urgent investigation (if not 
undertaken already) is required and remedial works may be necessary in the short 
term and are likely over the longer term.  

Moderate 
Risk  

It is possible that harm could arise to a designated receptor from an identified 
hazard. However, it is either relatively unlikely that any such harm would be severe, 
or if any harm were to occur it is more likely that the harm would be relatively mild. 
Investigation (if not already undertaken) is normally required to clarify the risk and to 
determine the potential liability. Some remedial works may be required in the longer 
term.  

Low Risk  It is possible that harm could arise to a designated receptor from an identified 
hazard, but it is likely that this harm, if realised, would at worst normally be mild.  

Very Low Risk  There is a low possibility that harm could arise to a receptor. In the event of such 
harm being realised it is not likely to be severe.  

 
5.3 Source-Pathway-Receptor Risk Assessment 
 
The migration risk assessment takes into consideration the risk posed by the 
current gas monitoring and management regime. Should any future changes 
be made to the gas management at Park Grounds then the migration risk 
assessment will be revised. 
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Table 5: 

Receptor Pathway Consequence Probability Risk Comment on Residual Risk 

Vegetation  Fugitive emissions through cap  
Dieback or 

growth inhibition 
(MILD)  

Low Likelihood – provided 
the cap is continued to be 

maintained and the gas 
pressures remain low 

Low  Controlled through cap repairs 
following FID/TDL survey  

Site staff 
(monitoring)  

Fugitive through cap, point 
source from wells and leachate 

sumps  

Health (MEDIUM)  

Unlikely- fugitive emissions 
controlled through cap 

maintenance  Leachate 
and gas extraction system 

sealed 

Low  Site monitoring staff to wear 
personal gas alarms 

Explosion 
(SEVERE)  

Unlikely – DSEAR enforced at 
site, Atex rated equipment 
used in monitoring works 

Moderate/ 
Low  

Continue to work under DSEAR 
requirements, safe systems of 

working. 

Trespassers  
Fugitive through cap, point 

source from wells and extraction 
system  

Health (MEDIUM)  

Unlikely- fugitive emissions 
controlled through cap 

maintenance. Leachate 
and gas wells sealed 

Low  

Continue to check suitability of 
security measures.  

Explosion 
(SEVERE)  

Unlikely-would need to 
remove gas well heads and 

ignite gas 

Moderate/ 
Low  
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Table 6:  

Receptor Pathway Consequence Probability Risk Comment on Residual Risk 

Vegetation 
on ‘restored 

inert areas’ to 
northeast  

Possibility of high permeability 
made ground pathway / former 

site roads   

Dieback or 
growth inhibition 

(MILD)  
Unlikely  Very Low  - 

Potential 
future 

development 
of gasification 

plant  

Explosion 
(SEVERE)  Low Likelihood  Moderate/ 

Low  
Any development should be 

subject to ground gas 
investigation and subsequent 
design measures e.g. CIRIA 

guidance  
Health (MEDIUM)  Low Likelihood  Low  

Users of 
railway track 

(transient, 
maintenance 
or inspection) Fugitive emissions from capping 

and point source emissions 

Health (MEDIUM)  Unlikely Low  
Tier 1 air dispersion model to be 
undertaken.  Routine TDL surveys 

for airborne emissions 
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Table 7: 

Receptor Pathway Consequence Probability Risk Comment on Residual Risk 

Rail track bed  

Possibility of high permeability 
made ground pathway should 
gas be able to move through 

the clay seals, or interface 
between cap and sidewall.  
(shallow but long-distance 

migration would be required) 
low permeability sidewall limits 

lateral migration, and track level 
is roughly coincident with the 

base of the landfill cells.  

Airborne release 
or potential 

localised 
accumulations 

in track 
infrastructure 
voids.  (LOW)  

Unlikely  Low  
Residual risks unlikely to change, 
track works along railway likely to 

all be above ground- 

People using 
the site roads 

(transient 
users) 

inhalation of 
fugitive 

emissions  

Fugitive emissions from capping 
and point source emissions  Health (MEDIUM)  Unlikely  Low  Tier 1 air dispersion assessment 

undertaken Section 3.4  
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Table 8: 
Receptor Pathway Consequences Probability Risk Comment on Residual Risk 

Roadside verge 
to M4  

motorway  

Possibility of higher permeability 
claystone lenses in intact Oxford 
Clay below base of site (shallow 

short distance migration) or 
passage of gas through 
sidewall/cap interface 

Habitat 
(MEDIUM)  

Unlikely – gas unlikely to pass 
down through site base, 

aged waste in southern cells 
has v low degradable 

content, sidewall of very low 
permeability clay 

Low    

Buildings and 
site 

infrastructure to 
North of landfill 
area identified 

on drawings 

Possibility of high permeability 
made ground pathway but low 

permeability sidewall limits 
potential lateral migration. New  
site buildings, process plant etc 
to take account of ground gas 

mitigation in design.  

Health (MEDIUM)  Unlikely  Low  
Any future development to 
under-go integral gas risk 

assessment for design 
measures.  Explosion 

(SEVERE)  Unlikely  Moderate/ 
Low  

site office  

As above including concrete 
hardstanding. Office has 

suspended floor ad airbricks 
providing under floor ventilation 

Health (MEDIUM)  Unlikely  Low  - 
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Table 9: 

Receptor Pathway Consequence Probability Risk Comment on Residual Risk 

Electrical 
Substation 

Compound 

Potential receptor – it is 
considered that the design of 
the cabin would have taken 

account of gas risk when 
installed. However confined 

spaces exist which need access 
consideration by employees 

Health – 
confined spaces 

(SEVERE) 
Unlikely  Moderate/Low  

Safe working practices to be 
adopted, trained personnel to be 

aware of gas risk, including 
confined space entry and is 
designing and mitigating risk 

accordingly 

Explosion 
(SEVERE)  Unlikely  Moderate/Low  
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5.4  Emissions to Air 
 
Point Source and Fugitive Emissions – Tier 1 Risk Assessment 
 
Fugitive emissions of landfill gas can occur through the capping and, as 
discussed in Section 2.3, this is more likely to occur at Park Grounds than would 
be any lateral migration. In addition to fugitive emissions, combustion of the 
collected gas in the flare, or operation of biofilters may in future give rise to 
modified point source emissions from those processes. Emissions would be 
direct to air hence will dilute and disperse into atmosphere, the local air 
movement can therefore act as a pathway to potential receptors. 
 
Tier 1 risk screening has been considered for point source and fugitive emissions 
for potential short term and long-term emissions to air, as detailed in LFGN03. 
Normally this would be undertaken using a GasSim model, but as discussed in 
Section 2.0, any such model would not be considered reliable due to the 
numerous uncertainties in the historic waste data, and due to there being no 
flare system currently being operated on site to consider as a point source for 
diffusion. 
 
The Tier 1 screening would normally model a permanent flare at the point of its 
installation, and would take account of site monitoring data, any pump trials 
and results from source term trace gas analysis.  The GasSim defaults would 
apply to the effects of permanent extraction and permanent cap.  
 
The screening would require site specific emission monitoring data for oxides of 
nitrogen (as NO2), Total VOCs, Non-methane VOCs and carbon monoxide 
relating to the actual installed process equipment.  
 
Typically, the output of the Tier 1 screening process for gas flares meeting the 
requirements of current guidance, and for caps of good quality and low 
permeability show that the key substances are insignificant at both short term 
and long-term exposure, and that there is rapid atmospheric dispersal of the 
exhaust plume. 
 
Noting that a number of thermal combustion processes are already operating 
on site, (gasification and power generation in gas engines) the additional 
‘burden’ through operation of a small gas flare is likely to be insignificant.   
The review and assessment of the potential for the gas generation to support a 
utilization scheme has concluded that one or several small gas turbines might 
be feasible in the future.  It is considered highly likely that within the next 1 to 2 
years, an active gas abstraction system will be installed and operated primarily 
aimed at managing gas from completed cells 7 and 8, and potentially 
extending to cells 1 to 6.  
 
At this stage of the site development, no further assessment is required of the 
gas impacts on the site. However, further assessments including Tier 1 
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assessments, are recommended when there are steps taken to install active 
gas management systems. 
 
 
 
5.5 Conclusion and discussion 
 
The preceding sections have outlined the primary risk parameters to be 
considered with regard to the environmental setting of the current landfill site 
and proposed extension.  The key parameter is that the ‘footprint’ of the site 
changes little as a result of the extension, with much of the new void being 
created via over-tipping of pre-existing cells.  The engineering construction 
methodology remains unchanged, and the configuration of those new cells 
that do extend the footprint with regard to surrounding ground level, is such 
that the majority of the waste in those cells is above ground level.  
The underlying and surrounding in-situ geological formation is of proven low 
permeability and  offers a very high level of intrinsic containment.  Weathered 
clay and overburden soils etc. are removed from site as part of the preparation 
for placement of an engineered clay barrier against exposed in-site clay faces 
and creation of hydraulically enclosed cells. 
 
The proposed wastes to be placed within future landfill cells are likely to be 
predominantly post-recycling residues, non-recyclables and mixed 
industrial/commercial or demolition waste.  Studies on the current waste inputs 
have confirmed them to have very little readily putrescible material, (for 
example food waste or green waste) and the organic fraction is likely to 
degrade slowly.  The current source term has a landfill gas profile consistent 
with contemporary non-hazardous wastes, with the newer cells having 
established anaerobic methanogenic conditions and upto 60% methane by 
volume.  The site is characterized by stable gas concentrations but very low 
confining pressure, this is considered to be as a direct result of the low rates of 
degradation, and successive surface emissions surveys have demonstrated 
that the engineered clay cap is successful in preventing significant gas release. 
 
Where releases have been identified, they are typically around wells or similar 
features that penetrate the cap, generally less than 10 instances in several 
hundred survey points, and usually measured at <10,000 ppm.  There is no 
current reason to suppose that the current means of managing the landfill gas 
source term by high specification containment engineering will not be 
successful in the future, and that no radical departure will be required solely as 
a result of the landfill extension.   
 
It is acknowledged that the currently permitted cells, in particular cells 6, 7 and 
8 did for short periods receive additional streams of locally arising inputs of 
odiferous and more putrescible waste.  The evolution of gas within these cells 
has reflected these wastes and the 2104 modelling reflects the accelerated 
generation rate as a result.   
The following sections have been included to indicate the development of the 
‘whole site’ Gas Management Plan, and that the current strategy for the 
permitted area is to install gas collection and flaring/utilization equipment to 
further mitigate landfill gas risk. 
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This document identifies the key potential receptor for landfill gas escape as 
being the infrastructure and buildings associated with the newly constructed 
waste gasification plant, also under the ownership of the site operator.   That 
infrastructure has been subject to detailed ground investigations and structures 
designed to anticipate and to mitigate potential risks to the structures, or to 
those working on or around them.   The other potential receptors have been 
considered and are reported in a matrix in this report, and in particular whether 
that risk is materially changed by the extension to the landfill. 
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6.0  Gas Management Plan 
 
Defined within the EA publication LFTGN03 ‘Guidance on the management 
of landfill gas’ (EA, 2004), the Gas Management Plan: 
 
‘…provides a framework for the management of landfill gas based on the site 
characteristics and the nature and extent of the gas control system…’ 
 
The original Gas Management Plan, [in the form of an emissions control 
strategy] from here in referred to as the Original GMP, was submitted to the EA 
in January 20112. The plan was written to reflect the conditions pertinent to the 
site at the time and focused upon reducing passive venting from leachate 
chambers, installing facilities to give accurate data on gas quality and in-situ 
gas pressure and to assess the ability of the capping systems to satisfactorily 
contain gas. 
 
Subsequent submissions to the EA have described the short to medium term 
deployment of a trial biofilter to consider the effectiveness of such techniques 
to effectively manage gas evolved from low-degradability waste.  Installation 
of the first filter commenced during 2017 and the first biofilter is to be 
operational during 2018. 
 
The next stage of the Gas Management Plan, will reflect the results of ongoing 
monitoring of the facilities installed in cells 7, 8 and 9 and the insitu gas pressure 
developed in those areas of the site. 
 
It is the belief of the operator that there will be sustainable levels of landfill gas 
within the next 2 to 3 years to justify the installation of a permanent landfill gas 
extraction system and flare, and/or powergen equipment.  The concept and 
scope of these systems will be described herein, and the operator is committed 
to the active management of the volumes of gas that are predicted.  The 
actual detail of the proposals for the gas management regime will be detailed 
and submitted pursuant to the Permit and will be based upon the collation of 
monitoring data from the facilities installed.  
 
6.1  Future Scope of Active Gas Extraction System Systems 
 
Landfill gas control at Park Grounds will in the foreseeable future need to be 
based upon an active gas extraction system incorporating a permanent, fully 
enclosed flare to be connected via subsurface pipework into a series of gas 
extraction wells installed at varying depths across the majority of the site. 
 
The initial phase of the gas control system is detailed in Appendix A. 
 
Purpose designed Gas Wells were installed in 2016 into each of the cells 1 to 6, 
primarily as additional monitoring installations, further wells are to be installed 

                                                        
2 Enitial - Park Grounds Landfill Site Wootton Bassett, Emissions Assessment and control strategy - January 2011 
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in cell 7 and cell 8 once capping of these areas is complete. Typically, wells are 
installed with 180mm diameter casing, this is slotted from 2m down and drilled 
to 2m above the base of the site.  The annulus is gravel filled to filter debris, 
accommodate settlement and to support a bentonite seal at the surface. 
 
Each of the gas wells are fitted with headworks specifically designed to 
facilitate the extraction of gas and leachate from the well. This includes a 
monitoring point and gas valve to allow control of extraction at each individual 
well.  
 
Each individual gas well is connected via 90mm pipework to a collection 
manifold each of these is in turn connected to a 250mm, (or 310mm) ‘ring main’ 
which runs around the perimeter of the site to a flare compound. All pipework 
is laid below the surface of the restoration soils and is laid to falls to prevent 
condensate blockage. 
 
Condensate management is undertaken at strategic points in the system, and 
within the compound via a knockout pot which is located on the incoming 
main just before it enters the gas blower. Condensate is pumped from the 
knockout pot for either offsite disposal or direct to the waste. 
 
The leachate sumps in cells 1 to 6 will remain either sealed or connected to 
biofilters as appropriate unless there is substantive change to either the in-situ 
gas pressures or rates of fugitive emission detected by TDL or FID.  
 
Presently there is no passive gas venting to atmosphere at site and facilities not 
connected to active systems or biofilters will remain sealed to atmosphere.  
 
6.2 Permanent Flare 
 
Initially it is envisaged that sustainable gas rates will be assessed by pumping 
trials with a temporary pump and flare rig.  Indications from modelling of gas 
yield to-date suggest that a 250m3 /hr. enclosed flare with a 5:1 turndown ratio 
will suffice for the likely life of significant gas generation.  Any power generation 
system installation would result in the flare being ‘relegated’ to use as a ‘spill-
flare’ for excess gas, or as contingency for shut-down of the power-gen plant. 
 
In the short term, it is noted that the gasification plant incorporates a spill flare, 
and discussion is ongoing as to the ability to make direct connections so as to 
utilize capacity for combustion of gas generated from the landfill.   
 
Presently it is considered that the gas generated from the landfill is unsuitable 
for use [without extensive scrubbing and purification] to supplement the fuel 
generated by the gasification plant.   The typical methane content from the 
waste gasification plant is around 5% by volume but has been extensively 
processed to remove volatiles and contaminants.  The landfill gas would have 
a much higher methane content, but a far more significant range of trace 
organics and volatiles.  
 
6.3  Options Appraisal at end of Permanent Flare System Life 
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The source term model predicts that the propose flare would be effective at 
managing landfill gas at Park Grounds between at least upto 2030 before 
consideration would need to be given to low-calorie combustion systems.  
Currently ‘lo-cal’ flares are available that can maintain controlled combustion 
at inlet methane levels of 12-15% volume.  Such systems would remain effective 
for much of the site’s post-closure management period but would need 
alternative methods once methane levels and generation rates fall below 
levels able to support combustion.   
 
When full-time flaring with the permanent system is no longer technically viable 
due to falling gas generation an assessment will be made of the technologies 
available for gas treatment at the site, at that time.  
 
Additional treatment technologies are likely to be available in the future and 
the change in gas management practice would be reflected in updates to 
the site Gas Management Plan with an options appraisal and update to the 
Gas risk assessment at that time. 
 
Any future appraisal of or changes to the gas control systems (extraction system 
and any perimeter monitoring) will be undertaken in accordance with 
recognised standards ICoPs and methodologies and with reference to the 
most up to date EA guidance documents on the management of landfill gas.  
 
The design for each stage of the development of the system will be finalised in 
detail prior to its installation. This will allow the conditions at the site at that time 
to be assessed and the system designed to meet those needs.  
 
The designs will be submitted to the EA for approval prior to being constructed 
and commissioned. 
 
6.4   Construction Quality Assurance of Gas Systems 
 
The construction of any future developments to the Park Grounds gas control 
system will follow a Construction Quality Assurance Plan. The CQA Plans will 
cover: 
 
• Roles and responsibilities 
• Specification of materials and products 
• Handling and installation processes 
• Testing and Inspection 
• Requirements for validation process 
• Requirements for plant commissioning and trials 
 
Following the completion of each phase of the installation works a CQA 
Validation report will be prepared to provide: 
 
• Details of the nature and extent of works undertaken 
• Construction quality assurance records 
• Conformance test results 
• Details of relevant commissioning and trials 
• As constructed drawings of the works 
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All elements of the CQA Plan and Validation report will be handled by a 
suitably qualified engineer and/or the site COTC holder. The works will only be 
undertaken by suitably experienced and competent contractors. 
 
6.5  Inspections, Maintenance and Servicing of the Gas Systems 
 
The inspections and maintenance of the landfill gas systems installed at the sites 
will comply with the Permit as applicable, and with a general Gas 
Management process as follows: 
 

• The landfill gas extraction wells, associated pipework (at well heads) and 
any flare system will be inspected monthly by the responsible person 
appointed on site. A competent trained person will perform routine 
repairs and maintenance on the same day or, if a new part is required, 
on the next visit. Any defect requiring more substantial repairs is reported 
to the site COTC who will instigate repairs via contract or on-site 
engineering support. 

• Perimeter monitoring locations and in waste gas monitoring points, will 
be surveyed for state and condition on a monthly basis or as and when 
routine perimeter monitoring is undertaken. Defects will be reported to 
the COTC who will take the necessary action to remedy the defect. 
Access to perimeter monitoring points shall be maintained at all times to 
ensure that inspection can be undertaken safely and without 
hindrance. Obstructive vegetation and other obstacles must be clearly 
labelled. The headworks will be locked and maintained against 
damage from site activities and vandalism. The removable top cap will 
be sealed to prevent landfill gas emissions or dilution. 

• The permanent flare will be monitored for condition and performance 
monthly by the gas balancing technician/flare contractor. The 
contractor or responsible person will perform routine repairs and 
maintenance on the same day or, if a new part is required, on the next 
visit. The flare will be configured via telemetry to send a text to both the 
maintenance contractor and the site COTC if extinguished; procedures 
will be put in place within the site’s EMS detailing the specific steps to be 
taken in these circumstances. 

• The Flare will undergo a full service undertaken by the contractor every 
6 months. The maintenance frequency will be reviewed periodically and 
where deemed appropriate the frequency will be increased or 
decreased as necessary. 

• TDL or FID surveys are undertaken annually, to assess the integrity of the 
gas infrastructure. If any breaches are identified then the site COTC is 
contacted and the repairs/maintenance arranged accordingly. 

• Any additions or changes to the proposed landfill gas system will be 
inspected and maintained according to the principles outlined above. 
 

• All failures in gas systems will be recorded and where required notified 
as detailed in EMS procedures relating to Environmental Incident 
Management and Reporting. 
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7. Monitoring and Sampling Plan 
 
The current permit surveillance programme involves the monitoring of gas 
concentrations at leachate sumps and retrofitted gas monitoring wells. The 
locations of the current set of monitoring points are shown on the drawing in 
Appendix B. 
The surveillance is defined by the low potential risk presented by the source 
term and the general lack of plausible receptors.   
In the case of the landfill extension, it is noted that the on-site infrastructure has 
been expanded and that there is process plant and associated services that 
might be considered as a potential receptor.  As the site investigation 
programme identified flammable gases within made ground outside the 
landfill boundary, those boreholes have been completed as, and are to be 
retained as, monitoring points and will form part of the ongoing surveillance 
programme.   
 
With regards to the remainder of the perimeter, the installation of boreholes 
around the landfill into a homogeneous geological formation characterized as 
a very low permeability matrix, is of little value or relevance, particularly when 
the majority of the emplaced waste is above surrounding ground level, and 
the likely modelled release is vertically through the cap. Without there being 
any structural features, change of strata or compositional variation, the 
location of further boreholes would essentially be random and would give little 
confidence in the statistical reliability or comprehensiveness of the resulting 
dataset.   
 
The current permit requires the operator to conduct routine surface emissions 
surveys and this is considered to be a more practical approach to assessing 
likely releases over a large area and should be the preferred means of 
performance assessment of the site containment systems.   
 
Landfill sites and landfill gas represent a potentially significant health, safety 
and environment hazard and all sampling defined in the surveillance 
programme should be conducted by fully trained personnel with reference to 
the relevant health and safety legislation and procedures. All monitoring work 
at the site will be conducted following site-specific method statements and 
under risk assessments completed by Crapper and Sons or their sub-
contractors. Method statements and risk assessments will be included in the 
relevant Gas Management Plan procedures applicable at the time. 
 
The Gas Monitoring and Sampling Plan as defined in the site monitoring 
schedule sets out the management and monitoring requirements for Park 
Grounds during the operational phase of the landfill. The Plan will also indicate 
how monitoring frequencies may change during the Aftercare period as the 
risk from the site decreases over time. These potential reductions in monitoring 
frequencies will be based on risk assessment and will be agreed with the 
Environment Agency prior to the instigation. 
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7.1  In-Waste Wells and Gas Extraction System Monitoring 
 
In-waste landfill gas monitoring and any future gas field balancing is to be 
undertaken monthly by a nominated gas balancing/flare technician. The 
parameters to be monitored monthly at the wells and continuously at the flare 
are listed in Table 10. 
 
Annual trace gas analysis is undertaken according to LFTGN043 , and as 
detailed in the site permit.  Whereas at present this is taken from leachate 
chambers or designated wellheads, in future when gas process plant is installed 
this would be taken as a bulk gas sample from the gas collection pipe where it 
enters the gas extraction compound.   
 
Table 10: In waste and Trace Gas Monitoring 

Monitoring 
Locations 

Monitoring 
Parameters Monitoring Frequency Equipment 

Reporting 
Frequency 

(to EA) 

Gas wells, 
input to flare 
compound 

CH4, CO2, O2, H2S, 
CO, balance, 

relative pressure, 
atmospheric 

pressure, weather, 
leachate level / 

dip to base 

Monthly during active 
gas management- 

Every six months once 
active extraction 

ceases or on a risk 
assessed basis 

GA2000+/GA5000 or 
equivalent ATEX dip 

meter 
Quarterly 

Flare 

CH4, CO2, O2,  
relative pressure, 
gas temperature, 

gas flow rate, 
balance gas 

Continuous if fitted, 
and during balancing 

Fixed monitoring 
system at flare and 
portable analyser 

when balancing (to 
include H2S and CO) 

Quarterly 

Input to Flare 
Compound 

Trace gas analysis 
suite as 

referenced in 
LFTGNO4  

Annually 

Tedlar bag, / Tenex 
tube for analysis at 
UKAS accredited 

laboratory 

Annually 

 
 
  

                                                        
3 LFTGN 04 Environment Agency – guidance for monitoring trace components in landfill gas 
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7.2  In-Waste Compliance Levels 
 
Table 11 details the In-Waste compliance levels to be included in the Gas 
Management Plan: 
 
Table 11: In-Waste threshold Levels 

Parameter Action Level Trigger Level 

Oxygen 2% 5% 

Balance Gas n/a 20% 
Carbon 

Monoxide n/a 100ppm 
 
It is considered that these levels should be used for the purpose of encouraging 
maximum efficiency of the gas extraction system whilst minimising the risk of 
landfill fire.  
 
The following measures will be taken if an in-waste action or compliance level 
is exceeded: 
 

• If oxygen levels are between 2% and 5% by volume, suction will be 
reduced at that well, and an inspection completed for signs of air ingress 

• If oxygen levels are greater than 5% by volume the gas well control valve 
will be closed. The gas quality will be assessed at the next monitoring visit 
and an assessment made as to whether the oxygen is the result of air 
ingress through the seals and well-headworks or indicative of the gas 
composition being generated by that area of the site 

 
Carbon monoxide is an indicator if landfill fire, however it is noted that there is 
some inaccuracy in the monitoring of carbon monoxide using the available 
portable apparatus. As a result, if a reading of 100 ppm or above is recorded, 
a gas sample should be obtained and set for laboratory analysis to confirm the 
reading. If an in-waste fire is suspected, the gas extraction system will be de-
activated in the immediate area, and a full assessment completed to 
determine the extent of any fire, and the options available to extinguish it. 
 
Should there be a suspicion of sub-surface gas migration from the site, [for 
example as indicated by vegetation distress or surface emissions] the in-waste 
system in the immediate area should be comprehensively inspected to verify 
its effectiveness and efficiency of its operation. Geotechnical inspection of the 
affected area should be undertaken to assess the likelihood of a structural 
failure of either the sidewall lining or of the surrounding strata.  Where such 
instability is considered likely, the installation of permanent monitoring 
boreholes should be considered. 
 
The in-waste threshold levels are references to ensure the optimal performance 
of the gas extraction system and to encourage operational efficiency. 
Assessment of the performance success of the gas system is via the site 
surveillance programme and the results of monitoring at perimeter gas 
boreholes and of cap emissions.  The GMP and the site permit details action 
and compliance levels as discussed in Section 6.3.  
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7.3  Perimeter Monitoring  
 
Perimeter gas monitoring at Park Grounds will be conducted on a monthly basis 
from the gas  boreholes listed in Table 12. The locations are shown in Appendix 
B. The prefix ‘BH’ indicates the installation is of a standard borehole design 
consistent with current guidance. 
 
Table 12: Perimeter Gas Monitoring 

Monitoring 
Locations 

Monitoring 
Parameters 

Monitoring 
Frequency 

Equipment Reporting 
Frequency (to 

EA) 

Retained s/I 
boreholes  

 
  

CH4, CO2, O2,  
ATP, Rel P,  

monthly GA2000 
plus, 

GA5000 or 
equivalent 

Quarterly 

 
7.3.1 Perimeter Gas Trigger Levels  
 
The perimeter gas monitoring points are in an area where it is considered that 
background gas levels of both methane and carbon dioxide may be 
produced from made ground but are also located in order to assess the 
potential impact of ground gas on the built infrastructure associated with the 
site office and the gasification processes. This can result in occasional 
exceedances of the action and compliance levels. This is discussed in more 
detail later in this section. 
 
In light of the variable background levels of both methane and carbon dioxide 
it is important that exceedances of action and compliance levels should not 
be assumed to be as a result of landfill gas migration. The following screening 
should take place prior to formal reporting of any exceedances: 
 

• Check valve positions and leachate level data for adjacent gas 
extraction wells to determine if there may have been a reduction in 
extraction from the area 

• Check the relative pressure reading to determine the significance of any 
indicated driving pressure.  Consider venting and recovery testing to 
determine the gas dynamics  

• Check data in adjacent perimeter boreholes to determine if there is 
evidence for a migration plume 

• Check methane and carbon dioxide data to determine if both are 
present above the trigger level 

 
On completion of 18 consecutive monthly readings of the retained boreholes, 
the data will be screened and analysed in accordance with agreed 
methodologies to establish baseline conditions and therefore threshold levels 
at each of the boreholes. 
 
If thereafter, a gas sample indicates levels in excess of the action level, the 
following contingency measures will be undertaken: 
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• The frequency of monitoring will be reviewed as appropriate, where 
there are active systems in operation, gas balancing will be reviewed 
and revised as necessary 

• The rate of gas extraction will be increased or decreased where 
appropriate or where practicable. Where the gas extraction is found to 
be malfunctioning this will be rectified 

• Where elevated gas concentrations persist, a further study into the 
nature and source of the gas will be undertaken. This will include 
characterisation testing where gas concentrations allow 

• Should characterisation tests confirm the presence of landfill gas, 
consideration will be given to the addition of extraction wells to improve 
extraction efficiency 

• The levels of gas detected and the nature of its composition will 
determine the priority response, but where gas is detected adjacent to 
service ducts and or conduits, these will be surveyed with suitably rated 
continuously sampling devices and the presence of flammable gases 
determined.   

 
Methane and carbon dioxide trends will be reviewed on an annual basis and 
the extended dataset compared statistically to the calculated baseline 
conditions to review levels of confidence and statistical levels of significance 
of any outliers. 
 
On an ongoing basis, levels of data compliance will be reviewed, and non-
conformances handled in accordance with specific corrective actions reports.   
In cases of significant or recurrent non-conformance, changes to the site’s Gas 
Management Plan, or additions to the site’s gas infrastructure will be deployed 
when necessary and operationally feasible. 
 
Note on Ranking of Risk 
 
On assessment of perimeter gas monitoring results consideration should be 
given to the fact that gas boreholes adjacent to the gasification plant are the 
highest priority with respect to risk monitoring. These provide an early warning 
of gas potentially affecting the buildings and offices (although these buildings 
represent low risk with respect to landfill gas due to their design, as discussed 
within Section 3.0). As such particular attention should be given to examination 
of the data from these installations and the long-term trends they exhibit.  
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7.4 Surface Emissions Monitoring 
 
Surface emissions monitoring is undertaken as detailed in Table 14 using a TDL 
or FID. Further details of the surveys are given below. 
 
Table 14: Surface Emissions Monitoring 

Monitoring Point 
Reference Parameter Limit 

Monitoring 
Frequency 

Monitoring 
Standard or 

Method 

Frequency of 
Reporting to 

EA 
Landfill Cap Methane 100ppmv Annual Walk over 

survey (50m grid 
across site) using 
hand held gas 

detector.                                
In accordance 
with LFGN 07                                                                                                            

Every 12 
months 

Landfill Cap within 
the vicinity of in 

waste monitoring 
points and  

leachate collection 
sumps  

Methane 1000ppmv Quarterly Every 12 
months 

 
An annual TDL/FID survey is undertaken of the landfill cap in the vicinity of gas 
monitoring wells.  This assesses the integrity of the gas collection and 
containment systems and identifies any potential inadequacies.  The trigger 
level for corrective actions arising from infrastructure deficiencies in the survey 
is 1000ppmv. 
 
The walkover survey is undertaken over a minimum 50m grid in accordance 
with LFGN07. This is to check for capping deficiencies and potential cap 
mitigation requirements. The trigger level for the general cap conditions 
surveyed during the annual walkover survey is 100ppmv. 
 
7.5 Annual FID Trigger Exceedance 
 
Should there be an exceedance in one of the surface emission trigger levels 
the following contingency measures will be put into place: 
 

• Investigate cause of exceedance and undertake remedial work 
• After completion of work undertake a further FID survey to access 

effectiveness of repair 
• Inspect the gas well and associated pipework to determine if there are 

any leaks evident. Undertake remedial action as required 
• Inspect the bentonite seal at the base of the well and re seal if required 
• Inspect landfill cap at the base of the well and remediate as required 
• Once repairs have been completed undertake a further FID survey of 

the well to ensure the remedial action has been successful 
 
If either the annual or quarterly surface emission trigger level is exceeded, 
within 24 hours of receipt of the results a Schedule 5 Part A notification will be 
submitted to the EA. A schedule 5-part B notification will subsequently be 
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submitted to the EA. This document will describe any required preventative and 
corrective actions. 
 
7.6  Flare Emissions Monitoring 
 
Emissions testing is undertaken annually at the flare stack where this operates 
from more than 10% of the time. The sampling is for oxides of nitrogen, carbon 
monoxide and total VOC’s. The trigger levels are normally set within the permit 
and levels are typically based upon LFTGN 05 as detailed in table 15. 
 
Table 15: Flare Stack Emissions Trigger Levels 

Parameter Trigger Level (mg/Nm3) 

Oxides of Nitrogen 150 

Carbon Monoxide 50 

Total VOCs 10 
 
The emissions testing is undertaken according to BS EN 14792, BS EN 15058 and 
BS EN 12619.  
If stack emissions trigger levels are exceeded the following contingency actions 
will be undertaken: 
 

• Undertake flare check to ensure it is operating according to the 
manufacturers guidelines and with suitable inlet gas quality. 

• Review if repeated flare emissions testing should be undertaken 
 
The monitoring frequency will be reviewed periodically and where deemed 
appropriate the frequency will be increased or decreased as agreed with the 
EA. 
 
Presently, and for the immediate short term, there is no flare in operation.  
Emissions sampling will form part of any commissioning programme for the 
installation of flare equipment and will continue thereafter. 
 
7.7 Reporting and Reviews 
 
Currently monitoring is undertaken by Crapper and Sons personnel, and 
occasionally by sub-contractors. 
 
Contractors would be responsible for occasional monitoring of perimeter gas 
boreholes and gas wells, FID surveys, gas extraction system maintenance and 
balancing, and for flare service and maintenance.  The contractors would be 
appointed by and would report directly to Crapper and Sons. As employer, the 
operator takes responsibility for the training and competence of contractors, 
and for any works undertaken by the contractor.  Close and effective 
supervision of contractors will ensure their work reaches a standard suitable for 
ensuring performance of ant relevant obligations of the site permit. 
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7.7.1. Compliance Criteria Exceedance and Incidents Reporting 
 
In accordance with Schedule 6 of the Permit, if exceedances of the 
compliance criteria listed in the permit are detected and are likely to give rise 
to an environmental impact, the EA will be notified within 24 hours via a Part A 
form. Details of further investigation and any required remedial or corrective 
actions will be provided to the EA via a Part B form as soon as the investigatory 
work is completed. 
 
7.7.2. Annual Reporting 
 
In accordance with Schedule 4 of the Permit the following information where 
relevant will be reported annually to the EA by the end of January of each 
year: 
 

• Flare Stack Emissions 
• Trace Gas 
• Surface Emissions 
• Volume of Gas Combusted 

 
The data will be provided in the format agreed with the EA as per Table S4.4 of 
the permit. 
 
7.8 Data Recording and Systems 
 
All landfill data is stored on-site. Data will continue to be forwarded to the EA 
at the agreed frequencies in excel format and hard copies provided where 
appropriate. Paper copies, and raw data files are stored in the landfill office. 
 
Periodically the data is collated and reviewed in order to identify trends or 
changes to normal levels.  Internal systems operate to review data against 
thresholds in the permit, the GMP or in risk assessments, corrective actions are 
deployed where necessary in accordance with EMS procedures. 
 
7.9  Contingency Measures and Emergency Plan 
 
The contingency measures to be undertaken on breach of an action or 
compliance level in the perimeter boreholes are as below: 
 

• The frequency of monitoring/gas balancing will be reviewed as 
appropriate and the data verified. 

• The gas extraction system will be rebalanced where applicable, and the 
rate of gas extraction will be increased or decreased where appropriate 
or practicable. Where the gas extraction system is malfunctioning, this 
will be rectified as a matter of urgency. 

• The field systems will be checked for leaks, condensate blockages or 
pipework disconnections, and where necessary repairs / rectifications 
undertaken. 

• Where elevated gas concentrations persist, a further study into the 
nature and source of the gas will be undertaken. This will include 
characterisation testing where gas concentrations allow 
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• Should characterisation tests confirm the presence of landfill gas, 
consideration will be given to the addition of extraction wells to improve 
extraction efficiency 

 
These contingency measures will also be undertaken during any of the 
following scenarios: 

• Identified operational problems or failures of the gas control system 
• Suspicion of in-waste fire (elevated carbon monoxide above 10ppm 
and/or elevated well temperature) 
• Repeated flare/gas management infrastructure failure 
• A reported event e.g. an odour event. 

 
In addition to the above contingency measures, if action or compliance levels 
are exceeded in the former site investigation boreholes at the northern 
perimeter of the site the following emergency action plan will be put into 
place: 
 

• An assessment of the immediate risk to persons and premises will be 
undertaken based on the monitoring results. This will include 
consideration of immediate emergency procedures. This may be 
determined by further on-site assessments such as internal monitoring for 
flammable gases within identified receptors.  A risk -based review of the 
monitoring results will be considered and actioned as appropriate. 

• Where elevated gas concentrations persist, a further study will pay 
particular attention to the land between the affected area and any 
structures, building or underground services.  

• The findings of this study will take into account the results of the 
Preliminary Assessment, and related issues such as climatic factors or site 
infrastructure performance.  

• A programme of works supported by this assessment will be devised to 
prevent gas migration and/or alleviate the risks to persons and/or 
property posed by any migrating gas. The time period for submission and 
implementation of this program of works will take into account the results 
of the assessments. 

• Routine monitoring will recommence when normal monitoring levels 
have been resumed. 
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8.0  Gas Management Plan Procedures 
 
A series of generic procedures forming part of the site Environmental 
Management System (and supporting ISO management systems where 
applicable) will be developed and will included in the procedures section of 
the document. 
 
In line with documents of this type, the procedures will evolve over time and 
will be updated, re-issued or amended in accordance with standard 
document control procedures.   
 
A series of specimen procedures considered to be those most likely to be 
applicable in the short term have been included herein as examples. 
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Appendix A – Proposed design and installation layout of 
gas abstraction system for cells 7 and 8  

 
[likely installation for summer 2018/Spring 2019] 
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1. General 

The installation is planned to comprise: 
  
The drilling and casing of fourteen gas wells in two phases. Wells M1/1 to M1/5 
in the first phase then wells 2/6 to M2/14 in the second phase 
 
The connection of the fourteen gas wells and three leachate chimneys to a 
gas extraction system with manifolds, knockout pots, condensate pumping 
system and connecting lines. 
 
 
2.3 Gas Wells 
 2.3.1 Gas wells shall be drilled to 300 mm diameter or greater.  The wells shall 
be drilled to within 3m of the base of the site. 
Drill depth shall be determined accurately by the site surveyors, with exact drill 
depths given to the drillers. 
 
2.3.2 Gas wells shall be constructed using a proprietary MDPE or polypropylene-
based well screen.  The casing is to be joined by threaded connections, or butt 
fusion to give a flush internal and external 
fitting.  The gas wells shall be constructed from 10 bar rated 110 mm pipe. 
The slotted well screen shall have 8 mm holes to give 3-5% open area.  An end 
cap shall be installed on the bottom of the well screen. 
 
2.3.3 The annulus of the gas well shall be filled with a washed, non-calcareous 
gravel pack of 20 to 40mm.  Care shall be taken during installation to prevent 
bridging.  The gas well annulus shall be sealed with a bentonite cement seal 
mix.  
  
2.3.4 Where bentonite is used, it shall be placed into standing water using with 
enough material to form a dry layer on top of the gravel pack.  The annulus is 
then filled with water from a bowser and the remaining bentonite emptied into 
standing water until the annulus is full.   
 
2.3.5 Drilled or slotted well casing shall be installed below the plain casing and 
cut to a length to suit the well design depth. 
 
2.4 Wellheads 
   
2.4.1 Connection to the gas wells shall be made via wellheads of the design 
shown in Figure 2. 
Wellheads shall be based around a suitably sized black MDPE Tee.  The 
wellheads shall be fabricated using knife-edge butt fusion welding techniques. 
 
 
2.4.2 The wellhead shall be capable of connecting to gas wells constructed 
from 110 mm 10 bar rated pipe. 
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2.4.3 The wellhead shall allow for the movement of the gas well in relation to 
the waste in both the horizontal and vertical directions with a flexible 63mm 
hose connection.  The flexible hose connection shall be approximately 1.0 –  2.0 
metres in length and shall be fitted in a manner that prevents the accumulation 
of condensate.  The hose shall be fastened using plated or stainless-steel 
clamps.  The connection between the flexible hose and the connecting pipe 
shall be located within 200 mm of the well casing.  No part of the hose including 
the stainless-steel clamps shall be buried. 
  
2.4.4 The wellheads shall be fabricated from black MDPE and include 
monitoring facilities.  These shall comprise a Tefen quick release gas sample 
point and a leachate dipping point. 
 
2.5 Gas Main 
 
2.5.1 The gas main shall be constructed from 180 mm black MDPE pipe, it shall 
be joined using electro-fusion or fully automatic butt welding techniques.  Only 
moulded fittings shall be used, fabricated fittings will not be accepted. 
 
2.5.2 A knockout pot shall be installed in the gas main.  The location and route 
of the gas main is shown in Figure 1 although it shall be subject to agreement 
on site with the engineer.  The gas main shall fall to the knockout pot.  All falls 
on the main shall be at least 1 in 50 on the landfill and 1 in 100 on virgin ground.  
In any location where these falls cannot be achieved an alternative route shall 
be agreed on site with the Engineer. 
 
 
2.5.3 Where possible the gas main shall be buried with a minimum cover of 500 
mm.  Where it is installed on the surface it shall be secured in place using 
wooden stakes every 10 m. 
 
2.6 Connecting Pipe 
   
2.6.1 The connecting pipework shall be constructed from 63mm black  MDPE  
to  SDR  17.6  and  joined using  electrofusion  or  fully  automatic  butt  welding  
techniques. 
 
2.6.2  All  connecting  pipework  shall  be  laid  to  maximise  the  fall  to  the  
manifolds.  Ideally  falls  should  be 1:25  or  greater.  Where  this  is  not  
achievable,  connecting  pipeline  routes  shall  be  agreed  on  Site 
with  the  Engineer. 
  
 
2.7 Manifolds 
   
2.7.1  Manifolds  shall  be  fabricated  from  180  mm  diameter  black  MDPE  to  
SDR  17.6  with  a  single valved  outlet  for  connection  to  the  gas  main  and  
a  180  mm  end  blank  as  shown  in  Figure  3.  The Manifolds  shall  include  
63mm  inlets  for  connecting  to  individual  wells  via  connecting  lines. 
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2.7.2  Isolating  and  control  valves  shall  be  provided  for  each  incoming  
gas  line.  The  valves  shall  be  2” Safi  ball  valve  type  or  similar  subject  to  
agreement  with  the  Engineer. The  inlets  shall  be permanently  marked  as  
to  the  well  number  on  each  line  with  a  suitable  durable  label.  Gas  
sample points  will  be  provided  immediately  upstream  of  each  isolating  
and  control  valve. 
 
 
2.7.3  The  outlet  of  the  manifolds  shall  comprise  of  a  single  180  mm  MDPE  
pipe  of  SDR  17.6  fitted  with a  6"  butterfly  valve  for  isolation  and  control.  
Gas  sample  points  shall  be  provided  immediately upstream and  
downstream  of  the  manifold  isolating  and  control  valve. 
 
 
2.7.4  Each  gas  sample  point  shall  be  connected  to  a  Tefen  mounted  on  
an  MDPE  plate  installed  close  to the  surface  of  the  manifold.  The 
connecting pipe  shall  be  10  mm  nylon  compressed  air  hose  and  
connected  using  nylon  barbed fittings  10  mm:  ¼”  BSP.  The  manifold  shall  
be  supplied with  a  valve  key  to  allow  the  Safi  valves  to  be  turned  from  
the  surface. 
 
 
2.7.5  Manifolds  shall  be  factory  tested  to  1  bar  gauge  and  supplied  to  
Site  with  a  pressure  test  certificate.  Incoming  lines  shall  fall  towards  the  
manifold  and  the  manifolds  shall  be  laid  to  fall  towards  the outlet  to  
facilitate  drainage  of  condensate.  Each manifold  shall  be  installed  within  
an  integral MDPE  chamber  of  a  robust  construction  as  shown  in  Figure  3.  
The  chamber  shall  be  sealed  with  a lockable  lid  of  robust  design,  sealing  
against  water  ingress  and  capable  of  being  easily  lifted  by  one person.   
 
2.7.6  A  foundation  shall  be  formed  below  the  base  of  the  chambers  
using  200mm  depth  of  MOT  Type  1 aggregate  (or  similar  subject  to  
agreement  by  The  Engineer)  compacted  on  a  Terram  geotextile.  A 
permanent  drain  shall  be  installed  in  the  base  of  the  chamber  to  allow  
any  water  that  collects  within the  chamber  to  drain  away. 
   
2.8 Pumped  Condensate  Knockout  Pot 
  
2.8.1  Two  off  pumped  condensate  knockout  pots  shall  be  installed.  The  
condensate  knockout  pots  shall be  fabricated  from  355  mm  MDPE. The 
pots  shall  comprise an  internal and  external chamber in a configuration per 
(Figure  4).  The  chambers shall be separate and shall ensure that access is 
afforded for monitoring  facilities  that  shall  comprise a  1”  BSP  dipping  point 
Sealed glands  shall  be  fitted  to  allow  attachment of a  compressed  air  
supply  and  exhaust  line  and  to allow the  condensate  discharge  line  to  
pass  from the pump to the collection pipework. 
 
2.8.2  A  Tefen  sample  port shall  be  installed  on  the  outside  of  the  top  
section  of  the  external  chamber  to  allow  the  suction pressure  to  be  
measured  within  the  KOP. 
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2.8.3 The  pot  will  be  located  in  a  sump  drilled  or  excavated  to  a  minimum  
diameter  of  350mm  and  a depth  to  suit  the  installation.  The  sump  shall  
be  backfilled  with  a  washed,  non-calcareous  5mm  to 10mm  gravel  pack  
or  suitable  bedding  material  as  available  and  agreed  with  the  Engineer.  
The final  750mm  below  the  tee  will  be  finished  with  hydrated  bentonite  
granules. 
  
2.9 Condensate  Pumping  System 
   
2.9.1  A  condensate  pumping  system  shall  be  installed  to  the  knockout  
pots.  This  shall  consist  of  two-off pneumatic self-actuating  pumps,  a  
compressed  air  line  and  condensate  drainage  lines. 
 
2.9.2  Two  off  AP3-BL  short  compressed  air  pumps  [or equivalent]  shall  be 
used  to  remove  condensate  from  the  knockout  pots.  The  pump  shall  be  
installed  in  the  internal chamber  after  the  pressure  test  of  the  gas  main  
is  successful.  The  pump  shall  not  be  installed  until after  the  pot  has  been  
primed  to  at  least  the  levels  indicated  by  the  equilibrium  level  in  Figure  
4. 
The  pump  shall  be  installed  so  that  the  base  of  the  pump  is  200mm  
above  the  base  of  the  pot. 
 
2.9.3  At  the  knockout  pot  the  air  line  shall  terminate  with  an  isolation  
valve,  stroke  counter  and  pressure regulator  with  an  auto-drain.  The  air  
line  shall  be  connected  using  a  compression  fittings.   
 
2.9.4 The  compressed  air  line  shall  be  constructed  using  32mm  black  MDPE  
rated at SDR11.  All  pipework will  be  joined  using  electrofusion couplers or  
fully  automatic  butt  welding.  The  compressed  air line  shall  run  alongside 
the  gas  main  to  the  in-line  condensate  knockout  pots.  32  mm 
branches  shall  be  installed  to  connect to each  KOP. 
 
2.9.5  A  condensate  discharge  line  will  be  constructed  from  10  bar  rated  
32  mm  blue  MDPE  from  each KOP.  All  buried  pipe  work  will  be  joined  
using  electrofusion  couplers or  fully  automatic  butt  welding techniques.  
Surface  laid  pipe  work  may  be  joined  using  suitable  compression  type  
mechanical fittings. 
 
2.9.6  The  condensate  discharge  lines  shall  run  from  the  KOPs  to  the  closest  
gas  well.  The  condensate will  be  returned  to  the  gas  well  via  a  110:32  
mm  tapping  tee. The  line  shall  be  buried  to  a minimum  depth  of  500  
mm. 
 
 
  



Park Grounds Landfill – Gas Risk Assessment October 2018 
 

Issue No.1.3 Final Page 50 10/10/2018 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix B –  Permanent Monitoring Borehole locations 
and installation logs  
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Appendix C –  Specimen Management System 
Procedures  
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CRAPPER AND SONS LANDFILL 
ENVIRONMENTAL MANAGEMENT SYSTEM 
8.1.1 Installing and Moving Temporary Flares Procedure 

Source: Gas Risk Assessment 
Section 8: GMP Procedures 

Author: Enitial  
Responsible Person: R Crapper  

Issue Status: Draft 
Any updates will be shown in RED  
Replaces  Procedure                           None 

 
 

Purpose and Scope 
 
From time to time it might be necessary to empirically evaluate the gas source 
term by trial pumping, or during flare maintenance or repair provide back-up 
capacity via deployment of temporary flares. Temporary generators and 
bunded fuel stores are usually required as support infrastructure where power 
supplies are unavailable.   
 
This procedure outlines the steps necessary to ensure that the installation and 
re-deployment of temporary flares is performed in a safe and correct manner.   

 
Key Responsibilities 

 
The following procedure will be adopted by site operations and will be 
reflected in contractual obligations of third party contractors or engineers.  
Measures adopted on-site by external contractors will follow written method 
statements, risk assessments and utilise control measures consistent with these 
procedural requirements.  Contractors will be assessed for competence, and 
close, effective supervision will be deployed to ensure compliance and or 
suitable corrective actions. 
 
Procedure 
 
Prior to site works: 
 
1. Any action that has the likelihood to interrupt Landfill Gas (LFG) control 

operations at the site, or cause external impacts  should be agreed in 
advance with the site Manager, who, where applicable shall inform the 
Environment Agency. 

 
2. Only the use of approved contractors / suppliers and/or trained and 

competent site staff shall be permitted to undertake works described in this 
procedure.  

 
3. When preparing for a temporary flare installation or relocation project, the 

site manager will provide the Tenderers/Contractor with Health & Safety 
information relevant and specific to the site of installation, and shall verify 
the contractors’ RAMS, insurances and equipment certification  before 
works commence. 
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4. A suitable location for the installation must be identified by the site 
Manager. Planning permission may be required in some circumstances 
depending on duration; advice on Planning permission shall be sought by 
the Landfill Manager. The area must be accessible, level, secure and 
suitably engineered for the installation of the flare and for any a Generator 
and Fuel Store where required. 

 
5. Where a temporary flare is to be installed, the location must be assessed for 

the stability of the ground, access to gas pipework, visibility in the 
surrounding landscape and the potential for grounding of any exhaust gas 
plume (relative to the prevailing wind and the surrounding topography).  

 
6. Security for the installation must also be considered, with temporary HERAS 

fencing arranged where necessary. Control panels and electrical 
switchgear should be kept locked and secure from unauthorised access. 

 
7. Prior to the commissioning of a temporary Flare, performance records & 

manuals shall be made available to the site manager.  This should include 
as a minimum as built wiring schedules, design specifications & 
performance test results, maintenance records and certification.  Where no 
information is available the site manager shall require the contractor to issue 
a condition assessment and/or warranty of condition and performance 
guarantee.   

 
8. The installation Contractor must describe within their Method Statement & 

Risk Assessment the means to ensure operation and performance of the 
equipment in accordance with the specification so as to achieve defined 
outcomes. The contractor/supplier must warrant that all included safety 
devices have been fitted in accordance with the specification, that these 
are tested and are operational, and provided comprehensive information 
on their intended purpose.  

 
Duration of site works: 
 
9. Contractors will be supervised so as ensure compliance with site health and 

safety and environmental requirements.  Work will proceed only in 
accordance with the Contractors Method Statement, and the site 
manager remains responsible for identifying any non-conformance.  Lifting 
operations should only be undertaken where the written method statement 
demonstrates consideration of LOLER and PUWER and shall use only 
purpose designed equipment and certified lifting gear 

 
10. The relocation of trailer-mounted temporary flares will be undertaken using 

suitably rated towing equipment, skid-mounted flares shall be moved using 
certified lifting equipment.  All electrical connections shall be made by 
qualified persons and records will be completed to verify the installation. 

 
11. The commissioning of temporary flares will be as per the contractor’s 

method statement and all records of the electrical, mechanical and 
operational settings will be recorded.  The site manager will ensure that the 
commissioning data records baseline information including the valve 
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settings at each of the connected wells and the flare manifold, the gas 
readings at each well/manifold connected to the system, and the bulk gas 
feed to the flare.  A monitoring programme is to be agreed for the ongoing 
performance of the flare with advice as appropriate from the manufacturer 
with regard to the safe operating parameters. 

 
 
 

Operation of temporary flares 
 
12. Temporary systems should as far as is practicable ‘fail to safety’ such that the 

pumped venting of unburnt gas to atmosphere is prevented.  Electrically-
powered or pneumatic actuator valves will shut off the gas feed where either 
the flame is extinguished, or where an auto-ignition cycle fails to establish a 
flame.  
 

13. Accumulation of condensate within any in-line expansion vessel is to be dealt 
with as a hazardous material and should not be discharged to the landfill 
surface.  Specific instructions are to be agreed for the collection and safe 
disposal of condensate, [typically by disposal to the nearest leachate well. 

 
14. The flare should be inspected daily and the bulk gas sampled via portable 

analyser to ensure it remains within the tolerances of the safe operating 
parameters. Adjustments are to be made immediately where this is not the 
case.  Flow measurements will be recorded daily from orifice plate or digital 
read-out as applicable  

 
15. Each month, the installed safety equipment is to be tested and the results 

recorded.  Fail to safety devices, emergency stop buttons and flame sensors 
are to be activated and the response noted.  The flare will be shut down and 
‘locked-off’ where failure of these devices is noted. 

 
 
 
Records 
 
 

Record Responsibility Location Retention Time Authority for 
Disposal 

Flare tender 
specification and 

contractor response 
Site manager Site Office 5 Years R Crapper 

Flare performance 
records Site technician Monitoring 

database 20 years R Crapper 

 
END  
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CRAPPER AND SONS LANDFILL 
ENVIRONMENTAL MANAGEMENT SYSTEM 
8.2 GCS Balancing Procedure 

Source: Gas Risk Assessment 
Section 8: GMP Procedures 

Author: Enitial  
Responsible Person: R Crapper  

Issue Status: Draft 
Any updates will be shown in RED  
Replaces  Procedure                           None 

 
 

Purpose and Scope 
Balancing of gas collections systems is a critical activity to ensure that landfill gas (LFG) is controlled 
effectively to minimise odour and lateral migration and where applicable, to maximise the LFG 
available for power generation.  It is a critical activity, and is required to be carried out to the highest 
possible standards at all times 
 
Key Responsibilities 
 
The procedure will be adopted by all persons instructed to adjust gas collection systems on the landfill 
site.  This will be normally be undertaken by direct employees or by External Contractors. 
 
 
Procedure 
 
Definitions  
 

CH4 Methane 
CO2 Carbon Dioxide 
O2 Oxygen 
CO Carbon Monoxide 
GCS Gas Collection System 
KOP Knock Out Pot 

 
Monitoring Frequency  
 
Manifold check:   monthly, or on substantial change at flare 
Gas wellhead balance:  monthly 
Compound inlet monitoring: daily (unless automated) 
Supplementary balance   strategic points on GCS will also include manifolds. 
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Preparatory works: 
 
1. Ensure that all personnel engaged to undertake balancing works are trained and competent to do so.  

The landfill manager will make available any method statements and mandatory systems of work to 
be adopted on the landfill. 

 
2. Upload all relevant gas well IDs into the gas analyser.  The gas analyser to be used should be 

intrinsically safe and Ex rated for use with flammable gas. The analyser should be within its service 
period and have been calibrated (field) within the past week.  The instrument should be fitted with 
an H2S filter and this should be checked for condition before using the instrument.  

 
3. Ensure that the monitoring personnel have access to the most recent balance data, and are familiar 

with the layout of the gas collection system and assess areas that require re-balancing. 
 
On Site: 
 
4. Commence works at the Gas Plant taking readings of CH4, CO2, O2, suction, valve position and 

flow at the manifold outlet.  Where there are separate incoming gas lines take readings from all lines 
feeding the manifold. 

 
5. On the landfill surface, a series of collection manifolds will connect to individual wellheads.  

Readings are to be taken initially at the Manifold Outlet pipework, and then from each of the 
Manifold Inlets (ie the pipework from the gas wells). Where necessary, the valve position is to be 
adjusted at the manifold.  Occasionally wells are connected directly to gas carriers, in which case 
the monitoring is undertaken at the wellhead, and where necessary the wellhead valve adjusted. 

 
6. Record any change to suction level and valve position at the well after adjustment.  Suction should 

not be increased by more than 2 mbar. 
 
7. For wells that have been shut off at a manifold the valve should be temporarily opened until the 

instrument reading is stable, hence to remove any stagnant gas from the connecting line prior to 
taking the reading.  If the result remains out of an acceptable range (see ‘Parameters’ below) then 
the well is to be shut down.  

 
8. After making any adjustments, re-measure and record the gas quality on the Manifold Outlet and 

adjust the valve if necessary.  
 
9. Record the new suction level and valve position on the manifold. 
 
10. Repeat for each manifold. 
 
11. Where pneumatic pumps are installed in KOPs, counter readings shall be recorded and checked 

against previous readings.  The counter should be checked to ensure correct operation and its position 
adjusted if necessary. 

 
12. Visual inspections should be made of each wellhead, manifold and KOP to check for air leaks, 

damage, etc.  Should the balancing data indicate signs of a actual or potential non-conformance, (e.g. 
elevated O2 levels) potential causes  should be investigated and rectified immediately, (e.g. replace 
Tefen, reattach Canoflex).  If the cause cannot be rectified, a non-conformance is recorded and 
reported to the landfill manager. 

 
On Completion: 
 
13. If field adjustments have been made, the gas quality at the gas plant manifold outlet should be re-

measured and recorded. 
 
14. Download the recorded data and submit to the landfill manager within 24 hours.  Report any non-

conformances or works identified on [Form XXX   ] 
 
Control Parameters 



Park Grounds Landfill – Gas Risk Assessment October 2018 
 

Issue No.1.3 Final Page 58 10/10/2018 

 
• Balancing should primarily be carried out so as to prevent excessive field suction from drawing air 

into the landfill via the GCS.  Typically this is indicated by oxygen levels or derived Nitrogen levels 
[‘balance gas’]. Levels for sites with operational gas systems should aim to keep oxygen below 5% 
vv with an action level of 2%, balance gas levels should be below 20% at each gas well. 

 
• The balancing should also aim to keep the CH4 level above a minimum of 40% without exceeding a 

suction of 40mb. 
 
• Where gas migration or uncontrolled odour is detected, abnormal conditions are considered to 

prevail and with the consent of the landfill manager, balancing drivers may be temporarily 
disregarded (i.e. wells with high balance gas may be maintained at higher suction).   

 
• At all times the CH4:CO2 ratio should be maintained above 1.0 for all wells.  If the CH4 is recorded 

as being below CO2 at a well, then suction should be isolated by closing the valve.  The aim of 
balancing should be to keep the CH4:CO2 ratio above 1.2 

 
• Where monitoring indicates that the CH4:CO2 ratio is consistently below 1,  it is a requirement that  

gas temperature (measured by a thermocouple lowered down the well) and CO levels are tested.  
Based upon these results, or if levels of balance gas are excessive, the suction on the well should be 
reduced. 

 
• Where CO levels are recorded above 100ppm on the instrument, record the result as a non-

conformance and advise the landfill manager on completion of the monitoring.  Subsequent actions 
should be undertaken in accordance with a Fire Action Plan and/or site Emergency Plan 

 
• Suction variance should be ± 3mbar, when compared to the previous readings for a well (assuming 

no adjustments made).  Where a series of suction swings are identified, and not directly attributable 
to atmospheric pressure variations, the landfill manager will ensure a programme of investigation 
for condensate blockage in nearby pipework systems, the proper functioning of the KOP’s and for 
foreign bodies obstruction valves or sample ports. 

 
 
Records 
 
 

Record Responsibility Location Retention Time Authority for 
Disposal 

Monitoring data Landfill manager Site office PC, offsite 
backup 10 Years  

Non-conformance 
reports Landfill manager Site Office,  2 Years  

 
END  
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Appendix D –  Results of Waste inputs audit 
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