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Landfill Gas Management Plan 
Beddington Landfill Site | Environmental Permit VP3039SW 

FOREWORD 

The Gas Management Plan (GMP) format is generic and is controlled at a Corporate level to promote 
consistency and maintain high standards throughout the Company; the generic GMP applies by default 
except where site specific information is appropriate and is authorised for inclusion. The document reflects 
the company’s experience of operating gas utilisation and control systems, and incorporates changes in 
best practice, guidance and regulation, most notably the Industry Code of Practice (ICoP) for the 
Management of Landfill Gas. 

1. INTRODUCTION 

Beddington Landfill Site is operated by Viridor Waste Management Limited (VWM) and has been 
accepting waste under the jurisdiction of Environmental Permit VP3039SW1.  

Beddington is an operational landfill which accepts predominantly biodegradable wastes. Anaerobic 
degradation of biodegradable waste results in the generation of landfill gas which can be a potential risk to 
human health, to the environment and may present a statutory nuisance if not monitored and managed 
responsibly. 

This GMP accords with the guidelines set out in the Environment Agency technical document Guidance 
on the Management of Landfill Gas2, and the guidance within ICoP Management of Landfill Gas3 – 
and has been written to comply with the relevant conditions of the Permit. This GMP describes the existing 
and the proposed set of management controls, operating plant and corrective actions and responses to 
effectively manage and monitor the generated landfill gas at Beddington Landfill Site. 

The landfill gas is collected by a gas extraction system for utilisation at the gas plant. The configuration of 
the system is described in the Monitoring Schedule4, which is updated as appropriate where there is a 
material change to the system. 

The Monitoring Schedule describes the processes that allow the performance of the gas management 
system to be assessed against the conceptual model, the Permit limits, monitoring parameters and 
standards, and Viridor’s standard operating parameters.  

The GMP also sets out Action Plans for foreseeable abnormal conditions, along with relevant procedures 
and timescales for investigation and corrective actions that the operator will take during specific failure 
scenarios. 
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1.1. Site Description (Conceptual Model) 

1.1.1. Location and History 

This section replicates and/or summarises test from the Landfill Risk Assessment (LFGRA), 
Environmental Setting and Installation Design (ESID) and Hydrogeological Risk Assessment (HRA) 

Beddington Landfill site lies about 3km west of Croydon, within Greater London. 

Access to the landfill site is via Beddington Lane (B272) which runs alongside the eastern boundary 
of the landfill site. 

The site is situated in a generally flat lying area within the London Basin, at an elevation of 
approximately 30mAOD. The land uses surrounding Beddington Landfill site comprise a mixture of 
residential, commercial and industrial operations including an operational sewage treatment works 
to the south/south east. 

The site has accepted a variety of wastes as prescribed by the Environmental Permit and the 
potential rates of gas evolution from the inputs is described in the site’s LFGRA5.  

1.1.2. Engineering and Restoration 

The cell layout is shown in Drawing BTN12000-PDF and is available via SharePoint.6 

The Beddington site is constructed on the London Clay, within a former sand and gravel quarry 
developed by the extraction of the River Terrace Gravels. The landfill cells were typically excavated 
to significant depths below the geological contact between the London Clay and the overlying 
Terrace Gravels. 

The site is split into 10 phases with some phases split in smaller operational cells. Restoration of the 
completed phases with non-hazardous wastes began in 1999 and disposal operations are currently 
on-going. Phases 1 - 8 are now filled and permanently capped, while Phases 9A, 9B and 9C1 are 
temporarily capped. It is currently envisaged that the previously proposed Phase 10 will not now be 
constructed, and that waste disposal operations at the landfill site will cease in 2018/2019. 

The depth of waste varies across the site, cell’s 1 – 5 between 11 and 18m and cell’s 6 - 9 between 
20 and 30m. 

1.2. Environmental Setting 

1.2.1. Geology 

The geological and hydrogeological settings are detailed within the HRA7 and subsequent HRA 
Review8.  

The site is developed predominantly within the River Terrace Gravels, and in situ London Clay. 
These formations are underlain by the Woolwich and Reading Beds, the Thanet Sands and the 
Upper Chalk.  
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1.2.2. Landfill Gas Risk Assessment (LFGRA) 

The LFGRA has been prepared and has considered the salient factors in the environmental setting 
relating to the geology, the hydrogeological setting and the characteristics of the local geology as a 
viable gas transport conduit. The resultant risks of gas transport are reflected in a Source-Pathway-
Receptor methodology.  

The LFGRA has also considered release of gas to other media including emissions of ‘raw’ gas, 
post-combustion gases to atmosphere (leading to an odour nuisance, or potentially toxic effects at a 
local scale), or more generally contributing to regional or global effects relating to climate change 
and ozone depletion. 

The physical properties of landfill gas are considered when developing the site surveillance strategy 
and risk assessment regarding nearby receptors. At certain admixtures landfill gas is buoyant, but 
with an excess of CO2 (for example when oxidised), landfill gas is denser than air and will 
accumulate in below ground voids. 

1.3. Landfill Gas Management 

1.3.1. Landfill Gas Source Team 

Anaerobic breakdown of biodegradable waste, results in the generation of landfill gas, the main 
constituents of which are methane (CH4) and carbon dioxide (CO2). The actual quantity and rate of 
landfill gas generation produced from waste is dependent on a series of factors, including the 
degradable carbon content of the waste, the in-situ moisture content, the residual porosity post-
compaction and the exclusion of atmospheric air.  

Gas production generally is influenced over recent years by active steps to promote the reduction of 
biodegradable waste being deposited in landfills. Waste treatment processes and source separation 
have resulted in reduced volumes of actively degradable waste (food waste, paper waste etc.) and a 
prevalence of treatment residues and bulkier waste of intermixed materials. Gas production rates 
are therefore likely to be variable, not only between sites, but also between cells or phases within 
the same site. 

The composition of landfill gas will vary over time but will typically consist of 50-60% CH4, 40-50% 
CO2 as well as numerous trace compounds and volatiles. Landfill gas is a potential hazard due to its 
explosive and asphyxiating properties. This is potentially of concern where landfill gas is detected 
beyond the containment systems and near nearby buildings or structures and associated 
infrastructure.  

Methane and carbon dioxide are both pervasive greenhouse gases and Permits generally prohibit 
their uncontrolled emission or the deliberate release from the prescribed processes. Viridor best 
practice is to manage the fugitive emissions of landfill gas from capped and restored phases via 
active control / utilisation systems, and to prevent direct release of gas to atmosphere (unless 
specifically authorised).  
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Aside from the potential impacts to humans or the built environment, landfill gas can be phytotoxic 
to surrounding vegetation and can cause locally extensive odour nuisance. 

The rate of landfill gas production within the waste is determined by several independent variables 
specific to each site. These typically include: 

• Temperature and pH 
• Emplaced moisture content  
• Degradable carbon content of waste 
• Distribution of degradable waste within the waste mix 
• Nature of waste [shredded / compacted / loose] 
• Extent and thickness of cover layers 
• Pore-space saturation 

Some, but not all of these factors are considered when using software algorithms to predict the 
expected yields of landfill gas. It is therefore generally the case that the management infrastructure 
and the effectiveness of the active systems needs to be dynamic so as to react to localised changes 
and that the relevant sections in the GMP should be subject to regular review and update, and that 
the surveillance programme considers the adequacy of the control measures implemented. 

The predicted gas generation curves for Beddington Landfill Site, are detailed in the Viridor Gas 
Model [2018]9, the collectable gas volumes are reproduced below. The model contains several 
assumptions regarding historic waste types, containment measures, control systems and predicted 
waste inputs.  
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Viridor Gas Model Results 

The model is up to date as of 2019 when this document was produced, it should be noted that it will 
be updated on a regular basis which will not be reflected in this document. 

The model predicts that peak production was attained during 2015, the predicted collectable gas 
generation being approximately 3,720 𝑚𝑚

3

ℎ𝑟𝑟
  90th percentile.   

Gas control infrastructure design will reflect company and Industry Standards and incorporate the 
equipment necessary to handle the predicted model output rate for 50% methane at 90th percentile.   

It is Viridor best practice to control and minimise fugitive emission of landfill gas, both during filling 
operations and through post-closure once the landfill has been completed and capped. 

Viridor and industry best practice dictate that gas extraction and controlled combustion in purpose 
designed engines or flare units is implemented (standards are documented by procedures, 
guidance or standard form risk assessments). Active gas control will be maintained until it is either 
not technically or economically sustainable; or until it is shown that the rate of gas production 
indicates that the associated environmental risk is insignificant.  

The present threshold at which active control is considered unsustainable is set at 50 Nm3/hr at a 
methane content of less than 25% by volume. At the point at which gas yields fall below this 
threshold a review of the LFGRA will be undertaken to decide upon the most appropriate technique 
for on-going management. 

The site closure plan and published guidance on completion criteria will assist the decision 
processes as to when the potential risk of landfill gas might be considered as insignificant. 
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1.4. General Principles of Landfill Gas Extraction 

1.4.1. Gas Dynamics 

Landfill gas within the waste moves from areas of high pressure to areas of low pressure. This might 
occur vertically or laterally but is generally in pulses as micro or macro scale barriers to movement 
are overcome. Typically, the movement of gas within a waste mass is influenced primarily by the 
transmissivity of the pore-space, the homogeneity of the waste, the presence of cover layers and 
the extent of the interaction of gas and leachate within the pore-space. 

The dynamics of the gas mobility is influenced by the installation of wells into the waste to capture 
gas generated within the site. Vertical gas wells create ‘artificial’ pathways that facilitate movement 
of gas (and leachate) through a preferential pathway via pressure gradients. The application of a 
differential pressure via active abstraction systems promotes the movement of gas into a network of 
gas collection pipes and allows removal for controlled combustion by flares or utilisation plant. 

Gas flow through the waste can be unpredictable and inconsistent. Gas flow into a well can be 
changed relatively quickly by perched leachate accumulation [or release] and yields from wells can 
deteriorate via siltation, waterlogging, and structural change due to settlement or due to varied 
biological conditions. The net effect of such impacts can be reduced flows and/or a localised 
pressure build-up. Well monitoring on a routine schedule is therefore necessary to evaluate system 
performance and effectiveness. 

The positioning of the wells within the site is generally a function of cell geometry, and default 
spacing. The need for increased or decreased coverage of active systems is related to performance 
and the context of external monitoring. Noting the influences of the variability of waste type, depth, 
moisture content and density and how these change over time, well performance will be variable, 
and the system needs to be under periodic review. 

Landfill gas collection systems inherently change the properties of the gas. The transfer to ambient 
temperature and pressure conditions alters the capacity of the gas to hold water vapour and as the 
gas cools entrained water vapour condenses within the pipework. Dependent upon the gas velocity 
and flow-rate, the condensate can be carried along pipework to low points where it may cause 
blockages and corrosion. An effective management system must anticipate the formation of 
condensate and include infrastructure for the collection and disposal of condensate, (see below). 

The landfill gas management system is installed in a staged manner following the infilling of waste 
and progressive capping of each phase. Primary containment measures are in place to prevent 
pressurisation and lateral migration during the operations and restoration phases and prior to the 
collection and treatment of landfill gas.  

The timescale for placement of active systems in completed phases depends on several factors. It 
will consider the landfill development (lining, capping and phasing of development), and emissions 
performance, with temporary gas collection systems generally being installed if an operational cell is 
likely to remain open and uncapped for a period of greater than six months. 
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It is the objective of the site design and construction programme to prevent the lateral migration of 
landfill gas away from the landfill, and specific engineering containment measures have been 
implemented in accordance with the Permit and application documents. These are based on widely 
accepted waste engineering principles and reflect the requirements of the Landfill Regulations. 
Active gas abstraction is a supplementary control measure to facilitate de-pressurisation of the 
waste and to remove landfill gas for risk minimisation.  

1.4.2. Landfill Gas Control System – Gas Field 

The in-waste gas extraction and gas management are operated by Viridor’s Landfill business. An 
active gas control system is installed at the site which has been progressively extended in line with 
the development of the landfill site. This comprises gas extraction wells drilled after completion of 
waste infilling and capping, and where necessary, installation of temporary and sacrificial wells to 
address specific issues. These are connected via manifolds and collection pipework, to a gas 
utilisation plant (landfill gas engines and a flare). 

The wells and collection pipework are designed and constructed in accordance with Viridor’s 
Installation Specification and installation verified by on-site Construction Quality Assurance (CQA) 
supervision. Reports and installation records are maintained on-site and in central storage 
repositories.  

Generic gas well designs specify that installations are drilled no closer than 3 m from the base of the 
landfill to ensure there is no compromise of the basal lining system or sidewall. The wells are 
typically installed with a nominal spacing of 30 m with a maximum spacing of 40 m.  

The gas collection system pipework typically comprises a ring main positioned around the site 
perimeter. This element of the system is intended to be fixed through the life of the site with ‘tees’ 
from the ring main used for connecting of spurs extended onto the waste to a collection manifold as 
the site develops.  

All spurs are fitted with flow regulation valves at the manifold outlet to allow ‘macro’ control over the 
amount extracted from each cell / phase of the site and to give consistency in gas quality. The 
manifold generally has a 63 mm or 90 mm diameter collection line to each individual wellhead, with 
a flow control valve at the manifold inlet. Dependent upon distances and design variation with time, 
the wellhead itself may also have a flow regulation valve.  

The diameter of the collection pipework has been designed to minimise pressure losses and to 
maintain flow rates below 10 m/sec. This serves to restrict the potential for system blockage by the 
accumulation of condensate and to reduce excessive friction losses within the system. Pipework is 
laid to suitable falls, and low spots are fitted with condensate traps to remove liquid from the 
pipework, as far as is practicable, prior to the gas entering the gas utilisation plant compound. 
Condensate is either free-drained through a barometric leg or is otherwise pumped from the trap 
and disposed of with leachate. 
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Wellheads are generally located above ground; however, collection pipework is often buried for 
protection and thermal insulation. Each spur line, wellhead, manifold outlet and collection main has 
strategically located sample points fitted to allow system monitoring adjustment and balancing. 
BTN4000-PDF10 drawing showing the current stage of the gas field development, is updated at least 
biennially and is available for access by authorised personnel; the MEPP BTN300011 drawing is 
also updated with this information and is available to the EA via Openspace. 

The gas wells and collection infrastructure are installed [or decommissioned] in accordance with the 
procedures in the GCS Installation Manual12, and where specified are subject to CQA validation, in 
accordance with the standards and procedures in the Viridor document CQA Plan - Gas Collection 
Systems13. 

The active gas extraction system is under continual performance review via the monitoring 
programme described in the Monitoring Schedule. The system is extended and/or upgraded as the 
site is completed, and additional or replacement wells are expected to be installed as the gas 
system deteriorates through settlement, blockage or damage.  

During any significant change to the landfill gas management system, (such as installation and 
connection of additional gas wells, excavation of pipework for repair or extension, or 
decommissioning systems) the work will be subject to risk assessment with regards to the potential 
for odour release or of lateral migration and a phased works plan developed. The area of the gas 
field where work is being undertaken will be isolated from the rest of the gas field and work will be 
carefully managed to minimise disruption of the operation of gas extraction on that phase / cell.  

Each gas well is visually inspected during each gas field balancing event. If any defects are 
observed, repairs are to be undertaken by the Gas Technician where possible, otherwise defects 
are noted on a monitoring defects report and registered as non-conformances for rectification as 
soon as practicable, but within a defined timescale.  

1.4.3. Landfill Gas Control System – Condensate Management 

Barometric drain legs typically drain condensate directly into the waste mass and use a liquid seal to 
prevent air ingress, or gas venting during shut-downs. Pumped ‘sump type’ are sealed units usually 
situated outside the waste mass, with condensate pumped via a fixed pneumatic pump in response 
to level sensors. These normally discharge to nearby leachate wells or to buried in-waste 
soakaways. Both of the condensate management types above are generically labelled on drawings 
as ‘Knock out Pots’. 

Condensate is an acidic and generally highly corrosive liquid therefore suitable precautions should 
always be taken to prevent dermal contact or accidental spillage. Pumped condensate should be 
retained within pipework or sealed vessels / tanks prior to disposal. Uncontrolled release to the 
surface or to any conduit leading to a surface water body is to be dealt with as an environmental 
emergency, reported on the Pennon Incident Management System (PIMS) and if deemed a 
notifiable event reported accordingly. 
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1.4.4. Landfill Gas Control System – Gas Control Methodology 

Viridor believes that effective landfill gas management can only be achieved if landfill gas is of 
stable quality and is extracted at the maximum sustainable rate from the waste mass. This achieves 
two aims;  

a) to minimise potential for fugitive emissions and lateral migration, and  

b) to maximise utilisation.  

Viridor operates all its gas fields on a ‘flare led’ basis where the amount of gas extracted remains 
constant regardless of the level of utilisation, therefore excess landfill gas is flared should an engine 
trip or be de-rated, or where yield exceeds installed capacity.  

The maximum sustainable flow rate at a specific gas quality is agreed for each site by the LFG 
Resource Manager referencing performance data, gas generation models and forecast yields. The 
target flow is proportional to the applied suction, and the suction is maintained at a fixed set point in 
normal operating conditions. Performance review via routine monitoring, infrastructure adjustment 
and data review, ensures that the gas system is optimised and has requisite stages of intervention. 
The operational principles (including for example limit values and action levels for methane, oxygen 
and ‘free’ nitrogen at gas wells, manifolds or strategic sampling points) are detailed in Viridor’s Gas 
Operating Standards Manual14.      

The Gas Operating Standards Manual has the following primary objectives: 

• The stable and consistent operation of its gas extraction systems. 
• The reduction of risk of over extraction and the potential for subterranean landfill fires. 
• Continuous measurement of gas quality and flow-rate into the gas control compound, of gas 

used in generation, and of surplus gas being flared. 
• Routine evaluation of actual extraction rates versus predicted rates from modelling to assess 

collection efficiency and highlight any collection issues. 
• The effective operation and maintenance of utilisation plant to ensure maximum availability 

and output whilst operating within specified emissions limits 

The review of gas collection system performance data, along with data from perimeter monitoring 
locations, determine the context and operational objectives for any balancing and system 
adjustments. The Unit Manager / Aftercare Steward, in agreement with the LFG Resource Manager, 
may direct personnel to vary the gas system operating parameters as a specific response to non-
conformances at external compliance points to achieve a defined outcome.  

All landfill gas power generation plants are unmanned. The routine surveillance of the power 
generation and gas abstraction compound and equipment is monitored remotely via a Central 
Control Room (CCR) located in Oxfordshire and manned on a 24:7 basis. The CCR is telemetrically 
linked to the process equipment and can respond to trips, alarm conditions and set point violations 
in ‘real-time’. Duty rotas are established for each regional management structure such that 
responses to system failures can be coordinated from the CCR as appropriate.   



  
 

 

 11 Ref: VIR-LFL-OPS-GMP-XXX  VERSION 5.1 16/08/2019    
  Uncontrolled if printed © Pennon Group plc 2018   
       

2. GAS MANAGEMENT ROLES AND RESPONSIBILITIES 

Viridor personnel operate the gas field and utilisation equipment, or directly control third parties appointed 
for this duty. The designated generic responsibilities for specific critical aspects of landfill gas 
management are outlined below:  

2.1. Normal Operating Conditions 

WHAT WHO WHEN 

Gas flare operation Powergen Continuous (VOIS) 

Gas utilisation plant operation Powergen Continuous (VOIS) 

Gas collection system inspection LFG Technician Per Monitoring Schedule 

Gas field balancing 
Gas quality monitoring 
Gas well maintenance 

LFG Technician Per Monitoring Schedule 

Gas collection system maintenance Maintenance Manager (Technical 
Support Team) Per Monitoring Schedule 

Perimeter borehole monitoring LFG Technician or Contractor Per Monitoring Schedule 

Perimeter borehole maintenance LFG Technician or Contractor When required 

Engine Emission Testing Appointed approved contractor 
(Powergen) Annual - per MCERTS 

Engine Emission Testing ‘Engine 
tuning’ Powergen Quarterly - hand held devices 

Flare Emissions Testing Appointed approved contractor 
(Powergen) Annual if flare run >10% of year 

Preparation & submission of gas 
system monitoring reports LFG Resource Manager Per Monitoring Schedule 

Gas system design Appointed designer As required – annual budget review 

Gas system installation/alteration Appointed competent person As required during gas system 
installation / alteration 

CQA inspection & validation Appointed approved contractor As required 

Gas system commissioning LFG Resource Manager As per the system handover work 
instruction - As applicable 
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3. COMPETENCE AND TRAINING 

All personnel appointed to undertake works identified in the Gas Management Plan (GMP) have been 
trained and shall have the appropriate level of assessed competence to be able to fulfil their 
responsibilities as assigned by their line-manager, or duties designated to them within management 
system procedures.   

All contactors engaged to undertake works critical to the proper execution of the GMP will be approved 
and will have suitable levels of assessed competence in accordance with the requirements of a works 
specification. Contractors will be appointed in accordance with current procurement procedures and their 
performance overseen in line with current management procedures and controls by a Viridor employee 
who will be the designated ‘Responsible Person’. 

Viridor training records are kept centrally, and all personnel training needs are reviewed on initial 
appointment of staff members and thereafter annually as part of performance review and appraisal.  
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4. LANDFILL GAS MONITORING PLAN 

4.1. General 

This section of the Gas Management Plan (GMP) summarises the landfill gas risk profile, monitoring 
methodologies, and reporting procedures deployed by the company in normal operating conditions. 
Subsequent sections detail corrective action planning for abnormal and emergency conditions that 
may arise because of monitoring of landfill gas. 

Landfill gas bulk composition includes substances with hazardous properties, along with a wide 
range of trace gases such as hydrogen sulphide (H2S), Volatile Organic Compounds (VOCs), 
speciated-VOCs (SVOCs) and residual metal compounds which might be present at concentrations 
that approach published workplace exposure limits (for example as published by HSE15 / World 
Health Organisation).  

The presence of these substances in landfill gas gives it several toxic, phytotoxic and hazardous 
properties. Volatile trace organics, H2S, and sulphurous mercaptans have the potential to result in 
odour impact or nuisance.  

Collection and combustion of landfill gas via flaring or utilisation gives rise to exhaust gases 
released as point source emissions to air; these are predominantly post-combustion gases NOx and 
CO, each of which are nationally regulated air pollutants. Residual hydrocarbons can be present in 
stack gas emissions in various concentrations depending on the efficiency of the engine carburation 
system. 

The range of potential constituents and the potential risks they present is reflected in a surveillance 
strategy outlined in the Permit application and formalised within the site Permit. The surveillance 
covers each aspect of the gas control system and includes sub-surface monitoring from perimeter 
boreholes, surface emissions monitoring of the landfill cap and nominated boundary locations, in-
waste monitoring of gas wells and sampling of point source emissions within the gas utilisation 
plant.  

These monitoring requirements are summarised in a site Monitoring Schedule – these accord with 
the requirements of guidance in LFTGN03 (2004) and of Landfill Gas Industry Code of Practice 
(ESA 2012)16 for monitoring activities. The monitoring is undertaken pursuant to written procedures 
and work instructions, that describe standards, equipment specifications, instrument tolerances and 
instrument calibration requirements. 

The monitoring results are automatically compared to threshold levels once uploaded to a 
proprietary electronic database system (MonitorPro). In the case of perimeter monitoring, to levels 
set in the site Permit, and in the case of gas control wells, to parameters described in either the 
Permit or the Gas Operating Standards Manual. Duly authorised LFG Technicians are instructed 
to take specific corrective adjustments or repairs as described in procedures to maintain the 
operational effectiveness of the gas control system. 
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The statutory gas concentration limit values are identified within the site Permit and are varied by 
either the Environment Agency or by application to the Environment Agency by the Permit holder. 
Any non-statutory limits may be varied by the relevant procedure owner and the site Unit Manager / 
Aftercare Steward subject to the authorisations of the management system. 

The Monitoring Schedule meets the requirements of the Permit and covers the following 
surveillance identified in Schedule 3 emissions of landfill gas at the site:  

• Perimeter Monitoring: to detect lateral migration in external monitoring boreholes; 
• Surface emission monitoring – on permanently and temporary capped areas and around cap 

penetrations; 
• Point source emissions to air - landfill gas, flare / engine exhaust 
• Trace Gas Monitoring – boundary surveillance or bulk gas samples 
• Gas collection system monitoring and balancing – gas extraction wells/manifolds 
• Flare and utilisation process monitoring – gas inlet quality, trace gases, flare temperature and 

emissions 

The Monitoring Schedule will be subject to review whenever a material change occurs, for 
example on a ‘justifiable cause’ basis (change in strategy at the site, updated guidance, Permit 
variation). Any changes to the requisite surveillance detailed in the Permit will be made in 
consultation and agreement with, or by formal application to the Environment Agency prior to being 
implemented. 

4.2. Methodologies and Equipment 

Field monitoring of landfill gas will be carried out using a real-time landfill gas analyser capable of 
measuring concentrations and recording results for methane, carbon dioxide and oxygen (GA5000 
or similar).  

The monitoring equipment will be maintained in good working condition and will be serviced 
according to manufacturer recommendations. Instruments are calibrated against reference gas 
cylinders before use and returned for calibration if out-of-range. The instrument meta-data relating 
to each monitoring activity is retained with the raw data file. 

The landfill gas monitoring procedure17 has been developed to reflect industry best practice and 
published Environment Agency Guidance on the Management and Monitoring of Landfill Gas. 
The procedure and associated work instructions are embedded in the company management 
system as a default standard process requirement. These procedures are accessible to all 
personnel on site and available for inspection at any time. 

All monitoring data identified on the Monitoring Schedule will be acquired at the frequency 
specified and at the locations identified.  
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The LFG Technician or third-party technician will download the field data, where the data files will be 
retained in their original ‘raw data’ format for evidence and traceability of site works. Compliance 
data and process management data is uploaded directly into Monitor Pro within 24 hours of 
completion. The database operators ensure preliminary quality assurance checks are undertaken 
during data import, thereafter specific calculations, comparisons to thresholds and data omissions 
are undertaken and a series of reports generated as described in procedures and affiliated work 
instructions. Non-conformances that rely upon calculations, data comparisons etc. are identified and 
reported to the site LFG Resource Manager within 24 hours of the monitoring data upload taking 
place.  

Where limit values are exceeded, the corrective actions procedure, and any specific measures 
identified for ‘critical boreholes’ should be followed.  

Certain circumstances have been designated as particular types of abnormal or emergency 
conditions and where applicable, the associated Action Plan will be followed. 

4.3. Borehole Maintenance 

Maintenance of access to boreholes or gas wells, the condition of borehole headworks, and any 
locks, signs / identification labels and dedicated sampling equipment are the responsibility of the site 
Unit Manager / Aftercare Steward and LFG Resource Manager, but where practicable, repairs or 
works shall be undertaken immediately by the LFG Technician or third-party technician. 

Details of faults or any deficiencies that prevent the fulfilment of the Monitoring Schedule should 
be noted during the monitoring visit and recorded as an exception report. A range of spares will be 
made available for site teams to allow basic maintenance to be undertaken, additional works 
required should be identified on a work order or similar non-conformance record. 

Vegetation cutting / clearing should be organised by the Unit Manager / Aftercare Steward as 
necessary from around both flush and raised headworks, and [save for specific health and safety 
considerations] an identified need for maintenance of a particular installation will not reasonably 
prevent routine sampling and monitoring data being obtained. 

4.4. Landfill Gas from Capped Surfaces 

In order to assess the performance of the capping system and to confirm the efficacy of the gas 
control system in prevention of fugitive emissions, surface emission monitoring will be undertaken 
using Flame Ionisation Detector (FID) or similar walk-over or equivalent in accordance with current 
guidance18.  

Surface emissions monitoring is undertaken as per the requirements of the Permit and is reflected in 
the site Monitoring Schedule. The walkover takes note of cap penetrations and infrastructure and 
their potential for point source release, the monitoring will take place whilst the gas extraction 
system is in normal operation.  
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4.4.1. Methodologies and Equipment 

The monitoring will be carried out in suitable weather conditions by trained personnel. 

A Thermal Desorption Linescan device (TDL) or FiD will be used for the walk-over survey taking 
careful note to consider the applicability of DSEAR zoning as per ICoP DSEAR Implementation for 
the Waste Management Industry19 and use in confined spaces. The walk-over survey will 
systematically traverse the area of interest in order identify any areas, zones or features of the cap 
which have visually poor cap integrity or show signs of vegetation stress. During a survey, methane 
concentrations will be continuously monitored and fixed to GPS locations enabling the plotting of 
emission distributions from the surface of the cap. Landfill gas and leachate installations present in 
the assessment area will be individually assessed. Breaches of the limit values in either the Permit 
or published guidance will be identified and reported to the Environment Advisor / site Unit Manager 
/ Aftercare Steward who will inform the LFG Resource Manager. The LFG Resource Manager will 
coordinate the designed and deployed of corrective actions as soon as practicable thereafter.  

4.5. Point of Source Emission Monitoring 

In order to assess the performance of the capping system and to confirm the efficacy of the gas 
Monitoring of the landfill gas flare and landfill gas engine emissions to air will be carried out as per 
the Permit requirements and utilising techniques described in published Environment Agency 
guidance or other guidance documents. 

Details of the monitoring regime for the flare and utilisation scheme are described in the Monitoring 
Schedule. 

4.5.1. Methodologies and Equipment 

Flare emission monitoring will be carried out in accordance with the Environment Agency technical 
guidance note LFTGN0520 where flaring has occurred for more than 10% of the year. Individual 
regulated pollutants will be sampled in accordance with the monitoring methods stated in the Permit 
or published guidance. Facilities will be installed in the flare combustion chamber to ensure that 
standard reference monitoring methods can be undertaken.  

Exhaust emission monitoring for gas engines will be carried out in accordance with the Environment 
Agency technical guidance note LFTGN0821. Individual regulated pollutants will be sampled in 
accordance with approved methods per the Permit or otherwise to a standard reference monitoring 
and reporting method, including MCERTS where applicable.  

Sampling will be carried out when the equipment is operating normally, and the Powergen 
Operations Manager will ensure that the sampling programme reflects safe working practices for 
working at height in proximity to hot surfaces. 
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4.6. Trace Gas Monitoring 

Monitoring to characterise the landfill gas source term will be carried out periodically in line with the 
Monitoring Schedule and in accordance with Environment Agency Technical Guidance 
LFTGN0422. 

Trace gas samples will be analysed for Priority Trace Components and include a range of volatile 
organic compounds (VOCs), aldehydes and parameters whose presence is likely to influence the 
longevity, condition and performance of the gas utilisation equipment, or whose release may lead to 
odour nuisance. 

Samples for each class of compound will be collected in accordance with the written procedure18 
that encompasses the requirements of LFTGN0422.  

4.7. Gas Collection System Monitoring and Balancing 

The gas collection system will be monitored at the frequency described in the Monitoring Schedule 
in order to facilitate the adjustment and the balancing of the gas extraction system to achieve 
defined outcomes.  

All in-waste gas wells and manifolds will be monitored as per the Monitoring Schedule or as 
required by any site-specific Action Plan or corrective action programme.   

4.7.1. Methodologies and Equipment 

An ATEX-rated landfill gas analyser GA5000 or similar will be used in the monitoring of gas wells 
and at strategic points in the gas extraction system. The analysers are maintained in good working 
order and are calibrated in-line with the manufacturer’s recommendations. 

All sampling will be undertaken in accordance with the written procedure18 and will conform to best 
industry practice; for example, per the Environment Agency’s Landfill Technical Guidance Note 
series relating the Management of Landfill Gas or the Environmental Services Association (ESA) 
Industry Codes of Practice’s. Standard operating practices will be reviewed at defined frequencies 
and procedures updated accordingly. 

4.8. Data Handling and Reporting 

All data relating to routine and periodic monitoring of the landfill gas control system infrastructure will 
be uploaded and stored within the Monitor Pro database, where values are compared to relevant 
threshold limits and adjustments made on site by duly authorised and competent persons. Records 
from the monitoring will be stored as raw data files, and where specified by procedures, relevant 
data will be uploaded to a centralised electronic database system. 

The system will generate summary reports to highlight exceedance of performance critical 
parameters, permit limits etc. and these will be distributed to nominated persons within 24 hours of 
the data being uploaded to the database.  
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Where field monitoring indicates results for specific parameters which exceed thresholds identified 
in the Gas Operating Standards Manual, and that are therefore indicative of abnormal or 
emergency conditions, specific Action Plans or data validation processes will be enacted in 
accordance with written procedure23.  

Standard format reports as described in the relevant procedures will be distributed to identify non-
conforming locations and to document the corrective actions to be undertaken as a direct result.  

5. GAS ACTION PLANS – SPECIFIED SCENARIOS 

5.1. Introduction 

A series of generic landfill gas Action Plans establish the steps required to be taken in the event of 
specific circumstances that might apply to three key foreseeable events relating to the control and 
monitoring of landfill gas. 

These are: 

a) failure of any part of the gas control system, likely to result in 24-hour interruption of normal 
operation. 

b) the breach of a trigger level for methane or carbon dioxide in any of the landfill gas 
monitoring points at the site designated as ‘critical boreholes’; 

c) Suspected in-waste fire. 

5.2. Plan Responses to Failure of Gas Extraction System 

The gas extraction system compound equipment will be inspected in accordance with a Planned 
Preventative Maintenance (PPM) programme to ensure the on-going operation of various critical 
components. Additionally, automated process monitoring examines the operating state of the gas 
control compound and key performance measures. Regular manual checks are undertaken of the 
critical components in accordance with an inspection schedule, or as a response to monitoring data, 
external complaint, or performance drop. Inspection results are recorded as per the Monitoring 
Schedule, and work orders generated to detail corrective actions required.  

Routine monthly integrity checks are undertaken of the visible components of the gas collection 
system installed on the landfill surface as part of the site balancing.  

Cracks in any over-ground pipework; 

• Leaks at flange connection points on the gas infrastructure; 
• Liquid build up in the over-ground pipework; 
• Abnormal temperatures in system components; 
• Signs of gas release or steam / smoke. 
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Any identified minor faults will be repaired within 24 hours where practicable. In the event of any 
major defects identified in the system where a repair cannot be carried out within 24 hours, then a 
Recovery Plan will be formulated and deployed without delay. The plan will have responsibility 
assigned to the LFG Resource Manager for the delivery of the plan within the documented 
timeframe, and the LFG Technical Compliance Manager for any Environment Agency notification 
where applicable. 

Typical failure modes likely to involve shutdown of 24 hours or more are described as follows: 

If the electrical supply to control equipment has failed and cannot be re-established by local 
competent persons, contact emergency electrician; or if mains electricity supply has failed contact 
the electricity board. Instigate Gas Extraction Systems Failure Action Plans24, 25 as soon as any 
repair within 24 hours is unlikely.  

If the flare unit has failed and is critical to gas control operations, Powergen personnel will attend 
site within the time frame specified in the Monitoring Schedule or as soon as reasonably 
practicable. All practicable steps will be taken to resolve or to identify the cause of shutdown as 
soon as possible. If the equipment cannot be safely re-started, personnel will isolate and lock-off the 
controls and associated equipment. Thereafter, in accordance with the relevant Action Plans, the 
Powergen Operations Manager will produce a Recovery Plan for the reinstatement of active control 
within 24 hours. 

If a gas engine or related equipment has broken down, Powergen personnel will operate any 
manual gas diverter system (or will verify that any automatic system has been activated) for the 
redirection of all abstracted gas to the spill-flare(s). The Powergen Operations Manager will then 
take steps as directed in the Action Plan to identify the cause of shutdown as soon as possible, 
and to implement a Recovery Plan. If back-up capacity is not present or is mechanically 
unavailable for continuity of gas control operations, the Powergen Operations Manager will instigate 
the applicable Action Plan26.  

Competent persons are available on duty rotas to attend site within the time frame specified in the 
Monitoring Schedule or as soon as reasonably practicable, and 24-hour emergency 
communication is handled via a manned Central Control Room (CCR). The CCR has remote access 
to systems to re-set, and then to re-start generation equipment. Where this is not possible, the 
Powergen Operations Manager will produce a Recovery Plan for reinstatement of active control 
within a 24-hour period. 

If a gas blower unit has broken down, Powergen personnel would be summoned to attend site 
within the time frame specified in the Monitoring Schedule or as soon as reasonably practicable, 
and in most cases, would simply adjust valves on the plant pipework so as to switch the operation to 
the stand-by blower. The failed blower will be examined and if repair on site is possible utilising 
spare components then this undertaken, otherwise a work orders is raised for the requisite parts to 
be brought to site, or the failed unit is removed for external repair. 
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In certain instances, the gas plant failure may be the direct result of a gas collection system failure. 
This would be quickly evident by inspection of the process plant and the relevant Action Plans25, 27, 
enacted.  

A failure of the extraction system to abstract landfill gas for more than 24 hours will be re-
categorised as an emergency and will be dealt with in accordance with documented emergency 
Action Plans.  

5.3. Plan Responses to Trigger Level Breach in Perimeter Monitoring Boreholes 

Landfill gas will normally be monitored at all perimeter landfill gas monitoring boreholes located 
around the site boundary. The detection of landfill gas in excess of designated trigger levels at 
critical boreholes (as identified in the site Permit/WML) will invoke an Action Plan28 relating to either 
the abnormal or emergency condition as applicable.  

The LFG Technician / third party technician will inform either the LFG Resource Manager, Technical 
Compliance Manager and or Environmental Advisor of any breaches immediately upon detection 
allowing immediate investigation into the potential reasons for the breach. Typically, this would 
require assessments of any breakdowns to plant and equipment, identification of abnormal climatic 
factors, sampling inaccuracy or external environmental factors. 

The LFG Resource Manager and or Technical Compliance Manager will consider the severity of the 
breach by reference to GSV calculations (where available) and the site conceptual model and will 
review the risk associated with the breach and the proximity of properties identified as potential 
receptors.  

Whilst investigations are underway, if the concentrations of methane or carbon dioxide at critical 
boreholes remain outside normal ranges and there is a substantive static pressure in the monitoring 
borehole, or rising concentrations / rising flow rates reflecting a heightened risk, consideration will 
be given to escalation of the situation into a potential emergency. The LFG Resource Manager and 
or Technical Compliance Manager will invoke the consequential surveillance described in the 
Action Plan29; this is likely to include the monitoring of services, drains and conduits identified in the 
proximity of nearby properties, and in specific cases as determined in the risk assessment / 
procedure, in the properties themselves.  

The LFG Resource Manager and or Technical Compliance Manager will coordinate a programme of 
follow on investigations and process plant adjustments to be detailed in an Action Plan to be 
submitted to the Environment Agency. This will consider purge and recovery tests, validation of test 
results using gas bag samples and or alternative portable equipment.  

5.4. Plan Responses to Subsurface Fires 

Occasionally monitoring of gas wells may identify data patterns or sudden changes to gas quality in 
areas of a site that are indicative of aerobic conditions. Left unabated, the conditions leading to air 
ingress may promote anaerobic reactions with excess heat and potentially subsurface fires. 
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Where site monitoring or gas systems condition checks identify excessive well temperatures [>60° 
Celsius], observations of hot steam, noxious smoke or ash deposits in or around gas wells, 
investigations should be made into a potential fire being present. 

The site Unit Manager / Aftercare Steward, LFG Resource Manager and/or Environmental Advisor 
will instigate the procedural steps identified in the Action Plan30 to investigate the presence of, and 
extent of any fire, and take appropriate corrective actions.  

If the information collected confirms a fire is present, and that the corrective actions are ineffective, 
the site Unit Manager / Aftercare Steward, LFG Resource Manager and/or Environmental Advisor 
will instigate a Fire Action Plan and undertake each further stage of the emergency plan 
procedures until either the conditions abate, or additional specialist advice is sought. 

As a general principle the aims of any preventative works or mitigation plan should be to take all 
reasonable steps to exclude atmospheric air from the affected area. This might include for example 
suspension of gas extraction by isolating and locking-off gas wells or manifolds, injection of leachate 
or surface water at ambient temperature into the waste around the hotspot and reinforcing sealing 
measures on or around cap penetrations. If safe to do so, temperature profiling of affected wells or 
nearby wells should be undertaken to delimit the extent of the affected area both laterally and by 
depth below surface.  

Confirmatory sample bags should be taken regularly for analysis to determine bulk gas profiles 
including both carbon monoxide (CO) and hydrogen (H2) and to supplement ongoing monitoring 
with portable instruments. 

The Action Plan should consider and include any additional perimeter borehole monitoring that 
may be required in the immediate vicinity of the affected area whilst the gas system is impacted. 

The site Unit Manager / Aftercare Steward, Technical Compliance Manager and/or Environmental 
Advisor should inform the Environment Agency of any widespread effect of a landfill fire, where the 
Recovery Plan includes reduced rates of gas extraction that makes it reasonable to suppose there 
is likely to be an environmental impact (in accordance with the requirements in Schedule 5 – 
Notification of the Permit). 

The site Unit Manager / Aftercare Steward, LFG Resource Manager and/or Environmental Advisor 
should agree a plan for the steps to be implemented to prevent a recurrence of the landfill fire as the 
gas abstraction system is reinstated on the affected area. 

5.5. Summary Responsibility Matrix for Abnormal and Potential Emergency Conditions 

Occasionally monitoring of gas wells may identify data patterns or sudden changes to gas quality in 
areas of a site that are indicative of aerobic conditions. Left unabated, the conditions leading to air 
ingress may promote anaerobic reactions with excess heat and potentially subsurface fires. 
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5.5.1. Abnormal Operating Conditions 

WHAT WHO WHEN (so far as is reasonably 
practicable) 

Response to reduced gas quality LFG Resource Manager at site within 12 hours; resolve 
within 24 hours 

Response to reduced gas flows LFG Resource Manager at site within 12 hours; resolve 
within 24 hours 

Gas pipework 
connection/disconnection LFG Resource Manager at site within 24 hours; resolve 

within 48 hours 

Response to Condensate blockage 
of gas system LFG Resource Manager at site within 12 hours; resolve 

within 48 hours 

Gas Utilisation Plant trip Powergen  at site within 4 hours; resolve within 
24 hours 

Response to non-compliant flare 
temperature Powergen  at site within 12 hours; resolve 

within 24 hours 

Gas system failure – bulk gas 
parameters out of range LFG Resource Manager at site within 12 hours; resolve 

within 48 hours 

Investigation of gas-related 
complaints  

Unit Manager / Aftercare Steward 
&  
LFG Resource Manager 

respond to complainant within 4 
hours, investigate within same day 

Exceedance of Permit limits in 
offsite borehole 

Environmental Advisor 
LFG Resource Manager 

submission of schedule notification 
within 24 hours of MP5 exceedance 
alert notification, and action plan 
implementation within 48 hours  

 

5.5.2. Emergency Operating Conditions 

WHAT WHO WHEN (so far as is reasonably 
practicable) 

Gas system failures>24 hours LFG Resource Manager at site within 4 hours; resolve within 
24 hours 

Gas engine failures>24 hours [no 
spill-flare capacity] Powergen  at site within 4 hours; resolve within 

24 hours 

Gas flare and engine failures >24 
hours Powergen  at site within 4 hours; resolve within 

24 hours 

Gas system failure – gas release, 
odours detected LFG Resource Manager at site within 4 hours; resolve within 

24 hours 

Power failure >24 hours, no back-
up on site Powergen  Deploy generator to flares within 24 

hours 

Detection / confirmation of in-waste 
fires LFG Resource Manager upon detection, action plan to be 

established within 24 hours 
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LFG explosion or ‘flash’ HSSA Manager suspend works, isolate gas source, 
inform HSE 

Detection of gas in building HSSA Manager upon detection, action plan to be 
enacted within 3 hours 

 

  



  
 

 

 24 Ref: VIR-LFL-OPS-GMP-XXX  VERSION 5.1 16/08/2019    
  Uncontrolled if printed © Pennon Group plc 2018   
       

6. RELATED DOCUMENTS 

6.1. Procedures 

7.1.1 – Operating the Gas Control Equipment Procedure 
7.1.2 – Landfill Gas Monitoring Procedure 
7.1.3 – Processing of Gas Monitoring Data Procedure 
7.1.4 – GCS Decommissioning and Well Replacement 
7.1.5 – Landfill Gas Schedule Notification Reporting 

6.2. Work Instructions 

7.2.01 – GCS Decommissioning and Well Replacement 
7.2.02 – Partial Handover – Installations 
7.2.03 – Partial Handover – Projects 
7.2.04 – Full Handover – Installations 
7.2.05 – Full Handover – Projects 
7.2.06 – Perimeter Gas Borehole Monitoring 
7.2.07 – GCS Inspection 
7.2.08 – Gas Extraction Monitoring  
7.2.09 – Compound Monitoring 
7.2.10 – Gas Profiling of Perimeter Boreholes 
7.2.11 – Hydrogen Sulphide Monitoring  
7.2.12 – Temperature Profiling of Gas Wells 
7.2.13 – Calibration of Field Equipment 
7.2.14 – Ad Hoc Gas Sampling GC Analysis 
7.2.15 – Review of Monitoring Data 

6.3. Action Plans 

7.3.1 – Subterranean Landfill Fire 
7.3.2 – Perimeter Gas Exceedance 
7.3.3 – Odour 
7.3.4 – Damage to the Gas Collection System 
7.3.5 – Generator Trip 
7.3.6 – Gas Plant – Flare Trip 
7.3.7 – Low Level Methane in Buildings  
7.3.8 – Perimeter FiD Exceedance  
7.3.9 – Onsite FiD Exceedance 
7.3.10 – Hydrogen Sulphide Exceedance 
7.3.11 – Epidemic  
7.3.12 – Gas Collection System Shutdown 
7.3.13 – LFC Management in Adverse Weather 
7.3.14 – Bio-Filter Blower Trip 
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