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Introduction 

This Gas Management Plan (GMP) outlines the procedure to be followed in the management of landfill gas (LFG) in compliance with the requirements of the WML (Ref.1) and the Working Plan (Ref.2). In general this plan consists of those areas indicated within the Index above.
1.
Assessment of risk
For the purposes of the GMP the key risks can be expressed as:

· Sub-surface LFG,

· Airborne emissions of LFG. 

Thus the principal risks and control measures are presented below:
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1.1
Gas source


The Stormy West site has accepted household, commercial, industrial and asbestos type wastes from 1985 to it’s closure in 1996.


During this period the site accepted approximately one million cubic metres of principally domestic type wastes which thus has the potential to generate LFG for many years.    

1.2
Pathways & receptors

i.
The pathways whereby landfill gas has the potential to affect on and off-site receptors are outlined below:

• Fugitive emissions of landfill gas from the surface of the landfill into the atmosphere where they will be diluted and dispersed,

• Sub-surface/lateral migration of landfill gas,

• Emissions of landfill gas combustion products from the landfill gas flare which will be diluted and dispersed in the atmosphere.
ii.
Human exposure to landfill gas emissions in the atmosphere may arise due to the inhalation of airborne contaminants and particles from uncontrolled release and lateral migration of landfill gas.
iii.
The Stormy West landfill site (National Grid Reference SS 846 806) is located just off the north side of the A48 at Stormy Down, 5km to the west of Bridgend and to the south of the M4. Set in a rural location the surrounding land is predominantly agricultural with open fields around the site. The site has been fully restored and a CQA engineered clay cap applied in line with the previous site planning permission.
2.
LFG control measures
The control systems constitute the following:

2.1
Containment

This may be described as the original quarry faces which restrict lateral migration and the engineered clay cap which reduces the potential for fugitive emissions to atmosphere.

2.2
Gas collection

The gas collection systems comprises vertical gas wells drilled into the waste which are connected to horizontal pipe work to transport gas from the gas field to the gas flare. Gas is actively extracted by the main booster where a negative pressure is applied to the gas collection system.

Extraction wells have been drilled vertically into the landfill at surveyed locations (as indicated in the Drawing within the appendices). These wells have typically been installed at 20 to 30 metre centres whereby extraction is facilitated by a network of branching/connecting gas collection HDPE pipe work connected to the manifold/knock-out pot system prior to accessing the flare plant.

Wells have been drilled at typically 300 mm diameter and installed with a suitable standoff from the cell base and the collection pipe work being electro/butt fused together.

The gas wells are connected via surface HDPE pipe work and laid to obtain a fall to encourage drainage of condensate to a low point to be manually drained to the knock-out pots. Various sized pipe work has been used to take account of the volume and rate of gas abstraction and configuration of the abstraction wells in order to provide sufficient suction at each gas well to maintain effective gas abstraction from the gas field.
Although very much on the downward part of the gas production curve due to the age of the waste in October 2007 the site was still generating around 300 m3/hr of landfill gas.

The gas wells within the active extraction gasfield are divided into four separate collection systems identified as A to D (as shown on the site drawing/plan, see appendices). These are connected individually into the main knock-out chamber at the manifold where the level of collected condensate generated within the gasfield is regulated by a float switch controlled electrical submersible pump. Excess liquid is discharged to an adjacent swallow hole where it can dissipate back into the landfill.

Condensate is formed in the pipework due to the water vapour present in the gas and as it is conveyed through the collection pipe network it cools and the vapour condenses into a liquid.
Dewatering is achieved by both passive means, the pipe work laid to a fall where possible to avoid blockages caused by accumulation of condensate within the pipe work and actively via the manifold/pumping system.
Control valves are fitted on all gas wellheads throughout the gas collection system to permit balancing of the gas field i.e. quantity and quality, by the regulation of suction and flow rates from the different areas of the site.
All new work performed upon the gas control system will need to be carried out in accordance with a prepared and approved Construction Quality Assurance (CQA) Plan.

This plan will be completed by the Contractor performing the works and all the necessary quality measures will be complied with.
Any works not in compliance with the quality measures indicated in the plan shall be reviewed and rejected by the CQA Engineer as appropriate.

The CQA documentation will be reviewed on a daily basis and the records shall be kept up-to-date by checking and approval by the Engineer during installation. 
2.3    LFG Management
The LFG is managed via the use of the on-site flare where the gases are burnt at a high temperature.

2.3.1 Flare

The design capacity of the flare is 500 m3/hr of landfill gas (at 50% methane) and as such is capable of flaring all the gas being generated at the site.
The flare system consists of the following main elements:

· Condensate Knock Out Pot.

· Condensate collection vessel.

· Filter.

· Main gas booster.

· Pressure control valve.

· Slam shut valve.

· Flame arresters.

· Flare stack with ignition and flame monitoring systems.

· Pressure, vacuum and temperature gauges.

The flare stack is a large steel chimney within which the landfill gas is burnt. The stack consists of a gas inlet where the primary mixing of the gas / air occurs and the pilot spark ignition system. Located beneath the chimney body lies the UV flame detector/sensor which monitors that combustion is taking place.

In order to prevent the release of unburned gases the UV flame sensor detects when the flare is alight and controls the lighting sequence to ensure the flare lights in a safe and controlled manner. The gas plant, extraction pipework and gas delivery pipework are protected against ‘flashback’ by the flame arrester.

(The Flare Operation Manual is referenced within the appendices under gas-file).
2.4 
Aftercare provision – collection control measures

At some point during the post closure & aftercare period, gas production will reduce and there may be insufficient gas to support continual combustion.

In these circumstances, the results of the routine system monitoring, which

will provide data on the gas flow and concentration within the site, will be used to determine the most appropriate operational regime. 

This is done both in respect of the suction applied to the gaswells and the operational time/sequence of the extraction and flaring system with the objective of ensuring that gas management is optimized by:
· a collection system as outlined within the site operational plan for gas collection & flaring  (Ref.3)

· the condensate management system, inspection, maintenance and servicing installation (see appendices).
· the method of flaring and/or treatment processes are also held within documents within the gas file.

· an auto-dialling system incorporated within the flare/burner to alert of malfunction.

The gas file holds the information from the LFG control scheme from its development to current operation with the various stages of extension and maintenance incorporated within it.
3.
Operational control systems

Various documents contribute to the overall LFG operational control at the site which include:

· WML & WP,
· The site Environmental plan,
· The site Management plan.
However in general the routine operational control is achieved by:
1. A weekly site visit by the site TCM,
2. Weekly gas borehole monitoring,  

3. Adjustments made to the gas field wellheads, as necessary, to make best use of LFG quantity and quality (routinely checked/adjusted on a six monthly basis),
4. A weekly record prepared and submitted as per the record form (see appendices).

5. Adjustments made to the flare flow rates in order to maintain a balance of LFG quantity, quality and migration control.
The GMP operational control system consists of three principle objectives:

• To optimize the extraction of landfill gas from the site at a sustainable rate,
• To reduce the potential of excess extraction leading to the possibility of oxygen ingress and the formation of explosive and combustible atmospheres,
• To reduce the potential of fugitive emissions of landfill gas into the environment.
3.1   LFG abstraction

Gas wells within the landfill body are set up and operated to maximise the quantity of gas abstracted from the site whilst maintaining the quality of the methane content. 
Excessive suction must however be avoided as this can draw air in through the cap or sides of the site resulting in reduced methane quality.
Air leaking into the extraction system will be indicated by a high oxygen content i.e. above 5% within the landfill gas. The presence of high levels of oxygen within the gas stream is to be immediately controlled and reduced as oxygen and methane are explosive when mixed in the ratios of 5% to 15% methane as measured by volume.

3.2   Gas field balancing
Monitoring shall include assessment of the gas levels and a determination of the suction available at each gas collection line (A-D) at the manifold and again at each well head.

The results will be reviewed and assessed before adjustments are made within the gas field.

Adjustments may be necessary to sustain satisfactory methane to oxygen ratio and may be achieved by the following:

· Raise or lower the suction applied to the field by the extraction plant,
· Raise or lower suction applied at each manifold,
· Raise or lower suction applied at each well.

3.3
Flare

Flare inspection and maintenance is performed on a routine (weekly) and periodic (6-monthly) basis. The Flare Operation Manual is readily available while on site and includes detailed procedures and checklists, for maintenance, start-up and shutdown. Any malfunction is communicated to the TCM by the auto-dialler alert system whereupon a call-out and assessment may be made in order to return the gas management system back into satisfactory operation.
3.4   Gas Collection System

The gas collection system operation is routinely inspected on a weekly basis by measuring the gas entering the gas flare. Where it is determined that the optimum gas quantity and quality is not obtained then adjustments to the system, including the gas field being re-balanced, may be necessary.
 
The gas pipelines, wellheads, manifolds and condensate knockout systems are also checked for the following:

· Wellhead damage;

· Settlement, which may affect wellhead connections and pipework falls,
· Condensate, which may restrict flows or cause blockages within the pipelines,
· Integrity of couplings and connections,
· Collection pipework damage and leaks,
· Correct operation of condensate pumping system.

Any requirement for unplanned remedial work or possible replacement of wells etc will be identified during the routine site inspection.
4.
Monitoring 

Monitoring requirements are set within the Environmental Plan (Ref.3) and are also included as an appendix to this document.

However in general this may be presented as:
a. A weekly site visit (as per the WML/WP) by a competent technician to determine levels of methane, carbon dioxide and oxygen within the LFG monitoring boreholes,
b. A weekly site visit to assess the water rest levels within the boreholes,
c. A plan indicating the location of the monitoring boreholes,
d. The instrumentation employed,
e. The method of data retrieval and storage,
f.    The agreed trigger levels as indicated within the WML/WP,
g.
A review of the data and frequent submission to Natural Resources Wales (NRW) as per the WML conditions.

Remedial action may be initiated where any adverse information is received from this monitoring.
4.1 The monitoring plan 
This provides for:

· Gas quality and quantity from each section of the LFG installation to be determined and controlled,

· Perimeter monitoring being adequate to cover the pathways of migration to potential and identified offsite receptors,

· Leaks in the gas collection system to be identified,

· The volume of landfill gas being transferred for flaring to be quantified,

· Air ingress into the installation to be detected,

· Adequate balancing of the gas collection system,

· Monitoring of borehole condition and performance,

· Concentration and composition of trace gases to be determined as appropriate,
· Correct operation of the extraction and flaring systems to be determined.

4.2    Landfill gas source 
Monitoring of landfill gas in the waste will be carried out at the individual gas extraction wellheads and/or at the manifold of the gas field using a portable gas monitor or equivalent in accordance with the WML/WP.

A sample point is provided for each gaswell and borehole and the gas assessed  against requirements identified within the environmental plan. 
4.3   Pathways

4.3.1 Perimeter borehole monitoring

To ensure that the gas containment and extraction systems are effective, monitoring of the perimeter boreholes will be performed. The locations of these boreholes are shown on the site drawing/plan.
The monitoring will be performed with a calibrated portable gas instrument, the detection limit and accuracy of the gas monitoring equipment to be no greater than +/- 1.0% v/v (Ref.4).

The monitoring boreholes are fitted with a gas tight cap that is equipped with a gas sampling tap suitable for connection to the sampling equipment in use. The borehole identity will be marked on the head works.
4.3.2 Surface Emissions Monitoring

The monitoring of gas emissions from the surface of the landfill will be performed if gas odours are detected whilst performing the routine walkover assessment.

The integrity of the gas management system and the capping system will then be checked and remediated should a problem be identified.

4.3.3 Gas Well Monitoring Techniques

The monitoring of perimeter and internal gas monitoring points will be performed in accordance with the environmental plan and any procedures referenced therein.

These may be summarized as:
a.
Equipment and Maintenance

· Gas monitoring will be carried out using a portable infra-red gas analyser, capable of measuring methane, carbon dioxide, oxygen and atmospheric pressure,
· The instruments will be checked and serviced in accordance with the manufacturers recommendations.

        b.
Pre-Monitoring Checks

Prior to gas monitoring being performed the following checks will be carried out:

· In-line hydrophobic filters will be checked and replaced if necessary,
· Battery life will be checked to ensure there is sufficient charge to carry out the on-site monitoring,
· The calibration status of the instrument will be checked at least on a six monthly basis.

c.
Records will include:

· Identification of the person performing the monitoring,
· Date of monitoring,
· Atmospheric pressure,
· Instrument type and serial number,
· On-site weather conditions,
· Any damage to borehole/gaswell headworks, caps or taps,
· The approximate position of the valve upon the headworks positioned between open and closed where appropriate changes are made.
d.
The following monitoring method will include:
· The tap will be opened and the analyser pump will be switched on,
· The sampling tube will be attached to the sample tap,

· When steady state readings are achieved the data will be recorded,

· The borehole pressure reading will be taken,

· The gas tap will be closed, tube and the pump will be allowed continue to operate to purge in atmosphere any residual gas before monitoring at the next location,
· The water rest level will be recorded whilst the borehole cap is removed and a dip tape will be used to measure the water level relative to the cover level or other agreed datum point,
· On completion the borehole cap will then be replaced.

5.  
Reporting
Reporting will be undertaken in accordance with the WML/WP requirements and will be securely stored and retained until WML surrender to NRW..
A review of all monitoring data will be included in the annual environmental report for the site. This will include analysis of the data to identify trends, and details of any proposed remedial actions in the event of any negative results.

6.
Action Plan

The action plan indicates at what point adverse information is the trigger to which corrective and preventive action is required.
This response has been determined as per the following criteria:

a. Significant changes within the monitoring data from the norm and exceeding agreed trigger limits,
b. Malfunction of the extraction system including flare flame failure (auto-dialler alert system in place),
c. Damage to the gas collection system i.e. pipework, condensate pots etc whereby repairs are required as soon as possible.

d. A reported event/complaint such as odour being detected outside of the site boundary initiating the odour recording procedure (see appendices)

e. The potential for harm to health and/or the environment by LFG emissions.

f. Shut down of the gas extraction systems whereby the control systems are causing a greater risk to that of allowing passive migration.

g. The installation of temporary plant and equipment to remedy the problem pending a more permanent solution being established. 

h. Alerting the local NRW officers as to the problem, remedial action necessary and possible timeframe to resolve.
7.
Emergency plans
These documents will indicate the immediate actions required on first realizing that a problem has occurred and the necessary remedial actions needed (see appendices):
They may be presented as:

a. LFG migration

b. Odour complaint

In response to an incident, the following records will be retained (see appendices):

a. Corrective/preventive report form will be used to record the actions taken and remedial measures required. Within this record target periods will be assigned in order to correct the problem as soon as practicable and in agreement with NRW requirements.

b. Odour complaint record form.
Remedial action, for example, may take the form of the following:
a.
Adjustments to wellheads based upon the area whereupon LFG emission has or is occurring

b.     Adjustments to the LFG extraction system

c.     The use of a standby flare upon malfunction of the primary extraction system

8.
Aftercare scheme

The ongoing requirements for LFG management are addressed within the WML/WP documents and conditions.
The site has been capped and restored and thus water infiltration has been reduced and the potential for LFG emissions reduced via the use of a low permeable capping system.

The necessary resources for aftercare have been allowed for within the Aftercare Provisions of the original WML.
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