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1.  INTRODUCTION 
 
AA Environmental Limited (AAe) has been commissioned by Soil & Water Solutions Limited (S&W) to produce 
a Landfill Gas Risk Assessment in support of land remodelling and enhancement of Wexham Park Golf Club.  
The site location is shown in drawing 183239/BH/D/002.  
 
Toureen Group produced an Environmental Ground Investigation report in October 2018 in support of a 
planning application for the reprofiling of the golf course. The desktop study showed that Wexham Park Golf 
Club had been constructed over five historic landfills. Intrusive investigation showed that the extent of the 
historic landfill, most likely to have gas generation potential, was restricted to the north eastern portion of the 
site, within the boundary of the Warren Larches and Grotes Wood historic landfills.  
 
The north east section of Wexham Park Golf Club is located over a former landfill, which is understood to have 
taken variable wastes, including hazardous wastes. The period of filling is unclear, but occurred after 1974 and 
before 1987. It is proposed that the site will be subject to the import of fill material to recontour the site, ensuring 
a sufficient barrier between end users and the waste and adequate soil quality. The detailed landscape strategy 
is shown in Drawing Ref. 1675.04a Landscape Plan (Phases 2 3a & 3b). The revised land formation and 
landscaping was approved under South Bucks District Council planning permission 18/00060/FUL. 
 
This document should be read in conjunction with the Gas Monitoring Factual Report (AAe, 2020, ref: 
183239/FGR/001). This document risk assesses the gas characteristics identified at the site during the gas 
monitoring regime.  
 
This document presents 

• Desktop and site investigation details; 

• an assessment of the risk of placement of lower permeability fill over the landfill, reducing migration 
pathways; 

• an assessment of surcharging the wastes, reducing the pore space in the waste and causing the gas to 
migrate;  

• an assessment of risks to sensitive properties and 

• recommended control measures. 
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2. ENVIRONMENTAL SETTING 
 
2.1 Geology and Hydrogeology 
The site is located over a former mineral working, which has been subsequently infilled with mixed waste. The 
surrounding superficial geology is Boyn Hill Gravel Member (sand and gravel), which extends to approximately 
5 m depth. The British Geological Survey viewer shows the superficial deposits to be underlain by London 
Clay. 
 
Groundwater was encountered at approximately 1 - 3 m below existing ground level and was assessed as 
flowing from the north to south. BH02 and BH03 have a higher groundwater level than BH01 and BH04 
indicating perched water within the waste matrix.  
 
2.2 Surrounding Land Use 
Immediately south and to the west of the waste deposit is Wexham Park Golf Course, which is to be capped 
over and re-profiled along with the waste deposit. To the north and west of the site the principal land uses are 
commercial/ industrial and residential. To the north east, east and south east of the waste deposit the 
surrounding land uses are principally agricultural and priority woodland habitat. The nearest residential 
property is located circa 245 m north of the site. 
 
Receptors deemed at risk of ground gas within the landfill, and the potential mobilisation during/post the 
capping works are structures where accumulation could occur. Free field land uses, including the sports 
pitches, are not considered at risk, as gases will disperse rapidly.  Potential off-site receptors are presented in 
Table 1 and shown in Drawing 183239/GAS/D/001. 
 
The golf course structures, including the pro shop, café and the driving range, are to be redeveloped as part 
of the works. Although the replacement structures are circa 300 m from the extent of historical landfill, they are 
considered a receptor.  
 

Table 1 Potential receptor locations 

Receptor ID Receptor Direction to 
property 

Min. estimated distance to 
identified waste at Broadwater Golf 
Club (approx.) (m) 

1 Galleons Lane East <10 m  

2 Agricultural Field East <10 m 

3 Wexham Park Golf Course West/ South <10 m  

4 Access Track  Within <10 m  

5 Industrial / Commercial Area  North west 50 m 

6 Industrial / Commercial Area  North  65 m 

7 Commercial Industrial Complex  North west  130 m  

8 Dwelling off of Rowley Lane North 245 m 

9 Wexham Park Golf Centre West 310 m 

10 Agricultural Barns  North west 335 m 

11 Dwellings along Rowley Lane  North west 340 m 

12 Dwellings off of Buckland Gate South west 430 m 

13 Windsor Gynaecology and Fertility  West 430 m 

14 Dwellings along Wexham Street  West 435 m 

15 Bus Depot/ Commercial Park South  495 m 

16 Nursery School  South 600 m  

17 Wexham Park Hospital South  630 m 

Notes 
Distances are taken to the structures from the assessed extent of the waste deposit within Wexham Golf Course. 

 
 

 
  



 

 
 

Wexham Park Golf Course 
 

 

AA Environmental Ltd 3 183239 
   

3. SITE INVESTIGATION 
 
Between September and December 2019, AAe constructed boreholes to monitor gas concentration. The 
borehole logs and the ground gas data are set out in the Factual Gas Monitoring Report (Ref: 
183239/FGR/001). Borehole BH01 is the most representative of the nearest receptor and considered the 
perimeter borehole. BH02, BH03 and BH04 are within the historical landfill deposit. The factual report did not 
include VOC monitoring taken by the GasClam.  
 
The factual report concluded the following: 
 

• BH01 showed low concentrations of all gasses; 

• BH02 and BH03 showed concentrations of methane and carbon dioxide consistent with those anticipated 
in aged historical landfill waste; 

• BH04 showed less methane and carbon dioxide than BH02 and BH03, but consistent with those 
anticipated in aged historical landfill waste;  

• Low flow rates across all four boreholes; and 

• Hydrogen sulphide, carbon monoxide and VOC’s were detected in the in-waste boreholes.  
 
In EA guidance on the surrender of landfill permits (Landfill EPR5.02 How to surrender your environmental 
permit) the value of continuous gas monitoring data is discussed.  It is recognised that continuous monitoring 
data can be used to shorten the monitoring period required to establish the prevailing conditions at a site. 
 
Technical Bulletin TB18 (2019) discusses the use of continuous ground gas monitoring and the additional 
evidence it can provide to give confidence in the conceptual understanding of the site.   
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4. CONCEPTUAL MODEL OF THE LANDFILL 
 
4.1 Overview 
A schematic of the conceptual site model is presented in 183239/CSM/D/001.  
 
4.2 Source 
The 2019 investigation assisted in determining the extent of the wastes and proximity to the nearest properties.  
The closest occupied building is approximately 50 m north of the waste deposit.  
 
The boreholes within the landfilled wastes confirm the presence of clay matrix with evidence of Made Ground 
including timber.  To note, during the investigation there was no visual evidence of significant municipal waste, 
high in organics, which would generate the most significant levels of landfill gas.  
The recorded gas conditions indicate that the wastes are in the final stages of decomposition, this is 
characterised by methane being at reduced levels, lower than carbon dioxide. Carbon dioxide remains 
elevated. Similar, gas flows are very low or below limits of detection showing little evidence of gas production.  
 
The hazardous gas concentrations should be considered alongside the flow.  The peak flow rate did not exceed 
0.1 l/hr in any of the boreholes.  
 
To provide an understanding of the significance of the low flow rate, Environment Agency guidance ‘How to 
surrender your environmental permit: The Landfill Sector, EPR 5.02’ states that it will be accepted that a site 
meets completion criteria when the following conditions apply: 
 
1. Site characteristic hazardous gas flow (Qhgs), as defined in BS 8485 <0.7 l/hr. Where Qhgs = (gas 

concentration (%)/100) x gas flow (l/hr) 
2. The maximum flow in any one borehole should be less than 70l/hr 
 
The maximum recorded concentration of methane, or carbon dioxide is 29.28 %, recorded in BH02.  Gas flow 
was recorded below the limits of detection during this event.  This renders the hazardous gas risk as very low. 
Even if the maximum recorded flow rate on site was used in the assessment (i.e. 0.1 l/hr) the characteristic 
hazardous gas flow Qhgs is 0.02928 l/hr, which is also characterised as a very low hazardous gas risk. 
 
4.3 Pathway 
The pathway for gas migration is displacement/migration through the wastes and surrounding gravels (Boyn 
Hill Gravel Member) which are described as yellowish brown sandy gravel.  
 
The waste appears to have been deposited directly in the mineral void and there is no engineered containment. 
There is no constraint to the migration of the gases. The gas migration would be anticipated to be radial, away 
from the historic landfilled waste.  
 
Gas migration will typically occur in the unsaturated zone of the landfilled waste.  With little evidence of gas 
generation, gas flow or pressure, the hazardous ground gases are likely to be dispersing in the top 2 m of the 
waste deposit.  
 
4.4 Receptors 
The most sensitive receptors are the enclosed occupied spaces associated with the commercial / industrial 
units to the north.  To the east, west and south there are no nearby receptors. 
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5. GAS RISK ASSESSMENT 
 
5.1 Proposed Redevelopment of the Site 
The proposed redevelopment will involve the re-contouring of the golf course land formation. This will create 
an engineered barrier between the wastes and the players of no less than 1 m. The depth of the placed 
engineering fill will extend up to 4 to 5 m. The depth is determined by the design in each area, including the 
required drainage falls across the site.  
 
5.2 Hazard Identification 
The reprofiling of the surface has the potential to compact the underlying waste. This reduces the air void in 
the unsaturated soils, potentially displacing the gases generating mobility.  The wastes are uncontained and 
set in permeable strata and therefore the gases will displace laterally.  The nearest sensitive receptors are 
within 40 – 50 m of the waste deposit and there is, in theory, a risk that gases could propagate towards these 
buildings, generating increased risk of accumulation in enclosed habitable spaces. 
 
5.3 Hazard Assessment 
To assess the potential impact of the redevelopment of the site it is necessary to consider: 
 
1. How much the load exerted by 1 – 5 m of land raise could compact and “squeeze” the underlying waste; 
2. Over what period of time the compaction/squeezing would be likely to take place; and 
3. How far from the perimeter of the waste could effects be encountered. 
 
Typically, under such loading it has been assessed that settlement between 250 to 750 mm will occur. It is 
anticipated that approximately 75 % of the settlement would occur 6 to 12 months from completion of the 
reprofiling works. Further ongoing settlement and consolidation would be likely to be complete within 3 to 5 
years, albeit at a significantly reduced rate.  

 
In terms of the potential distance over which gas migration could occur, borehole BH01 at the perimeter of the 
site shows carbon dioxide concentrations were circa 10% of those within the waste.  This suggests significant 
reduction over a short distance.  Within circa 50 m to the closest residential properties there is potential for 
significant dispersion to atmosphere and within the air voids in the sands and gravel.  
 
Reference has been made to Wilson, 2018, Ground Gas Information Sheet No 3 which includes gas monitoring 
studies undertaken during earthworks on landfill sites, most notably where embankments have been 
constructed.  This has shown that with embankments in the range of 3 – 6 m high, the surcharging of shallow 
Made Ground containing gas only increased surface emissions within 5 to 10 m from the edge of the 
surcharged area.  This was based on low to moderately permeable soils.  Soils at Wexham may be more 
permeable, but the Ground Gas Information Sheet highlights those factors which make a landfill lower or higher 
risk, and the critical factor is the age of the waste. At Wexham this significant lowers the risk of gas migration 
occurring.   
 
Whilst the hazardous gas risk during the land formation works is considered as low, there is a residual risk of 
migration occurring with detectable flow within the waste and at site boundary. This risk is only pertinent where 
sensitive receptors are present, which is to the north of the waste deposit.  
 
5.4 Gas Risk Mitigation  
Whilst the risk of migration occurring is considered low, it is recommended that gas monitoring and design 
mitigation is implemented.  
 
A perimeter borehole (BH01) is located between the waste and the nearest sensitive properties and should be 
monitored during and post construction works. In addition, it is recommended that a further two monitoring 
boreholes are constructed 50 m either side of BH01. The new boreholes will be constructed with the response 
zone above the existing groundwater level (c. 2 m BGL). This will provide coverage across the northern 
boundary. 
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Given the proximity of receptors on the northern margins of the site, it is considered prudent to install a 
perimeter trench to intercept any short-term increase in gas conditions. The trench should be coarse gravel 
filled (>40 mm) to allow dispersion, rather than point sources. The trench should be constructed down to 
immediately above the highest seasonal groundwater level recorded in BH01.  
 
The indicative gas mitigation is presented in drawing 183239/GAS/D/002. To note, the locations are indicative 
and subject to further site investigation and detailed design. The trench and boreholes location will be provided 
to the Local Planning Authority in an as-built mitigation plan, once constructed.  
 
 

6. GAS MANAGEMENT PLAN 
 
6.1 Introduction 
On the basis of the above Gas Risk Assessment the following management measures are proposed. 
 
6.2 Monitoring 
The borehole network should be retained. Gas monitoring should be undertaken as follows: 
 

• Monthly during the works; 

• Monthly for the first year after works are completed; and 

• Quarterly thereafter for a further four years. 
 
Monitoring will be undertaken using an MCERTS portable ground gas monitor. The device must be able to 
record the following:  
 

• Gases: methane, carbon dioxide, carbon monoxide, hydrogen sulphide and oxygen; 

• Flow rate and differential pressure; and 

• Meteorological data including atmospheric pressure. 
 
6.3 Management Measures 
An intervention trench should be installed through the unsaturated zone to immediately above the highest 
groundwater level; be lined with a gas permeable geotextile and filled with a coarse gravel (>40 mm). The 
location of the trench will be waste side of the perimeter boreholes.  
 
During the filling, a demarcation membrane will be installed across the stone 200 mm from the surface. The 
stone will then be placed over the surface. This layer can be removed and cleaned in the event a maintenance 
and inspection regime identifies blockages. 
 
The construction should be subject to a quality assurance regime.  
 
The trench will be inspected annually to ensure it remains in good condition. Records of the inspection and 
maintenance will be maintained. 
 
6.4 Action Thresholds 
If methane is found to reach concentrations of 1 % in the perimeter borehole further intervention measures 
must be considered. This will involve:  
 

• Increasing the monitoring frequency to weekly determine whether it is short term fluctuation or a trend; 

• In the event of 3 monitoring rounds showing a rising baseline during land raise activities, operations will 
cease within 100 m of the impacted boreholes; 

• The perimeter trench will be inspected and maintained  as deemed necessary. If the trench appears to 
be working correctly and elevated gas levels continue to be recorded an additional trench will be 
constructed; and more monitoring boreholes closer to residential areas; 
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• In the event two further subsequent rounds show ongoing elevations, the risk assessment strategy will 
be updated and issued to the Local Authority and the Environment Agency for discussion and/or 
approval. 

 
Similar measures must be considered if carbon dioxide is found to exceed 5 % on two consecutive occasions 
in the perimeter monitoring borehole. 
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