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1.0 INTRODUCTION 

1.1 Scope 

1.1.1 Sirius Environmental Limited (‘Sirius’) has been commissioned by Lincwaste 
Limited, part of the FCC Group of Companies (‘FCC’), to prepare an application 
to vary Environmental Permit “BV1347IB” currently held for Colsterworth Landfill 
Site.  The application seeks to amend the list of permitted waste for disposal 
operations to consist of selected non-biodegradable wastes, revise the 
engineering requirements for future development areas, revise the pre-
settlement contour profile, and reincorporate a previously surrendered area into 
the Colsterworth Environmental Permit Boundary. 

1.1.2 This Landfill Gas Risk Assessment builds upon the existing conceptual model 
to incorporate the reduced non-hazardous biodegradable landfill footprint and 
void, updated waste input figures, and increased leachate levels.  The variation 
application also approval for a revised final landform whereby biodegradable 
non-hazardous waste landfill operations will be revised and continue utilising a 
very limited list of suitable wastes in accordance with The Landfill Tax 
(Qualifying Material) Order, 2011. This revision to operational activities will 
apply to landfilling activities within both the existing engineered footprint of the 
landfill (i.e. Phases 1-4) and the those within the undeveloped landfill phases 
(Phases 5-6) located in the western portion of Colsterworth Landfill Site.  This 
assessment also considers the potential effects from the over-tipping of the 
existing deposits with higher density wastes.  

1.2 Background 

1.2.1 The original Landfill Gas Conceptual Model and Risk Assessment were 
prepared in June 2003 (Golder Associates, 2003) to support the original PPC 
application for the facility. The 2003 LFGRA assessed the anticipated landfill 
gas generation in Colsterworth Landfill Site during the operation and post-
operational Landfill Lifecycle Phases, the associated emissions to the 
surrounding environment and an interpretation as to the environmental 
acceptability of the emissions. The 2003 LFGRA also examined the capacity of 
the gas engines and flares installed at the Gas Utilisation Compound 
demonstrated that Colsterworth Landfill Site complied with the Landfill (England 
and Wales) Regulations, 2002. In particular: 

• The installed and planned landfill gas management system was 
sufficient to control all the modelled gas generation (95%ile figures); 

• The installed and planned gas utilisation plant is capable of producing 
the maximum power obtainable from this site; 

• The modelled releases of compounds of concern are considered unlikely 
to approach threshold values, and will have a minimal effect on health 
and the environment; 

• The gas management plan is considered to fully comply with the 
requirement to minimise release of odours and other nuisances from the 
site. 

1.3 Revised Development Proposals 

1.3.1 The revised development proposal will cease the deposition of biodegradable 
non-hazardous within the remaining landfill void of Colsterworth Landfill Site 
(consisting of the overtip area above the permanently capped Phases 1-4 and 
Phases 5 & 6. No proposals to revise the landfill void capacity is proposed, 
however, it is proposed that the infilling of the remaining 50% of landfill void 
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capacity is completed using non-biodegradable, non-hazardous wastes which 
conform to The Landfill Tax (Qualifying Material) Order, 2011.  Due to the lower 
settlement factor of the proposed wastes, revised pre-settlement contours for 
Colsterworth Landfill Site are proposed to ensure that the post-settlement 
contours approved in the 2003 PPC Permit Application are achieved. 

1.3.2 FCC also propose to modify the approved cap design for all remaining 
unrestored areas of the site.  The current design consists of a geomembrane 
element, which is proposed to be replaced with a Geosynthetic Clay Liner with 
a sub-cap drainage layer.  Other changes to proposed engineering design 
includes the revision of the design specifications for the sidewall lining systems 
within the landfill void accepting the proposed non-biodegradable, non-
hazardous materials. Details of these proposals, including an assessment on 
their stability and hydrogeological discussed specifically the Stability Risk 
Assessment (Doc. Ref.: WR7600/08) and the Hydrogeological Risk 
Assessment (Doc. Ref.:  WR7600/07) that supports this application. 
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2.0 LANDFILL GAS RISK ASSESSMENT 

2.1 The Nature of the Risk Assessment 

2.1.1 The LFGRA submitted as part of the original PPC Permit Application was 
undertaken in order to assess the impact of landfill gas generated within the 
waste mass, and to alleviate concerns regarding potential landfill gas issues in 
and around the site. 

2.1.2 The purpose of this review is to determine if there are any significant deviations 
from those modelled parameters that could require further consideration and 
additional modelling as a consequence of the proposed changes detailed within 
the EP Variation Application.  As such it is appropriate to define what the actual 
implications for the model input parameters are, as a result of the proposed 
changes to the Installation. 

2.1.3 Following this, consideration can be given to the overall implication of any such 
changes on the conceptual site model previously generated and the need for 
further quantitative/qualitative assessment of the landfill site. 

2.2 Assessment Input Parameters 

2.2.1 Overall, the application will result in the cessation of non-hazardous, 
biodegradable waste inputs at the site. This will keep the volume of such 
material at the current volume of 1.74 million m3. The overall landfill void 
capacity of Colsterworth Landfill Site is c.3.52 million m³, therefore the 
remaining 1.78million m3 of void capacity will be infilled using the proposed non-
biodegradable, non-hazardous waste types to achieve the approved post-
settlement contours. Due to the nature of the proposed waste types for disposal 
which have been categorised as qualifying materials as they have been 
designated as containing limited to negligible pollution potential with respect to 
the production of landfill gas or leachates. As such, the main changes perceived 
relative to the previous LFGRA inputs will be a reduction in the total volume and 
type of waste deposited on site as well as the footprint of the landfill 
development, potentially leading to a significant change in the volume of landfill 
gas generated at the site. 

2.2.2 The previous models considered a total waste input of c.3 million m³.  The 
revised development proposals, whilst not reducing the overall landfill void from 
its current value, will prevent the deposition of any further material which has 
the potential to generate landfill gas emissions. This proposal will effectively 
limit the volume of the landfilled wastes which can generate landfill gas to 1.74 
million m3 (i.e. restricted to the existing engineered and permanently capped 
landfill footprint). 

2.2.3 The results obtained in the previous LFGRA for Colsterworth Landfill Site have 
predicted on-going compliance with the Landfill Regulations 2002 and predicted 
pollutant concentrations below the identified Environmental Assessment Limits. 

2.2.4 Historically, the nature and volume of the waste deposited at the site has varied 
greatly.  As illustrated in Figure LFGRA1, between 1995 and 2002 the annual 
waste inputs varied between c. 77,000 to c. 160,000 tonnes, peaking in 1997.  
Post-2002 input rates steadily declined, dropping by approximately 40% with 
input rates typically between 23,000 and 131,000 tonnes/annum.   

2.2.5 As shown in Figure LFGRA2 there has also been a notable change in the 
fractions of waste type/source deposited at the site during the above-mentioned 
periods, including a notable decrease in the fraction of household/municipal and 
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commercial wastes being deposited at the site, and an increase in the fraction 
of inert and industrial wastes deposited. The change in the factions of each 
waste stream is therefore likely to influence gas generation at the site. 

Figure LFGRA1: Annual Waste Inputs for Colsterworth Landfill Site (1995-2018) 

 
Note: Figures for 1995 to 2002 derived from Golder Associates (2003).  Figures from 2003 to 
2018 derived from weighbridge data 

Figure LFGRA2: Breakdown of waste origin (1995-2018) 

 
Note: Figures for 1995 to 2002 derived from Golder Associates (2003).  Figures from 2003 to 
2018 derived from weighbridge data 
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2.2.6 Since 2003, leachate compliance levels have increased from 2m above the 
base to 19m above the base (i.e. 109mAOD), with a control level at 17m above 
the based (i.e. 108mAOD).  The saturation of the greater proportion of the waste 
mass is likely to have a significant impact on gas generation rates at the site.   

2.3 Revised Model 

2.3.1 Based upon the revised input parameters outlined above, the 2003 GasSim 
model for the site has been updated to reflect the changes in waste inputs and 
leachate levels to estimate the bulk volume of landfill gas that will be generated 
over the lifetime of the site.  The LFG generation rates for the 2003 model and 
revised as per above predicted using GasSim and are shown in Figure 
LFGRA3 & Figure LFGRA4.  PDF copies of the GasSim model files for the 
2003 LFGRA is presented in Appendix LFGRA1. 

Figure LFGRA3: Colsterworth Landfill Gas Generation (2003 model) 

 

Figure LFGRA4:  Colsterworth Landfill gas generation (revised model) 
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2.3.2 The 2003 model predicted that the highest rate of landfill gas generation would 
occur in 2030, with a peak generation rate of ~1,420 m³/hr.  In lieu of the 
reduction in the total and annual rate of waste input, the changes to the fractions 
of each waste type/source deposited and the increased leachate levels, the 
revised model predicts now predicts a peak generation rate for the site of ~997 
m³/hr (50th percentile of yearly average), which would have occurred at the site 
in 2009.   

2.3.3 In 2019 the gas generation rate for Colsterworth Landfill Site was predicted at 
~343m³/hr (50th percentile of yearly average).  Assuming a collection efficiency 
of 95% following the installation of a permanent cap and extraction wells in 
2018/2019, the gas flow to the utilisation compound would equate to ~325m³/hr, 
which represents a significant reduction from the original 2003 model 
predictions, which predicted a gas generation rate in 2019 of ~1,225 m³/hr 
(based on a 50th percentile yearly average), whereby the flow to the utilisation 
compound would equate to ~1,150 m³/hr at a collection efficiency of 95%.   

2.3.4 The gas utilisation compound serves both Colsterworth Landfill Site and the 
adjacent Stainby landfill facility. The 2003 gas generation model for Stainby 
landfill has not been revised as part of this assessment, but as shown in 2003 
modelled gas generation curve reproduced in Figure LFGRA5, gas generation 
in 2019 is estimated to be ~200m³/hr.  

Figure LFGRA5:  Stainby Landfill Gas Generation (2003 model) 

 

2.3.5 The combined inflow rate to the gas compound therefore equates to ~550m³/hr, 
which is slightly higher than the monthly average flow rate to the compound 
recorded for December 2019 of ~500m³/hr.  Whilst this is ~90% of the sum of 
the modelled rates, it is recognised that the 2003 Stainby model assumed that 
120ktpa of biodegradable waste (domestic – 58%; industrial – 39 %; inert – 3%) 
would be deposited in this facility until 2019. However, it is understood that this 
site has been mothballed prior to the commencement of operations at 
Colsterworth Landfill Site, which is likely to reduce gas generation.  On review 
of the gas generation curve presented in Figure LFGRA5, peak gas generation 
occurred in 1999, following which the gas generation rate reduces significantly.  
This would suggest the waste inputs post-1999 have a limit influence on the gas 
generation rate and a marginal reduction of the gas generation rate can be 
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assumed.   On this basis the revised model for Colsterworth can be considered 
to be representative of the current gas generation conditions at the site. 

2.3.6 As a result of the proposed changes to the composition and volume of the waste 
to be deposited at Colsterworth Landfill Site, there is a significant reduction in 
the maximum rate of landfill gas generation and the total volume produced.  The 
impact assessment undertaken as part of the 2003 landfill gas risk assessment 
(Golders, 2003) remains a worst-case scenario.  Therefore, given that the worst-
case emissions will remain within the appropriate environmental assessment 
levels no further analysis is considered to be required. 

2.4 Waste Squeezing 

2.4.1 The deposition of waste with a greater density over the existing biodegradable 
waste deposits within Phases 1-4 has the potential to exert greater pressure on 
the underlying deposits.    This in turn may cause gas to be squeezed from voids 
in the compressed areas and create gas pressure gradients to areas away from 
the zone of compression. The gas generation and flow would subsequently re-
equilibrate with the new weight and pressure of the deposited materials.  

2.4.2 The short-term impact would be that the increased loading would generate a 
pressure gradient leading to advective gas flow away from the area of 
compression and into the voids in the surrounding waste. The distance that the 
gas could migrate depends on the availability of inter-connected pores within 
the waste mass providing a potential pathway.   

2.4.3 As a permanent cap and network the extraction wells are already in place within 
the existing waste deposit, these should minimise the opportunity for gas to 
migrate out of the landfill. A existing network of perimeter monitoring borehole 
installations are also present at the site to identify gas mitigation. 
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3.0 LANDFILL GAS MANAGEMENT AND MONITORING 

3.1 Management 

3.1.1 Landfill gas is currently utilised by a total of two Jenbacher JES 320 1006kw 
engines and Environment Agency compliant one high-temperature enclosed 
flare.  The peak operating capacities of the engines are 421m³/hr, with 
operational efficiencies typically achieved at no less than ~40% of the peak 
capacity (i.e. ~170m³/hr).  The enclosed flare has an operational range of 400-
2,000m³/hr. 

3.1.2 Based on the predicted gas generate rates for Colsterworth and Stainby Landfill 
Sites, the flare is likely to need to be replaced by one of a smaller operating 
capacity between 2025 and 2030. The engines are likely to sufficient capacity 
until approximately 2040 if both sites continue to require gas management until 
this date.  If gas management of Stainby ceases to be necessary, Colsterworth 
is likely to be adequately supported by a single engine until 2035.  

3.1.3 Gas wells are installed to depths of no less than 3m from the top of the basal 
lining system.  A portion of the gas wells installed within Phases 1-4 at 
Colsterworth landfill are considered to be submerged under leachate following 
the earlier authorised increase in leachate compliance limits to their current 
value (109mAOD). This increase in leachate levels has not negatively impacted 
the landfill gas utilisation infrastructure and the extraction system is regularly 
maintained and balanced. Accordingly, it is considered that with ongoing 
monitoring and balancing of the extraction system there is not considered to be 
any significant impact from the continued management of leachate at the 
current compliance limits.  

3.2 Monitoring 

In-Waste Monitoring 

3.2.1 The existing Gas Management Plan for the site (Appendix LFGRA2) includes 
routine operational and monitoring requirements for the extraction system, 
which includes short and long-term monitoring and trend analysis of gas 
composition, vacuum and power output to support balancing of the extraction 
system.  The LFGMP also includes procedures to enable the detection of 
potential sub-surface fires.  Together these management procedures will 
minimise the risk of air being drawn into the waste mass. 

3.2.2 These monitoring requirements will be used to ensure that the extraction 
network is appropriately balanced to counter any influences from the squeezing 
of existing waste deposits upon over-tipping with higher density wastes  

Perimeter Monitoring 

3.2.3 No changes are proposed to the existing monitoring schedule for perimeter gas 
boreholes under this variation.  These monitoring schedule will be adequate to 
identify any potential lateral migration that could be induced upon the over-
tipping of the existing waste mass with denser materials. 
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4.0 CONCLUSIONS 

4.1.1 From a review of the revised development proposals and its potential 
consequences on the input parameters of the previous gas models, it is 
considered that there will be a significant decrease in environmental impact 
relating to landfill gas. As a result, the conclusions detailed in the 2003 Landfill 
Gas Risk Assessment remain valid as a worst-case interpretation of the facility, 
and as such no further consideration is given herein to the landfill gas risk 
assessment as a consequence of the variation application.  


