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1.0 INTRODUCTION 

1.1 Scope & Background 

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 The original Hydrogeological Conceptual Model and Risk Assessment was 
prepared in June 2003 (Golders, 2003) to support the original PPC application 
for the facility. Periodical reviews of the HRA have also been carried in August 
2007 (Golders, 2007 and Golders, 2008), 2013 (FCC, 2013) and September 
2019 (McDonnell Cole, 2019). In addition to completing a periodic review of the 
2003 HRA, the 2007 HRA review confirmed the submission of responses to six 
improvement conditions (IC) associated with BV1347IB. All periodic HRA review 
were supported by a detailed review of the hydrogeological regime surrounding 
Colsterworth Landfill Site, the assessment of leachate, groundwater and surface 
water quality, and the derivation of new/revised groundwater compliance points 
and leachate levels (where appropriate). 

1.1.3 This Hydrogeological Risk Assessment Review (HRAR) builds upon the existing 
conceptual model to incorporate the proposal for the disposal of a limited list of 
suitable wastes in accordance with The Landfill Tax (Qualifying Material) Order, 
2011 over the permanently capped areas of Phases 1 to 4 and within the 
previously unfilled western area of Colsterworth Landfill Site. Furthermore, this 
HRAR will examine the potential impact on the surrounding groundwater from 
each of both the permanently capped phases containing biodegradable non-
hazardous waste (Phases 1-4) and the phases proposed to accept selected 
non-biodegradable non-hazardous wastes (Phases 5 & 6 and Phase 1-4 
Overtip). 

1.1.4 In addition to this, leachate levels within Phases 1-4 will be assessed in 
conjunction with a squeezing assessment undertaken to identify the effect of 
the proposed qualifying material deposits on the leachate management within 
Phases 1-4. 
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1.2 Enhanced Pre-Application Discussions 

1.2.1 Prior to the submission of this Environmental Permit Variation Application 
(EPVA) and associated HRAR, enhanced pre-application discussions were 
undertaken between FCC and the Environment Agency (EA). The primary aim 
of theses discussion was to ensure that the scope of the EPVA and the nature 
of the supporting documents provided a representative assessment of the 
surrounding geological and hydrogeological environment and the risks posed 
by the revised landfilling proposals. As part of these enhanced pre-application 
discussions, the EA requested that a revised Conceptual Site Model (CSM) for 
Colsterworth was produced which visually depicted the revised landfilling 
proposals and their interaction with surrounding pathways and receptors. 

1.2.2 Accordingly, the following sections examine the source-pathway-receptor 
linkages for both the existing waste deposits situated within Phases 1-4 and the 
proposed deposits of selected non-biodegradable non-hazardous wastes within 
Phases 5 & 6 and the Phase 1-4 Overtip. 
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2.0 Update and Review of Conceptual Site Model 

2.1 Source 

Site Design and Construction 

2.1.1 Colsterworth Landfill is located in an area in which extensive mineral extraction 
has taken place. It is developed within a historic ironstone and Lias Clay quarry 
approximately 1.5km from the western edge of the village of Colsterworth. 
Extraction operations in the area now occupied by Phases 1 to 4 of Colsterworth 
Landfill extend up to 14m into the Lias Clay lithology with basal elevations of 
Phases 1 to 4 ranging from 104mAOD (Phase 1) to 90mAOD (Phase 3). Mineral 
extraction operations in the western area of Colsterworth Landfill Site have 
reduced the basal elevation of this quarry void to approximately 115mAOD; 
which corresponds to the top of the Lias Clay formation. The site is currently 
consented to being progressively restored through the landfilling of controlled 
wastes (including biodegradable non-hazardous wastes), although revised 
proposals will limit future waste deposits with Phases 5 and 6 to non-
biodegradable, non-hazardous wastes covered by The Landfill Tax (Qualifying 
Material) Order, 2011. 

2.1.2 Lincolnshire County Council granted planning permission for the use of land for 
waste disposal at the Colsterworth Site in April 1992 (No. S.22/701/91), with 
restoration obligations included within Condition 6 of this planning permission. 
The approved restoration scheme involved the phased reclamation and 
landscaping of land by the importation of controlled wastes. 

2.1.3 A subsequent planning application was submitted to Lincolnshire County 
Council in February 1994 to amend the planning permission granted in April 
1992. Replacement planning permission authorising the extraction of 
overburden and the development of the Colsterworth Facility as a landfill site 
was issued in May 1994 (No. S.22/164/94). 

2.1.4 The 1994 restoration scheme relied on the importation of large volumes of 
controlled waste collected by county waste collection via the C448 from Stainby 
to Skillington. However, despite the mothballing of the adjacent Stainby Landfill 
Site prior to the commencement of operations at Colsterworth Landfill Site, there 
has been a significant shortfall in appropriate materials for disposal at 
Colsterworth Landfill Site. This shortfall has been attributed to the changing 
waste management strategies employed by Lincolnshire County Council with 
residual waste diverted away from landfill site to the Hykeham Energy from 
Waste Facility.  

2.1.5 Colsterworth Landfill started receiving controlled wastes in 1995 and the current 
installation design comprises of 6 engineered containment phases across a 
footprint of approximately 13.7 Ha. To date, Phases 1 to 4 have been 
constructed over an area of c. 7 Ha, with future landfill activities restricted to the 
western quarry void (Phases 5 & 6) and the over tipping of the permanently 
capped existing deposits in Phases 1 to 4 (Phase 1-4 Overtip). Although the 
revised landfilling proposals will result in an amendment to the pre-settlement 
top of waste contours, there are no proposals to amend the previously approved 
post-settlement contours or approved restoration landform.   
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2.1.6 The nature of the as-built for Phases 1-4, and proposed engineering systems 
for Phases 5 & 6 and the Phase 1-4 Overtip are presented in Table HRA1. The 
only proposed changes to the approved engineered containment systems are 
to reduce the specification of the sidewall lining system within Phases 5 & 6 and 
the Phase 1-4 Overtip and the removal of the distinct backwall drainage 
aggregate system from Phases 5 & 6. This change is proposed due to the 
granular nature of the site-won material which be utilised to construct the 
buttresses to achieve the desired sidewall gradient of 1:2.5. The granular nature 
of the site-won material will negates the requirement for a separate backwall 
drainage aggregate as currently installed in Phases 1-4 and proposed for Phase 
6. It is important to note that despite the removal of the distinct backwall 
drainage aggregate specification, a groundwater collector drain will still be 
installed at the toe of the sidewall to direct intercepted groundwater to the 
designated groundwater pumping chamber. 

2.1.7 The supporting narrative behind the proposed reduction in liner specification is 
presented Section 2 of this document. 
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Table HRA1: Summary of Existing and Future Landfill Engineering 

Phase Basal Liner Side wall Liner Leachate Collection Capping system 

1, 2, 3 & 4 

No basal liner has been installed as the 
base of these phases have been excavated 
into the Lias Clay formation which has a 
proven permeability of ≤1x10-9m/s. 

No sidewall liner has been installed on sidewall 
exposures up to 115mAOD as sidewall exposures 
below this elevation consist of in-situ Lias Clay 
which has a proven permeability of ≤1x10-9m/s. 
 
Above 115mAOD a steep wall sidewall lining 
system consisting of a separator geotextile 
overlying a 1m thick clay blanket (with a 
permeability of ≤1x10-9m/s and a gradient of 1:1.5) 
overlying a second separator geotextile under 
which is a 300mm backwall drainage aggregate 
layer and a final separator geotextile. 
 
A perforated groundwater collector drain (with a 
nominal fall of 1:200) has been installed within the 
backwall drainage aggregate and direct intercepted 
groundwater to a groundwater pumping chamber. 

Granular drainage blanket, 300mm thick. 
150mm diameter leachate drainage 
pipework. 
Geocomposite drainage layer upside 
slopes. 

A 300mm regulating layer overlain by a 
fully welded LLDPE Double Textured 
Geomembrane Liner and a protection 
Geotextile with 1000mm of restoration 
soils installed above. 

5 & 6 

No basal liner will be installed across 
Phases 5 & 6. 
 
Basal Liner Development will follow one of 
two options: 
 
Option 1 – Base of Phases 5 & 6 advanced 
to the top of the Lias Clay Formation via a 
cut and fill exercise which has a proven 
permeability of better than 1x10-9m/s. 
 
Option 2 – No cut and fill exercise 
undertaken to the top of the Lias Clay 
Formation. However, sidewall trenches to 
the top of the Lias Clay Formation will be 
excavated around the edge of the Phase 5 
& 6 basal footprint. The sidewall lining 
system will extend down to (and key into) 
the Lias Clay Formation. 

The sidewall lining system will be separated into 
two specifications due to the identified sensitivity of 
the adjacent lithological units. 
 
For sidewall exposures, the sidewall lining system 
will consist of a 0.5m thick engineered clay blanket 
with a permeability of ≤5x10-9m/s and a gradient of 
1:2.5 (or equivalent). 
 
The sidewall lining system will be keyed into the 
underlying Lias Clay to ensure adhesion between 
the in-situ geology and the AEGB. 

Leachate spine drains consisting of 
160mm HDPE slotted pipework located 
within a fines free aggregate surround 

A 500mm Engineered Cap (EC) with a 
permeability of ≤1x10-8m/s with a with 
a sub cap drainage layer (Pressure 
Relief Drain). 
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Phase Basal Liner Side wall Liner Leachate Collection Capping system 

1-4 Overtip  

No basal liner will be installed as the base 
of the overtip area as this landfill phase 
directly overlies Phases 1-4. 
 
The base; and a signification portion of the 
sidewall, of these underlying phases is 
situated wholly within the Lias Clay. The 
remaining sidewall exposures contain 
engineered lining systems.  
 
In light of this it is considered these lining 
systems constitute an effective basal lining 
system for the Phase 1-4 Overtip.1 
 

A steep wall sidewall lining system comprising a 
separator geotextile overlying a 1.0m thick clay 
blanket with a permeability of ≤1x10-8m/s (or 
equivalent) and a gradient of 1:1.5. The clay 
blanket will overlie a second separator geotextile, a 
300mm backwall drainage aggregate layer and a 
final separator geotextile. 
 
The steep wall sidewall lining system (including 
backwall drainage aggregate will be integrated into 
the sidewall lining system of Phases 1-4. 
 

Leachate spine drains consisting of 
160mm HDPE slotted pipework located 
within a fines free aggregate surround 

A 500mm Engineered Cap (EC) with a 
permeability of ≤1x10-8m/s with a with 
a sub cap drainage layer (Pressure 
Relief Drain). 

1 - This proposal was discussed and approved with the Environment Agency during Enhanced Pre-Application Discussions. 
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Leachate Management 

Existing Waste Deposits – Landfill Phases 1-4 

2.1.8 The permit currently requires that leachate heads within Phase 1-4 shall not 
exceed 109mAOD. The HRAR carried out in 2019 and subsequent Annual 
Environmental Review reports indicate that except for occasional short-lived 
exceedances leachate heads are generally managed in phases below the 
compliance level currently specified in the site permit. These are further 
supported by the time-series charts of monitored leachate depths from 2010 to 
2019 presented in Appendix HRAR1. It is noted that recent exceedances have 
been experienced in well LCP1A only. Further discussions with FCC have 
confirmed that these exceedances were a result of the collapse of this well and 
that this well has been replaced by LCP1B which was installed in July 2019.     

2.1.9 FCC propose to maintain the leachate compliance level within Phases 1-4 at 
the current value i.e., 109mAOD. As previously indicated, Phases 1-4 deposits 
largely extend into the Lias Clay and also above the relatively short outcrop of 
the Northampton Sandstone Formation and a proportion of the overlying 
Grantham Formation. To demonstrate the vertical distance between the current 
leachate compliance level and the base of the adjacent Northampton Sand 
Formation, a review of the perimeter sidewalls of Phases 1-4 and the 
surrounding groundwater bearing geology has been undertaken, the results of 
which are summarised in Table HRA2. 

Table HRA2: Theoretical maximum leachate heads achievable in landfill phases 

Phase 
Basal 

Elevation 

Theoretically 
Maximum Head 

before break-out 
into adjacent 
aquifer units  

Rationale 

1 104mAOD 

113mAOD 

Based on the elevation of the boundary 
between the Northampton Sands 
Formation and the Lias Clay of 
113mAOD as presented in 2014 Review 
of Leachate Levels (ESI, 2014) 

2 91mAOD 

3 90mAOD 

4 91mAOD 

2.1.10 The Hazardous Substances identified and selected as indicator species of 
leachate quality for use in previous risk assessments were cadmium and 
mecoprop, whilst ammoniacal nitrogen, chloride, BOD, COD and pH as Non-
Hazardous Pollutant indicator species.  However, following changes to the 
assessment methodology for the determination of groundwater hazardous 
substances by JAGDAG the substances cadmium and mecoprop have been 
reclassified as Non-Hazardous Pollutants since January 2017. 

2.1.11 As previously indicated in accordance with Condition 3.1.4 of EPR/BV1437IB, 
a review of the Hydrogeological Risk Assessment examining the pollution 
potential associated with the deposition of biodegradable non-hazardous 
wastes within Colsterworth Landfill was prepared in September 2019 and has 
been submitted to the Environment Agency. The September 2019 HRA Review 
is included in Appendix HRAR2 examined the current leachate quality at 
Colsterworth Landfill Site and compared it to the leachate source term 
presented in the 2003 Hydrogeological Risk Assessment as well as the leachate 
quality ranges determined in subsequent Hydrogeological Risk Assessment 
reviews. 
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2.1.12 Following this review, the 2019 Hydrogeological Risk Assessment review 
identified that the concentration of cadmium and mecoprop have remained 
largely consistent across the monitoring period with recorded concentrations 
between 2007 and 2019 strongly correlating to those presented in the 2003 
Hydrogeological Risk Assessment and subsequent review. 

2.1.13 The 2019 Hydrogeological Risk Assessment Review also identified that chloride 
concentrations in leachate within Phases 1-4 have reduced since the previous 
Hydrogeological Risk Assessment. Similar reductions were observed in 
ammoniacal nitrogen concentrations and COD values. 

Proposed Waste Deposits – Landfill Phases 5 & 6 and the Phase 1-4 Overtip 
Area 

2.1.14 Under the revised proposals, the infilling of the western area of the site and the 
void located above the permanently capped Phases 1-4 will now be achieved 
by means of disposal of suitable non-biodegradable, non-hazardous wastes. 

2.1.15 FCC propose to only accept waste that meet the requirements of The Landfill 
Tax (Qualifying Material) Order (LFTQMO) for disposal within Phases 5 & 6 and 
the Phase 1-4 Overtip. In addition to the LFTQMO, due regard to the advice 
concerning incidental amounts of standard rated wastes given in the HMRC 
Notice LFT1, November 2018. 

2.1.16 The proposed wastes 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. The proposed qualifying 
materials fall into the following groups as listed in the LFTQMO: 

• Group 1 – Rocks and Soils; 

• Group 2 – Ceramics or Concrete Materials; 

• Group 3 – Minerals, processed or prepared; 

• Group 4 – Furnace Slags; 

• Group 5 – Ash; 

• Group 6 – Low activity inorganic compounds 

2.1.17 It is important to highlight that hazardous wastes are excluded from the 
LFTQMO with disposal limited to a small list of non-hazardous and inert wastes. 

2.1.18 The proposed waste for disposal within Phases 5 & 6 and the Phase 1-4 Overtip 
has been adopted from a standard list of permitted wastes and waste 
acceptance criteria which have been successfully applied to multiple landfill 
sites operated by FCC. These earlier applications undertook a review of the 
potential leachate source terms generated by the proposed list of qualifying 
material wastes. In order to generate a conservative leachate source term for 
the proposed deposits, the leachate source terms from three distinct sources 
were compiled and compared. The sources of these leachate source terms 
included a Hazardous Soils Landfill Site (Eardswick Hall Landfill Site), a Non-
Hazardous Soils Landfill Site and a QBF site (Sutton Courtenay Landfill Site, 
Phase 3).  
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2.1.19 The full list of leachate source term determinands compared in these earlier 
applications is presented in Table 2 of the attached Hydrogeological Risk 
Assessment (Appendix HRAR8). A subsequent review of this document and 
examination of the surrounding groundwater conditions identified the key 
leachate source term determinands associated with the proposed deposition of 
qualifying materials at Colsterworth Landfill Site. Consequently Table 2 of the 
HRA document presented in Appendix HRAR8 has been recreated in Table 
HRA3, however all determinands not considered as key determinands have 
been removed. 

2.1.20 The accepted leachate source term was derived utilising leachate composition 
data extracted from the Eardswick Hall hazardous soils landfill site between 
2005 and 2015. The results of this analysis are recreated in Table HRA3. 
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Table HRA3: Leachate Source Term Data (presented in mg/l) from multiple Operational Landfill Sites accepting Hazardous Soils (Eardswick 
Hall Landfill Site), Non-Hazardous Soils and Qualifying Material Deposits (Sutton Courtenay, Phase 3) 

Parameter 

Eardswick Hazardous Soil 
Landfill Site1 Non-Hazardous Soil Landfill Site 

Sutton Courtenay Landfill Site 
(Phase 3)2 EAL 

(mg/l) 
Risk 

Factor 
Minimum Average Maximum Minimum Average Maximum Minimum Average Maximum 

Chloride 9 139 728 154 283 404 158 475 1040 125 8.3 

Cadmium 0.00006 0.0025 0.062 <0.0001 0.0001 0.0002 <0.0002 0.0002 0.0002 0.00125 49.6 

Mercury <0.00001 0.0002 0.001 <0.0002 0.0001 0.0002 <0.0001 <0.0001 <0.0001 0.0005 2 

Arsenic 0.001 0.005 0.072 0.005 0.013 0.023 0.003 0.023 0.116 0.005 23.2 

Lead 0.002 0.006 0.02 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.0061 3.3 

Chromium 0.001 0.006 0.019 <0.001 0.003 0.006 0.001 0.004 0.016 0.0125 1.5 

Copper 0.002 0.008 0.024 <0.001 0.005 0.016 0.001 0.005 0.013 0.5 0.05 

Nickel 0.002 0.009 0.042 0.012 0.022 0.037 0.019 0.048 0.078 0.017 4.6 

Zinc 0.003 0.079 1.591 0.002 0.010 0.019 0.004 0.049 0.194 1.25 1.3 

PAH <0.0017 n/a <0.034 - - - - - - - - 

Sulphate 14 411 1,300 1,380 1,510 1,720 581 1,224 1,820 137.4 13.3 

Ammoniacal 
Nitrogen 

<0.02 1.9 17 0.18 5 11 0.02 6.7 21.5 1.1 19.45 

1 – Eardswick Hall Landfill Site Leachate Source Term Recorded between 2003 and 2015 
2 – Sutton Courtenay Landfill Site (Phase 3) Leachate Source Term Recorded between 2018 and 2019 
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2.1.21 The risk factors associated with each of the parameters presented in Table 
HRA3 were calculated to confirm the identity of the priority contaminants 
associated with the assessed leachate source terms of the proposed qualifying 
material deposits. The derivation of these risk factors utilised the methodology 
discussed in Section 2.2 which involved an assessment of the upgradient 
groundwater concentrations for each determinand presented in Table HRA8 
and the corresponding DWS or Limit of Quantification values (whichever is 
appropriate). 

2.1.22 A comparison of the maximum leachate source term concentrations from the 
proposed qualifying materials for deposition indicates that the risks posed by 
the proposed qualifying material pose a significantly lower risk the surrounding 
groundwater environment compared to the pre-existing deposits situated within 
Phases 1-4. This reduced risk is demonstrated upon comparing the risk factors 
for non-hazardous pollutants and hazardous substances of the previously 
deposited wastes and the proposed qualifying materials. The risk factor for 
ammoniacal nitrogen is significantly reduced due to the lower concentrations 
present within the proposed qualifying materials, this consequently lowers the 
associated risk factor. A similar trend is observed when reviewing the maximum 
leachable concentrations of hazardous pollutants in both the existing deposits 
and proposed qualifying materials, with leachable concentrations; and 
associated risk factors, substantially lower in the proposed qualifying materials 
compared to the existing deposits within Phases 1-4. 

2.1.23 The risk factor review also indicates that the highest risk factor associated with 
the proposed qualifying materials corresponds to cadmium, with the derived 
leachate source term and EAL data indicating a risk factor of 49.6. The second 
highest risk factor is associated with arsenic (23.2) followed by, ammoniacal 
nitrogen (19.6), sulphate (13.3) and chloride (8.3). The risk factors for all other 
parameters; except for PAH, have been calculated as being less than 4.6. 

2.1.24 It is noted that groundwater quality monitoring undertaken at Colsterworth 
Landfill Site does not monitor for an amalgamated Polycyclic Aromatic 
Hydrocarbon (PAH) parameter. Instead, groundwater monitoring examines the 
concentrations of constituent PAH species. It is appreciated that a substitute 
parameter is required in order to ensure that a complete assessment of pollution 
potential from the proposed qualifying materials is obtained. Accordingly, it is 
considered appropriate to include a PAH indicator species in this HRA review 
process which can also be utilised as a surrogate for a rogue load of wastes 
deposited at the site. For this purpose, benzo(a)pyrene will be considered 
assuming an effective solubility of 0.00019mg/l1. When compared against a 
WFD EQS for fresh waters of 0.00017μg/l, the risk factor equates to 
approximately 1118. 

2.1.25 Following a review of the parameters presented in Table HRA3 it is considered 
prudent to assign all parameters the “priority contaminant” status to ensure a 
comprehensive assessment of proposed qualifying materials pollution potential. 
As previously indicated the PAH parameter will be represented by the surrogate 
benzo(a)pyrene parameter. The leachable concentrations provided in Table 
HRA3 would be representative of a worse case source term leachate quality of 
the proposed qualifying material deposits.  

 
1 As determined in CL:AIRE research bulletin RB15 (September 2011). 
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2.2 Pathways 

2.2.1 A detailed investigation and summary of the hydrogeological regime at 
Colsterworth Landfill Site was undertaken as part of the 2003 PPC Permit 
Application. The 2003 Hydrogeological Risk Assessment considered two 
pathways, basal leakage and side wall leakage. The basal leakage pathway 
considered the migration of generated leachate through a substantial thickness 
of Lias Clay (between 33m to 56m) prior to reaching the underlying Marlstone 
Rock; identified as a possible receptor. The side wall leakage pathway 
considered the lateral migration of perched leachate during both the operational 
and post-operational periods of Colsterworth Landfill’s lifecycle. The 2003 
Hydrogeological Risk Assessment concluded that migration of leachate from 
the sidewalls of Colsterworth Landfill Site would only be likely if leachate levels 
were allowed to exceed rest groundwater levels surrounding the landfill void. 

2.2.2 The 2007 Hydrogeological Risk Assessment Review, built upon the 2003 
hydrogeological conceptual site model and incorporated the findings of 
additional site investigation works, including the installation of three deep 
monitoring boreholes in 2005. Using a conservative assessment process, the 
2007 Hydrogeological Risk Assessment Review proposed that the minimum 
thickness of Lias Clay beneath the base of Colsterworth Landfill Site to be 
34.65m and the maximum thickness to be 53.16m. The 2007 Hydrogeological 
Risk Assessment Review also reviewed the potential for side wall leakage from 
Colsterworth Landfill Site. The 2007 Hydrogeological Risk Assessment Review 
incorporated lithology depths from monitoring borehole drilling logs and 
identified the top of the Lias Clay to be approximately 115mAOD. In light of the 
leachate compliance limit was 105mAOD at the time that the 2007 
Hydrogeological Risk Assessment Review was produced. Accordingly, it was 
considered that the pathway for lateral leakage from Phases 1-4 into the 
adjacent Lincolnshire Limestone and Northampton Sands no longer existed. 

2.2.3 A review of leachate levels at Colsterworth Landfill Site was undertaken by ESI 
in 2014 (ESI, 2014) included a further review of the geology surrounding 
Colsterworth Landfill Site, particularly the boundary of the Northampton Sand 
Formation and the Lias Clay. As previously indicated, the 2003 Hydrogeological 
Risk Assessment identified the boundary between these two units at 
approximately 115mAOD, however, the 2014 leachate level review revised the 
elevation of this boundary down to 113mAOD. 

2.2.4 No significant revisions to the hydrogeological conceptual site model were made 
in either the 2013 or 2019 HRARs, apart from a statement within 2019 HRAR 
which confirmed that the due to the thickness of Lias Clay located between the 
base of Phases 1-4 and the Marlstone Rock, the migration of leachate from the 
base of Phases 1-4 to the Marlstone Rock is no longer considered to be a 
significant pathway. 

2.2.5 As previously discussed, in light of the revised landfilling proposals and the 
deposition of qualifying materials in Phases 5 & 6 and the Phase 1-4 Overtip, 
the CSM for Colsterworth Landfill Site was revised in examine the potential 
pathways from both the existing waste deposits contained within the 
permanently capped Phases 1-4 and the proposed deposits of qualifying 
materials within Phases 5 & 6. Further the enhanced pre-application 
discussions held with the EA, three CSM section lines transecting previously 
infilled (and permanently capped) phases of Phases 1-4 and the areas for future 
infilling operations (Phases 5 & 6 and Phase 1-4 Overtip) and are presented in 
Drawing No. WR7600/11/15, with the routes of these CSM Section Lines 
presented in Drawing No. WR7600/11/14.  
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2.2.6 To ensure that all potential pathways could be identified the current leachate 
compliance level of 109mAOD was included within the areas of the CSM section 
line which incorporated Phases 1-4. Additionally, theoretical maximum leachate 
compliance limits and control levels of 112mAOD and 111mAOD were included. 

2.2.7 This revised CSM indicated that the revised landfilling proposals will have no 
impact on the previously established pollutant pathways for leachate generated 
within Phases 1-4 of Colsterworth Landfill Site. Accordingly, it is considered that 
due to the vertical separation between the current leachate compliance limit and 
the base of the Northampton Sands Formation means that leachate generated 
within Phases 1-4 is fully contained within the Lias Clay. This containment within 
the Lias Clay isolates the pollution source, thereby removing the potential for 
leachate to migrate (vertically or laterally) and negatively impact surrounding 
aquifer units (i.e., Northampton Sands Formation, Lincolnshire Limestone and 
Marlstone Rock). Furthermore, the groundwater levels recorded in the 
surrounding aquifer units (i.e., Northampton Sands Formation and the 
Lincolnshire Limestone) are all elevated relative the current leachate 
compliance limit by at least 6m. This hydrogeological scenario creates a 
hydraulic gradient flowing into Phases 1-4 thereby hydraulically containing the 
leachate and further preventing lateral leachate migration. 

2.2.8 With regards to the proposed deposits of qualifying materials within Phases 5 & 
6 and the Phase 1-4 Overtip, whilst the nature of the proposed wastes for 
disposal have been designated as containing limited to negligible pollution 
potential with respect to the production of landfill gas or leachate, a potential 
pollution pathway is present. Upon examination of the positioning of the 
proposed deposits within Phases 5 & 6 and the Phase 1-4 Overtip, it is proposed 
that the potential for basal leakage of leachate into the underlying Marlstone 
Rock aquifer is negligible. This low likelihood is attributed to the physical 
separation of the base of Phases 5 & 6 and the Phase 1-4 Overtip to the 
Marlstone Rock by both the underlying Lias Clay (with a previously determined 
minimum thickness of 34.65m) and the pre-existing non-hazardous waste 
locations in Phases 1-4. In addition to the waste within Phases 1-4 the presence 
of a permanent cap; consisting of by a fully welded LLDPE Double Textured 
Geomembrane Liner, will act as an additional barrier against vertical liquid 
migration from Phases 5 & 6 and the Phase 1-4 Overtip into the underlying 
Marlstone Rock. 

2.2.9 Despite the inherent limited to negligible pollution potential from generated 
landfill leachate, the basal elevation of Phases 5 & 6 relative to the surrounding 
geology indicates the potential for lateral leakage of leachate through the side 
walls surrounding the perimeter of Phases 5 & 6. Unlike leachate contained 
within Phases 1-4 which is contained solely within the Lias Clay, the sidewalls 
of Phases 5 & 6 and the Phase 1-4 will be located adjacent to the Northampton 
Sands and Lincolnshire Limestone lithologies. Whilst there is the potential for 
an element of hydraulic containment due to the elevated groundwater levels 
within the Lincolnshire Limestone, due the low attenuation capacity of 
limestone, it is prudent to consider the lateral migration of leachate through the 
side wall lining system of both Phases 5 & 6 and the Phase 1-4 Overtip as a 
potential pollution pathway.  

Geology 

2.2.10 From review of British Geological Survey 1:50,000 scale geology maps, publicly 
available borehole records and borehole logs prepared following site 
investigations undertaken at Colsterworth Landfill Site and the installation of 
monitoring infrastructure, the underlying geological succession in the vicinity of 
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the site can be determined and summarised. A summary of this geological 
succession (including unit thicknesses) is presented in Table HRA4.   

Table HRA4: Geological Sequence at Colsterworth Landfill 

Geological Unit Thickness Description 

Made Ground 

0 – 9.4m 
(Located exclusively along the 

northern perimeter of 
Colsterworth Landfill Site) 

Loose cobbles of light whiteish brown limestone 
in a sandy clay matrix with some ironstone 

cobbles and boulders 

Lincolnshire Limestone 
Formation – Great Oolite 

Group 
4 – 15m 

Highly fractured white oolitic and micritic 
limestones 

Grantham Formation 
(Lower Estuarine Series) 

1 – 11m  
Weak to strong sandy clay, ironstone, limestone 

and sandstone. Site borehole information 
describes brown clay and green/blue shale 

Northampton Sand 
Formation 

0 – 4.5m Very strong ferruginous sandstone  

Upper Lias Clay – 
Whitby Formation 

60m Dark blue grey mudstone 

Marlstone Rock 
Formation 

>9m 
(Base of Unit not Observed) 

Ferruginous oolitic limestone and calcareous 
sandstone. 

2.2.11 As previously discussed, the base (and a significant proportion) of Phases 1-4 
is situated within the Upper Lias Clay; covering a vertical distance of 
approximately 25m. The remaining side exposures consist of the Northampton 
Sand, Grantham and Lincolnshire Limestone Formations which cover a 
cumulative vertical distance of approximately 15m. 

2.2.12 The base of Phase 5 will be situated on the upper boundary of the Upper Lias 
Clay, therefore the exposures along the northern, southern and western rock 
side wall will comprise the Northampton Sand, Grantham and Lincolnshire 
Formations. However, it is important to note that a significant proportion of 
country rock exposures will not be in direct contact with the proposed side wall 
lining system. Prior to the development of Phase 5 a cut and fill exercise utilising 
site won material will be undertaken to develop the buttresses required to 
produce the desired side wall gradient of 1:2.5. As most of the country rock 
around the perimeter of Phases 5 & 6 is vertical (as depicted in Drawing 
Reference WR7600/11/15) extensive buttresses will be constructed, with the 
site derived material acting as a separation layer between the side wall liner and 
the solid geology. 

2.2.13 Regarding the Phase 1-4 Overtip, as this overtip area will be developed over 
the permanently capped Phases 1-4, side wall exposures along the northern, 
eastern and southern sidewall will consist of the Northampton Sand, Grantham 
and Lincolnshire Limestone Formations. 

2.2.14 Due to the initial design of the Colsterworth Quarry, which has since become 
the Colsterworth Landfill Site, no separation of the eastern extent of Phases 5 
& 6 and the western extent of the Phase 1-4 Overtip Area by solid geology is 
encountered due to its earlier removal as a mineral resource. 

Hydrogeology 

Physical Characteristics 

2.2.15 The Environment Agency classifies the Lincolnshire Limestone, Northampton 
Sand and Grantham Formations as aquifer units with the following paragraphs 
summarising their assigned aquifer classifications and the physical 
characteristics of each lithology. 
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2.2.16 The Lincolnshire Limestone Formation is classified by the Environment Agency 
as a Primary aquifer unit which consists of compact oolitic limestones. This 
lithological fabric results in a relatively low primary intergranular porosity and 
permeability; indicated by Bird (1974) to be in the region of 3x10-4m/d, however, 
the Lincolnshire Limestone Formation has a high secondary permeability due 
to the presence of macro and micro fractures which have been enhanced by 
subsequent karstic weathering. The total porosity of this lithological unit is 
estimated by Edmunds and Watson (1983) vary between 13 to 18%. 
Groundwater flow through this unit it predominantly achieved through fracture 
flow, with pumping tests undertaken by Anglian Water at Kirkby la Thorpe, which 
is located approximately 18 miles from Colsterworth Landfill Site indicated a 
transmissivity of 700 to 1280m2/d (Griffiths et al., 2006).  

2.2.17 The Northampton Sand Formation is classified as a Secondary A lithology and 
primarily consists of a ferruginous sandstone with lenses of mudstone and 
limestone (as indicated in Table HRA4), although specific fossiliferous horizons 
have been identified. Published hydrogeological data indicates that the typically 
transmissivity of the Northampton Sandstone Formation to be approximately 
60m2/d, and that this is typically facilitated through fracture flow, although there 
is the potential for an element of intergranular flow if the lithology has undergone 
extensive weathering. However, as the Northampton Sand Formation 
encountered at Colsterworth Landfill is overlain by both the Grantham and 
Lincolnshire Limestone Formations, it is considered that the Northampton 
Sandstone in the vicinity of the Site has not undergone extensive weathering. It 
is appreciated that exposure of Northampton Sands along the quarry/landfill 
void side wall will have experienced an element of weathering, however, it is 
considered that this weathering will not have penetrated extensively into the 
quarry side walls. Typically, this lithological unit is in hydraulic continuity with 
the overlying Lincolnshire Limestone Formation, however, due to the confirmed 
presence of the Grantham Formation around the vicinity of Colsterworth Landfill 
Site both the Lincolnshire Limestone and the Northampton Sand Formations 
are considered hydraulically separate. 

2.2.18 The Grantham Formation (formally referred to as the Lower Estuarine Series) 
is classified as a Secondary Undifferentiated Aquifer and consists of a up to 8m 
of sands with beds of carbonaceous, silts, clays and occasional calcareous 
sandstones. The presence of clays and silt significantly limits the hydraulic 
potential of this lithological unit; to such an extent that it is considered a 
hydrogeological barrier between the Lincolnshire Limestone and the 
Northampton Sand Formations. 

2.2.19 The Lias Clay is not classified as an aquifer by the Environment Agency, 
reflecting the high intrinsic permeability of low groundwater storage capacity of 
this lithological unit with historic site investigation works undertaken at 
Colsterworth Landfill Site indicating an in-situ permeability of ≤1x10-9m/s.  

Groundwater Flow 

2.2.20 Groundwater levels have been monitored at the site since 1999 through a total 
of 18 monitoring boreholes installed around the periphery of Colsterworth 
Landfill Site, 14 of which remain active with monitoring in BH01/90, BH13/93, 
BH8/91 and BH9/91 being superseded by replacement boreholes in August 
2009. Groundwater levels within the Lincolnshire Limestone, Northampton 
Sand are primarily measured within these boreholes alongside the groundwater 
levels in the Marlstone Rock. A statistical summary of monitoring data from 1999 
to 2019 is presented in Table HRA5 whilst a hydrograph is presented in 
Appendix HRAR3.  
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Table HRA5: Summary of Groundwater Levels at Monitoring Wells 

BH ID 
1999-2019 Water Levels (mAOD) 

Lithology Monitored Comments 
Minimum Mean Mode Maximum 

BH01/04 116.38 117.40 117.68 118.54 
Lincolnshire Limestone, Grantham Formation, Northampton 

Sandstone and Upper Lias Clay 
Levels mostly in Northampton Sands 

BH01/09 112.67 117.70 117.71 118.17 Made Ground Monitoring commenced in August 2009 

BH02/09 115.26 116.45 117.13 118.63 Northampton Sands Monitoring commenced in August 2009 

BH03/09 113.66 115.96 116.1 117.03 Grantham Formation and Northampton Sands 
Monitoring commenced in August 2009 – 

Levels mostly in Northampton Sands 

BH04/09 115.12 115.98 115.59 117.16 Grantham Formation and Northampton Sands 
Monitoring commenced in August 2009 – 

Levels mostly in Northampton Sands 

BH05/09 114.28 115.46 114.71 117.61 Grantham Formation, Northampton Sandstone and Lias Clay 
Monitoring commenced in August 2009 – 

Levels mostly in Northampton Sands 

BH06/09 115.98 117.40 117.45 119.18 Northampton Sands Monitoring commenced in August 2009 

BH07/01 117.22 118.10 118.16 121 Made Ground and Northampton Sands - 

BH07/02 116 118.25 118.23 118.99 Made Ground and Northampton Sands - 

BH07/03 114.49 117.54 118.05 119.13 Made Ground and Northampton Sands - 

BH07/09 116.26 117.4 116.67 119.93 Northampton Sands Monitoring commenced in August 2009 

BH08/09 115.25 117.59 118.07 119.11 Made Ground and Northampton Sands Monitoring commenced in August 2009 

BH01/90 119.94 122.95 122.94 123.69 Lincolnshire Limestone Monitoring ceased in August 2009 

BH03/90 114.86 118.67 115.77 123.22 Lincolnshire Limestone - 

BH13/93 114.46 116.25 117.32 119.38 Northampton Sands Monitoring ceased in August 2009 

BH05/90 114.83 117.65 115.79 124.96 Lincolnshire Limestone and Northampton Sands Levels mostly in Northampton Sands 

BH08/91 115.27 116.21 116.77 116.81 Lincolnshire Limestone and Northampton Sands 
Monitoring ceased in August 2009 – 
Levels mostly in Northampton Sands 

BH09/91 117.46 118.56 117.71 124.1 Lincolnshire Limestone and Northampton Sands 
Monitoring ceased in August 2009 – 
Levels mostly in Northampton Sands 
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2.2.21 Updated groundwater contours associated with monitoring boreholes 
monitoring exclusively the Northampton Sand Formation are presented in 
Drawing No. WR7600/11/11. These groundwater contours indicate a 
groundwater flow direction of northwest to southeast confirming the 
groundwater flow regime proposed in the 2003 HRA which supported the 
original PPC Application. Drawing No. WR7600/11/11 also enabled for the 
groundwater hydraulic gradient across Colsterworth Landfill Site to be identified, 
with this value indicated a being approximately 0.006. Due to the limited number 
of active groundwater monitoring boreholes located solely within the 
Lincolnshire Limestone it has not been possible to derive groundwater contours 
for this lithological unit. However, as groundwater flow (and by association 
hydraulic gradient are influenced by both the dip of the strata and overlying 
surface topography, it is considered that the direction of groundwater flow and 
hydraulic gradient within the Lincolnshire Limestone correlates to the 
groundwater flow direction and hydraulic gradient observed in the Northampton 
Sand Formation. The hydraulic gradient proposed for the Lincolnshire 
Limestone is supported by hydraulic gradient values published in Hiscock, K.M. 
et al., 2010. This paper focussed on the Lincolnshire Limestone with the study 
area included the site of the Colsterworth Landfill site. As part of their study 
Hiscock K.M. et al., utilised a piezometric map and derived an average hydraulic 
of between 0.001 and 0.01. 

2.2.22 The statistical analysis presented in the Table HRA5 and the groundwater 
hydrograph included in Appendix HRAR3 demonstrate that groundwater levels 
around the periphery of the site have remained largely stable through the 
monitoring period, groundwater level fluctuations are observed within specific 
boreholes; including BH03/09 and BH03/90, groundwater with these 
fluctuations reflected in Table HRA5. Further examination identified that these 
fluctuations are limited to those boreholes which monitor groundwater within the 
Lincolnshire Limestone Formation (either exclusively or in combination with 
other lithologies). It is proposed that these fluctuations are the result of sudden 
increase in groundwater levels due to increased rates of recharge (i.e., heavy 
rainfall events) when the fracture flow permeability of the Lincolnshire 
Limestone allow for rapid increases and decreases in groundwater levels. This 
would account for the skewed nature of the recorded groundwater levels, with 
the elevation difference between the maximum recorded groundwater levels 
and mean and most likely levels substantially more than the elevation difference 
between the minimum recorded groundwater level and the mean and most likely 
levels. The consistency of the minimum groundwater levels is attributed to the 
Northampton Sands aquifer also screened by these boreholes. 

2.2.23 Groundwater levels within boreholes which exclusively measure the 
Northampton Sands show a more consistent trend and whilst fluctuations are 
observed in the boreholes, they are of significantly lower magnitude and occur 
over longer durations (i.e., multiple readings compared to a single reading).  

2.2.24 Based on the current understanding of groundwater levels surrounding the site, 
there are two aquifer systems adjacent to the sidewall of Colsterworth Landfill 
Site, the Northampton Sands Aquifer and the Lincolnshire Limestone Aquifer. 
Groundwater levels within both aquifers indicate that they are currently 
substantially higher than the current leachate compliance limit of 109mAOD. 
Additionally, the geological logs prepared alongside each monitoring borehole 
indicate that a substantial unsaturated zone exists beneath the base of 
Colsterworth Landfill Site and that this zone consists of Lias Clay.   
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2.3 Receptor 

2.3.1 The Site is not located within a Source Protection Zone; however, the 
Environment Agency classifies the Lincolnshire Limestone strata beneath the 
site as a Primary Aquifer and the Northampton Sand Formation as a Secondary 
‘A’ Aquifer which are capable of supporting water supplies on strategic and local 
scales respectively. 

Compliance Points 

2.3.2 The primary receptor to the discharge of pollutants from the landfill relate to 
groundwaters in the immediately surrounding Lincolnshire Limestone and 
Northampton Sandstone Formations. 

2.3.3 The following compliance points have been identified: 

Hazardous Substances 

2.3.4 In line with current EA guidance, the point of compliance for Hazardous 
Substances (formerly List I substances) is the down-gradient boundary of the 
site relative to the direction of groundwater flow beneath the site within the 
vertical mixing depth.   

Non-Hazardous Pollutants 

2.3.5 As with previous HRAs, the compliance point for Non-Hazardous Pollutants 
(formerly List II substances) remains groundwater in the aquifer horizon at the 
down-gradient boundary of the site. 

Groundwater Quality 

2.3.6 Groundwater quality in the vicinity of Colsterworth Landfill Site is currently 
monitored routinely around the perimeter of the site in a total of 17 perimeter 
monitoring boreholes (BH01/04, BH01/09, BH02/09, BH03/09, BH04/09, 
BH05/09, BH06/09, BH07/01, BH07/02, BH07/03, BH07/09, BH08/09, 
BH01/90, BH03/90, BH13/93, BH05/90 and BH08/91). As indicated in Table 
HRA5 each borehole screens a designated stratum including from the 
Lincolnshire Limestone and Northampton Sandstone Formations. 

2.3.7 These monitoring boreholes provide an indication of downgradient (BH01/04, 
BH02/09, BH03/09, BH04/09, BH05/09, BH03/90 and BH08/91), cross-gradient 
(BH01/09, BH06/09, BH08/09, BH07/01, BH07/02, BH07/03, BH05/90) and 
upgradient (BH07/09, BH01/90 and BH13/93) groundwater quality. 

2.3.8 Statistical analysis of all the background groundwater quality monitoring data 
recorded in all monitoring boreholes between 1999 and 2019 has been 
undertaken as part of this HRA review. A summary of monitored groundwater 
quality around the periphery of the site is presented in both Table HRA6 and 
Table HRA7 with individual datasets and associated timeseries plots presented 
in Appendix HRAR4. 

2.3.9 Examination of the timeseries charts and analysed monitoring data (presented 
in Table HRA6) from the upgradient boreholes indicate that background 
concentration of all indicator species not showing any increasing trends since 
1999. This stability in background groundwater quality is depicted in the 
timeseries plots prepared for ammoniacal nitrogen and chloride which visually 
demonstrate consistent concentrations the monitoring period. 
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2.3.10 Further review of the time series plots identified that between 1999 and 
December 2002, concentrations of ammoniacal nitrogen were substantially 
higher than concentrations recorded since January 2003. It is interpreted and 
the historic ammoniacal nitrogen concentrations recorded in BH01/90 are the 
result of a historic source of pollution situated upgradient of the Colsterworth 
Landfill Site which has since been removed. Accordingly, to ensure that a 
representative background concentration is derived and utilised during this 
assessment it is considered prudent to derive the ammoniacal nitrogen 
Environmental Assessment Limit (presented in Table HRA8) from ammoniacal 
nitrogen concentration recorded from January 2003 onwards. 

2.3.11 Examination of the peripheral boreholes monitoring the cross-gradient 
groundwater regime also in indicate that groundwater quality has either 
remained consistent or improved throughout the monitoring window. The 
longest temporal record of cross-gradient groundwater quality is provided by 
BH05/90 and examination of this borehole across the prepared timeseries plots 
demonstrate that apart from rare, elevated concentrations (subsequently 
identified as statistical outliers) concentrations of all determinands have 
remained stable. This stability of groundwater quality depicted for this borehole 
in the timeseries plots is further represented in the datasets contained within the 
statistical summary presented in Table HRA6. Review of the analysed datasets 
indicated that the mean and most frequent recorded values for all parameters 
strongly correlate to one another, further indicating that concentrations within 
these boreholes have remained stable throughout the monitoring period. 

2.3.12 It is appreciated that additional cross-gradient monitoring boreholes have been 
installed and brought online during the Site’s operational lifespan. An additional 
six monitoring boreholes installed in cross-gradient locations around 
Colsterworth Landfill Site between 2001 and 2009. Examination of these 
boreholes has identified that apart from three parameters (chloride, nickel and 
sulphate) recorded concentrations in these six boreholes strongly correlate to 
those identified in BH01/90, indicating a stable cross-gradient groundwater 
environment. 

2.3.13 As previously indicated, whilst the six additional cross-gradient groundwater 
monitoring boreholes recorded groundwater quality concentrations which 
strongly correlated to one another and depicted a stable groundwater quality 
environment, it was noted that weaker correlation was observed when the 
chloride, nickel and sulphate monitoring records were examined. A review of 
the statistical summary data presented in Table HRA6 indicates that recorded 
concentrations within boreholes located along the northern perimeter of 
Colsterworth Landfill Site; namely BH07/01, BH07/02, BH07/03 and BH08/09. 
Across all four of these concentrations elevated concentrations of chloride, 
nickel and sulphate; relative to the cross-gradient boreholes located on the 
southern perimeter, were identified. Examination of available borehole 
information associated within the boreholes installed along the Site’s northern 
perimeter indicate these boreholes have been installed in an area backfilled with 
quarry material. Accordingly, it is considered that in addition to measuring 
groundwater levels associated within the underlying Northampton Sands, the 
cross-gradient boreholes located along the Site’s northern boundary also 
monitoring groundwater quality within the quarry backfill material. It is 
considered that the presence of this material influences the observed 
groundwater quality and results in the elevated concentrations observed in both 
the time series plots presented in Appendix HRAR4 and the statistical 
summary presented in Table HRA6. It is also important to note that whilst 
elevated concentrations for these determinands were recorded, the generated 
time-series plots demonstrate that recorded concentrations have decreased 
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from when the monitoring boreholes were first installed, with recorded 
concentrations having now reduced to levels comparable to those recorded in 
cross-gradient boreholes located along the southern boundary of the Site. 
These localised elevated concentrations and subsequent decreasing trend 
indicates that the observed concentrations are likely the result of the dissolution 
of minerals/compounds contained in small quantities within the quarry backfill 
material (which is primarily Lias Clay) in which the monitoring boreholes are 
situated which have reacted with the oxygen and groundwater, rather than 
leachate migrating from Phases 1-4. It is proposed that the observed reduction 
in recorded concentrations is the result of these minerals/compounds within the 
quarry backfill material exposed during initial drilling operations have undergone 
complete dissolution within the groundwater and have returned to an unreactive 
state. It is observed that this decreasing trend is not observed in cross-gradient 
sulphate concentrations however, a review of the surrounding stratigraphy and 
geochemical properties of these lithologies indicates that the observed elevated 
sulphate concentrations are a result of the release of sulphate cations from the 
surrounding geology, particularly the reworked Lias Clay into the surrounding 
groundwater. The Lias Clay lithology was formed within the primarily reducing 
environment with limited oxygen available. Accordingly, pyrite makes up a 
significant proportion of minerals contained within this lithology. Borehole logs 
prepared during the installation of monitoring boreholes along the northern 
boundary of Colsterworth Landfill Site indicated that a significant proportion of 
the borehole length is situated within quarry backfill materials consisting of 
reworked clay. The movement of clay from its original location (in a reducing 
environment) to an oxygen rich environment within a groundwater saturated 
zone facilitates the dissolution of pyrite into sulphate which is then detected in 
subsequent laboratory testing. Those cross-gradient monitoring boreholes 
which are not situated in areas of quarry backfill material (namely BH05/90 and 
BH06/09), but instead are situated within in-situ geology present significantly 
lower sulphate concentrations which are comparable to those recorded in the 
upgradient boreholes. 

2.3.14 It is also note that chloride concentrations recorded in BH07/03 increased 
between 2013 and mid-2017 before beginning to decrease from mid-2017 
onwards. Such an increase is not observed in any other borehole located in the 
vicinity of BH07/03 and as such it is considered that the elevated concentrations 
are due to a localised change in groundwater chemistry rather than widespread 
change in groundwater quality due to landfilling operations. 

2.3.15 It is therefore considered that the elevated sulphate concentrations recorded 
within the cross-gradient boreholes do provide a representative picture of 
groundwater quality located cross-gradient to the Site and indicates that any 
elevated concentrations observed are the result of historic mining activities 
rather than landfill operations. 

2.3.16 A review of groundwater quality records for monitoring boreholes located 
downgradient of Colsterworth Landfill Site indicate that groundwater quality 
downgradient of the Site strongly correlates to recorded groundwater quality 
upgradient for the site. This strong correlation is depicted in Table HRA7 where 
there is a visible similarity between the mode and mean determinands 
concentrations including ammoniacal nitrogen, chloride cadmium, copper and 
zinc. As with the groundwater quality recorded in cross-gradient boreholes, 
elevated concentrations in nickel and sulphate are recorded in downgradient 
boreholes. However, it is noted that these concentrations are larger lower than 
those recorded in the previously discussed cross-gradient boreholes. As with 
the concentrations recorded in cross-gradient boreholes, it is noted that several 
the monitoring boreholes are screened across clay dominated lithologies 
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(including the Lias Clay and Grantham Formation). Accordingly, it is proposed 
that a similar pyrite dissolution process is being undertaken within these 
boreholes, however, to a more limited extent as the clay lithologies in which the 
pyrite dissolution is occurring are undisturbed relative to the reworked Lias Clay 
encountered in the cross-gradient boreholes. This is reflected in the lower nickel 
and sulphate concentrations recorded downgradient of Colsterworth Landfill 
Site relative to the northern cross-gradient boreholes. 

2.3.17 It is also identified that chloride concentrations recorded within borehole 
BH02/09 are consistently elevated when compared to other groundwater quality 
monitoring boreholes around the periphery of the Site and demonstrates 
seasonality. Previous historical monitoring boreholes installed at Colsterworth 
Landfill Site (BH09/91) have also shown elevated chloride concentrations. The 
elevated chloride concentrations within BH09/91 were attributed to its proximity 
to the road which runs along the eastern boundary of the Site. It was concluded 
that recorded chloride concentrations within BH09/91 were influenced by road 
run-off containing higher than background levels of chloride from road salt 
application, which resulted in the observed elevated chloride readings. Due to 
the positioning of BH02/09 along this same road and the observed seasonality 
in chloride concentrations, it is considered that BH02/09 is experiencing the 
same road run-off influence identified within BH09/91 and that the recorded 
chloride concentrations are a result of infiltrating road run-off rather than 
chloride migrating from Phases 1-4. The potential for hydraulic connectivity 
between downgradient monitoring boreholes and the surrounding road network 
was first discussed as part of the 2003 ESID document which explored the 
connection between BH02/90 and the adjacent highway and confirmed that this 
had been discussed with and acknowledged by the Environment Agency.  

2.3.18 A review of the long-term groundwater quality monitoring records around 
Colsterworth Landfill Site has also identified that the Limit of Detection values 
for several determinands has improved during the monitoring period. The 
reduction in the Limit of Detection values is clearly visible when examining 
upgradient, cross-gradient and downgradient timeseries plots. It has been 
identified that the initial improvement in Limit of Detection values occurred in 
2002 with subsequent improvements in 2007 and 2011. Out of these three 
instances in Limit of Detection reduction the 2002 reduction was the most 
substantial with Limit of Detection values decreasing by up to 80%. This is 
exemplified in the recorded Limit of Detection value for lead which decreased 
from 0.025mg/l to 0.005mg/l. It is noted that for many of these determinands 
subsequent readings have not exceeded (or even matched) their respective 
pre-2002 Limit of Detection values. Accordingly, it was considered prudent to 
exclude Limit of Detection values (where present) from the analysis process. It 
was considered that to retain the substantially elevated would have introduced 
a skew into the analysed dataset which would have resulted in an unrealistic 
impression of groundwater quality surrounding Colsterworth Landfill Site. To 
ensure consistency across this HRA review, this approach was applied to 
datasets recording in all groundwater monitoring boreholes (upgradient, cross-
gradient and downgradient). 
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2.3.19 Finally, a comparison of the surrounding groundwater levels, stratigraphic 
succession and current leachate levels within Phases 1-4. This review 
confirmed that current leachate management levels and compliance limits are 
substantially below the lowest extent of the Northampton Sand Formation. As 
previously indicated, maintaining landfill leachate at a level entirely within the 
Lias Clay isolates the leachate and prevents the migration of pollutants into the 
surrounding Northampton Sand aquifer. This disconnection between the 
existing pollutant source and monitored aquifer units has been interpreted to 
mean that the groundwater quality surrounding the Colsterworth Landfill Site 
can be considered indicative of the background groundwater quality 
independent of landfilling operations. 
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Table HRA6: Summary of Monitored Groundwater Quality in Upgradient and Cross-Gradient Monitoring Boreholes between 1999 & 2019 

Parameter Statistic 
Upgradient Monitoring Boreholes Cross-Gradient Monitoring Boreholes 

BH07/09 BH01/90 BH13/93 BH01/09 BH06/09 BH07/01 BH07/02 BH07/03 BH08/09 BH05/90 

Ammoniacal 
Nitrogen 
(mg/l) 

Minimum <0.01 0.03 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Mode <0.01 1.5 0.03 <0.01 0.015 0.02 <0.01 0.01 <0.01 0.03 

Mean 0.07 4.0 0.06 0.05 0.32 0.12 0.07 0.08 0.09 0.16 

Maximum 1.1 15 0.28 0.305 1.62 0.85 0.5 0.5 0.6 1 

St Dev 0.20 4.3 0.05 0.056 0.46 0.15 0.09 0.097 0.13 0.2 

Count 64 39 47 67 66 63 69 58 61 176 

Arsenic 
(mg/l) 

Minimum - - - <0.001 - - - - - <0.001 

Mode - - - <0.001 - - - - - <0.001 

Mean - - - <0.001 - - - - - <0.001 

Maximum - - - <0.001 - - - - - <0.001 

St Dev - - - - - - - - - - 

Count - - - 3 - - - - - 4 

Benzo(a)pyr
ene 
(mg/l) 

Minimum - - - <0.003 - - - - - <0.003 

Mode - - - - - - - - - - 

Mean - - - <0.003 - - - - - <0.003 

Maximum - - - <0.003 - - - - - <0.003 

St Dev - - - - - - - - - - 

Count - - - 1 - - - - - 1 

Cadmium 
(mg/l) 

Minimum <0.00002 <0.0003 <0.0004 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 

Mode <0.0001 - <0.0005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Mean 0.0001 0.0003 0.0004 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0002 

Maximum <0.0003 <0.0005 <0.0005 <0.0003 0.0003 0.000597 0.000227 0.000304 0.0003 0.0005 

St Dev 0.0001 0.0001 - 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

Count 65 2 16 67 67 65 69 59 61 81 

Chloride 
(mg/l) 

Minimum 22 28 15 42 21 17 15 12 19 3.75 

Mode 32 50 22 150 30 25 230 28 56 16 

Mean 32.8 48.7 25.4 360 45 31 135 26.9 88.2 19.4 

Maximum 46 81 57 890 130 58 270 57 210 39 

St Dev 4.2 9.5 9.1 225 20 7.2 55 8 39 5.6 

Count 64 49 49 68 68 63 69 57 61 178 
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Parameter Statistic 
Upgradient Monitoring Boreholes Cross-Gradient Monitoring Boreholes 

BH07/09 BH01/90 BH13/93 BH01/09 BH06/09 BH07/01 BH07/02 BH07/03 BH08/09 BH05/90 

Chromium 
(mg/l) 

Minimum <0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Mode <0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Mean 0.0012 - - 0.0015 0.0018 0.0014 0.0014 0.0016 0.0016 0.0016 

Maximum 0.003 - - 0.005 0.006 0.004 0.004 0.004 0.005 0.007 

St Dev 0.001 - - 0.002 0.002 0.002 0.002 0.002 0.002 0.002 

Count 5 - - 6 5 5 5 4 5 7 

Copper 
(mg/l) 

Minimum <0.00085 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Mode <0.001 - <0.005 <0.001 <0.001 <0.001 <0.001 <0.003 <0.001 <0.005 

Mean 0.0013 0.0023 0.0036 0.0018 0.0015 0.0018 0.0019 0.0016 0.0019 0.004 

Maximum <0.003 <0.005 0.005 0.00468 0.004 0.005 0.006 0.004 0.008 0.017 

St Dev 0.0007 0.002 0.001 0.001 0.001 0.001 0.002 0.001 0.002 0.003 

Count 25 2 17 25 25 25 25 21 22 63 

Lead 
(mg/l) 

Minimum <0.00002 <0.002 <0.005 0.00004 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 

Mode <0.001 - <0.005 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.005 

Mean 0.0014 0.0026 0.0042 0.0013 0.0015 0.0012 0.0014 0.0013 0.0013 0.0028 

Maximum 0.004 <0.005 0.009 0.003 0.007 <0.003 0.004 <0.003 <0.003 0.012 

St Dev 0.0009 0.002 0.0013 0.0008 0.0014 0.0008 0.001 0.0008 0.0008 0.0023 

Count 25 2 16 27 26 25 26 22 24 50 

Mecoprop 
(mg/l) 

Minimum <0.00002 - 0.00003 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 

Mode <0.00002 - 0.00003 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 

Mean <0.00002 - 0.00003 <0.00002 0.0006 0.00024 <0.00002 <0.00002 0.000024 0.000022 

Maximum 0.00003 - 0.00003 0.00005 0.0059 <0.0001 0.00003 0.00003 0.00009 <0.0001 

St Dev 0.0000065 - - 0.0000083 0.0011 0.000017 0.0000063 0.0000067 0.00002 0.000013 

Count 41 - 4 41 42 41 40 38 40 43 

Mercury 
(mg/l) 

Minimum - - - <0.0001 - - - - - <0.0001 

Mode - - - <0.0001 - - - - - <0.0001 

Mean - - - <0.0001 - - - - - <0.0001 

Maximum - - - <0.0001 - - - - - <0.0001 

St Dev - - - - - - - - - - 

Count - - - 3 - - - - - 3 
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Parameter Statistic 
Upgradient Monitoring Boreholes Cross-Gradient Monitoring Boreholes 

BH07/09 BH01/90 BH13/93 BH01/09 BH06/09 BH07/01 BH07/02 BH07/03 BH08/09 BH05/90 

Nickel 
(mg/l) 

Minimum <0.001 0.0017 <0.0009 <0.003 <0.001 <0.003 <0.001 0.001 <0.003 <0.0009 

Mode <0.003 - <0.005 0.012 0.003 0.003 0.004 0.004 0.011 <0.005 

Mean 0.002 0.003 0.004 0.012 0.008 0.0055 0.004 0.005 0.007 0.0054 

Maximum 0.008 <0.005 0.009 0.0355 0.038 0.026 0.009 0.011 0.013 0.015 

St Dev 0.002 0.001 0.002 0.009 0.009 0.006 0.002 0.003 0.004 0.005 

Count 25 2 17 27 26 25 24 22 24 65 

Sulphate 
(mg/l) 

Minimum 90 62.8 - 863 48.1 788 453 224 432 151 

Mode 99 87 - 1000 72 - - - - 252 

Mean 100 84 - 955 77 867 734 417 792 239 

Maximum 114 120 - 1040 126 1000 916 580 1080 346 

St Dev 8 16 - 54 23 60 133 127 166 53 

Count 15 11 - 16 15 15 16 12 15 31 

Zinc 
(mg/l) 

Minimum <0.00041 0.004 <0.005 <0.002 <0.002 <0.002 <0.002 <0.002 0.00054 <0.002 

Mode <0.002 <0.01 0.007 0.004 <0.002 <0.004 <0.004 <0.004 <0.004 0.01 

Mean 0.008 0.02 0.096 0.004 0.006 0.005 0.004 0.006 0.0071 0.01 

Maximum 0.064 0.9 0.035 0.009 0.033 0.028 0.012 0.018 0.073 0.09 

St Dev 0.002 0.024 0.009 0.002 0.008 0.006 0.003 0.004 0.015 0.01 

Count 25 16 17 26 24 24 23 21 22 62 

¹ - Where concentrations are below the laboratory reporting limit, a value equal to 75% the reporting  
limit has been used 
² - Statistical outliers for period removed 
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Table HRA7: Summary of Monitored Groundwater Quality in Downgradient Monitoring Boreholes between 1999 & 2019 

Parameter Statistic 
Downgradient Boreholes 

BH01/04 BH02/09 BH03/09 BH04/09 BH05/09 BH03/90 BH08/91 

Ammoniacal 
Nitrogen 
(mg/l) 

Minimum <0.01 <0.01 <0.01 <0.01 <0.01 <0.015 0.08 

Mode 0.03 <0.01 <0.01 <0.01 <0.01 0.03 0.15 

Mean 0.13 0.1 0.05 0.06 0.03 0.2 0.69 

Maximum 1.6 1.5 0.6 1 0.5 1.5 1.9 

St Dev 0.25 0.25 0.09 0.16 0.06 0.3 0.55 

Count 129 68 66 67 66 132 33 

Arsenic 
(mg/l) 

Minimum <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - 

Mode <0.001 <0.001 <0.001 <0.001 <0.001 0.001 - 

Mean <0.001 <0.001 <0.001 <0.001 <0.001 0.001 - 

Maximum <0.001 <0.001 <0.001 <0.001 <0.001 0.001 - 

St Dev - - - - - 0.0001 - 

Count 3 3 3 3 2 3 - 

Benzo(a)pyrene 
(mg/l) 

Minimum <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 - 

Mode - - - - - - - 

Mean <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 - 

Maximum <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 - 

St Dev - - - - - - - 

Count 1 1 1 1 1 1 - 

Cadmium 
(mg/l) 

Minimum <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 - 

Mode <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 - 

Mean 0.0002 0.0001 0.0001 0.0001 0.0001 0.0002 - 

Maximum 0.0005 <0.0003 0.0003 <0.0003 <0.0003 <0.0005 - 

St Dev 0.0000 0.0001 0.0001 0.0001 0.0001 0.0001 - 

Count 81 67 66 67 67 88 - 

Chloride 
(mg/l) 

Minimum 3.75 26 42 33 12 11 34 

Mode 17 430 50 47 36 33 43 

Mean 24.5 263 53.3 48.5 32.1 34.2 87.9 

Maximum 193 623 97 63 53 56 278 

St Dev 26 147 10 5.5 9.1 9.2 53.9 

Count 130 68 67 65 68 188 38 
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Parameter Statistic 
Downgradient Boreholes 

BH01/04 BH02/09 BH03/09 BH04/09 BH05/09 BH03/90 BH08/91 

Chromium 
(mg/l) 

Minimum <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - 

Mode <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - 

Mean 0.0016 0.002 0.0015 0.0015 0.0016 0.0014 - 

Maximum 0.006 0.008 0.005 0.005 0.006 0.005 - 

St Dev 0.0021 0.003 0.0017 0.0017 0.0021 0.0016 - 

Count 6 6 6 6 6 7 - 

Copper 
(mg/l) 

Minimum <0.001 <0.00085 <0.001 <0.001 <0.00085 <0.00085 - 

Mode <0.005 <0.001 <0.001 <0.001 <0.001 <0.005 - 

Mean 0.0027 0.0017 0.0015 0.0018 0.0013 0.0033 - 

Maximum 0.00993 0.003 0.004 0.009 0.004 <0.01 - 

St Dev 0.0019 0.0008 0.001 0.002 0.0009 0.0025 - 

Count 46 26 26 26 25 65 - 

Lead 
(mg/l) 

Minimum <0.00002 0.000031 <0.00002 <0.00002 <0.00002 <0.00002 - 

Mode <0.001 <0.001 <0.001 <0.001 <0.001 <0.005 - 

Mean 0.0032 0.0012 0.0013 0.0014 0.0013 0.0029 - 

Maximum 0.018 <0.003 0.004 0.006 0.003 0.017 - 

St Dev 0.0035 0.0008 0.0009 0.0012 0.0009 0.003 - 

Count 47 27 27 27 27 53 - 

Mecoprop 
(mg/l) 

Minimum <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 - 

Mode <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002 - 

Mean 0.000023 0.000022 0.000021 <0.00002 <0.00002 0.000035 - 

Maximum <0.0001 <0.0001 <0.0001 0.00003 0.00003 0.0002 - 

St Dev 0.000013 0.000014 0.000012 0.000006 0.000006 0.000045 - 

Count 47 41 39 39 39 48 - 

Mercury 
(mg/l) 

Minimum <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 - 

Mode <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 - 

Mean <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 - 

Maximum <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 - 

St Dev - - - - - - - 

Count 3 3 3 3 3 3 - 
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Parameter Statistic 
Downgradient Boreholes 

BH01/04 BH02/09 BH03/09 BH04/09 BH05/09 BH03/90 BH08/91 

Nickel 
(mg/l) 

Minimum <0.003 <0.001 0.001 <0.001 <0.001 <0.001 - 

Mode <0.005 0.01 0.003 0.003 0.007 <0.005 - 

Mean 0.006 0.006 0.006 0.004 0.008 0.006 - 

Maximum 0.014 0.014 0.026 0.01 0.035 0.15 - 

St Dev 0.003 0.004 0.005 0.003 0.009 0.005 - 

Count 45 25 27 26 27 66 - 

Sulphate 
(mg/l) 

Minimum 434 347 320 240 78 59 31.5 

Mode - - 323 330 - 346 - 

Mean 1130 632 366 356 316 270 172 

Maximum 1690 1250 478 416 460 558 321 

St Dev 352 276 50 41 87 122 89 

Count 17 17 16 17 17 31 11 

Zinc 
(mg/l) 

Minimum <0.002 <0.002 0.00095 0.0015 <0.002 0.00092 <0.01 

Mode <0.004 <0.004 <0.002 <0.002 <0.002 <0.004 0.01 

Mean 0.008 0.005 0.003 0.005 0.004 0.009 0.02 

Maximum 0.021 0.013 0.018 0.023 0.016 0.08 0.06 

St Dev 0.005 0.004 0.003 0.006 0.004 0.015 0.02 

Count 45 26 25 25 25 63 9 

¹ - Where concentrations are below the laboratory reporting limit, a value equal to 75% the reporting limit has been used 
² - Statistical outliers for period removed 
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Environmental Assessment Levels 

2.3.20 The setting of Environmental Assessment Levels (EALs) is necessary in order 
to assess whether the requirements of the Environmental Permitting 
Regulations 2016 are likely to be met. 

2.3.21 As previously indicated, the existing deposits of non-hazardous biodegradable 
wastes within Phases 1-4 are primarily contained within the low permeability 
Lias Clay with only a small exposure of Northampton Sands incorporated within 
the sidewalls of Phases 1-4. As discussed earlier in Section 1.2 of this document 
and in previous HRA Reviews, the positioning of Phases 1-4 relative to the 
surrounding geology and the maintenance of a leachate compliance limit below 
that of the lowest point of the Northampton Sands Formation means that 
leachate generated within Phases 1-4 is fully contained within the Lias Clay. 

2.3.22 This containment of leachate from Phases 1-4 within the Lias Clay isolates the 
pollution source, thereby removing the potential for leachate to migrate 
(vertically or laterally) and negatively impact surrounding aquifer units (i.e., 
Northampton Sands Formation, Lincolnshire Limestone and Marlstone Rock). 
Furthermore, the groundwater levels recorded in the surrounding aquifer units 
(i.e., Northampton Sands Formation and the Lincolnshire Limestone) are all 
elevated relative the current leachate compliance limit by at least 6m. This 
hydrogeological scenario creates a hydraulic gradient flowing into Phases 1-4 
thereby hydraulically containing the leachate and further preventing lateral 
leachate migration. Accordingly, it is considered that further assessment of this 
element is not required and that EALs derived and utilised in previous 
assessments remain valid. 

2.3.23 Regarding the proposed deposition of qualifying materials within the western 
quarry void and over the existing permanently capped Phases 1-4, it is 
appreciated that this is the first time such an assessment will have been 
undertaken. Accordingly, the setting of EALs specific to the proposed qualifying 
material deposits are required to assess whether the requirements of the 
Environmental Permitting Regulations 2016 are likely to be met 

2.3.24 To ensure that EALs representative to the Site are selected and that the 
subsequent Hydrogeological Risk Assessment provides a site assessment of 
groundwater pollution potential, the following selection criteria shall be 
employed. 

2.3.25 For Hazardous Substances, the EALs shall be derived by comparing a 
monitored baseline concentration value for each of the Hazardous Substances 
identified as a “Priority Contaminant” in Section 1.2 of this document and 
comparing this monitored baseline against Limit of Quantification (LoQ) values 
as defined in UK Technical Advisory Group on the Water Framework Directive 
Report “Technical Report on Groundwater Hazardous Substances”, 2016. Upon 
comparison if the monitored baseline concentration is lower than the LoQ value 
the monitored baseline concentration will be selected as the EAL. If the 
monitored baseline concentration is higher than the relevant LoQ then the 
maximum statistically valid upgradient concentration will be selected as the 
EAL. Finally, if no concentrations of a hazardous substance are recorded in the 
upgradient monitoring boreholes then the corresponding LoQ value will be 
selected as the EAL. Where LoQ values are not available, the appropriate 
laboratory limits of detection will be selected. 
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2.3.26 The aforementioned monitored baseline conditions will be derived by collating 
all upgradient groundwater monitoring records and analysing this dataset. Once 
any statistical outliers have been identified and removed, the monitored 
baseline for each parameter will be based on the mean concentrations + two 
standard deviations. 

2.3.27 The derivation of EALs for Non-Hazardous Pollutants shall follow a similar 
process to that described for Hazardous Substance, however, instead of 
utilising LoQ values, the monitored baseline concentrations will be compared 
against the relevant UK Drinking Water Standards (DWS)2 or the UK 
Environmental Quality Standards (EQS). Additionally, in situations where the 
monitored baseline concentration is significantly below the corresponding 
DWS/EQS then the DWS/EQS will be utilised. However, to ensure that a 
conservative EAL is selected the DWS/EQS value will be reduced by 25% with 
this reduced value selected as the EAL. 

2.3.28 Details of the EALs to be taken forward for assessment purposes are presented 
in Table HRA8. 

Table HRA8: Review of Environmental Assessment Levels (mg/l) 

Substance 
Limit of 

Quantification1 

Laboratory 
Limits of 
Detection 

Environmental 
Quality 

Standard² 

Monitored 
Baseline 

Concentration 

Proposed 
EAL 

Hazardous Substances 

Arsenic 0.005 0.001 0.01 NR 0.0052 

Benzo(a)pyrene 0.000005 0.003 0.00001 NR 0.00001 

Lead 0.0002 0.005 0.01 0.0061 0.0061 

Mercury 0.00002 0.001 0.001 NR 0.00052 

Substance 
Limit of 

Quantification1 

Laboratory 
Limits of 
Detection 

Environmental 
Quality 

Standard² 

Monitored 
Baseline 

Concentration 

Proposed 
EAL 

Non-Hazardous Pollutants 

Ammoniacal 
Nitrogen 

- 0.01 0.39 1.1 1.1 

Cadmium - 0.0001 0.005 0.0004 0.001254 

Chloride - - 250 60 1255 

Chromium - 0.001 0.05 0.0032 0.01254 

Copper - 0.001 2 0.0087 0.54 

Nickel - 0.001 0.02 0.017 0.017 

Sulphate - - 250 137.4 188 

Zinc - 0.002 5 0.03 1.254 

¹ - applies to hazardous substances only 
² - based on concentration in groundwater below which the danger of deterioration in the quality of the 

receiving groundwater is avoided (as presented in UKTAG, 2016) 
3 - EAL derived from mean + 2 standard deviations of monitoring records from January 2003 onwards 
4 - 25% of EQS value 
5 - 50% of EQS value 
NS - None Specified 
NR - Not Recorded 
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3.0 HYDROGEOLOGICAL RISK ASSESSMENT 

3.1 Introduction 

3.1.1 Whilst the proposed changes will not result in a net reduction in the overall 
footprint and capacity of the Colsterworth landfill facility, it is proposed to revise 
the list of permitted wastes that can be accepted at the site and amend the 
engineering specification of the sidewall lining system and permanent cap 
design for the remaining unrestored areas of the landfill. Accordingly, two 
separate assessments will be undertaken to ensure that all potential risks are 
identified and considered. Firstly, an assessment of the risk posed by the 
existing permanently capped biodegradable non-hazardous waste deposits 
within Phases 1-4 will be made. This assessment will examine not only the 
current risk posed by the existing waste deposits but also the risks posed by the 
proposed qualifying material deposits to the surrounding hydrogeological 
environment. 

3.2 Existing Waste Deposits – Landfill Phases 1-4 

Nature of the Hydrogeological Risk Assessment 

3.2.1 The Hydrogeological Risk Assessment submitted in support of the 2003 PPC 
Permit application utilised detailed quantitative analysis to identify the risk posed 
by Colsterworth Landfill to the surrounding groundwater environment. This 
review identified that there was no risk of Hazardous Substances (formerly List 
I) or Non-Hazardous Pollutants (formerly List II) being discharged into the 
groundwater environment during the lifecycle for the landfill site. This 
quantitative risk assessment approach was undertaken as a precautionary 
approach owing to the lack available data relating the thickness of the Lias Clay 
underlying Colsterworth Landfill Site uncertainty regarding the  

3.2.2 A subsequent site investigation undertaken in 2005 provided further insight into 
the geological conditions surrounding Colsterworth Landfill Site and allowed for 
a more realistic conceptual site model to be developed during the 2007/2008 
Hydrogeological Risk Assessment Review. This revised conceptual site model 
identified that receptors are disconnected from the landfill by an impermeable 
natural geological barrier; the Lias Clay. Accordingly, it was proposed (and 
accepted) that a qualitative risk assessment would be appropriate. 

3.2.3 This qualitative modelling approach has been utilised in all subsequent 
Hydrogeological Risk Assessment Reviews. 

3.2.4 Following the review and updating of the conceptual site model undertaken as 
part of this Hydrogeological Risk Assessment review, it has been confirmed that 
the conceptual site model derived during the 2007 Hydrogeological Risk 
Assessment review remains valid and that the current pollution source within 
Phases 1-4 of Colsterworth Landfill Site remains isolated within the Lias Clay. 
Accordingly, as the proposed increased leachate compliance limit would 
continue to remain entirely within the Lias Clay lithology, thereby it is considered 
that a qualitative risk assessment remains appropriate. 
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Assessment Scenarios 

Previous Assessment Scenarios 

3.2.5 Environment Agency guidance requires that Hydrogeological Risk 
Assessments are carried out for the whole lifecycle of the landfill. 

3.2.6 The original Hydrogeological Risk Assessment submitted in support of the 2003 
PPC permit application considered the pollution potential of Colsterworth 
Landfill Site during both the operational and post operational period and utilised 
LandSim and Crystal Ball modelling software to identify the predicated impact 
on the surrounding aquifer units under both normal operating conditions and 
failure scenarios. The 2003 HRA also considered the potential for basal leakage 
into the underlying Lias Clay and the potential for the migration of leachate from 
through the sidewall lining systems into the surrounding aquifer units. The 2003 
Hydrogeological Risk Assessment also undertook a review of the technical 
precautions for Colsterworth Landfill Site. 

3.2.7 Subsequent Hydrogeological Risk Assessment developed the hydrogeological 
conceptual site model presented in the 2003 Hydrogeological Risk Assessment 
and utilising additional site investigation results and proposed landfill phase 
design refined the identified source-pathway-receptor linkages to provide a 
more representative hydrogeological conceptual site model. The 2007/2008 
Hydrogeological Risk Assessment Review examined the hydrogeological 
conceptual site model and proposed that the revised engineering specifications 
of the sidewall engineering systems resulted in the removal of the Lincolnshire 
Limestone and Northampton Sand Formation as a receptor. Additionally, the 
likelihood of basal leakage from Colsterworth Landfill Site was also considered 
and it was determined that due to the thickness and the poor background quality 
of the Marlstone Rock that the risk posed to this receptor was negligible. In light 
of this review to the hydrogeological conceptual site model the nature of the 
assessment was reduced from a quantitative assessment to a qualitative 
assessment. This assessment process has subsequently been approved by the 
Environment Agency and subsequently utilised in the following two 
hydrogeological risk assessment reviews. 

Proposed Assessment Scenarios 

3.2.8 Following the review and update of the hydrogeological conceptual site model 
presented in Section 1.2 and the proposed alterations to the nature of future 
waste deposits and amendments to engineering specifications within these 
overtip areas, it is considered appropriate to assess the risk to groundwater 
beneath and around the periphery of Colsterworth Landfill Site during the active 
management and post-management phases to ensure that all landfill lifecycle 
phases and incorporated into this assessment. 

3.2.9 An assessment examining the effects of the consolidation on the existing non-
hazardous after the placement of the QM material above the existing capping 
system will also be undertaken to identify the consolidation of the material will 
affect the leachate levels. Further information on the squeezing assessment, 
including modelling data, selected model parameters are presented in the 
accompanying Stability Risk Assessment (Doc. Ref.: WR7600/08). 
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Active Management Phase 

3.2.10 This phase of the hydrogeological risk assessment considers the potential for 
diffuse migration through the natural geological barrier and engineered sidewall 
systems of the existing permanently capped Phases 1-4 to groundwater held 
within the Northampton Sand Formation, Lincolnshire Limestone and Marlstone 
Rock aquifer units. This risk assessment considers the pollution potential of 
Phases 1-4 associated with the current leachate compliance limits 109mAOD.  

3.2.11 In lieu of geological formation levels and leachate compliance limits (current and 
proposed) within Phases 1-4 of Colsterworth Landfill Site which indicate that the 
leachate levels would be fully isolated within the Lias Clay this landfill lifecycle 
phase is assessed using a qualitative assessment methodology. 

Post-Management Phase 

3.2.12 It is proposed that active leachate management at Colsterworth Landfill Site will 
continue until such a time that leachate is considered to not to pose a significant 
risk to soils or groundwater in accordance with Schedule 22 of Environmental 
Permitting Regulations.  

Justification for Modelling Approach 

Active Management Phase 

3.2.13 As discussed during the review of the existing hydrogeological conceptual site 
in Section 1.2, the interface between the top of the Lias Clay and the base of 
the Northampton Sand Formation is higher than the current leachate 
compliance limits for Phases 1-4 of Colsterworth Landfill Site. This arrangement 
means that the leachate contained within Phases 1-4 of Colsterworth Landfill 
Site are located wholly within the Lias Clay lithology. 

3.2.14 Site investigations undertaken at Colsterworth Landfill Site has demonstrated 
that the Lias Clay extends c.35m beneath the lowest basal elevation of the Site. 
Owing to the substantial thickness of low permeability Lias Clay underlying the 
landfill it is considered that the risk posed to groundwater within the underlying 
Marlstone Rock Formation from basal leakage from Phases 1-4 is significantly 
reduced. Consequently, in light of this and the previously presented evidence 
that the groundwater in the Marlstone Rock is of naturally poor quality and does 
not discharge into surface water courses, it is considered that the proposed 
increased leachate compliance level will not result in an increased risk posed to 
this aquifer unit as the Lias Clay will continue to act as natural geological barrier. 

3.2.15 The other pollution pathway identified during previous Hydrogeological Risk 
Assessment reviews is the migration of leachate through the side wall lining 
system into adjacent Northampton Sand Formation and Lincolnshire Limestone. 
However, it has been identified during the review of the hydrogeological 
conceptual site model that the permanently capped surface of Phases 1-4 is 
located substantially below the lowest elevation of the Lincolnshire Limestone, 
for this reason is it considered that this lithological unit is disconnected from 
Phases 1-4 and no longer at risk from any pollution from the historical waste 
deposits including the proposed increase in leachate compliance limits within 
Phases 1-4. 
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3.2.16 With regards to the risk posed by existing waste deposits to the Northampton 
Sand Formation, a review of the revised Hydrogeological Conceptual Site Model 
presented in Drawing No. WR7600/11/15 indicates that the current leachate 
compliance limit is wholly contained within the Lias Clay and that the proposed 
leachate limits would also be wholly contained within the Lias Clay. Considering 
this, it is considered that leachate within Phases 1-4 would remain disconnected 
from the Northampton Sand Formation and therefore a lateral leachate 
migration pathway does not exist. Additionally, the groundwater levels within the 
Northampton Sand Formation are situated above the current leachate 
compliance limits. It is considered that not only is the leachate isolated from the 
Northampton Sands by a natural geological barrier, but that groundwater levels 
within the Northampton Sand Formation means that Phases 1-4 is also 
operating under hydraulic containment.  

3.2.17 In addition to the above, a qualitative risk from accidents was considered in the 
original PPC application. As the proposed revision the list of waste for 
deposition within the landfill will reduce the pollution potential of the incoming 
material (i.e., do not generate/negligible potential to generate a landfill leachate) 
it is considered that this will not significantly increase the risk to the 
hydrogeological environment. The original assessment is therefore considered 
to remain valid. 

Post-Management Phase 

3.2.18 As previously discussed, Phases 1-4 of Colsterworth Landfill would only enter 
this phase once specific hydrogeological completion criteria relating to 
maximum quality of landfill leachate have been met and satisfied. 

3.2.19 It is proposed that leachate management will continue until such a time that 
leachate is considered to not to pose a significant risk to soils or groundwater in 
accordance with Schedule 22 of Environmental Permitting Regulations 

Model Parameterisation 

Active Management Phase 

3.2.20 No modelling (semi-quantitative of quantitative) of the active management 
phase of Phases 1-4 of Colsterworth Landfill Site is proposed as part of this 
hydrogeological risk assessment review, therefore it is considered that no 
parameterisation is required. 

Post-Management Phase 

3.2.21 No modelling (semi-quantitative of quantitative) of the post-management phase 
of Phases 1-4 of Colsterworth Landfill Site is proposed as part of this 
hydrogeological risk assessment review, therefore it is considered that no 
parameterisation is required. 

Emissions to Groundwater 

Active Management Phase 

3.2.22 As previously discussed, due to the maintaining of leachate compliance levels 
within the surrounding Lias Clay it is considered that the pollution source within 
Phases 1-4 of Colsterworth Landfill Site is isolated from the identified receptors. 
Accordingly, it is considered that emissions to groundwater from Phases 1-4 
during the active management phase of the Site’s lifecycle is negligible. 
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3.2.23 The aforementioned squeezing assessment utilised the same finite element 
model, used to assess the stability and integrity of the proposed engineering 
works associated with the permit variation. The squeezing assessment 
identified that the predicted amount of consolidation within the Phase 1-4 
deposits due to deposition of qualifying material deposits will be approximately 
150mm. Considering the typical porosity of the waste as 20% and applying a 
15% reduction to account for the consolidation, the porosity post consolidation 
reduces to approximately 17%. The liquid that is occupying the 3% of pore 
space that is lost, is considered the volume that will give rise to the increase in 
leachate level.  Considering the 1m3 area discussed above this gives rise to 
approximately 0.03m3 of liquid generated per 1m3 of waste which is assumed to 
generate an increase in the y direction across the whole waste mass equally.  
This will generate an approximate increase in leachate head of approximately 
30mm.  The magnitude of the modelled increase will result in leachate levels 
remaining below the groundwater levels in the surrounding Northampton Sand 
Formation, therefore ensuring hydraulic containment. 

Post-Management Phase 

3.2.24 As previously discussed, Phases 1-4 of Colsterworth Landfill Site will only 
progress into the post-management phase once leachate is considered to not 
to pose a significant risk to soils or groundwater as specified in the Schedule 22 
of Environmental Permitting Regulations. 

3.2.25 Accordingly, it is considered that when leachate concentrations reach this 
threshold, the impact of emission to groundwater and soils is negligible. 

Review of Technical Precautions – Phases1-4 

Capping 

3.2.26 The design of the engineered permanent cap proposed in the 2003 PPC 
application has not been altered and has since been installed across the entirety 
of Phases 1-4. In addition to this permanent cap the deposition of the proposed 
qualifying material deposits over the installed permanent cap will further limit 
infiltration into Phases 1-4. 

3.2.27 Due to the presence of artificial membrane cap over the top of Phases 1-4 of 
Colsterworth Landfill site, it is appreciated that this element will be subject to 
degradation over time. The 2003 Hydrogeological Risk Assessment considered 
the integrity duration of such a permanent cap and proposed that the integrity 
of the installed membrane cap would be maintained for the first 250 years, 
following which it would begin to degrade at a linear rate up until 1000 years. 
The 2003 Hydrogeological Risk Assessment then proposed that from this point 
onwards, infiltration rates through the cap would mirror effective precipitation 
rates and as such would rise above the expected infiltration rate through a 
membrane cap of 50mm/year. However, a review by Sirius of LLDPE cap 
performance indicates that initial infiltration rates are likely to be as low as 5-
10mm/year.  However, with the engineered cap to be installed on the final waste 
levels of the Phase 5 & 6 and Phase 1-4 Over-tip areas is likely to result in 
higher infiltration (i.e., 50mm/yr).  This would ultimately lead to a head build-up 
over the LLDPE cap at the base, which could ultimately increase infiltration into 
the Phase 1-4 waste deposits, up to ~50mm/yr, even when the LLDPE cap has 
degraded. 
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Basal and Sidewall Lining Systems 

3.2.28 The base of Phases 1-4 of Colsterworth quarry comprises of a natural 
geological barrier which is at least 34m thick with a typical in-situ permeability 
of ≤1x10-9m/s. The side walls of Phases 1-4 located within the Lias Clay also 
comprise of a Lias Clay natural geological barrier, with this extending c.25m up 
the sidewall of Phases 1-4. Above the Lias Clay lithology, the sidewall lining 
consists of a steep wall lining system comprising of a separator geotextile 
overlying a 1m thick clay blanket (with a permeability of ≤1x10-9m/s and a 
gradient of 1:1.5) overlying a second separator geotextile under which is a 
300mm backwall drainage aggregate layer and a final separator geotextile. 

Leachate Management 

3.2.29 The leachate drainage system employed in Phases 1-4 of Colsterworth Landfill 
Site consists of pipework contained within a gravel surround and leachate 
abstraction sumps and monitoring points. The leachate management system 
can be enhanced as the site progresses through its lifecycle with the installation 
and upgrading of leachate management infrastructure being undertaken as 
necessary. 

Groundwater Management 

3.2.30 During the operation of the landfill, groundwater within the surrounding 
Northampton Sand Formation and Lincolnshire Limestone will continue to be 
allowed to drain under gravity into the installed backwall drainage layer placed 
behind the sidewall lining system installed within Phases 1-4. The intercepted 
groundwater will be collected within a perforated groundwater collector drain 
(with a nominal fall of 1:200) and directed into a groundwater pumping chamber. 
The intercepted groundwater is them transferred by pump into the site’s surface 
water management system from where it is discharged through a consented 
discharge point to a soakaway. 

3.2.31 Upon restoration of the quarry, the groundwater management operation will be 
discontinued, and groundwater levels will be allowed to recover to their pre-
quarrying levels. 

Surface Water Management 

3.2.32 During the active filling phase, the surface water run-off from the footprint of 
Phases 1-4 (including run-off and seepages from the waste mass) was directed 
to the same holding and settlement lagoons that support the on-site 
groundwater management activities. Water contained within these lagoons 
were subsequently discharged to a soakaway via a consented discharge point. 

3.2.33 During the deposition of the proposed qualifying materials over the permanent 
cap of Phases 1-4 a similar surface water management system will be 
employed. 

3.2.34 Upon restoration of the quarry, surface water from the restored surface will be 
captured by a network of drainage ditches/swales and drain to a network of 
pond that will form wetland habitats which will subsequently discharge to 
soakaway via the consented discharge point as shown in Drawing No. 
ESID11/2. A surface water management plan outlining these proposals has 
been prepared to support the wider EPVA application and is contained within 
Appendix HRAR5. 
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3.3 Proposed Waste Deposits – Landfill Phases 5 & 6 and Phase 1-4 Overtip 

Nature of the Hydrogeological Risk Assessment 

3.3.1 As previously indicated, it is proposed that Colsterworth Landfill Site will accept 
a select list of non-biodegradable non-hazardous materials which meet the 
requirements of the LFTQMO for deposition within the western quarry void and 
the remaining void located over the permanently capped Phases 1-4. Such 
materials are defined as containing limited to negligible pollution potential with 
respect to the production of landfill gas or leachates. 

3.3.2 Based on this definition of the proposed qualifying materials, the site should not 
produce any leachate that could result in any significant discharges of 
Hazardous Substances or Non-Hazardous Pollutants throughout the lifecycle of 
the site. Therefore, it is considered that these materials present a limited risk to 
the surrounding hydrogeology. 

3.3.3 However, notwithstanding the above, it is considered that a semi-quantitative 
risk assessment is required given that the proposed site is located sub-water 
table to the Lincolnshire Limestone aquifer and Northampton Sand Formation 
aquifers. In order to assess the risk to the environment, it is considered 
appropriate to assess the potential worst-case leachate quality that could 
potentially be generated based on the Waste Acceptance Criteria and the 
deposit of a rogue load at the site during the lifecycle of the qualifying material 
landfill deposits. 

Proposed Assessment Scenario 

3.3.4 As the proposed deposition of qualifying material deposits within the western 
quarry void is a new revision to the development strategy for Colsterworth 
Landfill Site, previous hydrogeological risk assessment scenarios did not 
specifically consider this type of material. Instead focussing on the pollution 
potential from biodegradable non-hazardous wastes, identical to those 
contained within Phases 1-4. 

3.3.5 A quantitative risk assessment was undertaken in support of the 2003 
Hydrogeological Risk Assessment which supported the 2003 PPC Permit 
Application with subsequent quantitative risk assessment following the 
2007/2008 Hydrogeological Risk Assessment review. 

3.3.6 However, none of the previously completed risk assessment considered the 
nature of qualifying wastes proposed for deposition within the western quarry 
void and void above Phases 1-4. Therefore, it is considered that the following 
risk assessment will be the first to directly consider the risk to the surrounding 
hydrogeology posed by the proposed qualifying materials. 

3.3.7 As discussed in the risk assessment examining the pollution potential for the 
existing deposits within Phases 1-4, Environment Agency guidance requires 
that Hydrogeological Risk Assessments are carried out for the whole lifecycle 
of the landfill. Accordingly, assessment of the different lifecycle phases of the 
proposed qualifying material deposits was undertaken to identify whether any 
segregation of the risk assessment process was required to account for 
cessation specific activities (e.g., leachate management). 

3.3.8 This lifecycle analysis review identified that as the proposed deposits are 
classed as qualifying materials and therefore the risk associated with any 
generated leachate is negligible, no active leachate management is required, 
and no managed landfill phases will be considered in this model. 
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3.3.9 Although an engineered cap is proposed over the surface of the qualifying 
deposits, there is no degradable element of this permanent cap, therefore it is 
not considered necessary to consider deterioration of this element in the risk 
assessment. Furthermore, water balance and pollution transport mechanisms 
between will only occur during the post closure phase.  

3.3.10 However, examination of the surrounding groundwater levels and the proposed 
qualifying materials has identified that the interaction between these elements 
will alter during the lifespan of these cells, particularly once the groundwater 
management operations undertaken at the Site have ceased and groundwater 
levels are allowed to rebound, and groundwater is able to migrate into the landfill 
void. 

3.3.11 In lieu of the above, it is considered that the risk assessments examine specific 
lifecycle phases of the proposed qualifying materials deposits are required to 
examine the pollution potential of this element of the Colsterworth Landfill Site.  
A summary of each assessment scenario is provided below, outline the specific 
lifecycle phase being examined, the key hydrogeological aspects and the 
proposed risk assessment methodology. 

3.3.12 Visual depictions of the proposed quantitative modelling scenarios are 
presented in Drawing No. WR7600/11/16 and discussed below. 

Scenario 0 

3.3.13 This scenario examines the proposed qualifying material deposits within the 
western quarry void and Phase 1-4 overtip area during the operational phase of 
the site. 

3.3.14 During this scenario it is identified that groundwater in the adjacent aquifer units 
will be collected in the perimeter drainage system and transferred off-site via 
the pre-existing groundwater management system. Additionally, any 
precipitation/surface water collected within these deposits would be directed to 
the groundwater management infrastructure and removed from the void. 

3.3.15 Accordingly, it is considered in this scenario that as active groundwater 
management is being undertaken and that surface water infiltration into the site 
is strictly limited then an inward hydraulic gradient from both the Northampton 
Sand Formation and Lincolnshire Limestone will be acting on the qualifying 
material deposits. This lack of in-waste water and inward piezometric head 
hydraulic gradient will significantly reduce the potential to the lateral migration 
of contamination into the adjacent aquifer units and that a qualitative risk 
assessment of this lifecycle phases is required.  

Scenario 1 

3.3.16 This scenario is set after Scenario 0 during the phase of Colsterworth Landfill’s 
lifecycle when the proposed qualifying materials have been permanently 
capped and groundwater management operations have ceased. 

3.3.17 The cessation of groundwater management activities will enable for the 
groundwater levels within the Northampton Sand Formation and Lincolnshire 
Limestone to recover to their pre-management levels and introduce the 
possibility for migration between the aquifer units and qualifying material 
deposits (and vice-versa). 
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3.3.18 It is considered that the hydrogeological conditions at the commencement of 
this scenario closely align to those presented in Scenario 0, i.e., in-waste water 
levels are significantly below adjacent groundwater levels in both the 
Northampton Sand Formation and Lincolnshire Limestone. Unlike in Scenario 
0, the cessation of groundwater management operations means that 
groundwater within the aquifer units can infiltration through the sidewall lining 
system into the landfill void, thereby increasing the in-waste water level. It is 
also appreciated that the in-waste water levels will be added to by infiltration 
through the permanent cap. Under such conditions it is considered that the 
inward hydraulic gradient will prevent the migration of any pollution out of the 
qualifying material deposits. 

3.3.19 However, it is appreciated that two physically separated aquifer units; each with 
their own groundwater level are present within the sidewalls of the qualifying 
material deposits. During the period where in-waste water levels are below the 
groundwater level of both units it is considered that the in-waste water is 
hydraulically contained by both units. However, it is appreciated that in-waste 
water levels will continue to rise above the recovered groundwater level within 
the Northampton Sand Formation due to the groundwater level within the 
Lincolnshire Limestone. 

3.3.20 In this situation it is proposed that whilst the in-waste water levels are still 
hydraulically contained by the Lincolnshire Limestone, an outward hydraulic 
head difference has been established between the in-waste water level and the 
Northampton Sands. In such a situation the potential exists for in-waste water 
to migrate out of the qualifying materials into the Northampton Sand Formation. 

3.3.21 Accordingly, Scenario 1 has been selected to identify the potential impact on 
the qualifying materials on the Northampton Sand Formation when in-waste 
levels have risen to the base of the Lincolnshire Limestone. This in-waste water 
level threshold point has been selected as it is considered that this represents 
the worst-case pollution potential within Scenario 1 and that this pollution 
potential should be modelled using semi-quantitative dilution calculations.  

3.3.22 The justification behind the selection of this modelling point and the utilisation 
of semi-quantitative dilation calculations will be discussed in the subsequent 
justification of modelling approach and model parameterisation sections.  

Scenario 2 

3.3.23 Scenario 2 takes place later in the lifespan of the qualifying material deposits 
than both Scenario 0 and Scenario 1. This scenario considers the groundwater 
pollution potential from the qualifying material deposits once in-waste water 
levels have reached their theoretical maximum elevation within the waste mass. 

3.3.24 This scenario commences at the worst-case pollution potential point within 
Scenario 1 (i.e., when in-waste water levels have reached the base of the 
Lincolnshire Limestone) and extends up to the theoretical maximum in-waste 
water levels (i.e., the top of the sidewall lining system and the toe of the 
permanent cap). 

3.3.25 It is proposed that throughout Scenario 2 and outward hydraulic gradient exists 
between the in-waste water levels and groundwater within Northampton Sand 
Formation. Furthermore, it is considered that an inward hydraulic gradient exists 
during the initial stages of Scenario 2, however, once in-waste water levels 
reach the recovered groundwater levels in the surrounding Lincolnshire 
Limestone, this inward hydraulic gradient; and the associated inward infiltration 
of groundwater from the Lincolnshire Limestone, ceases. 
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3.3.26 Following this threshold, it is proposed that due to the continued infiltration of 
precipitation through the permanent cap installed over the qualifying materials 
an outward hydraulic gradient exists from the in-waste water levels into 
groundwater within both the Northampton Sand Formation and Lincolnshire 
Limestone. 

3.3.27 Accordingly, Scenario 2 has been selected to identify the potential impact on 
the qualifying materials on both the Northampton Sand Formation and 
Lincolnshire Limestone when in-waste levels have risen to the highest 
theoretical levels. This in-waste water level threshold point has been selected 
as it is considered that this represents the worst-case pollution potential within 
Scenario 2 and that the pollution potential to both lithologies should be modelled 
using separate semi-quantitative dilation calculations. 

Justification for Modelling Approach 

Scenario 0 

3.3.28 Due to the active groundwater management preventing the ingress of 
groundwater into the qualifying material deposits and the active removal an any 
surface water/precipitation that collects by site engineering effectively isolates 
the qualifying material deposits from the adjacent aquifer units and ensures that 
an inward hydraulic gradient from both aquifer units is maintained. 

3.3.29 Due to this hydrogeological setting, it is considered that the potential for outward 
migration of pollutants from the qualifying material deposits (and the associated 
pollution potential) is negligible. Consequently, it is considered that a qualitative 
assessment is sufficient to fully identify and analyse the risk posed to the 
surrounding hydrogeology during this landfill lifecycle phase. 

Scenario 1 & Scenario 2 

3.3.30 Due to the cessation of active groundwater (and in-waste water) management 
strategies the potential for interaction between surrounding groundwater and in-
waste water is introduced.  

3.3.31 It is considered that a qualitative assessment would not provide a sufficient 
insight into the interaction between the in-waste water and the surrounding 
groundwater and the associated pollution potential. Accordingly, due to the 
negligible potential of the proposed qualifying materials to generate harmful 
leachate or landfill gas emissions, it is considered that a semi-quantitative 
assessment examining the dilution capabilities of the Northampton Sand 
Formation and Lincolnshire Limestone (Scenario 2 only) will be sufficient to 
indicate the pollution potential on the immediate outside of the sidewall lining 
system.  

3.3.32 The quantitative dilution calculations conservatively consider the Northampton 
Sand Formation and Lincolnshire Limestone aquifers individually to identify 
whether these units alone will provide enough dilution if any contaminants that 
leak from the landfill. To ensure that maximum conservatism is achieved 
through this assessment, it is important to highlight that any attenuation (i.e., 
retardation, biodegradation and dispersion) through the AEGB (and aquifer) 
ignored. Similarly, the presence any engineer fill use to form sidewall buttresses 
in the Phases 5 & 6 is also ignored. 

3.3.33 Furthermore, the spreadsheet calculations are considered to provide 
conservative representation for the following reasons.  
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3.3.34 Based on the site conceptual hydrogeological model, as outlined within Section 
1.2, it is considered appropriate to assess the risk to groundwater within both 
the Lincolnshire Limestone and Northampton Sand Formation aquifers. Owing 
to the substantial thickness of Lias Clay, the existing waste deposits within 
Phases 1-4 and the presence of a permanent LLDPE geomembrane liner 
installed over Phases 1-4, the risk to the underlying Marlstone Rock aquifer is 
significantly reduced. Consequently, considered of the risks to the Lincolnshire 
Limestone and Northampton Sand aquifers is considered to afford appropriate 
confidence that there will be limited risk to the Marlstone Rock aquifer. 

3.3.35 Review of borehole logs produced during site investigation works and the 
installation of perimeter groundwater and gas monitoring boreholes indicate that 
the proposed qualifying material deposits will be largely located within the 
Lincolnshire Limestone aquifer although some exposures of the Northampton 
Sand Formation are present along the northern, southern and western 
sidewalls. Comparison of site borehole logs and as-built levels within Phases 1-
4 indicates that the Northampton Sand Formation along the eastern boundary 
of Colsterworth Landfill Site is wholly contained within Phases 1-4. However, to 
ensure that all potential risks are accounted for, it is considered appropriate to 
include migration through the eastern sidewall in the assessment process.  

3.3.36 The groundwater levels in both the Lincolnshire Limestone and Northampton 
Sand Formation are currently supressed by sidewall drainage activities but are 
considered to recover following the cessation of these activities to 
approximately 125mAOD and 120mAOD respectively around the periphery of 
the site. Upon the restoration of the quarry, water levels within the waste 
deposits are predicted to be governed by the highest groundwater level in the 
adjacent aquifer units (i.e., the Lincolnshire Limestone). However, it is 
appreciated that the presence of an AEGB with a maximum permeability of 
5x10-9m/s between the waste deposits and the aquifer units, which has a 
notably lower permeability, has the potential to generate a head difference 
between water levels in the landfill and the adjacent aquifer. 

3.3.37 This assessment therefore considers the advective migration of ‘leachate’ from 
the waste mass through the sidewall AEGB into the adjacent Lincolnshire 
Limestone and Northampton Sand Formation aquifers. To ensure that pollution 
potential of the proposed qualifying material on both aquifers is fully explored 
each aquifer unit will be considered separately. When examining the potential 
for pollution within both aquifers, will focus on all sidewalls of the landfill site. 
Moreover, each sidewall discharges into different aquifer flow paths which do 
not converge. Water levels within the waste deposits are likely to be lower than 
groundwater levels within the surrounding aquifer during the operational period 
of the landfill, therefore creating a hydraulic gradient into the landfill. The models 
therefore focus on the post-closure phase of the landfill lifecycle when 
groundwater management operations have ceased and water levels within the 
qualifying materials are likely to be higher than the external levels in the aquifer.   

3.3.38 Leachate concentrations are set at the maximum leachable concentrations 
derived from a review of waste data for a site taking similar wastes (as 
presented in Table HRA3).  Any decline in source term concentration which will 
occur during the operational phase of the landfill development is also 
conservatively ignored. 

3.3.39 A summary of the maximum leachate source terms utilised in the quantitative 
dilution modelling is presented in Table HRA9. 
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Table HRA9: Leachate Source Term Used in Quantitative Dilution Modelling 

Substance Concentration (mg/l) 

Ammoniacal Nitrogen 22 

Arsenic 0.116 

Benzo(a)pyrene 0.00019 

Cadmium 0.062 

Chloride 1,040 

Chromium 0.019 

Copper 0.024 

Lead 0.02 

Mercury 0.001 

Nickel 0.078 

Sulphate 1,820 

Zinc 1.6 

3.3.40 Further conservatism is included for by ignoring any leakage through the cap of 
the Phase 1-4 deposits and Lias Clay (albeit limited) in the calculation of the 
water balance for the Phase 5 & 6 and Phase 1-4 Over-tip areas.  Similarly, the 
leachate rates for the limestone aquifer ignore any leakage that will occur 
through to the lower Northampton Sandstone aquifer. 

Model Parameterisation 

Scenario 0 

3.3.41 No modelling (semi-quantitative of quantitative) of Scenario 0 is proposed as 
part of this hydrogeological risk assessment review, therefore it is considered 
that no model parameterisation is required. 

Scenario 1 & 2 

3.3.42 Details of the input parameters and their summary justifications for the proposed 
semi-quantitative dilution models are presented in Appendix HRAR6. A 
detailed summary of the justifications appliable to Scenario 1 and Scenario 2 is 
provided. 

Model Parameter Justifications (Scenario 1 & 2) 

3.3.43 Firstly, leachate concentrations for the priority inorganic substances are set to 
maximum leachate concentration from a leachate source term for Eardswick 
Hall Landfill Site, a hazardous soils landfill site. The leachate source term values 
for this site have been derived from a 12-year period and have been utilised and 
accepted for similar landfill sites. Accordingly, the leachate source terms for 
Eardswick Hall Landfill Site are considered a conservative source term 
representing the upper concentration range of material which could be 
deposited at Colsterworth Landfill Site. 

3.3.44 During infilling, any waters that infiltrate the wastes will subsequently drain out 
and collect within the surface and groundwater management network to be 
operated on the site. This free drainage scenario will result in a reduction in the 
leachable concentrations within the wastes mass during the infilling period. 
During this period in-waste water levels will be lower than surrounding 
groundwater levels creating an inward hydraulic gradient. Upon the cessation 
of infilling operations, the leachate source term of the waste will have reduced 
further. This decline in source term concentrations has been conservatively 
ignored in the calculations.  
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3.3.45 Calculations are based on a single permeability value for the AEGB of 5x10-9 
m/s at a thickness of 0.5m (or equivalent) for sidewall exposures situated along 
the Lincolnshire Limestone and a single permeability value for the AEGB of 
5x10-9 m/s at a thickness of 0.5m (or equivalent) for sidewall exposures situated 
along the Northampton Sand Lithology. Both permeability values conservatively 
ignore the lower permeabilities that are likely to be achieved from the cohesive 
soils that will be selected to construct the AEGB. 

3.3.46 The hydraulic conductivity of the Northampton Sand Formation has been 
derived from published transmissivity values of the confined Northampton Sand 
Formation in South Lincolnshire as published in Jones, H.K et al., 2000. Section 
6.3.3.5 of this document discusses the hydrogeological properties of the 
Northampton Sand Formation in South Lincolnshire and indicates that where 
the Northampton Sandstone is “6m and fully saturated it is likely to have a 
transmissivity of around 60m2/day”. A review of groundwater level data for the 
Northampton Sand Formation indicates that the Northampton Sand surrounding 
Colsterworth Landfill site is nearly fully saturated. It is considered that this 
lithology would be full saturated if not for the quarry working and the 
groundwater management activities. Accordingly, the transmissivity values 
stated in Jones, H.K et al., 2000 is considered to be representative of the 
hydraulic conductivity of the Northampton Sands and a value of 1.2x10-4 m/s 
has been utilised in the dilution calculations.  

3.3.47 The hydraulic conductivity of the Lincolnshire Limestone was determined 
following a similar review of published literature. Due to the well documented 
presence of secondary permeability of Lincolnshire Limestone it was decided 
that utilising published intergranular permeability values would not allow for a 
representation of dilution potential. Accordingly, it was considered prudent to 
derive the hydraulic conductivity of this lithological unit from fracture flow 
transmissivity values. The utilised hydraulic conductivity value was derived from 
the Lincolnshire Limestone groundwater velocities presented in Hiscock K.M et 
al., 2011. The study area examined by Hiscock K.M et al., 2011 focused on an 
area within South Lincolnshire which includes the area covered by Colsterworth 
Landfill Site and stated that groundwater velocities in this area range from 
30m/day to 100m/day. It was considered that the average value of these two 
endmembers would provide a conservative hydraulic conductivity of the 
Lincolnshire Limestone. Consequently, an average groundwater velocity of 
65m/day was selected from this dilution assessment and converted into a 
hydraulic conductivity of 7.5x10-4m/s. 

3.3.48 The hydraulic gradient across the site was calculated utilising groundwater 
elevations recorded within the Northampton Sand Formation around the 
periphery of Colsterworth Landfill Site (see Section 1.2). As part of the dilution 
assessment the site-specific hydraulic gradient was compared against 
published values for the hydraulic gradient in the South Lincolnshire region. A 
review of Hiscock K.M et al., 2011 indicated that average hydraulic gradients in 
the South Lincolnshire region are between 10-3 and 10-2, thereby validating the 
use of the site-derived hydraulic gradient (6x10-3) in this dilution assessment. 

3.3.49 The annual infiltration rate through the permanent cap restored with topsoil and 
grass was calculated with cognisance of region-specific annual average and 
effective precipitation levels derived from Greswell et al., 1998 and utilised a 
literature review of reported cap infiltration rates from landfill sites around the 
world. A summary of this literature review is provided in Sheet 4 of the dilatation 
assessment spreadsheets presented in Appendix HRAR6. 
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3.3.50 Following this review, an annual infiltration rate through a permanent 
engineered cap of 50mm/ha was selected. This selected infiltration value 
mirrors that used in the water balance calculations prepared in support of the 
2003 PPC application. Applying the selected infiltration rate to the area within 
which the deposition of qualifying materials is proposed (13.7ha) provides an 
indicative annual in-waste water generation volume through infiltration of 
6,850m3, which strongly correlates with the leachate generation volume 
presented in the 2003 PPC Application. Reworking of the calculated annual 
leachate generation potential of 6,850m3 provides a daily leachate generation 
potential of 18.77m3. 

3.3.51 It is also important to highlight that the quantitative dilution assessment 
undertaken did not account for the presence of the aforementioned buttressing 
material around the periphery of the western quarry void. It is anticipated that 
this additional material will act as a second barrier between the qualifying 
material deposits in the western quarry void and the surrounding undisturbed 
lithology, thereby facilitating further dilution. However, to ensure a conservatism, 
this element was excluded from the dilution assessment. 

Model Parameter Justifications (Specific to Scenario 1) 

3.3.52 As discussed previously, Scenario 1 considered the pollution potential of the 
qualifying material deposits following the initial cessation of groundwater 
management activities at Colsterworth Landfill Site. 

3.3.53 It is appreciated that during the initial stages of this Scenario; when an inward 
hydraulic gradient exists from both the Northampton Sand Formation and the 
Lincolnshire Limestone, the potential for outward migration of pollution into 
either aquifer systems to negligible. However, once in-waste water levels reach 
and exceed the groundwater levels within the Northampton Sand Formation, 
then it is considered that whilst an inward hydraulic gradient from the 
Lincolnshire Limestone into the in-waste water levels is maintained, the 
hydraulic gradient between the Northampton Sand Formation and the in-waste 
water levels is reversed. This reversal in hydraulic gradient results in the 
potential for water to flow out of the qualifying material deposits and into the 
Northampton Sand Formation. 

3.3.54 Accordingly, Scenario 1 was developed to identify the risk posed to the 
Northampton Sand Formation during this phase of the Site’s lifecycle, due to 
the continuation of the inward hydraulic gradient from the Lincolnshire 
Limestone preventing the migration of leakage into this lithology. 

3.3.55 To ensure that the worst-case scenario was assessed during the dilution 
assessment calculations in-waste water levels were set at the base of the 
Lincolnshire Limestone formation (122.5mAOD). This in-waste water level was 
selected as it provided both the maximum hydraulic head difference between 
the in-waste water levels and the groundwater level within the Northampton 
Sand Formation (120.0mAOD) and maintained the maximum possible 
groundwater infiltration rate from the Lincolnshire Limestone into the qualifying 
material deposits. 

3.3.56 To determine the controlling factor on leakage volumes out of the landfill site, 
the theoretical sidewall leakage rate into the Northampton Sand Formation with 
a head difference of 2.5m was compared against the cumulative infiltration rate 
through both the permanent landfill cap and the infiltration rate of groundwater 
from the overlying Lincolnshire Limestone. 
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3.3.57 Under the aforementioned conditions, the leakage rate through the sidewall 
lining system into the Northampton Sand Formation was calculated to be 
25.42m3/day. As discussed previously, the theoretical maximum infiltration rate 
through the permanent cap has been calculated to be 18.77m3/day and the 
theoretical groundwater infiltration rate from the Lincolnshire Limestone; 
through the proposed AEGB, has been calculated as 9.08m3/day. A copy of the 
spreadsheet used to calculate this groundwater infiltration value is presented in 
Appendix HRAR7. 

3.3.58 The comparison of these leakage/infiltration rates indicates that under worst-
case scenario conditions, the primary control on leakage rates into the 
Northampton Sand Formation is the specification of the sidewall lining system. 
Accordingly, the calculated sidewall leakage rate was taken forward and used 
to derive the diluted concentrations of selected determinands. 

Model Parameter Justifications (Specific to Scenario 2) 

3.3.59 The leakage rate used in Scenario 2 followed the same derivation process 
discussed in Scenario 1’s model parameter justifications and compared the 
theoretical maximum sidewall leakage rate, groundwater infiltration rate and 
permanent cap infiltration rate within the proposed qualifying material deposits.  

3.3.60 To represent the worst-case scenario, the dilution assessments developed for 
Scenario 2 examined the potential impact of the proposed qualifying material 
deposits on the surrounding groundwater if in-waste water levels reach their 
theoretical maximum levels. These maximum levels corresponded to the top of 
sidewall/toe of permanent cap interface (c.132mAOD) and represented the 
largest potential hydraulic gradient between the in-waste water levels and the 
adjacent groundwater. 

3.3.61 Upon comparison, it was identified that at the theoretical maximum hydraulic 
gradient, the theoretical sidewall leakage rate through into the Lincolnshire 
Limestone (96.58m3/day) exceeds the theoretical maximum infiltration rate of 
fluid into the qualifying material through the permanent cap (18.77m3/day). 
Additionally, the elevation of in-waste water levels to 132mAOD creates an 
outward hydraulic gradient into both aquifer units, thereby removing the 
potential for infiltration of groundwater into the qualifying material deposits which 
supplemented the theoretical maximum infiltration rate into the qualifying 
materials during Scenario 1. 

3.3.62 Comparison of the theoretical maximum sidewall leakage rate through the 
sidewall lining system overlying the Northampton Sand Formation exposures 
identified that this value (122.0m3/day) is above the maximum theoretical 
infiltration rate through the permanent cap (18.77m3/day). Consequently, the 
theoretical maximum infiltration rate through the permanent cap was considered 
the controlling variable for leakage during the assessment of the Northampton 
Sand Formation’s dilution potential in Scenario 2. 

3.3.63 In light of this significant water input/leakage output imbalance it is considered 
that the qualifying materials cannot lose more water than the maximum which 
can enter the system per day, accordingly, it is considered that controlling factor 
on theoretical leakage rates from the qualifying materials deposits is the rate of 
infiltration through the permanent cap. As such the theoretical maximum 
infiltration rate into the qualifying material deposits is considered to be 
representative of the leakage rate from Colsterworth Landfill. 
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3.3.64 To validate the use of the theoretical maximum cap infiltration rate as the 
leakage rate through the qualifying material deposits into the Lincolnshire 
Limestone, sensitivity analysis was undertaken on the head difference between 
the in-waste water levels and predicted recovered groundwater levels. This 
sensitivity analysis considered a range of head differences to reflect different in-
waste water levels to identify whether the theoretical leakage rate through the 
liner dropped below the theoretical maximum infiltration rate through the 
permanent cap. The results of this sensitivity analysis are presented in Table 
HRA10. 

Table HRA10: Summary of Groundwater Infiltration Rate Through the Sidewall 
Liner of Colsterworth Landfill Site at Different Hydraulic Head 
Differences 

Head 
Difference 

(m) 

Corresponding 
In-Waste Water 

Level 
(mAOD) 

Groundwater 
Level 

(mAOD) 

Leakage Rate 
through the Sidewall 

Liner 
(m3/day) 

Permanent Cap 
Infiltration Rate 

(m3/day) 

Lincolnshire Limestone 

7 132 

125 

96.58 

18.77 

5 130 54.46 

2.5 127.5 18.15 

2 127 13.07 

0.5 125.5 2.18 

3.3.65 Table HRA10 demonstrates that when the head difference within the 
Lincolnshire Limestone is reduced to c.2.5m the individual leakage rate through 
this unit would correlate to the rate of supply from permanent cap infiltration. For 
hydraulic heads beneath this value the specification of the sidewall liner would 
become the controlling factor for leakage rate into the surrounding geology. 
Therefore, it is concluded that the usage of the permanent cap infiltration rate 
provides a representative analogue of the leakage rate from the proposed 
qualifying materials at Colsterworth Landfill Site and can be utilised to provide 
a valid indication of diluted concentrations within both aquifer units.  

3.3.66 Furthermore, to ensure that appropriate conservatism is applied during the 
dilution assessments, each aquifer unit was considered separately, and it was 
considered that 100% of the theoretical maximum infiltration rate leaks into each 
aquifer unit. 

Emissions to Groundwater 

3.3.67 The results of the semi-quantitative dilution calculations are summarised and 
discussed below. The calculation spreadsheets are included in Appendix 
HRAR6. 

3.3.68 It is important to highlight that due to the extensive vertical thickness of Lias 
Clay underlying Colsterworth Landfill Site, it is considered that negligible risk is 
posed to the Marlstone Rock Formation. 

Hazardous Substances 

Scenario 0 

3.3.69 Due to the ongoing active management of both sidewall groundwater drainage 
systems and management of precipitation collected within the landfill void 
during infilling operations, it is considered that the potential for emissions of 
hazardous substances into the surrounding groundwater environment is 
negligible. 
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Scenario 1 

3.3.70 The predicted diluted groundwater concentrations of Hazardous Substances in 
the Northampton Sandstone are presented in Table HRA11. 

Table HRA11: Predicted Attenuated Groundwater Concentrions of Hazardous 
Substances during Scenario 1 Conditions 

Substances EAL 
Diluted Concentrations 

Northampton Sand Fm 

Arsenic (mg/l) 0.005 0.00389 

Benzo(a)pyrene (mg/l) 0.00001 0.00000638 

Lead (mg/l) 0.0061 0.00067 

Mercury (mg/l) 0.0005 0.00003 

3.3.71 The calculations indicate that if the AEGB is constructed to a thickness of 0.5m 
and achieves a bulk hydraulic conductivity of 5x10-9m/s (or equivalent) the 
diluted concentrations of all determinands below the selected EALs. 

3.3.72 In light of the dilution assessment concentrations falling below the selected 
EALs, no further quantitative modelling is considered necessary. 

3.3.73 Consideration of the retardation properties and a conservative permeability 
value of the AEGB, together with the biodegradation of organic substances, 
indicates that the dilution capacity of the adjacent aquifer units will prevent the 
discernible discharge of hazardous substances to groundwater. 

Scenario 2 

3.3.74 The predicted diluted groundwater concentrations of Hazardous Substances in 
the Lincolnshire Limestone and Northampton Sandstone are presented in Table 
HRA12. 

Table HRA12: Predicted Attenuated Groundwater Concentrions of Hazardous 
Substances during Scenario 2 Conditions 

Substances EAL 
Diluted Concentrations 

Lincolnshire Limestone Northampton Sand Fm 

Arsenic (mg/l) 0.005 0.00132 0.00290 

Benzo(a)pyrene (mg/l) 0.00001 0.0000022 0.0000048 

Lead (mg/l) 0.0061 0.00023 0.00050 

Mercury (mg/l) 0.00002 0.00001 0.00003 

3.3.75 Of the Hazardous Substances considered in the assessments, none of these 
determinands exceeded their selected EAL following immediate dilution at the 
outer edge of the AEGB when constructed to a thickness of 0.5m and achieves 
a bulk hydraulic permeability of 5x10-9 m/s (or equivalent) over the Lincolnshire 
Limestone exposures. 

3.3.76 In light of the dilution assessment concentrations falling below the selected 
EALs, no further quantitative modelling is considered necessary. 

3.3.77 Consideration of the retardation properties and a conservative permeability 
value of the AEGB, together with the biodegradation of organic substances, 
indicates that the dilution capacity of the adjacent aquifer units will prevent the 
discernible discharge of hazardous substances to groundwater. 
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Non-Hazardous Pollutants 

Scenario 0 

3.3.78 Due to the ongoing active management of both sidewall groundwater drainage 
systems and management of precipitation collected within the landfill void 
during infilling operations, it is considered that the potential for emissions of n-
non-hazardous pollutants into the surrounding groundwater environment is 
negligible. 

Scenario 1 

3.3.79 The predicted diluted groundwater concentrations of Non-Hazardous Pollutants 
in the Northampton Sandstone are presented in Table HRA13. 

Table HRA13: Predicted Attenuated Groundwater Concentrions of Non- 
Hazardous Pollutants during Scenario 1 Conditions 

Substances EAL 
Diluted Concentrations 

Northampton Sand Fm 

Ammoniacal Nitrogen (mg/l) 1.1 0.72 

Cadmium (mg/l) 0.00125 0.0021 

Chloride (mg/l) 125 34.9 

Chromium (mg/l) 0.0125 0.00064 

Copper (mg/l) 0.5 0.00081 

Nickel (mg/l) 0.017 0.0026 

Sulphate (mg/l) 137.4 61.07 

Zinc (mg/l) 1.25 0.054 

3.3.80 Of the non-hazardous pollutants considered in the assessments, only one 
exceeds their selected EAL following immediate dilution at the outer edge of the 
AEGB when constructed to a thickness of 0.5m and achieves a bulk hydraulic 
permeability of 5x10-9 m/s (or equivalent). 

3.3.81 It is noted that the diluted concentration for cadmium within the Northampton 
Sand Formation is calculated at 0.0021mg/l. This calculated value marginally 
exceeds the selected EAL of 0.00125mg/l. As previously discussed, this 
assessment, ignores any attenuation (i.e., retardation, biodegradation and 
dispersion) of material through the AEGB (and aquifer). Similarly, the presence 
of any engineered fill used to form sidewall buttresses in the Phases 5 & 6 is 
also ignored. In light of the above, it is considered that despite the indicated 
marginal exceedance, the proposed infill material will not result in a deterioration 
of surrounding groundwater quality. Consequently, no further validation 
modelling is considered necessary. 

3.3.82 Consideration of the retardation properties and a conservative permeability 
value for the AEGB, and the properties of the Northampton Sand Formation 
aquifer indicates that the dilution capacity of this lithology will limit the discharge 
of non-hazardous pollutants to prevent pollution during the worst-case 
conditions during Scenario 1. 
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Scenario 2 

3.3.83 The predicted diluted groundwater concentrations of Non-Hazardous Pollutants 
in the Lincolnshire Limestone and Northampton Sandstone are presented in 
Table HRA14. 

Table HRA14: Predicted Attenuated Groundwater Concentrions of Non- 
Hazardous Pollutants during Scenario 2 Conditions 

Substances EAL 
Diluted Concentrations 

Lincolnshire Limestone Northampton Sand Fm 

Ammoniacal Nitrogen 
(mg/l) 

1.1 0.24 0.54 

Cadmium (mg/l) 0.00125 0.0007 0.00155 

Chloride (mg/l) 125 11.81 26.00 

Chromium (mg/l) 0.0125 0.00022 0.00048 

Copper (mg/l) 0.5 0.00027 0.00060 

Nickel (mg/l) 0.017 0.00089 0.00195 

Sulphate (mg/l) 137.4 20.67 45.50 

Zinc (mg/l) 1.25 0.018 0.04 

3.3.84 Of the non-hazardous pollutants considered in the assessments, only one 
exceeds their selected EAL following immediate dilution at the outer edge of the 
AEGB when constructed to a thickness of 0.5m and achieves a bulk hydraulic 
permeability of 5x10-9 m/s (or equivalent). 

3.3.85 It is noted that the diluted concentration for cadmium within the Northampton 
Sand Formation is calculated at 0.00155mg/l. This calculated value marginally 
exceeds the selected EAL of 0.00125mg/l. As previously discussed, this 
assessment, ignores any attenuation (i.e., retardation, biodegradation and 
dispersion) of material through the AEGB (and aquifer). Similarly, the presence 
of any engineered fill use to form sidewall buttresses in the Phases 5 & 6 is also 
ignored. In light of the above, it is considered that despite the indicated marginal 
exceedance, the proposed infill material will not result in a deterioration of 
surrounding groundwater quality. 

3.3.86 Consequently, no further validation modelling was considered necessary. 

3.3.87 Consideration of the retardation properties and a conservative permeability 
value for the AEGB, and the properties of the Lincolnshire Limestone and 
Northampton Sand Formation aquifers indicate that the dilution capacity of 
these materials will limit the discharge of non-hazardous pollutants to prevent 
pollution. 
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Accidents and their Consequences 

3.3.88 Details of accidental occurrences at the site that could present a potential risk 
to groundwater adjacent to the site are provided in Table HRA15. 

Table HRA15: Qualitative Accident Risk Assessment 

Hazard Risk to 
Groundwater 

Likelihood Mitigation and 
Corrective Measures 

Deposition of 
biodegradable 
non-hazardous 
and hazardous 
wastes 

Generation of 
leachate containing 
Hazardous 
Substances and 
Non-Hazardous 
Pollutants 

Low – due to the 
essential and 
technical precautions 

Appropriate 
characterisation of 
wastes prior to delivery 
to the site will be 
provided by the 
customer, with the 
appropriate verification 
checks/tests performed 
wastes by the operator. 
Any incorrectly accepted 
wastes will be 
immediately returned to 
the customer or moved 
to a suitable storage area 
prior to removal to a 
suitable site. 

Spillage of fuels 
from storage 
tanks or 
vehicles 

Release of 
hydrocarbons 
(Hazardous 
Substances) into 
the ground and 
migration into 
groundwater 

Low – fuel stores will 
be bunded in 
accordance with 
regulation 
requirements. A traffic 
management system 
and speed limit will be 
imposed at the site to 
reduce both the risk 
of accidents and the 
likelihood of spillage 
occurring. 

Any spillage will be 
cleaned up immediately 
and any resulting 
contaminated soils 
removed to a suitable 
installation. 

3.3.89 With respect to the deposition of potentially contaminated wastes, it is 
considered that the risks and potential consequences of such accidents are 
extremely low for the following reasons: 

• all waste deliveries will be pre-arranged and come from known sources 
to ensure no contaminated material is delivered; 

• if deemed necessary, characterisation testing will be undertaken to 
demonstrate that the waste will not give rise to polluting leachate, prior 
to the acceptance of waste at the site; 

• if deemed necessary compliance testing will be undertaken to ensure 
the continued acceptability of the waste stream; 

• visual inspection will be undertaken of every waste load deposited at the 
site; and 

• in the event of suspicion regarding the acceptability of the waste, 
quarantine procedures will be enforced. 

3.3.90 In the unlikely event of contaminants from a rogue load being deposited at the 
site, attenuation processes will occur within the waste body, and most organic 
Hazardous Substances are very likely to be degraded and/or retarded during 
migration through the surrounding inert wastes within the landfill and the AEGB. 

3.3.91 Other processes such as volatilisation can also be expected for volatile and 
semi-volatile organic substances resulting in a loss of contaminant from the 
waste. 
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Review of Technical Precautions 

Capping 

3.3.92 A 500mm engineered cap with a permeability of ≤1x10-8m/s will be installed over 
the proposed qualifying material deposits. Additionally, a sub-cap drainage layer 
will be installed around the perimeter of the permanent cap. This sub-cap 
drainage layer will be installed to collect any ‘leachate’ generated from the 
highest levels of the qualifying materials and will connect to a permanent 
collection chamber. Design details for this element are presented in Drawing 
No. WR7600/11/08. 

Basal & Sidewall Lining Systems 

3.3.93 Owing to the presence of basal geological barrier beneath Phases 1-4, it is 
proposed that no basal lining system is installed over the permanently capped 
surface of Phases 1-4, instead the basal geological barrier; consisting of Lias 
Clay beneath Phases 1-4 will be utilised. The western void of Colsterworth 
Landfill Site has not previously been infilled and at the time that this HRA Review 
is being written contains some Northampton Sand mineral, however this area is 
also located above a substantial thickness of Lias Clay. 

3.3.94 To facilitate operational flexibility when developing Phases 5 & 6 two Basal 
Lining Engineering options are proposed. 

Option 1 – Phase 5 & 6 Cut and Fill Exercise 

3.3.95 Under this development option, it is proposed that prior to infilling operations in 
this area a cut and fill exercise will be undertaken within the Western Quarry 
Void (Phases 5 & 6). This cut and fill exercise will be used to liberate the 
granular material from which the sidewall buttresses of Phases 5 & 6 will be 
constructed, additionally the cut and fill exercise will advance the basal levels 
of Phases 5 & 6 down to the top of the Lias Clay. A review of the site surrounding 
site geology and historic borehole records indicates the maximum depth of the 
top of the Lias Clay formation to be 113mAOD. This development scenario will 
put the base of Phases 5 & 6 within the Lias Clay. The positioning of the basal 
levels at this elevation means that an engineered basal lining system is not 
required for Phases 5 & 6 as the intrinsic permeability of the underlying Lias 
Clay is significantly lower than the permeability requirements for a non-
hazardous landfill (i.e., ≤1x10-9m/s).  

Option 2 – Phase 5 & 6 Retention of Material 

3.3.96 This scenario consists of retaining un-excavated material within the base of 
Phases 5 & 6. Prior to the deposition of imported qualifying materials the 
granular material will be graded to provide an appropriate development 
platform. It is appreciated that there is the possibility for retained granular 
material to form hydraulic connections with the groundwater contained within 
the surrounding undisturbed geology. To ensure that this does not occur, the 
sidewall engineering systems of Phases 5 & 6 will extend into the retained 
granular material and key into the underlying Lias Clay. 

3.3.97 The extension of sidewall engineering systems into the underlying Lias Clay will 
isolate retained material from the surrounding geology, thereby preventing the 
migration of any fluids contained therein (or vice versa). 



Lincwaste Limited Environmental Permit Variation Application 
Colsterworth Landfill Site Hydrogeological Risk Assessment  

Doc. Ref.:  WR7600/07 52 Sirius Environmental Limited 

3.3.98 Due to the isolation of the retained material and the substantial thickness of the 
underlying low permeability Lias Clay, it is considered that an engineered basal 
lining system is not required. 

3.3.99 The sidewalls of the deposits located above Phases 1-4 will be engineered 
utilising the same design employed for the existing non-hazardous deposits with 
alteration to the proposed maximum permeability and sidewall thickness. In light 
of the findings of the above Hydrogeological Risk Assessment Review, the 
sidewall of the qualifying material Phase 1-4 overtip deposits will consist of a 
steep wall lining system comprising of a separator geotextile overlying a 1m 
thick clay blanket with a permeability of ≤1x10-8m/s (or equivalent) and a 
gradient of 1:1.5 overlying a second separator geotextile under which is a 
300mm backwall drainage aggregate layer and a final separator geotextile. This 
backwall drainage aggregate will be keyed into the drainage aggregate 
servicing the existing non-hazardous waste deposits and will direct intercepted 
groundwater into the established groundwater management system. 

3.3.100 The sidewall lining system of the previously unfilled western quarry void 
(Phases 5 & 6) will consist of an AEGB with a maximum thickness of 0.5m, a 
permeability of ≤5x10-9m/s (or equivalent) and a gradient of 1:2.5. Due to the 
near vertical existing quarry sidewalls within the western quarry void buttressing 
using site-won materials (incl. overburden, quarry fines/wastes) will be 
employed to achieve the desired gradient. As with the proposed sidewall lining 
system within the Phases 1-4 overtip area a perimeter groundwater collection 
drain will be installed at the foot of the sidewall lining system and drain into the 
established groundwater management system. However, unlike the proposed 
sidewall lining system within the Phases 1-4, due to the granular (and 
permeable) nature or on-site overburden it is not proposed to include a 
standalone drainage blanket. To ensure that cohesion is achieved between the 
proposed sidewall lining system for Phases 5 & 6 and the underlying in-situ Lias 
Clay, the proposed sidewall lining system will be directly keyed into the 
underlying Lias Clay, thereby integrating the underlying Lias Clay as the natural 
geological basal liner for Phases 5 & 6. 

3.3.101 Both sidewall engineering designs seek a derogation to the standard AEGB 
specification requirements listed under paragraph 3.2 to Annex I of the Landfill 
Directive, in accordance with paragraph 3.4 to Annex I of the LFD.  This 
derogation is support by the conservative assessments presented in Section 
3.2, which demonstrate that sufficient dilution is available to prevent the 
discernible input of hazardous substance to groundwater and limit the input of 
non-hazardous pollutants to groundwater to prevent pollution when the sidewall 
AEGBs specifications are reduced. 

Leachate Management 

3.3.102 Due to the nature of the non-biodegradable and non-hazardous materials to be 
deposited over the existing Phases 1-4 and within the western quarry void, 
active leachate abstraction activities are not required. However, it is appreciated 
that leachate monitoring infrastructure will need to be installed to ensure that a 
representative picture of in-waste water levels is maintained. 

3.3.103 Accordingly, it is proposed that phases which accept qualifying materials will 
have a leachate drainage system installed. This basal leachate drainage system 
will consist of spine drains comprising of 160mm internal diameter HDPE slotted 
pipework located within a fines free aggregate surround encased within a filter 
geotextile. 
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3.3.104 These spine drains will radiate out from a designated telescopic leachate 
monitoring point which will consist of HDPE pipework with an internal diameter 
of 500mm. The base of this telescopic leachate collection point will be 
perforated and located within a fines free aggregate surround. Further 
construction details of the proposed leachate collection points are presented in 
Drawing Nos. WR7600/11/08 and WR7600/11/09. 

3.3.105 In addition to the spine drains and telescopic leachate monitoring points, a 
target pad will be installed near the designated leachate monitoring point and 
will be used if the initial leachate collection point is lost. This target pad will be 
constructed out of a free aggregate and will be encased within a filter geotextile, 
with an additional coloured protector geotextile installed within the middle of the 
target pad. Construction details of the proposed target pads are presented in 
Drawing Nos. WR7600/11/08 and WR7600/11/09. 

3.3.106 As previously indicated in addition to the installation of leachate management 
infrastructure in the base of the proposed qualifying material deposits, a sub-
cap drainage layer will also be installed to intercept any ‘leachate’ generated 
from the highest levels of the qualifying materials and will connect via pipework 
to a permanent collection chamber. Design details for this element are 
presented in Drawing No. WR7600/11/08 

Groundwater Management 

3.3.107 During the operation of the landfill, groundwater within the surrounding 
Northampton Sand Formation and Lincolnshire Limestone surrounding the 
over-tip deposits above Phases 1-4 will be allowed to drain under gravity into 
the installed backwall drainage layer placed behind the sidewall lining system. 
The backwall drainage layer for the qualifying material deposits will be 
connected to that servicing Phases 1-4 with the intercepted groundwater 
collecting within a perforated groundwater collector drain (with a nominal fall of 
1:200) and directed into a groundwater pumping chamber. The intercepted 
groundwater is them transferred by pump into the site’s surface water 
management system from where it is discharged through a consented 
discharge point to a soakaway. 

3.3.108 Groundwater management with the western quarry void will mirror that utilised 
within Phases 1-4, with the exception of the dedicated backwall drainage layer 
due to the permeability of the site-won material that will form the sidewall 
buttresses. Groundwater collecting at the foot of the sidewall lining system will 
be collected in a perforated groundwater collector drain which will direct the 
intercepted groundwater to the same groundwater pumping chamber which 
services Phases 1-4. The intercepted groundwater is them transferred by pump 
into the site’s surface water management system from where it is discharged 
through a consented discharge point to a soakaway. 

3.3.109 Upon restoration of the quarry, the groundwater management operation will be 
discontinued, and groundwater levels will be allowed to recover to their pre-
quarrying levels. 
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Surface Water Management 

3.3.110 During the active filling phase, the surface water run-off from the footprint of 
western quarry void (including run-off and seepages from the waste mass) was 
directed to the same holding and settlement lagoons that support the on-site 
groundwater management activities. Water contained within these lagoons 
were subsequently discharged to a soakaway via a consented discharge point. 

3.3.111 Upon restoration of the quarry, surface water from the restored surface will be 
captured by a network of drainage ditches/swales and drain to a network of 
pond that will form wetland habitats which will subsequently discharge to 
soakaway via the consented discharge point as shown in Drawing No. 
ESID11/2. A surface water management plan outlining these proposals has 
been prepared to support the wider EPVA application and is contained within 
Appendix HRAR5. 
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4.0 REQUISITE SURVEILLANCE 

4.1 Leachate Monitoring 

4.1.1 As discussed within this HRA, it is confirmed that Phases 1-4 of Colsterworth 
Landfill Site have been permanently capped and can therefore be considered 
Non-Operational Phases. Accordingly, it is proposed that the leachate 
monitoring requirements for Phases 1-4 adhere to the Non-Operational Cells or 
Phases monitoring schedule currently presented in Table S3.9 of 
EPR/BV1437IB. The locations of existing leachate monitoring points are 
presented in Drawing No. 706M299. 

4.1.2 As discussed in Section 1.2 and Table HRA2, the rationale for maintaining 
these leachate compliance levels is due the geology surrounding Colsterworth 
Landfill Site; particularly the elevation of lowest point of interface between the 
Lias Clay/Northampton Sand Formation relative to the sidewalls of Phases 1-4. 
The identification of the lowest point of this interface ensures that the leachate 
levels are located at such an elevation so that they are wholly confined within 
the low permeability Lias Clay and physically disconnected from the 
Northampton Sand Formation, thereby ensuring that not pathway exists for 
pollution to pass into this aquifer. 

4.1.3 With regards to the monitoring requirements of the proposed qualifying material 
deposits within the western quarry void and the Phases 1-4 overtip area, it is 
proposed that the leachate quality monitoring schedule for these deposits will 
adhere to the monitoring requirements for Operational Cells or Phases 
presented in Table S3.9 of EPR/BV1437IB. 

4.1.4 Additionally, it is also proposed that the levels and quality of the in-waste water 
contained within the proposed qualifying material deposits are monitored during 
the development of these landfill phases. This proposed monitoring will be used 
to validate and refine the leachate source term employed during this HRA 
Review and allow for subsequent HRA Reviews to derive a site-specific 
leachate source term for subsequent assessment. 

4.1.5 Accordingly, it is proposed that the monitoring of the quality of the in-waste water 
collected at the proposed leachate monitoring points presented in Drawing 
Nos. WR7600/11/08 and WR7600/11/09 is undertaken in accordance with the 
requirements and frequencies presented in  

4.1.6 Additionally, it is proposed that in the monitoring of in-waste water levels in the 
proposed leachate monitoring points (as presented in Drawing Nos. 
WR7600/11/08 and WR7600/11/09) is undertaken in accordance with Table 
S3.1 of EPR/BV1437IB (i.e., monthly monitoring). However, due to the nature 
of materials and the negligible pollution potential to the surrounding aquifer units 
identified in this risk assessment, it is proposed that no in-waste water level 
compliance limits are assigned to leachate monitoring points located within the 
proposed qualifying materials deposits. 

4.1.7 Monitoring Point references will be confirmed to the Environment Agency as 
monitoring infrastructure is installed. Additionally, it is confirmed that the number 
of wells installed within the proposed qualifying material will be in accordance 
with the minimum requirements set out in Table 6.3 of LFTGN02 (EA, 2003). 
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4.2 Groundwater Monitoring 

4.2.1 There are no changes proposed to the existing groundwater management 
schedule for the site, which is presented in Table S3.7 of EPR/BV1437IB. 
Additionally, there are no proposed changes to the groundwater monitoring 
schedule. The locations and values of existing groundwater emission limits and 
monitoring requirements as stated in Table S3.4 of EPR/BV1437IB and 
reproduced in Table HRA16. The location of the groundwater monitoring points 
at Colsterworth Landfill Ste are presented in Drawing No. 706M299. 

Table HRA16: Colsterworth Landfill Site – Groundwater Emission Limits and 
Monitoring Requirements 

Monitoring 
Point 

Reference 
Parameter 

Limit 
(including 

unit) 

Reference 
Period 

Monitoring 
Frequency 

Monitoring Standard or 
Method 

BH01/04, 
BH02/09 
BH03/09, 
BH04/09, 
BH05/09, 
BH03/90 

Ammoniacal 
Nitrogen 

0.39 mg/l 

Spot 
Sample 

Quarterly 

As specified in 
Environment Agency 

Guidance TGN02 
‘Monitoring of Landfill 

Leachate, Groundwater 
and Surface Water’ 
(February 2003), 

Horizontal Guidance Note 
H1 – Environmental Risk 
Assessment for Permits, 
Annex J3, (version 2.1, 
Dec 2011) or such other 
subsequent guidance as 
may be agreed in writing 

with the Environment 
Agency 

Cadmium 0.001mg/l 

BH01/04, 
BH03/09, 
BH04/09, 
BH05/09, 
BH03/90 

Chloride 150mg/l 

BH01/04 Mecoprop 0.1μg/l 

BH02/09 Chloride 615mg/l 

Mecoprop 0.1μg/l 

BH03/09 Mecoprop 0.15μg/l 

BH04/09 Mecoprop 1.12μg/l 

BH05/09 Mecoprop 0.36μg/l 

BH03/90 Mecoprop 0.21μg/l 

4.3 Surface Water Monitoring 

4.3.1 To ensure that the consistency of monitoring records from the site is maintained, 
the Operator wishes to clarify the location from which surface water monitoring 
requirements stipulated in Table S3.3 of the Site’s Environmental Permit is 
undertaken. 

4.3.2 The current surface water emission point monitoring reference is listed in Table 
S3.3 as “Surface Water Monitoring Point Discharge Lagoon 3”. The Operator 
feels that this emission point reference is not suitably specific enough and as 
such proposes an updated emission point reference. 

4.3.3 The proposed updated emission monitoring point reference is “Lagoon 3 
Overflow”. It is considered that this reference more accurately portrays the 
monitoring point location thereby reducing the potential for any confusion during 
monitoring rounds. 

4.3.4 To provide further certainty of the location of the renamed “Lagoon 3 Overflow” 
monitoring point. The Operator has updated the Site’s Environmental Monitoring 
Plan (Drawing No. 706M299) to include the location of the “Lagoon 3 Overflow” 
and mark the location as a Surface Water Monitoring Point. 

4.3.5 It is important to highlight that the proposal seeks the only alter the reference of 
existing surface water monitoring point contained within Table S3.3. There are 
no proposals to amend the existing determinands, compliance limits or 
monitoring frequencies. 



Lincwaste Limited Environmental Permit Variation Application 
Colsterworth Landfill Site Hydrogeological Risk Assessment  

Doc. Ref.:  WR7600/07 57 Sirius Environmental Limited 

4.3.6 A revised copy of Table S3.3 for inclusion in EPR/BV1437IB is presented below 
in Table HRA17. 

Table HRA17: Colsterworth Landfill Site – Point Source Emissions to Water 
(Other than Sewer) – Emission Limits and Monitoring 
Requirements 

Monitoring 
Point 

Reference 
Parameter Source 

Limit 
(incl. 
unit) 

Reference 
Period 

Monitoring 
Frequency 

Monitoring 
Standard or 

Method 

Lagoon 3 
Overflow 

Flow Surface 
Water 

50l/s 

Spot 
Sample 

Monthly 

In accordance with 
Environment 

Agency document 
LFTGN02 

(February 2003) 
‘Guidance on 
Monitoring of 

Landfill Leachate, 
Groundwater and 
Surface Water’ 

Suspended 
Solids 

30mg/l 

Ammoniacal 
Nitrogen 

1mg/l 

Oils and 
Greases 

None 
Visible 
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5.0 CONCLUSIONS 

5.1 Compliance with the Landfill Directive 

5.1.1 The results of this risk assessment have established the revisions to the landfill 
development will continue to comply with the relevant requirements of the 
Landfill Directive as follows: 

▪ all phases could pose a potential hazard to ground and surface water 
quality. Consequently, arrangements are in place for all cells to support 
the collection and management of the contaminated water (leachate) 
that is generated by the site by means of ASL (where appropriate), 
piped leachate drainage systems, extraction wells and temporary 
storage infrastructure.  Once final levels are achieved a low 
permeability capping layer will be installed to subsequently minimise 
leachate generation; 

▪ in addition to leachate management, the protection of soil and water is 
also supported by the provision of engineered containment along the 
base and sides of all containment cells; 

▪ control and trigger levels will continue to be used to ensure the 
adequate protection of ground and surface water resources 

5.2 Compliance with the Schedule 22 of the EPR2016 

5.2.1 The results of this risk assessment have established the revisions to the landfill 
development will continue to comply with the relevant requirements of the 
Groundwater Regulations 2009 as follows: 

▪ all phases of the landfill facility pose a potential hazard to ground and 
surface water quality.  Consequently, it continues to fall within the 
scope of the Schedule 22 of the EPR2016; 

▪ this assessment forms a review of the “prior investigation” that must be 
carried out for this type of development; 

▪ the proposed technical precautions are considered appropriate and 
reasonable to avoid the entry of Hazardous Substances into 
groundwater throughout the lifecycle of the facility 

▪ the proposed technical precautions will limit the introduction of Non-
hazardous Pollutants into groundwater to avoid pollution throughout 
the lifecycle of the facility; and 

▪ leachate, groundwater and surface water monitored schedules will 
continue to be used in accordance with the requisite surveillance 
requirements of the Schedule 22 to the EPR2016.  
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