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1 INTRODUCTION 

1.1 Background information 

Water Environment Desk Studies Ltd. (WEDS) has been appointed by Bullimores Sand and 
Gravel Ltd. (BSGL) to update the preliminary Hydrogeological Risk Assessment (HRA) of the 
proposed landfill within Woolfox Quarry, Rutland County, near Stretton in 
Northamptonshire, as produced by Watermill Environment Ltd. (now WEDS). Use of the 
term ‘the site’ hereon refers to the southern extension area; the current landfill is referred 
to as such or as the ‘current landfill’ or ‘current site’. 
 
BSGL operates the current landfill in the northern part of the site as an inert waste disposal 
facility within former quarry workings, licensed under Environmental Permitting Regulations 
(EPR) Permit No. EP3999SP (referenced in Section 1.3). The southern part of this area 
(between the current site and the southern extension) has been partially restored to 
woodland.  
 
This report is produced in conjunction with an Environmental Setting and Site Design report 
(ESSD), document reference WEDS21-001, which describes the wider environmental 
conditions in the vicinity of the site and the proposed construction of the landfill. 
 
The original version of the HRA (ref. WEL119, dated November 2015) was included in the 
application to Rutland County Council (RCC) for planning permission for the proposed 
additional landfill, which was issued in October 2016 (RCC ref. 2016/0199/MIN). This 
revision will be used in support of an application to the Environment Agency (EA) to vary the 
existing EPR Permit to include inert waste disposal within the southern quarry extension 
area. 
 
The quarry has been extended southwards and mineral excavation operations are ongoing 
under RCC planning permission ref. FUL/2007/0704 which varied planning permission ref: 
FUL/2000/0455/9/CC to allow extraction to commence prior to completion of operations in 
the northern area. 
 
1.2 Scope of report 

The scope of this HRA includes the following: 
 

a) Collation of environmental data presented in the ESSD, including recent/ 
historical site monitoring data. 
 

b) Assessment of the site’s relationship with the local water environment, including 
with regard to its potential for flooding.  

 
c) Development of an initial Conceptual Site Model (CSM) to describe plausible 

potentially significant pollutant linkages between the landfill and extant 
environmental receptors in its vicinity.  
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d) Qualitative and semi-quantitative assessment of the potential risk posed by the 
landfill extension to the surrounding water environment.  

 
e) Make recommendations for water management and site monitoring during the 

operational phase of the site and post-restoration.   
 
1.3 Information sources 

The principal reference for the HRA report is the ESSD and all references cited within: 
 

 WEDS Report WEDS21-001: “Environmental Setting and Site Design Report for 
Woolfox Landfill Southern Extension”, dated February 2021. 

 
Where relevant, reference is made within the HRA report to figures and photographs 
contained within the ESSD. 
 
The HRA report includes reference to the following additional documents, some included in 
the original planning application: 
 

 Heaton Planning Ltd. (HPL) document: “Planning and Environmental Statement”, 
November 2015. 

 
 HPL document: “[Woolfox] Landfill: Part B PPC Application Section 1 – Conceptual 

Model, Environmental Setting and Installation Design”, October 2005. 
 

 GroundSure GeoInsight Report for Woolfox Quarry, ref. 446640-7395-140715, dated 
14th July 2015. 
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2 SUMMARY OF SITE SETTING AND DESIGN INFORMATION 

2.1 Site Setting 

The following information is summarised from the information set out in Section 3 of the 
ESSD report, based on information references used in the production of that report. 
 

Aspect Description 
Location 1.7 km south and southeast of the villages of Stretton and Greetham and 

5.5 km northwest of Rutland Water. Site centre is approx. NGR SK 952 131. 
Area Entire site is approx. 25 Hectares (Ha) – southern extension area is 8.5 Ha 
Local land use 
(around 
extension site) 

East – A1 and disused airfield 
South – woodland 
West – North Brook valley and Greetham Valley Golf Club 
North – current landfill and woodland 

Topography 
around site 

Ground level declines westwards from around 105 mAOD adjacent to the 
A1 to some 85 mAOD in the southwestern corner of the site, in the valley. 

On-site level Quarry excavated to some 85-90 mAOD (target depth is 82-88 mAOD). 
Geology Superficial deposits: Boulder Clay in eastern part of site. Alluvium in the 

adjacent valley. 
Bedrock: Lower Lincolnshire Limestone (base at approx. 80 mAOD) 
overlying Grantham Formation (clay, occasionally absent) and 
Northampton Sand (base at approx. 72 mAOD). 

Aquifer 
classification 

The Lincs. Limestone is classified by the EA as a Principal Aquifer. 
Northampton Sand is classified as a Secondary Aquifer, probably a 
Secondary ‘A’ Aquifer. 

Groundwater 
level 

Average watertable is around 75 to 77 mAOD declining southwestwards 
(contained within the Northampton Sand aquifer). Maximum watertable 
level is up to around 80 mAOD in northeastern corner of the site (BHX). 

Source 
Protection Zones 

Site is within Outer SPZ (SPZ2) of a source some 10 km to the east (SPZ for 
a spring source 300m west is no longer in use). 

Groundwater 
quality 

Very similar to that recorded around the current site, which shows no 
significant impacts arising from the current landfill. 

Rainfall Long term annual average rainfall is 609 mm, ranging between 37 mm and 
59 mm per month. 

Wind Prevailing direction is westerly/southwesterly. 
Flood risk Flood Risk Zone 1 – no significant risk of flooding by rivers. 
Habitats No known designated ecological receptors in the vicinity of the site – the 

North Brook and ponds are used as a fishery. 
Table HRA1: Summary of environmental setting information 
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2.2 Landfill Design 

The following information is summarised from the information set out in Section 2 of the 
ESSD report, based on information references used in the production of that report. 
 

Aspect Description 
Landfill layout Single landfill cell. 
Phasing Four phases of waste disposal proposed over 12 year period (see Figure 

ESSD4). 
Basal 
engineering 

Artificial Geological Barrier (AGB) comprising 1 m thickness of compacted 
quarry fines (max hydraulic conductivity of 1 x 10-7 m/s), with CQA. 

Sidewall 
engineering 

Placement of fines layer between the waste and quarry walls, rising with 
waste mass. 

Cap No engineered cap, only restoration topsoil. 
Leachate 
management 

No leachate collection system is required. One leachate/landfill gas 
monitoring well in the western part of each phase (see Figure ESSD4). 

Surface water 
management 

None required. Rainfall and on-site run-off is expected to infiltrate into 
subsurface via quarry floor (permeable bedrock). 

After-use Calcareous grassland pasture. 
Table HRA2: Summary of landfill design information 
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3 CONCEPTUAL SITE MODEL 

3.1 General 

The information in relation to the site’s location and proposed landfill design, as 
summarised in Section 2, is used to develop an initial Conceptual Site Model (CSM) for the 
proposed landfill is to describe its relationship with the surrounding water environment.  
 
The CSM describes the source-pathway-receptor relationship between the landfill and the 
water environment that will be used to assess the likelihood of pollution of controlled 
waters arising from the disposal of waste material at the site. The CSM is shown in Figure 
HRA1. 
 
3.2 Source 

3.2.1 Waste types and timeframe 
The landfill will be restored to original ground levels using quarry waste, fines arising from 
mineral processing, excess clay and overburden and the importation of up to 70,000 tonnes 
per annum of clean inert waste such as soils from construction projects. Topsoil will be 
placed over the waste mass to complete the restoration. 
 
Mineral extraction operations are almost complete within the quarry extension area (see 
Photographs ESSD1 and ESSD4), however waste disposal will not commence until the 
current landfill is completed in some 1-2 years’ time (2021-2022). It is envisaged that the 
landfill extension will be fully restored within some 12 years after commencement (i.e. by 
around 2034). 
 
3.2.2 Chemical composition of waste and leachate 
The inert waste to be disposed of at the landfill will be compliant with inert landfill Waste 
Acceptance Criteria (WAC) as shown in Table HRA3. 
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Chemical 
Inert 

WAC* 

Maximum 
leachate 

concentration**  
EQS*** 

 mg/kg mg/l mg/l 
Antimony 0.06 0.006 (0.005) 
Arsenic 0.5 0.05 0.05 
Barium 20 2 (0.1-1) 
Cadmium 0.04 0.004 0.005 
Chromium 0.5 0.05 0.005# 
Copper 2 0.2 0.005# 
Mercury 0.01 0.001 0.001 
Molybdenum 0.5 0.05 (0.7) 
Nickel 0.4 0.04 0.2 
Lead 0.5 0.05 0.004# 
Selenium 0.1 0.01 (0.01) 
Zinc 4 0.4 0.03# 
Chloride 800 80 250 
Fluoride 10 1 1# 
Sulphate as SO4 1000 100 400 
Total Dissolved Solids 4000 400 400 
Phenol 1 0.1 0.03 
Dissolved Organic Carbon 500 50 - 

Table HRA3: Leachate composition comparison 
 
Note*: total solids (mg/kg) in 10 litres of leachability test eluate. 
 
Note**: mg/l derived from one tenth the inert WAC total solids. 
Note***: EQS values for the protection of aquatic life according to EA Chemical Standards 
Database. Values in brackets represent alternative EALs where EQS are not specified (e.g. 
WHO or UK Drinking Water Standards). 
 
Note#: EQS based on a minimum value for total hardness of water in the North Brook.   
 
The above data shows that the chemical composition of leachate within the landfill is likely 
to be significantly within applicable EAL for the majority of chemicals. However, higher EQS 
for hardness-dependent chemicals are likely to be applicable to the North Brook. In reality, 
leachate within inert landfills is likely to be compliant with the stated EQS. Furthermore, 
dilution within groundwater of any seepage through the base of the landfill is considered 
likely to further reduce any potential risk posed by the site to the water environment (see 
Section 4.1.5). 
 
Inert waste acceptance procedures are described further in the Environmental Management 
System Report produced by GP Planning Ltd. (GPP), see ESSD for reference. 
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3.3 Pathway 

3.3.1 Pathway types 
The principle potential contaminant migration pathway from the landfill is considered to be 
via downward migration from the waste mass and through the AGB and unsaturated 
bedrock (Grantham Formation, if present) beneath the site to the watertable (within the 
Northampton Sand), with subsequent horizontal flow down the hydraulic gradient in the 
aquifer to a discharge point into adjacent surface waters (North Brook).  

 
3.3.2 Likelihood of pollution 
The likelihood of pollution of controlled waters occurring via the pathway described in 
Section 3.3.1 is considered to be very small due to the following reasons: 
 

 The inert nature of the waste.  
 

 The likely low permeability of the waste mass, absence of drainage layer/landfill liner 
(which would create a head of leachate on the AGB) and the low permeability of the 
AGB itself. 

 
3.4 Receptors 

3.4.1 Groundwater 
Groundwater within the Northampton Sand beneath the site is classified as Controlled 
Waters and therefore is considered to be the most relevant water environment receptor in 
this assessment. The absence of hazardous chemicals in the waste precludes the need to 
assess risk at the watertable itself. 
 
The appropriate location for assessment of compliance with relevant water target values (in 
terms of concentration of pollutants) in relation to the landfill is the downgradient (western) 
boundary of the landfill. Monitoring boreholes to be drilled along the western side of the 
landfill extension, i.e. BHY and BHZ (see Figure ESSD3), are considered to be appropriate for 
this purpose. 
 
3.4.2 Surface water 
The North Brook represents the principal potential surface water receptor in the vicinity of 
the site, being likely to be located directly downgradient (west) of the landfill.  
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4 PATHWAY CHARACTERISATION 

4.0 Geology 

4.0.1 Geological deposits 
The geology of the site is described in Section 2, and is summarised as follows: 
 

 The landfill is directly underlain by residual Lincs. Limestone bedrock (almost fully 
excavated) and the Northampton Sand.  
 

 Clay strata of the Grantham Formation or considered unlikely to be present across 
the entire extension site.  

 
4.1 Hydrogeology 

4.1.1 Groundwater level and flow 
Based on data presented in Section 3 of the ESSD (as summarised in Section 2), the 
watertable beneath the landfill extension area is observed to be below 80 mAOD. The mean 
elevation at BHY and BHZ is around 75 mAOD and the maximum around 76-77 mAOD.  
 
Furthermore, quarry workings are known to be dry, indicating a low hydraulic gradient 
exists beneath the site, gradually rising eastwards. 
 
4.1.2 Hydraulic conductivity  
The hydraulic conductivity (‘permeability’) of the Northampton Sand is not known, although 
considered likely to be around 1 x 10-6 m/s to 1 x 10-5 m/s, a typical range of values for 
sandstone. However, as the Northampton Sand aquifer is a known source of small yields of 
groundwater for local abstractions, it is possible that the permeability may be higher, up to 
1 x 10-4 m/s. 
 
4.1.3 Hydraulic gradient 
Based on known groundwater level across the northern part of the site (see ESSD) it appears 
that there is a decline of up to around 6 m in watertable elevation from the northeastern 
side (BHE) to the southwestern corner (BHB), over a distance of some 400 m. This equates 
to an approximate maximum hydraulic gradient of some 0.02. 
 
Groundwater level monitoring data for boreholes BHX-BHZ, as described in ESSD Section 
3.2.3, indicates that similar conditions exist based on a decline in average groundwater level 
of around 1.6 m between BHX and BHY (over approx. 130 m). This equates to an approx. 
hydraulic gradient of 0.013. 
 
4.1.4 Groundwater flux 
The volume of flow of groundwater beneath the site (flux) is a factor of the dimensions of 
the aquifer through which it is flowing, the hydraulic conductivity of the aquifer material 
(sandstone) and the estimated local hydraulic gradient. Groundwater flux is calculated using 
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Darcy’s Law (flow (Q) = permeability (k) x hydraulic gradient (i) x aquifer area (a)), which 
equates to the following:  
 

 Flow volume (Q (aquifer)) = permeability (estimated at 1 x 10-6 m/s and 1 x 10-5 m/s) x 
hydraulic gradient (0.013) x flow area (aquifer thickness of 6 m x width of site of 200 
m).  
 

 Therefore, Q equates to some 1.35 to 13.5 m3/d – although this may be significantly 
greater (>100 m3/d) if the permeability of the aquifer is higher (e.g. if it approaches  
1 x 10-4 m/s). 

 
4.1.5 Dilution in groundwater 
Assessment of dilution of any seepage through the base of the landfill (i.e. via the AGB) 
within the aquifer requires comparison of the quantity of infiltrating fluid (i.e. leachate 
which may carry dissolved contaminants) with the volume of groundwater flowing through 
the underlying aquifer (see Section 4.1.4).  
 
Estimation of a potential dilution in groundwater can be made by comparison between the 
volume of seepage and the volume of groundwater flux within the aquifer. However, the 
volume of basal seepage depends on the permeability of the AGB (compacted quarry fines) 
that will be placed within the extension area prior to waste disposal (similar to as used in 
the current landfill). Due to the westwards slope of the final quarry floor, it is considered 
that leachate will, if present at all, only collect within the western part of each phase, thus 
reducing the basal area through which seepage has the potential to occur. 
 
The permeability of the AGB layer is not known, although the maximum permissible 
permeability for an AGB for inert landfills is 1 x 10-7 m/s. It is considered likely to be even 
lower due to compression by the waste mass, possibly by an order of magnitude or greater. 
 
Seepage can be therefore estimated at 1 x 10-7 m/s (or less) multiplied by the inundated 
area of the landfill (say approx. 3 Ha out of the full area of 8.5 Ha), which equates to some 
0.003 m3/s, (or 3 litres per second/260 m3/d). If additional compaction of the AGB occurs, as 
is considered likely, the rate/ volume of basal seepage will be significantly lower, possibly by 
an order of magnitude. 
 
Based on the assumptions relating to the permeability of the aquifer and AGB, it is 
considered likely that basal seepage will be similar in rate to underlying groundwater flow 
and therefore a dilution factor of around 2 is anticipated – i.e. the concentration of any 
dissolved chemical in the basal seepage will be approximately halved. This estimation only 
relates to the dilution process. Further reduction in dissolved concentrations will arise from 
other contaminant attenuation mechanisms such as retardation, which is not assessed for 
inert landfill sites. 
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4.2 Emissions to groundwater 

4.2.1 Inert waste 
Data relating to likely leachate composition presented in Section 3.2 indicates that there is 
no significant potential risk to the water environment posed by the inert waste that will be 
accepted at the landfill. As discussed in Section 4.1.5, potential dilution within groundwater 
(dependent upon aquifer/AGB permeability) is likely to further reduce the potential risk 
posed by the site.  
 
4.3 Completion criteria 

4.3.1 Waste composition 
No completion criteria are applicable to the composition of the waste within the landfill due 
to the likely absence of pollutants in excess of relevant EAL. 
 
4.3.2 Landfill elevation 
The landfill will be deemed to be complete once waste disposal has reached the elevations 
indicated in the proposed restoration plan described in the ESSD (see Appendix ESSDC) and 
topsoil has been placed as the final layer of restoration material. Ground level will be 
surveyed to ensure that the final profile has been achieved. 
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5 REQUISITE SURVEILLANCE 

5.1 Site monitoring schedule 

5.1.1 Routine monitoring 
The southern landfill extension will be incorporated into the current site monitoring 
schedule as undertaken for the current landfill (Boreholes BHA, BHB and BHE) – as described 
in Section 2 of the Annual Monitoring Report (as referenced in the ESSD). The schedule will 
be expanded to include the following: 
 

 Groundwater level measurement in the three new boreholes as drilled around the 
extension area (see Figure ESSD3) on an ongoing quarterly basis. 
 

 Quarterly sampling of the three new perimeter boreholes located around the landfill 
extension area (see Figure ESSD3), along with the sampling as undertaken for the 
current landfill. 

 
 Analysis of groundwater samples for the following determinands: Dissolved Oxygen, 

pH, Electrical Conductivity, Ammonium (NH4-N), Total Oxidised Nitrogen (TON),Total 
Organic Carbon (TOC), Biochemical Oxygen Demand (BOD), Chemical Oxygen 
Demand (COD), Calcium, Magnesium, Sodium, Potassium, Alkalinity, Sulphate, 
Chloride, Iron, Manganese, Cadmium, Chromium, Copper, Tin, Nickel, Lead & Zinc. 
 

 All boreholes to be tested on a quarterly basis for the presence of landfill gas 
(oxygen, carbon dioxide and methane) are recorded as percentage by volume (% 
v/v). 
 

5.2.1 Assessment and Compliance limits 
 
SEE REVISION IN SECTION A3 OF THE ADDENDUM ESSD REPORT  
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6 SUMMARY 

6.1 Conclusions 

Based on available environmental information for the extension site and the current landfill 
in the northern part of Woolfox Quarry, the following conclusions are made: 
 
1 The Lincs. Limestone is currently being excavated in the southern extension to the 

quarry, to a maximum depth of 82 mAOD. As with the current landfill, the southern 
extension area has planning permission to be restored to original ground levels by 
the importation and disposal of inert waste materials. 

 
2 Three additional boreholes have been drilled around the extension area (BHX, BHY 

and BHZ) that provide groundwater level and quality data to support the view that 
the base of the landfill extension is likely to be above the watertable within the 
underlying Northampton Sand aquifer. The new boreholes have provided 
groundwater level and quality data to determine baseline conditions prior to 
commencement of waste disposal operations and will be continually monitored.  

 
3 The landfill within the southern extension area will be lined with an Artificial 

Geological Barrier comprising compacted quarry fines, under the same requirements 
as for the current landfill. 

 
4 The site is not at significant risk of flooding by either river or pluvial sources. The 

adjacent watercourse, the North Brook, west of the site, is at an elevation of 
around/below 80 mAOD, although the degree of hydraulic continuity between the 
watercourse and the surrounding watertable remains unconfirmed (the watercourse 
possibly being slightly elevated in comparison with groundwater). Surface water 
collected by the site is expected to drain freely through the quarry floor (residual 
Lincs. Limestone).  

 
5 The site is assessed to pose no significant potential risk to the local water 

environment (i.e. underlying groundwater or the adjacent North Brook) provided 
that the landfill is operated within its permitted constraints. 

 
6 The current site monitoring scheme will be expanded to include the three new 

boreholes around the extension site, with compliance limits for groundwater at the 
downgradient boreholes (BHY and BHZ) as proposed in the Addendum ESSD report 
at Section A3. 

 
6.2 Compliance with the Landfill Directive 

The proposed technical precautions include the construction of an AGB of at least 1 m thick 
with a maximum permeability of up to 1 x 10-7 m/s, which is considered appropriate for the 
proposed inert landfill in compliance with the Landfill Directive. 
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6.3 Compliance with the Groundwater Regulations 2009 

The Groundwater Regulations are not considered applicable to the propose landfill due to 
the inert nature of the waste precluding the need for complex assessment of the potential 
risk to groundwater posed by the site. 
 
6.4 Caveat 

The above conclusions are based on environmental information obtained during the study 
and the professional judgement of Water Environment Desk Studies Ltd. New information 
relating to on-site conditions may be obtained before/during the site development that may 
necessitate revision of the concepts presented in this report and warrant further 
investigation or assessment. 
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FIGURES 
 

Refer to Figures contained in the ESSD Report: 
 

Figure ESSD1 Site location and water features 
Figure ESSD2 Local commercial, industrial, residential and water  
   environment receptors 
Figure ESSD3 Groundwater monitoring boreholes 
Figure ESSD4 Proposed phasing plan and in-waste monitoring points 
Figure ESSD5 Groundwater level data for 2019 and 2020 
Figure ESSD6 Local groundwater Source Protection Zones (SPZ) 
Figure ESSD7 Schematic section W-E through extension area 
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