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This report has been prepared by Stantec UK Ltd (Stantec) in its professional capacity as 

environmental specialists, with reasonable skill, care and diligence within the agreed scope and 

terms of contract and taking account of the manpower and resources devoted to it by agreement 

with its client and is provided by Stantec solely for the internal use of its client. 

The advice and opinions in this report should be read and relied on only in the context of the report 

as a whole, taking account of the terms of reference agreed with the client.  The findings are based 

on the information made available to Stantec at the date of the report (and will have been assumed 

to be correct) and on current UK standards, codes, technology and practices as at that time.  They 

do not purport to include any manner of legal advice or opinion.  New information or changes in 

conditions and regulatory requirements may occur in future, which will change the conclusions 

presented here. 

This report is confidential to the client.  The client may submit the report to regulatory bodies, where 

appropriate.  Should the client wish to release this report to any other third party for that party’s 

reliance, Stantec may, by prior written agreement, agree to such release, provided that it is 

acknowledged that Stantec accepts no responsibility of any nature to any third party to whom this 

report or any part thereof is made known.  Stantec accepts no responsibility for any loss or damage 

incurred as a result, and the third party does not acquire any rights whatsoever, contractual or 

otherwise, against Stantec except as expressly agreed with Stantec in writing. 
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1 Introduction 

1.1 Report context 

Parkfield Road Landfill (the Site) is a former quarry owned by CEMEX UK Materials Ltd (CEMEX). 

CEMEX proposes to fill the quarry void with inert waste.  It is understood that this waste will largely 

comprise London Clay and some Lambeth Group material.  The material is not expected to be 

contaminated. 

An Environmental Setting and Site Design (ESSD) report has been prepared for the permit 

application by Arup and Stantec (Arup & Stantec, 2020).  The ESSD states that a hydrogeological 

risk assessment (HRA) is undertaken.  This report presents the HRA.  All Site information and data 

are presented in the ESSD report which should be read in conjunction with this HRA. 

1.2 Hydrogeological conceptual site model 

The conceptual model of the Site is based on a Source-Pathway-Receptor methodology, as detailed 

below.   

1.2.1 Operational phase 

Prior to filling, the existing Site will be fully dewatered to 52 mAOD, and the basal geological barrier 

constructed.  Any water entering the void, via rainfall or groundwater inflow, will be drained to a sump 

and pumped out via the discharge route to Sow Brook. Once sufficient material has been placed to 

prevent basal heave, the sump will be filled in and water will continue to be pumped from the surface 

of the fill, via temporary sumps, as the waste level is lifted.  Until such time as the fill level reaches 

the external groundwater level (which is approximately 83 mAOD) an inwards hydraulic gradient will 

be maintained and there will be no opportunity of outward migration of contamination from the Site 

to groundwater.  82 mAOD represents the base of the on-site lake (see restoration drawing 

DESSD5).  From this elevation upwards, the material that continues to be placed will be shaped to 

drain towards the on-site attenuation pond and the roadway filter drains.  The roadway has its lowest 

level adjacent to the tunnel under Parkfield Road at 78 mAOD, with water levels in a sump into which 

the filter drains discharge, managed to be no higher than 74 mAOD.  Given the relatively low 

hydraulic conductivity of the waste being placed (mainly London Clay and Lambeth Group material), 

it is expected that the surface gradients will encourage surface runoff from the waste material which 

will drain and be pumped out of the Site. 

Given that an inwards hydraulic gradient will be maintained for much of the Site’s operational phase; 

that surface runoff will be managed once waste levels rise above groundwater levels; and the 

relatively short time period (approximately 12 months) during which the Site will be filled between 83 

mAOD and restored levels; it is considered that the risk to the receptors identified in Section 1.2.5 

will be negligible during the operational phase and this phase is not considered further in this HRA.  

An H1 assessment for the discharge activity is included in Section 2.5.1.1. 

1.2.2 Restored phase 

Following restoration, the northern and eastern parts of the final restoration will comprise a surface 

that slopes down to a surface water attenuation pond with wetland margins at an elevation between 

84 and 85 mAOD. At the deepest points, the base of the pond will be set to an elevation of 82 mAOD. 

The south-western part will drain towards filter drains that will convey flows towards the pumping 

station located adjacent to the tunnel under Parkfield Road.  ESSD Drawing 14 shows the location 
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of these drains and pumping station and the surface water drainage arrangements during the 

restored phase. ESSD Drawing 15 shows a series of cross sections through the restored landfill.  

The proposed access road through the Site falls westward from an elevation of 90 mAOD, which is 

the natural elevation adjacent to the railway sidings, towards the tunnel. Here the ground surface 

reaches a low point of 78 mAOD, which is the level of the existing tunnel under Parkfield Road. The 

filter drain network will convey surface water from the road and adjacent slopes towards a pumping 

station close to the mouth of the tunnel. The filter drains will also collect any leachate seeping 

through the waste body, maintaining the leachate level beneath the road. 

The pumping station will be provided adjacent to the tunnel, at the low point within the Site at 

approximately 78 mAOD.  The pumping station will be designed to maintain water levels at the 

tunnel entrance no higher than 74 mAOD. Surface water from the access road and leachate from 

the Site will be pumped, via the current pipeline, to the Sow Brook consented discharge point (W2 

on ESSD Drawing 10). Passive drainage from the pumping station to the discharge point is not 

possible given the elevation of the tunnel.  

Surface water draining into the attenuation pond will be retained and attenuated there. A high-level 

overflow at 85 mAOD will be provided at the pond connecting into the access road filter drain 

network via gravity. This will allow water to drain towards the pumping station in a controlled manner 

when the water levels within the pond become high.  

In order to ensure that high flows are not discharged to Sow Brook, which could otherwise result in 

localised flooding, when surface water flows exceed the existing pumping rate of 0.04 m3/s, an 

additional pump will be triggered. This will pump excess flows towards the Works Grip area of the 

Rugby Cement Works, where water is currently stored, for attenuation.  The water will then be 

released to the consented discharge point W2 on Sow Brook in a managed manner using the existing 

system. 

1.2.2.1 Water balance 

The water balance for the restored phase is described below.  The various fluxes are also illustrated 

on Figure 1.1. 

Rainfall will fall onto the ground surface, where a proportion will infiltrate the restoration soils and the 

balance will run off. Infiltration to the restoration soils will be subject to evaporation and use by plants 

(transpiration). These two processes are often jointly referred to as evapotranspiration.  Rainfall and 

effective rainfall data are presented in Section 3.3.1 of the ESSD report. 

During the summer, the evapotranspiration demand may be higher than rainfall, whereas during the 

winter the rainfall may be greater than evapotranspiration. For this reason, in summer all of the 

rainfall is usually accounted for by evapotranspiration, whilst during the winter months there is excess 

water which percolates downwards deeper into the restoration soil zone. Within this deeper zone, 

there may be lateral movement of water (interflow) due to local heterogeneity. This lateral flow, in 

combination with surface runoff, will drain to the attenuation pond or, via the filter drains, to the 

pumping station. The remaining water will percolate into the inert waste. 

The amount of surface runoff depends on rainfall intensity and slope whilst the amount of interflow 

will also be affected by slope.  The restored surface has variable slopes as shown on ESSD 

Drawing 14.  On this basis, the Site has been divided up into four surface water catchment areas, 

plus the attenuation pond as detailed below and shown on Figure 1.2. 
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• Area 1 (beige).  South western part of site with a surface gradient of 1 in 20 that slopes 

towards the Site access road.  Surface water runoff and interflow will be captured by the filter 

drain installed along the toe of this slope. 

• Area 2 (magenta). South western part of Site with a surface gradient of 1 in 3 that forms the 

cutting to the south of which the Site access road is located.  Surface water runoff, interflow 

and leachate discharge will be captured by the filter drain installed along the side of the road. 

• Area 3 (red). Western part of Site with a surface gradient of 1 in 5 that forms the cutting to 

the north of which the Site access road is located.  Surface water runoff, interflow and 

leachate discharge will be captured by the filter drain installed along the side of the road. 

• Area 4 (dark blue).  Remaining area of Site which slopes with a surface gradient of between 

1 in 7 to 1 in 14 towards the attenuation pond. 

• Area 5 (light blue).  This area comprises the attenuation pond.  During periods of rainfall, it is 

expected that the pond level will rise higher than the leachate level and there will be an 

outwards flow from the pond to the landfill i.e. the pond area will contribute to landfill 

infiltration.  However, during dry periods, there will be losses from the attenuation pond due 

to evaporation and it is expected that the pond level will fall below the leachate level.  Under 

these conditions there will be discharge of leachate to the attenuation pond. 

The water balance assumes that a proportion of total rainfall is lost as surface runoff and interflow.  

Runoff factors are taken from Figure 3 in NCB (1982).  Runoff is estimated on the basis of the slopes 

comprising cultivated land or short grass and for the underlying material as clay / loam.  For Areas 

2 and 3, which have steeper slopes, runoff is estimated to be 68%, for Areas 1 it is 60% and for Area 

4 it is 65%.  Calculated runoff volumes are presented on Table 1.1 and the spreadsheet with these 

calculations is included as Appendix A. 

Due to its cohesive nature, the imported waste is likely to have a low hydraulic conductivity.  Thus, 

it is likely that it will achieve saturated conditions close to the ground surface, at least in the winter 

periods.  It is therefore likely that in areas distant from the pumping station, the leachate level will be 

at or above the groundwater level for at least part of the year. 

Of the water that infiltrates the saturated waste, some will flow towards and be discharged at the 

pumping station, some towards and be discharged into the attenuation pond and some will flow to 

the Site perimeter and be discharged to groundwater.  The approach taken to determine the leachate 

flow to the pumping station and attenuation pond are described below.  The balance of water that 

infiltrates is assumed to discharge to groundwater. 

Leachate discharge to the pumping station via the filter drains can be estimated on the basis of 

Darcy calculation.  Table 1.2 presents the parameters used in the calculation.  Only Areas 2 and 3 

are used in this calculation as these are the areas that are adjacent to the Site road.  A part of Area 

1 will also discharge to the pumping station, but this will be via Area 2. 

Discharge to the attenuation pond can also be estimated on the basis of Darcy flows.  Table 1.3 

presents the parameters used for the calculation. It is conservatively assumed that there is a 

continuous discharge of leachate to the attenuation pond, even though this is likely to only occur 

during dry weather.  It is also assumed that discharge occurs across the sides and base of the 

attenuation pond, so the pond area has been used in this calculation. 

Table 1.4 presents the water balance for the landfill.  The total input of water to the landfill is taken 

to be effective rainfall multiplied by the surface area (including the attenuation pond as there will be 

infiltration to the waste during wet periods).  The leachate discharge to the attenuation pond during 

dry periods and the leachate discharge to the pumping station are removed from the input.   
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Figure 1.1  Cross sections through the restored Site with schematic water fluxes illustrated 
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Table 1.1  Runoff volumes for Site surface water catchment areas 

 Parameter Runoff to filter drain 
Runoff to 
Pond 

Pond Unit Justification 

  Area1 Area2 Area3 Sum 1,2, 3 Area4 Area 5    

Area 14429 8027 8550 31006 40616 5071 m2 Measured off GIS 

Runoff proportion 0.6 0.68 0.68  0.65 1   Figure 3 in NCB (1982) 

Total rainfall 3.11E-04 1.73E-04 1.84E-04 6.68E-04 8.75E-04 1.09E-04 m3/s 679 mm/a * area 

Runoff volume 1.86E-04 1.18E-04 1.25E-04 4.29E-04 5.68E-04 1.09E-04 m3/s Total rainfall * runoff proportion 
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Figure 1.2  Site surface water catchment areas 
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Table 1.2  Leachate discharge to pumping station 

Parameter Value Unit Justification 

Filter drain length - north 240 m Measured off GIS 

Filter drain length - south 240 m Measured off GIS 

Depth 3 m 
Filter drain 4m below ground level at pumping 
station, rising to 2m below ground at eastern end. 

Hydraulic gradient - north 0.1  Assume leachate has same gradient as topography 

Hydraulic gradient - south 0.15  Assume leachate has same gradient as topography 

Hydraulic conductivity of 
waste 1.00E-08 m/s 

Assumption for waste comprising largely London 
Clay and Lambeth Beds. 

Discharge to filter drain - 
north 7.20E-07 m3/s   

Discharge to filter drain - 
south 1.08E-06 m3/s   

Total leachate discharge 1.80E-06 m3/s   

Table 1.3  Leachate discharge to attenuation pond 

Parameter Value Unit Justification 

Area 5071 m2   

Hydraulic conductivity of 
waste 1.00E-08 m/s 

Assumption for waste comprising largely London Clay and 
Lambeth Beds. 

Topographic gradient 0.05  

Drawing DESID14 shows gradient varies between 1 in 7 to 1 in 
14 

Discharge to pond 2.54E-06 m3/s   

Table 1.4 Landfill water balance 

Parameter Value Unit Justification 

Effective rainfall 158 mm/a Based on hydrometric data from MORECS Square 137 

Effective rainfall 5.01E-09 m/s   

Landfill Area 76693 m2 Sum of Areas 1 - 5 

Effective rainfall flux 3.84E-04 m3/s Effective rainfall * area 

Leachate discharge to 
attenuation pond 2.54E-06 m3/s See Table 1.3 

Leachate discharge to 
pumping station 1.80E-06 m3/s See Table 1.2 

Leachate discharge to 
groundwater 3.80E-04 m3/s 

Balance of infiltration and discharge to attenuation pond 
and pumping station 
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The balance is taken to be the discharge to groundwater.  It is likely that this is an overestimate as 

a proportion of the effective rainfall may be lost to the attenuation pond and pumping station as 

interflow within the restoration soils. 

In order to confirm that the volume discharged to groundwater is realistic, we can estimate the 

necessary hydraulic gradient to transfer this volume of leachate within the Rugby Limestone 

Member (RLM).  Section 3.4.5 of the ESSD gives an RLM hydraulic conductivity of 5.7x10-7 m/s.  

The mid-height perimeter of the Site is 950 m and if we assume that leachate discharge occurs 

across the full 38 m thickness of the landfill, then the required gradient is 0.02.  Note that in this 

calculation, we have omitted any flow across the base of the Site.  Section 3.4.5 of the ESSD 

suggests that the flow across the base of the Site will be an order of magnitude lower than that 

across the sides due to heterogeneity of the strata.  The actual hydraulic gradient will be slightly 

lower than estimated here if this additional basal flow is taken into account. 

1.2.3 Source 

The source is the waste that is imported to the Site.  This will mainly comprise excavated London 

Clay with some Lambeth Group material.  Such material is not expected to have significant man-

made contamination.   

Due to the presence of pyrite in London Clay which contains sulphide minerals which oxidise to 

sulphate when exposed to the atmosphere, it is expected that the waste material will contain elevated 

sulphate concentrations.  Therefore, a derogation on inert waste acceptance criteria (WAC) to three 

times WAC for sulphate and total dissolved solids is included in this application. 

Due to the presence of selenite in London Clay, it is expected that the waste material will contain 

elevated selenium concentrations.  Therefore, a derogation on inert waste acceptance criteria (WAC) 

to three times WAC for selenium is included in this application. 

As detailed in the ESSD a total of 1.893M m3 of waste will be imported.  This volume includes 

selected waste that will form the basal and side wall artificially established geological barrier (AEGB).  

Details of the waste selection criteria for AEGB material is given in the Operating Techniques report. 

1.2.4 Pathways 

The following pathways have been considered: 

• Leachate discharge to the attenuation pond, 

• Leachate discharge to the pumping station with pumped discharge to the discharge point S2 

on Sow Brook, 

• Leachate migration through the basal and side wall AEGB to the RLM with flow down 

hydraulic gradient towards the River Avon and 

• Leachate migration through the side wall AEGB to the RLM with flow down hydraulic gradient 

under Parkfield Road towards the Grip. 

1.2.5 Receptors 

The following receptors have been considered: 

• the attenuation pond, 

• the pumping station, 

• the Grip, 

• the RLM and 
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• the River Avon 

Three of these potential receptors, the Grip, the RLM and the River Avon are screened out from 

further assessment as detailed below. 

1.2.5.1 RLM and River Avon receptor screening 

The RLM comprises interbedded limestones and mudstones.  At the Site, the strata are dominated 

by mudstone and borehole logs, from cored boreholes, show that mudstone comprises between 

75% and 85% of the lithology encountered in BH01, BH02 and BH03 as detailed in Table TESS4 in 

the ESSD report.  There is also evidence that the proportion of mudstone increases with depth within 

the Site. 

Details of water strikes encountered during the drilling of groundwater monitoring wells are provided 

in Section 3.4.3 of the ESSD.  These show that limited groundwater was encountered during drilling. 

Hydrographs for the groundwater monitoring wells are presented on Drawings DESID11a (full 

dataset) and DESID11b (recent dataset).  These show that there is little seasonal variation in 

groundwater level, which is indicative of low hydraulic conductivity of the RLM.  Further discussion 

on the groundwater hydrographs can be found in Section 3.4.3 of the ESSD report. 

In spite of the fact that the Site lake water level is currently maintained lower than groundwater level, 

there is limited evidence for groundwater levels being drawn down adjacent to the Site.  BH01, BH06, 

BH07 and BH08 show no evidence of any drawdown.  BH03 shows some evidence for drawdown.  

The ESSD report notes that BH03 is located within 30 m of BH08 and this highlights the disconnected 

nature of the limestone horizons within the RLM, with some limestone bands being connected to the 

Site lake and being affected by dewatering, whilst others are not.  Even during periods when the Site 

lake was fully dewatered, there was no evidence of the dewatering in the majority of the monitoring 

wells. 

BH05 also shows lower groundwater levels than might be expected.  As detailed in the ESSD report, 

this well is screened across Made Ground and River Terrace Deposits (RTD) as well as the RLM.  

Evidence suggests that the water level at this well is being controlled by the Made Ground and RTD 

water level which are being influenced by dewatering from the Grip.  There is no evidence provided 

by this well that the groundwater level in the RLM is being drawn down. 

Section 3.4.5 of the ESSD presents an estimate for the bulk hydraulic conductivity of the RLM as 

estimated from the long-term dewatering.  The average groundwater inflow to the Site was estimated 

from a water balance and this was used to derive a value of hydraulic conductivity of 5.7x10-7 m/s 

(0.05 m/d).  This compares with regional estimates for the RLM which have a mean value of 

5.2x10-6 m/s.  This illustrates that the local RLM adjacent to the Site is significantly less permeable 

than elsewhere in the region. 

As detailed in Section 3.4.6 of the ESSD, groundwater quality within the RLM is quite poor.  The 

water is characterised by high electrical conductivity with elevated ionic species.  Sulphate exceeds 

UK Drinking Water Standard (DWS) concentration on more than 50% of occasions.  Chloride, 

sodium, manganese and ammoniacal nitrogen exceed by between 25 – 50%.  Iron and nitrite exceed 

by between 10 – 25%.  Such elevated concentrations are typical of groundwater present within lower 

hydraulic conductivity strata where there is insufficient groundwater flow to dilute naturally present 

determinands. 

Section 2.1 of the ESSD details that inert material was previously placed on the basal flanks of the 

Site walls.  There is no indication that any contamination emanating from this material has impacted 

the RLM groundwater. 
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We note that the Site is at the southern edge of the RLM outcrop.  Regional mapping (Drawing 

DESID 8a) shows the Site to be located on the overlying Charmouth Mudstone Formation (CMF), 

although Site evidence confirms it is excavated into the RLM.  Thus, there is no RLM up hydraulic 

gradient (to the south) of the Site to supply groundwater flow through the Site. 

SLR (2018) reports that there are no public (>20 m3/d) groundwater abstractions within 2 km of the 

Site.  There are no Source Protection Zones (SPZ) within 10 km of the Site. No details have been 

provided on private groundwater abstractions. However, given the low yield potential of the strata at 

the Site it is unlikely that any such abstractions exist. 

The River Avon is about 380 m distant from the Site at its closest point.  Between the Site and the 

River Avon lies Malpass’s Tip, which is an historic landfill that was filled with Cement Kiln Dust (CKD) 

from the Rugby Works.  The CKD is described as a silt and will have a low hydraulic conductivity.  

Whilst there is no current groundwater and leachate level monitoring data for Malpass’s Tip, historical 

data suggests that leachate levels may be higher than groundwater levels as a result of water 

mounding within the landfill.  Thus, Malpass’s Tip is likely to act as a barrier to groundwater flow from 

the Site and groundwater will take a tortuous route from the Site to the River Avon. 

The River Avon lies within alluvial deposits which are described as a sandy clay.  This stratum will 

act to restrict any upwards movement of groundwater present within the underlying RLM to discharge 

into the River Avon. 

Based on this evidence, it is considered that the risk to the RLM and River Avon from contaminants 

present within the Site will be negligible and these receptors are qualitatively screened out from 

further assessment. 

1.2.5.2 Grip receptor screening 

The only evidence for groundwater flow towards the Grip comes from BH05.  However, as noted 

above, BH05 is screened across Made Ground and River Terrace Deposits (RTD) as well as the 

RLM.  Evidence suggests that the water level at BH05 is being controlled by the Made Ground and 

RTD water level which are being influenced by dewatering from the Grip.  There is no evidence 

provided by BH05 that the groundwater level in the RLM is being drawn down. 

Should there be contaminant migration from the Site, via the RLM to the Grip, there would be 

significant dilution within the Grip such that it is not expected that a discernible concentration would 

be detected. 

On this basis, it is considered that the risk to the Grip from contaminant present within the Site will 

be negligible and this receptor is qualitatively screened out from further assessment.  

 

 

 



 

Report Reference: 330201391R1D3 

Report Status: Draft 

Parkfield Road Landfill: Hydrogeological Risk Assessment Page 11 

2 Hydrogeological risk assessment 

2.1 The nature of the HRA 

The HRA undertaken is based on Environment Agency (EA) guidance for an inert landfill1. 

The RLM is defined as a Secondary A aquifer at the regional scale.  However, evidence has been 

presented in Section 1.2.5.1 that the RLM has significantly lower hydraulic conductivity locally and 

does not support abstraction or a significant component of river baseflow.  The landfill is located 

partly below the water table and there are surface water receptors and uncertainties. 

Therefore, the groundwater component of this HRA is qualitative whilst the surface water component 

is quantitative. 

2.2 The proposed assessment scenarios 

As discussed in Section 1.2.1, during most of the operational phase there will be an inwards hydraulic 

gradient maintained and the surface water receptor (the attenuation pond) will not exist.  Thus, the 

only risk is to the pumped discharge.  The pumped discharge will be monitored for water quality (see 

Section 3.1.3).  If the water quality is poor, the water will be pumped into the Grip for further dilution 

prior to being discharged to Sow Brook at location W2. 

During the restored phase, the risk to the pumped discharge and the attenuation lake are considered 

in this HRA. 

2.3 The priority contaminants to be modelled 

The HRA considers the determinands listed in Section 2.1.2.1 of 2003/33/EC.  The source term is 

taken to be the L/S=10 l/kg WAC limits.  The published values have been reduced by a factor 10 to 

convert them to aqueous concentrations.  Given that the imported waste will mainly comprise London 

Clay and Lambeth Group waste and these materials are known to contain elevated sulphate and 

selenium concentrations, the source term has been increased by a factor 3 for these determinands. 

2.4 Review of technical precautions 

The Site will mainly accept London Clay and Lambeth Group waste.  The nature of these materials 

and the material acceptance procedures is such that no discernible concentrations of substances in 

excess of the inert WAC limits (with the exception of sulphate and selenium as discussed in Section 

2.3) are likely to be placed at the Site. Controls are based on the material acceptance and control 

procedures as defined in the Site Operation Plan (Arup, 2020a). 

These technical precautions, combined with pre-inspection of the inert restoration material, are 

considered sufficient for the facility to comply with the Environmental Permitting (England and Wales) 

Regulations (2016) and subsequent updates. 

Section 2.1.2.2 of Council Decision 2003/33/EC allows for small quantities of organic materials to be 

deposited at inert waste landfills. Given the nature of the materials to be accepted at this Site, it is 

expected that loads containing such materials would be very few and the total mass of such organic 

material so low such that they can be qualitatively screened out from this quantitative risk 

assessment. 

 

1 https://www.gov.uk/guidance/landfill-developments-groundwater-risk-assessment-for-leachate  

https://www.gov.uk/guidance/landfill-developments-groundwater-risk-assessment-for-leachate
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2.5 Mathematical modelling 

The risk to the attenuation pond is undertaken via dilution calculations.  The risk from to Sow Brook 

from the pumped discharge is undertaken via an H1 assessment for the operational phase and the 

restored phase. 

2.5.1 Sow Brook H1 assessment 

2.5.1.1 Operational phase 

As detailed in Section 1.2.1, during the operational phase, groundwater will discharge into the quarry 

void along with rainfall.  This water will be pumped out via the discharge route to the Site’s discharge 

point at location W2 as shown on Drawing DESID 10.  While the Site is being filled, temporary sumps 

will be constructed within the waste to manage surface water on the filled area.  These sumps will 

be constructed into, and therefore be in contact with, the waste.  If we consider a sump that has 

dimensions of 2 x 2m and is 1m deep, then we can use the Dupuit-Theim approach for an unconfined 

aquifer (Kruseman & de Ridder, 1994) to estimate the radial inflow to the sump.  Input parameters 

are given in Table 2.1 and the calculation is included in the Operational Risk Assessment tab of the 

risk assessment spreadsheet in Appendix A.  This calculation gives a leachate discharge to a 

temporary sump of 2.1x10-8 m3/s. 

Table 2.1  Input parameters for Dupuit-Theim estimation of leachate discharge to temporary 

sumps during operational phase 

Parameter Value Unit Justification 

Height of watertable at 

Observation Well 1 
0 m 

Assume water level in sump is 

maintained at base of sump 

Distance to 

Observation Well 1 
1.13 m 

Effective radius of sump based on a 

length of  m and width of 2m (Mansur C 

I and Kaufman R I, 1962). 

Height of watertable at 

Observation Well 2 
1 m Leachate level outside of sump 

Distance to 

Observation Well 2 
5 m Assumed limit of influence of sump. 

Waste hydraulic 

conductivity 
1x10-8 m/s 

Assumption for waste comprising mainly 

London Clay and Lambeth Group2. 

If we also assume that the water that collects within the Site is pumped out at the same rate as it is 

currently being pumped, we can estimate the amount of dilution that will occur to the determinands 

present within the waste.   

  

 

2 Inert restoration materials tend to comprise cohesive material as granular material is extracted for recycling. 
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𝐶 = (𝐶0 × 𝐿𝐹)/(𝐿𝐹 + 𝑅𝑂) 

Where: 

• C = diluted concentration (mg/l), 

• C0 = Concentration in waste (mg/l), 

• LF = leachate discharge rate into sump (m3/s) and 

• RO = runoff into sump (m3/s). 

Using the current pumping rate as measured between January 2019 and June 2020 (see Section 

3.4.5 and Appendix G of ESSD report) is appropriate as these data represent a period when the lake 

is being held at depth of 66 mAOD which is intermediate between 52 and 74 mAOD and the system 

is approximately in steady state as the lake level is not being drawn down or allowed to rise. 

The diluted concentration is used in the Operational Phase H1 assessment (Table 2.2) for Sow 

Brook.  Only determinands for which an Environmental Quality Standard (EQS) is available are 

considered in this assessment.  For Test 1, the diluted concentration is compared with 10% of the 

EQS limit.  Table 2.2 shows that, for all determinands, Test 1 is passed and there is no need to 

progress with further assessment steps. 

Table 2.2  Operational phase H1 assessment 

Determinand 
Source 
concentration 
(mg/l) 

Diluted 
concentration 
in sump (mg/l) 

10% EQS 
Pass Test 1 
(Y/N) 

Arsenic 0.05 1.86E-07 0.005 Y 

Cadmium 0.004 1.48E-08 0.000025 Y 

Chromium 0.05 1.86E-07 0.00034 Y 

Copper 0.2 7.42E-07 0.0001 Y 

Mercury 0.001 3.71E-09 0.000007 Y 

Nickel 0.04 1.48E-07 0.0004 Y 

Lead 0.05 1.86E-07 0.0012 Y 

Zinc 0.4 1.48E-06 0.00109 Y 

Chloride 80 2.97E-04 25 Y 

Fluoride 1 3.71E-06 0.1 Y 

Sulphate 300 1.11E-03 40 Y 

 

2.5.1.2 Restored Phase 

The Sow Brook H1 assessment for the restored phase is presented in Table 2.3.  This assessment 

is included in the Restored Risk Assessment tab of the risk assessment spreadsheet in Appendix A.   

The flow from the pumping station comprises both surface runoff and leachate discharge.  The landfill 

source concentration is therefore diluted as follows. 

• Mass leachate flux is calculated from the leachate source concentration and the leachate 

volumetric discharge to the pumping station calculated in Table 1.2; and 
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• The dilution flux is the sum of the leachate discharge to the pumping station and runoff to the 

pumping station as given in Table 1.1. 

Only determinands for which an EQS is available are considered in this assessment. 

Test 1 

For Test 1, the pumping station water quality estimate is compared directly to 10% of the EQS limit.  

Table 2.3 shows that cadmium, chromium, copper, mercury and zinc fail Test 1 and these 

determinands are taken forward to Test 2. 

Test 2 

For Test 2 the Process Contribution is compared to 4% of the EQS and is calculated according to: 

𝑷𝑪 =  
(𝑬𝑭𝑹 × 𝑹𝑪)

(𝑬𝑭𝑹 + 𝑹𝑭𝑹)
 

where: 

• PC = process contribution (mg/l), 

• EFR = pumping station flow rate (m3/s), 

• RC = release concentration from pumping station (mg/l) and 

• RFR = Sow Brook 95th Percentile flow (m3/s) (see Section 3.3.2 in ESSD report). 

Table 2.3 shows that only copper fails Test 2 and this determinand is taken forward to Tests 3 and 

4. 

Test 3 and 4 

For Test 3 the predicted environmental concentration is calculated according to: 

𝑃𝐸𝐶 =
(𝐸𝐹𝑅 × 𝑅𝐶) + (𝑅𝐹𝑅 × 𝐵𝐶)

(𝐸𝐹𝑅 + 𝑅𝐹𝑅)
 

where: 

• PEC = predicted environmental concentration (mg/l), 

• EFR = pumping station flow rate (m3/s), 

• RC = release concentration from pumping station (mg/l), 

• RFR = Sow Brook 95th Percentile flow (m3/s) (see Section 3.3.2 in ESSD report) and 

• BC = mean background concentration in Sow Brook (mg/l). 

The background concentration is subtracted from the predicted environmental concentration and the 

result is compared against 10% of the EQS.  The copper PEC is lower than the BC.  This is because 

the Release Concentration is lower than the mean Sow Brook concentration.  Thus, copper passes 

Test 3. 

For Test 4 the PEC is compared against the EQS.  Copper fails Test 4 because the mean copper 

concentration in Sow Brook exceeds the EQS.  Inspection of the Sow Brook summary statistics 

presented in Appendix C of the ESSD shows that 29% of copper results exceed the EQS. 

2.5.2 Attenuation pond assessment 

The attenuation pond risk assessment is presented in Table 2.4.  This is also included in the 

Restored Risk Assessment tab of the risk assessment spreadsheet in Appendix A.  The source 

concentrations are diluted as follows. 

• Mass leachate flux is calculated from the leachate source concentration and the leachate 

volumetric discharge to the attenuation pond calculated in Table 1.3; and 
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• Dilution flux is the sum of the leachate discharge to the attenuation pond, runoff from the 

restored landfill surface to the attenuation pond and rainfall to the attenuation pond as given 

in Table 1.1. 

Table 2.4 shows that all determinands are diluted such that they are all below their relevant 

Environmental Assessment Limit (EAL).  Where an EQS is available, this has been selected as the 

EAL.  Where it is not available, the UK Drinking Water Standard (DWS) has been used.  Where 

neither of these are available, the 95th percentile concentration of current Site waterbody water 

quality is used.
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Table 2.3  Restored phase Sow Brook H1 assessment 
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Notes 

Arsenic 0.05 0.00021 0.005 Y 0.000012 0.002 Y 0.000928 0.00089      

Cadmium 0.004 0.000017 0.000025 Y 0.0000010 0.00001 Y 0.0007 0.00066    

Sow Brook mean not 
determinable, used 95th 
percentile 

Chromium 0.05 0.00021 0.00034 Y 0.000012 0.000136 Y 0.0014 0.0013    

Sow Brook total chromium. 
Mean not determinable, 
used 95th percentile 

Copper 0.2 0.0008 0.0001 N 0.00005 0.00004 N 0.0060 0.0057 -0.00030 Y N   

Mercury 0.001 0.000004 0.000007 Y 0.00000024 0.0000028 Y 0.0004 0.00038    

Sow Brook mean & 95th 
%ile not determinable, used 
max 

Nickel 0.04 0.00017 0.0004 Y 0.000010 0.00016 Y 0.004 0.0038      

Lead 0.05 0.00021 0.0012 Y 0.000012 0.00048 Y 0.007 0.0066    

Sow Brook mean not 
determinable, used 95th 
percentile 

Zinc 0.4 0.0017 0.00109 N 0.00010 0.000436 Y 0.013 0.012      

Chloride 80 0.33 25 Y 0.019 10 Y 94.2 89      

Fluoride 1 0.004 0.1 Y 0.00024 0.04 Y 0.37 0.35      

Sulphate 300 1.3 40 Y 0.07 16 Y 110 104         
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Table 2.4  Attenuation pond risk assessment 

Determinand 
Source 
conc 
(mg/l) 

Diluted 
concentration 
in pond (mg/l) 

EAL 
(mg/l) 

Pass 
(Y/N) 

Notes 

Arsenic 0.05 0.00019 0.05 Y  

Barium 2 0.00746 0.0375 Y 
No EQS or DWS.  Used 95th %ile of current Site waterbody 
water quality 

Cadmium 0.004 0.00001 0.00025 Y Alkalinity > 200 mg/l 

Chromium 0.05 0.00019 0.0034 Y  

Copper 0.2 0.00075 0.001 Y  

Mercury 0.001 0.00000 0.00007 Y  

Molybdenum 0.05 0.00019 0.062 Y 
No EQS or DWS.  Used 95th %ile of current Site waterbody 
water quality 

Nickel 0.04 0.00015 0.004 Y  

Lead 0.05 0.00019 0.012 Y  

Antimony 0.006 0.00002 0.005 Y No EQS, use DWS 

Selenium 0.03 0.00011 0.00256 Y 
No EQS or DWS.  Used 95th %ile of current Site waterbody 
water quality 

Zinc 0.4 0.00149 0.01 Y  

Chloride 80 0.29823 250 Y  

Fluoride 1 0.00373 1 Y  

Sulphate 300 1.11837 400 Y   
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2.6 Accidents and their consequences 

Given the nature of the landfill activities and the management procedures that will be applied at this 

Site, it is considered that significant accidents are unlikely to occur. 

It is feasible that a rogue load of non-inert material might be placed if the stringent site management 

waste acceptance procedures failed. Inert restoration materials tend to have low hydraulic 

conductivity and values of 1x10-8 m/s are considered typical of these materials.  This means that 

leachate discharge fluxes from the Site will be small and, should a small quantity of non-inert material 

be placed, it is considered that its impact would be negligible compared to the impact from the rest 

of the waste. 

The dilution factors afforded in both the attenuation pond and pumping station as detailed in 

Sections 2.5.1 and 2.5.2 are significant and any small quantities of other contaminants migrating to 

these receptors would be instantaneously diluted and not be discernible. 

2.7 Hydrogeological completion criteria 

Although the Site will feature a basal and side wall AEGB, there will be no managed phase following 

the end of restoration. During the operational phase, the Site monitoring data will be evaluated on a 

quarterly and annual basis. The HRA for the Site will be reviewed in line with Environment Agency 

guidance. These reviews will help to establish whether the Site performance is as predicted by the 

Site HRA. 

Following Site closure, it is proposed to continue to monitor for 3 years in order to confirm that the 

Site is performing as predicted by the Site HRA.  At the end of this period, it is expected that the 

Environmental Permit will be surrendered. 
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3 Requisite surveillance 

3.1 The risk-based monitoring plan 

3.1.1 Leachate monitoring 

The Site has no formal leachate drainage and management system. It is likely that a component of 

the water that discharges to the pumping station will comprise leachate.  The water pumped from 

the pumping station is predominantly surface water and is considered in Section 3.1.3. 

3.1.2 Groundwater monitoring 

The groundwater monitoring plan is discussed in detail in the accompanying Site Monitoring Plan 

(Arup, 2020b). It is proposed that groundwater quality monitoring be carried out at 5 existing 

monitoring boreholes (BH01, BH05, BH06, BH07 and BH08) as shown on Figure 3.1. These 

monitoring boreholes cover up-gradient (BH01 and BH07) and down-gradient (BH05, BH06 and 

BH08) monitoring. 

3.1.2.1 Selection of determinands 

Groundwater is to be monitored for a range of determinands as described in the Site Monitoring Plan 

(Arup, 2020b). 

For the purposes of assessing against the performance of the landfill, control levels and compliance 

limits have been set for four determinands: ammoniacal nitrogen, chloride, arsenic and nickel. Whilst 

significant quantities of biodegradable materials should not be accepted at the Site, the inclusion of 

ammoniacal nitrogen allows for the early detection of waste acceptance procedure issues. Chloride 

is not retarded or degraded by any environmental processes and is thus a good choice as a 

conservative tracer.  Arsenic is a hazardous metal and nickel is a metal that is generally not found 

in baseline groundwater. 

3.1.2.2 Calculation of appropriate Control Levels and Compliance Limits 

Water quality data at the selected down-gradient monitoring points (BH05, BH06 and BH08) have 

been analysed and used to set Control Levels and Compliance Limits, based on Environment 

Agency methodology (Environment Agency, 2016) for ammoniacal nitrogen, arsenic, chloride and 

nickel. These are presented in Table 3.1. 

Prior to assessment the data were analysed for outliers using Grubbs’ test and Walsh’s test (USEPA, 

2006) and these were removed from the assessment.  Control Levels are based on the mean value 

plus two standard deviations, whilst Compliance Limits are based on the mean value plus three 

standard deviations. Some values have been rounded down or up in order to provide a more 

appropriate differentiation between the Control Level and Compliance Limit.  Proposed control levels 

and compliance limits are presented in Table 3.1 and time series charts are included in Appendix B.  

Outliers are highlighted with a red circle or text box on the charts. 
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Figure 3.1  Proposed site monitoring 
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Table 3.1 Groundwater monitoring location control levels and compliance limits 

Location Determinand 
Control 

Level 

Compliance 

Limit 
Comments 

BH05 

Ammoniacal 

nitrogen 
- - 

Concentration currently elevated in well with a rising 

trend.  Baseline concentration higher than likely to 

be discharged from Site so an impact from the Site 

is very unlikely to be observed.  Therefore, no 

control level or compliance limit has been set. 

Arsenic 0.0022 0.0027  

Chloride 96 116 

Not normal or log normal distributed.  One outlier 

identified and removed from assessment.  

Compliance limit raised to 20 mg/l above control 

level. 

Nickel 0.018 0.022  

BH06 

Ammoniacal 

nitrogen 
0.38 0.50 

Only 10 readings between January and October 

2020. Not normal or log normal distributed. 

Arsenic 0.00070 0.00090 
Only 10 readings between January and October 

2020. 

Chloride 125 145 

Only 10 readings between January and October 

2020.  Compliance limit raised to 20 mg/l above 

control level. 

Nickel 0.0096 0.012 
Only 10 readings between January and October 

2020. 

BH08 

Ammoniacal 

nitrogen 
0.30 0.60 

Not normal or log normal distributed.  One outlier 

identified and removed from assessment. 

Arsenic 0.0016 0.0033  

Chloride 147 167 
Compliance limit raised to 20 mg/l above control 

level. 

Nickel 0.0086 0.012  

3.1.3 Surface water monitoring 

The surface water monitoring plan is discussed in detail in the accompanying Site Monitoring Plan 

(Arup, 2020b). It is proposed that surface water quality monitoring be carried out at 2 monitoring 

locations, the attenuation pond (SW10) and at the pumping station (SW11). 

3.1.3.1 Selection of determinands 

Surface water is to be monitored for a range of determinands as described in the Site Monitoring 

Plan (Arup, 2020b). 

For the purposes of assessing against the performance of the landfill, Control Levels and 

Compliance Limits have been set for the same four determinands as groundwater: ammoniacal 

nitrogen, chloride, arsenic and nickel. 
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3.1.3.2 Calculation of appropriate Control Levels and Compliance Limits 

Water quality data at the monitoring point at the lake in the old quarry (SW09) has been analysed 

and used to set Control Levels and Compliance Limits for the future pumping station as displayed in 

Table 3.2. The same methodology was used as that outlined in Section 3.1.2.2 for the groundwater 

Control Levels and Compliance Limits. 

Table 3.2 Surface water monitoring location control levels and compliance limits 

Location Determinand 
Control 

Level 

Compliance 

Limit 
Comments 

SW11 

Ammoniacal 

nitrogen 
0.22 0.28 

Ammoniacal nitrogen is not normal or 

log normal distributed.  One outlier 

identified and omitted from the 

assessment. 

Arsenic 0.0021 0.0026 
Two outliers identified and omitted from 

the assessment 

Chloride 205 215 
Compliance Limit raised so that it is 20 

mg/l higher than Control Level 

Nickel 0.009 0.013  
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4 Conclusions 
This report presents an HRA undertaken in support of an Environmental Permit application for the 

Site. 

The Site is to be restored using inert waste.  It is understood that this waste will largely comprise 

London Clay and some Lambeth Group material.  The material is not expected to be contaminated.  

The water level in the Site must be controlled so that it is no higher than 74 mAOD at the tunnel that 

runs under Parkfield Road.  To achieve this, filter drains will be installed along the roadway which 

will provide long term access to the Site.  A pumping station will pump water collected in these drains 

through the tunnel and it will then drain under gravity to the current discharge point on Sow Brook. 

The conceptual model of the Site is based on a Source-Pathway-Receptor methodology, where the 

sources are the inert waste used to restore the Site.  A number of receptors have been identified, 

including the on-site attenuation pond, the on-site pumping station, an area of excavated ground to 

the west of Parkfield Road known at the Grip, the RLM and the River Avon. 

Source-Pathway-Receptor linkages have been assessed and evidence is presented to screen out 

linkages between the inert waste and the Grip, RLM and the River Avon.  Linkages for the on-site 

attenuation pond and the on-site pumping station have been taken forward for quantitative 

assessment. 

The on-site attenuation pond risk assessment is based on dilution calculations for dry periods when 

the water level in the pond may drop below the leachate level in the waste resulting in leachate 

discharge to the pond.  The pumping station assessment has been undertaken for both the 

operational and restored phase in the form of an H1 assessment for the receiving water course, Sow 

Brook. 

The HRA concludes that the Site is located within a low sensitivity setting and that the risk to the 

identified receptors is neglidgible within the context of naturally elevated baseline quality at the Site.  

In order to confirm this, requisite surveillance is proposed in the form of groundwater and surface 

water monitoring.  The pumped discharge will also be monitored and the discharge to Sow Brook 

will cease should concentrations exceed compliance limits.  Under this circumstance, the discharge 

will be routed to the Grip and / or Lodge Farm, which is a large water filled void to the west of Rugby 

Cement Works, for further dilution prior to discharge to Sow Brook. 
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Appendix A 
Water balance, attenuation pond risk assessment and 
discharge H1 assessment (electronic appendix) 
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