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1 Introduction 

1.1 Background 

Sandgate Quarry (the Site) is owned and operated by CEMEX UK Materials Ltd (CEMEX).  Sand 

from the Folkestone Formation is currently being excavated from the quarry void.  In accordance 

with the planning permission, following quarrying there is a requirement to import 1.8 million tonnes 

of inert fill material to create a restoration scheme suitable for nature conservation and recreation.  It 

is proposed that Inert Recycling UK Ltd (IRUKL) will carry out the filling operation which would be 

undertaken under the terms of a Waste for Recovery Environmental Permit.  The application for this 

Environmental Permit will be made by IRUKL.  In March 2020, IRUKL engaged Stantec UK Ltd 

(Stantec) to prepare a quantitative Hydrogeological Risk Assessment (HRA) to support the 

Environmental Permit application.  This report presents the HRA. 

The Site is located immediately east and south of the outskirts of Storrington in West Sussex.  Land 

to the south is rural, with the Site located immediately north of the A283 and South Downs National 

Park.  A housing estate built over a historical landfill lies immediately east of the Site.  The Site is 

approximately centred at National Grid Reference (NGR) TQ103140 (nearest postcode is RH20 

4RD). 

This HRA is based on the data and information contained within the Environmental Setting and Site 

Design (ESSD) report that has been prepared for the Environmental Permit application (WYG, 2020).   

1.2 Objectives and Scope 

IRUKL has engaged Stantec to prepare an HRA to support the Waste Recovery Environmental 

Permit application at the Site.  The objective of the HRA is to use the hydrogeological conceptual 

site model developed in the ESSD to assess the risk of contamination to neighbouring receptors 

from the proposed recovery operation.  This HRA report should be read in conjunction with the 

ESSD. 

1.3 Report Outline 

This report includes the following: 

• A summary of the hydrogeological conceptual site model (Section 2); 

• Details of the modelling approach used in the HRA and results of this modelling (Section 3);  

• An Attenuation Layer screening assessment to determine the quality of materials suitable for 

forming the Attenuation Layer (Section 4) 

• Requisite surveillance and monitoring to validate the HRA results and to protect neighbouring 

receptors (Section 5); and 

• The key conclusions of the HRA (Section 6). 
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2 Conceptual Hydrogeological Site 

Model 

2.1 Overview 

Information on the Site location and surroundings is discussed in Section 1 of the ESSD report.  

Restoration material is to be emplaced within the existing quarry void at the Site to make the Site 

suitable for nature conservation and recreation.  The restoration scheme is presented in Appendix 

A and will include two surface waterbodies, these are: 

• A lake in the east of the Site, partly underlain by restoration material in the west (referred to as 

“the main lake” throughout the remainder of this report); and 

• on-site ponds in the west of the Site entirely underlain by restoration material (referred to as 

“the on-site ponds” throughout the remainder of this report). 

An engineered Attenuation Layer will be placed at the base of the restoration material and will also 

line the on-site ponds overlying the restoration material.  The main lake will be lined along its western 

edge only where it is underlain by restoration materials.  Further details of the installation design and 

site infrastructure are provided in the ESSD and Operating Plan.   

An understanding of the key physical components of a groundwater system must be developed prior 

to undertaking any modelling to assess risk to controlled waters.  To simplify the complexity of 

observed geological and groundwater conditions and to identify the relevant flow and transport 

parameters, a conceptual model has been developed.  The model accounts for the physical ground 

conditions (including surface and subsurface conditions, natural geology and made ground) as well 

as the key hydrological and hydrogeological inputs and outputs.   

The hydrogeological conceptual model has been developed based upon the proposed site layout, 

construction and geo-environmental setting described in the ESSD (WYG, 2020).  The conceptual 

model has been used to derive a set of potential source-pathway-receptor linkages.  These are 

described in this section, and are used to assess the risk to controlled waters from the restoration 

materials deposited at the Site. 

2.2 Site Water Balance 

The various fluxes into and out of the Site are estimated in the model using a water balance 

approach.  The model calculates the fluxes as described below. 

• Rainwater will fall onto the ground surface, where it will be subject to evaporation, use by plants 

(transpiration) or runoff.  Evaporation and transpiration are jointly referred to as 

evapotranspiration.  Any runoff would drain to the shallow on-site ponds or main lake to the 

east.   

• During summer, evapotranspiration demand will likely be higher than rainfall, whereas during 

winter rainfall will likely be greater than evapotranspiration.  For this reason, in summer all of 

the incident rainfall is usually assumed to evaporate or transpire (i.e. there is no net infiltration 

to the soil).  During the winter months, excess water percolates downwards deeper into the 

soil zone.  Lateral movement of water is likely to occur within the soil zone due to local 

heterogeneity as interflow.  This interflow, together with surface runoff, will flow off site and 
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then either infiltrate the shallow Folkestone Formation sandstone aquifer or drain to a water 

feature.  The remaining water will percolate downwards into the restoration materials. 

• Mean annual rainfall for a rain gauge at Storrington between 2000 and 2018 is 873 mm.  This 

compares with a Standard Annual Average Rainfall (SAAR) for the Site of 918 mm (HR 

Wallingford, 2020).  WYG (2020) uses mean gauged flow together with the surface water 

catchment area from the River Rother at Hardham, located 7.5 km north-west and upstream 

of the Site, to estimate effective rainfall and groundwater recharge.  Effective rainfall is the 

difference between total precipitation and evapotranspiration.  An annual effective rainfall of 

405 mm has been estimated using this method.  Based on Q95 flows and the surface water 

catchment area for the River Rother at Hardham, recharge to groundwater has been estimated 

to be 98 mm.  In this conceptual model it is assumed that up to 405 mm/a of water is available 

for infiltration to the restoration materials and runoff (either by surface runoff or lateral flow 

within the restoration soils).   

• The restoration material will be less permeable than the Folkestone Formation sandstone that 

contacts the fill on all sides (including the base).  The low permeability Sandgate Formation 

(consisting of the Marehill Clay and Fittleworth members) underlies the Folkestone Formation.  

The full thickness of the Folkestone Formation is not being worked at the Site and the 

Folkestone Formation directly underlies the emplaced restoration material with an estimated 

minimum thickness of 3 m.  A horizontal gradient would be required for flow through the sides 

and a vertical gradient would need to form to allow flows through the base.  The direction and 

flux would be determined based on the relative head difference between water in the 

restoration materials and groundwater in the Folkestone Formation aquifer.  The  presence of 

water features overlying the restoration material causes some complexity in the water balance 

and is considered further in Section 3.5. 

• As part of the restoration plan, two surface waterbodies will be formed above the restoration 

material.  The main lake will be in hydraulic continuity with the Folkestone Formation where it 

is not underlain by restoration material.  The on-site ponds in the western part of the Site will 

be located above the regional water table and therefore will not be connected to groundwater.  

These waterbodies could receive water from, or lose water to, the restoration material 

dependent on the head gradient that forms between them.  This is considered further in 

Section 3.5. 

• Should heads in the restoration material rise to ground level, further infiltration will not be 

possible and additional surface runoff will occur.  The additional runoff would not be able to 

infiltrate the saturated restoration material and would therefore not be contaminated.  Under 

such conditions, outflows from the restoration material reach a maximum value controlled by 

the hydraulic gradient between head in the restoration material and head in the receptors 

(groundwater and surface water bodies). 

• If the head in the restoration material does not rise to ground level, it is assumed that all 

effective rainfall will infiltrate through the restoration material and outflows from the restoration 

material would equal the inflows.  Applying this assumption means that there is no additional 

runoff from the ground surface. 

• During the early part of the operational (filling) phase, water in the void will be suppressed by 

dewatering.  As filling progresses, the restoration material will be allowed to gradually saturate.  

Following the operational phase, when the Site has been filled to achieve the planned 

restoration profile, all dewatering will cease and groundwater will rebound to natural levels.  

Further detail on dewatering is provided in Section 3.2.1.  The risk assessment considers the 
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long-term situation when material importation has ceased and groundwater levels have fully 

recovered following dewatering. 

• It is assumed that water will infiltrate through the on-site ponds to the underlying restoration 

material.  Once the head in the restoration material rises above the base of the on-site ponds, 

water levels in the ponds themselves will begin to rise.  The surface water catchment area 

draining to the on-site ponds is estimated to be 15 ha, which is almost four times greater than 

the maximum on-site ponds area of approximately 4 ha (at a stage of 42 m AOD).  Surface 

water draining to the on-site ponds will include runoff (from the 15 ha catchment) and direct 

rainfall.  These inflows will cause water levels in the on-site ponds to be above the head in the 

restoration material causing a downwards gradient and therefore allowing leakage from the 

ponds to the restoration material.   

• Water will be lost from the on-site ponds through open water evaporation and via the overflow 

pipe (only when levels exceed 42 m AOD).  It is possible that there could be discharge from 

the restoration material to the on-site ponds during summer if open water evaporation and lack 

of rainfall causes pond levels to drop more rapidly than the head in the restoration material.  

However, this situation would likely only occur for a small proportion of a typical year and the 

prevailing condition will be of flow into the restoration material from the on-site ponds.  

Contaminant flux to the on-site ponds is therefore not directly considered by the water balance. 

2.3 Source 

The Site is to be utilised for the deposition of imported restoration materials only, as detailed in the 

ESSD (WYG, 2020).  Assuming a density of 1,800 kg/m3, the total volume of imported material will 

be approximately 1,000,000 m³ (corresponding to 1,800,000 tonnes). 

The potential source of contamination is the inert restoration material to be deposited at the Site.  

Infiltrating water could pass out of the sides and base of the restoration material to the Folkestone 

Formation.  Water from the restoration material could also discharge to the on-site ponds and/or 

main lake.  An Attenuation Layer will be constructed around the sides and base of the restoration 

material (i.e. at the contact between the restoration material and Folkestone Formation).  The 

Attenuation Layer will also underlie the on-site ponds and western side of the main lake, meaning 

that it will partially overlie the restoration material.  At the Site, the final flow regime after restoration 

is likely to be partially radial with flow out of each side of the restoration material.  Figure 3.2 shows 

the proposed location of the Attenuation Layer. 

As water flushes through the restoration material, the source term concentrations will decline at a 

rate governed by the infiltration flux. 

2.4 Pathways 

The Site is located within the Folkestone Formation, which is locally classified as a Principal Aquifer 

by the EA.  Principal Aquifers are highly productive and permeable formations able to support large 

abstractions for public water supply and may form an important baseflow supply to rivers.  The 

Folkestone Formation is underlain by the Sandgate Formation, which is comprised of the Marehill 

Clay Member and Fittleworth Member.   

Boreholes at the Site do not penetrate the full thickness of the Sandgate Formation, but a borehole 

1.6 km east of the Site proved a thickness of 23.5 m.  The Sandgate Formation was described as a 

“hard grey clay” at this location, although interbedded sandstone layers are present within the 

Fittleworth Member.  The Marehill Clay Member is classified as unproductive strata and based on 
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geological mapping, pinches out to the east and may not underlie the Folkestone Formation across 

the central and eastern part of the Site.  The Fittleworth Member is classified as a Secondary A 

Aquifer.  Secondary A Aquifers are permeable layers capable of supporting water supplies at a local 

rather than strategic scale, and can comprise an important source of baseflow to rivers. 

The Hythe Formation underlies the Sandgate Formation.  The Hythe Formation is comprised of 

various interbedded sandstone layers and, like the Folkestone Formation, is classified as a Principal 

Aquifer.  Further detail on the conceptual hydrogeology is provided in the ESSD (WYG, 2020). 

The main lake is the same lake proposed as part of the Washington Sandpit restoration immediately 

east of the Site.  Washington Sandpit is currently operated as an inert landfill by Britaniacrest 

Recycling Ltd.  The combined final restoration schemes will, in the long term, form part of Sandgate 

Country Park.  The main lake will be connected to the Folkestone Formation across most of its length 

and lake levels are therefore expected to be groundwater-dependent.  In contrast, the on-site ponds 

will be entirely underlain by the Attenuation Layer and will hence be disconnected from groundwater. 

Groundwater flow within the Folkestone Formation is currently controlled by dewatering at the 

existing Sandgate Quarry and reliable data on pre-dewatering conditions are unavailable.  However, 

it is considered probable that natural groundwater flow (i.e. when levels have recovered following 

dewatering) would be westwards or south-westwards (WYG, 2020).  This understanding is applied 

in the HRA, and the HRA should be reviewed when information on recovered groundwater levels 

becomes available.  Based on historical data, it is expected that groundwater levels will recover to 

around 40 m AOD at the Site.  

The conceptual understanding of the Site hydrogeology is presented in Figure 3.1 and Figure 3.2.  

Based on this understanding, the following pathways have been considered:  

• Flow from source through the Attenuation Layer (through the base and/or sides) to 

groundwater in the Folkestone Formation at the western Site boundary (i.e. in the inferred 

direction of groundwater flow); 

• Flow from the source through the Attenuation Layer into the main lake; and 

• Flow from the source through the Attenuation Layer into the on-site ponds. 

Any contaminant discharge through the sides of the restoration material to the north, south and west 

would be subject to dilution in the receiving groundwater.  Discharge through the base would similarly 

be diluted by groundwater flow.   

Upon discharge to the main lake, any contaminants would be subject to dilution within the lake.  It is 

understood that a spillway will be created connecting the on-site ponds to the main lake, which will 

prevent levels in the on-site ponds from exceeding 42 m AOD.  The spillway will divert water to the 

main lake and would therefore allow additional dilution (shown in Figure 3.1).   

The conceptualisation and representation of the water balance implies that the risk to the on-site 

ponds is minor and this receptor has been qualitatively screened out.  Detailed justification for this 

is provided in Section 3. 

2.5 Receptors 

The potential receptors of contamination have been identified as follows: 
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• Hazardous substances: edge of the Attenuation Layer adjacent to groundwater within the 

Folkestone Formation and the main lake.  Instantaneous dilution is applied as detailed in 

Section 3.5.3.   

• Non-hazardous pollutants: groundwater at the Site boundary and surface water in the main 

lake.  Instantaneous dilution is applied to all receptors and dilution by groundwater flow from 

up hydraulic gradient is additionally applied to the groundwater receptor.  
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3 Hydrogeological Risk Assessment 

3.1 Modelling Approach 

Inert restoration materials will be placed below and above the expected recovered groundwater table 

at the Site.  It is not a requirement to construct an Attenuation Layer at sites undertaking waste 

recovery, however the HRA must demonstrate compliance with the Groundwater Daughter Directive 

(GDD) of the Water Framework Directive (WFD).  The GDD prohibits the discharge of hazardous 

substances to controlled waters and the pollution of controlled waters with non-hazardous pollutants.  

In order to ensure that the GDD is complied with, it is proposed that an Attenuation Layer will be 

constructed on the sides and base of the inert restoration materials at the Site.   

Based on the conceptual model described in Section 2, it is considered that the risk to controlled 

waters posed by the Site operations is relatively low.  Despite this, restoration materials would be 

deposited below the groundwater table and within a Principal Aquifer.  Therefore, an appropriate 

assessment needs to be undertaken.  Whilst there is no specific guidance for the level of detail 

required for HRAs prepared in support of Waste for Recovery Environmental Permit applications, 

there is guidance for waste disposal permit applications.  This guidance states that for an inert landfill 

site under conditions such as these, a generic deterministic quantitative risk assessment is 

appropriate.  Therefore, we have applied this modelling approach to this assessment.   

3.2 Assessment Scenarios 

3.2.1 Operational phase 

The Site will be dewatered by pumping from a sump.  Filling with restoration materials will commence 

in the base of the void, leaving the sump and thus keeping the site dewatered.  During the filling of 

the base, there will be an inwards hydraulic gradient and there will be no advection of contaminants 

into the Folkestone Formation.  Once sufficient restoration materials have been placed on the base 

to prevent basal heave, stockpiled restoration materials will be pushed into the sump and dewatering 

will recommence at the higher level.  The restoration material below the sump will gradually become 

saturated.  A small excess head can build up in the lower restoration material and therefore, from 

this point on, there will be an outwards advective flux. 

Mean discharge rates from the dewatering in 2012, 2013 and 2014 were 419 m3/day, 1,250 m3/day 

and 1,575 m3/day, respectively.  Since that time, the data shows little pumping and it is thought the 

data is not reliable and that the flow meter was dysfunctional.  The flow meter was recently repaired.  

This water would ingress the void during filling and would be derived from natural groundwater 

discharge and surface runoff.  It would therefore dilute any contaminant flux from the restoration 

material or Attenuation Layer that could arise during emplacement.  To confirm this, monitoring of 

water collected within the void is proposed (Section 5).   

Water abstracted from the void during dewatering would be discharged to the River Stor Tributary in 

accordance with the existing discharge activity permit (ref. SO/S02231/001).   

Long-term active management of groundwater at the Site is not proposed (i.e. there will be no 

dewatering after all of the restoration material has been emplaced).  Therefore, no groundwater 

management has been considered in the modelled HRA scenarios.  Only the post-closure phase 
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has been modelled when groundwater levels have fully recovered and the full restoration material 

mass has been emplaced. 

3.2.2 Fully restored phase 

As there is no cap or artificial sealing liner considered, there is no consideration of deterioration of 

these components by the risk model. 

3.3 Priority Contaminants 

The following determinands have been simulated in the HRA model: 

• chloride; 

• sulphate; 

• ammoniacal nitrogen; 

• nickel; and 

• arsenic. 

Chloride and sulphate are conservative inorganic tracers that may be expected to reach receptors 

quickly.  Nickel has been chosen to be representative of metals because it has a relatively low 

sorption coefficient making it mobile in groundwater environments.  Arsenic has been chosen as a 

relatively mobile hazardous contaminant. 

Ammoniacal nitrogen has been included to allow for the possibility that small quantities of 

biodegradable material may be accidentally emplaced with the restoration material.  Biodegradation 

may produce a number of biproducts, including ammoniacal nitrogen.   

3.4 Review of Technical Precautions 

The nature of the imported inert restoration material and Waste Acceptance Criteria (WAC) 

procedures is such that discernible concentrations of substances in excess of inert WAC limits are 

unlikely to be placed at the Site.  Controls will be based on the WAC procedures defined in the Site 

Operating Plan.  Additional controls are defined in the Site Operating Plan for selecting material 

suitable for use in the Attenuation Layer. 

These technical precautions, combined with pre-inspection of the imported material, are considered 

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

Regulations (2010) and subsequent amendments. 

3.5 Modelling Approach 

3.5.1 Justification for modelling approach 

Modelling has been undertaken for this HRA using RAM (Risk Assessment Model) Version 3 

developed by ESI Ltd (now Stantec) (ESI, 2008).  This software uses a spreadsheet model to solve 

a site-specific water balance.  The water balance is detailed further below.  

Contaminant transport along the identified pathways is modelled using a numerical solution of the 

one-dimensional Advection-Dispersion-Retardation-Degradation (ADRD) equation.  The analysis 

along each pathway takes account of the pathway geometry, but is essentially one-dimensional, 

with a simple description of the physical parameters affecting contaminant migration along the 

pathway. 

This model does not account for transverse dispersion and therefore provides a conservative 
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calculation of concentrations along each pathway.  The effects of vertical dispersion are included 

by defining the equivalent dilution along the pathway.  The ADRD equation is solved using a Laplace 

transform solution method by calling an external solver to the spreadsheet. 

ESI Ltd (now Stantec) benchmarked a number of groundwater risk assessment tools for the EA and 

used a similar approach to benchmark RAM.  Additionally, the equations used in RAM have been 

verified by the following: 

• comparison between direct evaluation of an analytical solution and the semi-analytic transform 

approach applied for more complex pathways; and  

• by comparison with published solutions used for verification as part of the nuclear waste 

industry code comparison exercise INTRACOIN (Robinson & Hodgkinson, 1996). 

3.5.2 General assumptions 

To simplify the modelling, the following conservative assumptions have been made. 

• For simplicity, the thickness of the imported material is averaged across the Site. 

• The entire restoration material mass is assumed to be present at the start of the simulation.  

As the model predicts that the peak contaminant flux will occur during the first few years and, 

since restoring the Site will take longer than this time, the actual source term will be smaller 

than that represented in the model, which thus represents a conservative approximation of the 

system. 

• Retardation and degradation are not considered within the inert restoration material source 

term. 

• The source term declines at the same rate as the infiltrating flux. 

3.5.3 Representation of the conceptual model 

The conceptual model at the Site is complex, with numerous potential outflows from the system.  To 

represent this in the HRA model, a simple but conservative approach has been taken and this is 

described below.  Schematic diagrams of the hydrogeological conceptual model upon which the risk 

assessment is based are presented in Figure 3.1 and Figure 3.2. 

The restoration materials are to be emplaced within the existing quarry void at the Site.  The void 

will only be partially filled and the on-site ponds will be allowed to form in the centre of the void.  The 

restoration materials will be less permeable than the surrounding Folkestone Formation.   

The main lake will be mostly open to the Folkestone Formation (i.e. will primarily not be underlain by 

restoration materials at the Site or inert fill from the adjacent Washington Sandpit).  Levels in the 

main lake will therefore be groundwater-dependent.  The lower permeability of the restoration 

material to the west of the main lake will cause head in the restoration material to rise above 

groundwater levels (and hence lake stage).  A driving head will therefore form from the restoration 

materials to the main lake eastwards. 

The on-site ponds will lie within a depression in the partially filled quarry void.  An overspill is present 

at 42 m AOD from the on-site ponds to the main lake.  The restoration material slopes upwards to 

higher levels around the perimeter of the on-site ponds.   

At the up-hydraulic gradient end of the Site (to the east), the restoration material will act as a lower 

permeability barrier to groundwater flow, and groundwater will preferentially flow around the 
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restoration material or discharge to the main lake along the path of least hydraulic resistance.  Water 

will discharge to the Folkestone Formation through the sides of the restoration material to the north, 

south and west.  Quarrying has not removed the full thickness of the Folkestone Formation and there 

could be flow through the base of the restoration material should a vertical head gradient form.   

In order to represent this complex system in a simple, yet conservative manner, it is assumed that 

all incident effective rainfall is available to infiltrate the restoration material (i.e. there is no runoff) 

and that this inflow is balanced by the outflows described above.  The water balance also assumes 

steady state conditions and can be represented by the following equation: 

𝑄𝐸𝑅 = 𝑄𝐵𝑎𝑠𝑒 + 𝑄𝑆𝑖𝑑𝑒 + 𝑄𝐿𝑎𝑘𝑒 + 𝑄𝑂𝑣𝑒𝑟𝑓𝑙𝑜𝑤        (1) 

Where: 

 QER is the incident effective rainfall at the Site;  

 QBase is the net water discharge flux through the base of the restoration material that 

 discharges to groundwater;  

 QSide is the net water discharge flux through the sides of the restoration material that 

 discharges to groundwater;  

 QLake is the net water discharge flux through the restoration material that discharges to the 

 main lake; and 

 QOverflow is the net water discharge flux that discharges to the main lake via the overflow in 

 the on-site ponds. 

All parameters are measured in volume per unit time. 

Water from the restoration material must migrate through the Attenuation Layer prior to reaching 

groundwater or surface water (i.e. the main lake).  The restoration material to be placed at the Site 

is expected to be cohesive and will likely be of the same permeability as the underlying Attenuation 

Layer.  Therefore, in calculating outflows, the model considers the restoration material and 

Attenuation Layer together.   

For each flux, the head is assumed to drop over half the combined restoration material and 

Attenuation Layer thickness/width (i.e. from the centre of the restoration material to the edge).  The 

head difference between the restoration material and the main lake acts over half the width of the 

restoration material.  The head difference between the restoration material and the Folkestone 

Formation acts over half the thickness/width of the restoration material for outflows through the 

base/sides.   

Equations 2 – 4 have been used to calculate fluxes from the restoration material.  These equations 

are based on Darcy’s Law and assume that the properties of the Attenuation Layer and restoration 

material (specifically permeability) are the same around the sides, base and in contact with the main 

lake.   

𝑄𝑏𝑎𝑠𝑒 =
𝐾𝐴𝐿𝐴𝑏𝑎𝑠𝑒( ℎ𝑅𝑀 −ℎ𝑏𝑎𝑠𝑒)

𝑡𝐵𝑎𝑠𝑒
           (2) 
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𝑄𝑠𝑖𝑑𝑒 = 𝐾𝐴𝐿𝑃𝑒𝑟𝑖𝑚
ℎ𝑅𝑀

2−2ℎ𝑅𝑀𝐴𝐿𝐵𝑎𝑠𝑒 +𝐴𝐿𝐵𝑎𝑠𝑒
2−(ℎ𝑏𝑎𝑠𝑒−𝐴𝐿𝐵𝑎𝑠𝑒)2

2𝑊𝑆𝑖𝑑𝑒
       (3) 

𝑄𝐿𝑎𝑘𝑒 =
𝐾𝐴𝐿𝑊𝑖𝑑𝑡ℎ𝐿𝑎𝑘𝑒(  ℎ𝑅𝑀

2− ℎ𝑅𝑀(𝐸𝑙𝑒𝑣𝑙𝑎𝑘𝑒+𝐵𝑎𝑠𝑒𝑙𝑎𝑘𝑒)+𝐸𝑙𝑒𝑣 𝐿𝑎𝑘𝑒𝐵𝑎𝑠𝑒𝐿𝑎𝑘𝑒)

𝑊𝐿𝑎𝑘𝑒
      (4) 

Where: 

 KAL is the permeability of the Attenuation Layer (m/s);  

 ABase is the basal area of the restoration material not overlain by the main lake (m2); 

 hRM is the head within the restoration material (m AOD);  

 hBase is the head in the Folkestone Formation beneath the restoration material (m AOD);  

 tBase is the distance from the centre of the combined restoration material and Attenuation 

Layer to the Folkestone Formation at the base (m);  

 WSide is the distance from the centre of the combined restoration material and Attenuation 

 Layer to the Folkestone Formation at the side (m);  

 WLake is the distance from the centre of the combined restoration material and Attenuation 

 Layer to the main lake (m);  

 Perim is the perimeter of the restoration material in contact with the Folkestone Formation 

 around the sides (m); 

 ALBase is the elevation of the base of the Attenuation Layer (m AOD); 

 WidthLake is the width of the restoration material in contact with the main lake (m); 

 ElevLake is the stage in the main lake (m AOD); and 

BaseLake is the elevation of the base of the main lake (m AOD). 

Outflow from the restoration material to the main lake (QLake, Equation 4) occurs along the eastern 

perimeter of the restoration material only and is dependent on the head gradient between the main 

lake and the restoration material.  Flow through the base (QBase, Equation 2) to the Folkestone 

Formation can act over the entire areal extent of the emplaced restoration material.  Flow through 

the sides (Qside, Equation 3) can only occur over the perimeter of the restoration material to the west, 

north and south.  The values used for the input parameters into these equations are provided in 

Section 3.6.   

Head in the restoration material has been solved for quadratically by substituting equations 2 – 4 

into Equation 1 and rearranging.  The quadratic equation has been solved based on assumed heads 

in the Folkestone Formation and main lake.  The head in the restoration material is limited by the 

elevation of the overflow pipe (set at 42 m AOD).  If calculated heads exceed this value, in 

accordance with Equation 1, any water not entering the Folkestone Formation (either through the 

base or sides) or main lake is assumed to overflow from the on-site ponds and discharge to the main 

lake. 
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For the base case model, it is assumed that levels in the main lake are 40 m AOD, which is consistent 

with the restoration plan.  The level of 40 m AOD is 1 m higher than lake levels shown on the 

Washington Sandpit restoration plan (Firth Consulting, 2015).  There is some uncertainty in the level 

that groundwater levels will recover to and historical data suggests that recovered levels could be 

higher or lower than 40 m AOD.   

QER is assumed to act over the areal extent of the restoration material that does not overlie the main 

lake (i.e. it is assumed that there is no recharge to the restoration material that underlies the main 

lake).  This assumes that the restoration material can be recharged through the on-site ponds (i.e. 

that a downwards gradient exists).  Water in the main lake is in contact with the Folkestone Formation 

and will preferentially flow through the aquifer rather than the much lower permeability restoration 

material.  Because levels in the restoration material will be higher than those in the main lake, 

incident rainfall over the main lake will not enter the restoration material.   

Pore water velocity through the Attenuation Layer is calculated by dividing the water flux estimated 

to discharge from the restoration material, by the cross-sectional area and effective porosity of the 

Attenuation Layer.  Dispersion and retardation are allowed within the Attenuation Layer, but not in 

the rest of the restoration material mass. 

Prior to reaching the Site boundary, the contaminant mass is diluted in groundwater as follows: 

• Water recharging the aquifer between the edge of the restoration material and the Site 

boundary (applied to non-hazardous pollutants and hazardous substances).   

• Groundwater flow within the aquifer (applied to non-hazardous pollutants only).   

Groundwater flow is calculated using Darcy’s Law and an assumed distribution of natural, recovered 

groundwater heads.  Dilution is from groundwater flow within the Folkestone Formation beneath the 

restoration material and from flow within the aquifer around the sides.   

Instantaneous dilution from recharge is assumed to apply over the area immediately down-gradient 

of the Site between the Site boundary and the restoration material.  The distance to the down-

hydraulic-gradient Site boundary receptor from the edge of the restoration material in the direction 

of groundwater flow (i.e. to the west) is 50 m.  This distance has been multiplied by the restoration 

material width and infiltration rate to obtain this dilution flux.   

Water discharging to the main lake is assumed to be diluted by incident effective rainfall falling over 

the areal extent of the main lake plus clean water discharging via the overspill from the on-site ponds.  

To be conservative, these dilution calculations ignore runoff into the main lake. 
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Figure 3.1 Conceptual model for post-operational conditions in plan view  
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Figure 3.2 Conceptual model cross section
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3.5.4 Spreadsheet modelling of source – pathway – receptor 

The modelling approach has been chosen to provide a robust assessment of risk using the source-

pathway-receptor methodology.  Possible contaminant migration pathways have been identified from 

the conceptual model.  These pathways are set out in Section 2.4.  The risk of groundwater 

contamination is evaluated by considering the three components in sequence as follows: 

• contaminant release from the source provides the input contaminant flux to the pathway; and  

• the contaminant flux from the pathway provides the contaminant load to the receptor. 

The source is modelled based on contaminant concentrations considered likely for the given 

restoration material type.  These are detailed in Section 3.6. 

3.6 Model Parameterisation 

3.6.1 Restoration material dimensions 

Restoration material emplaced at the Site represents the contaminant source to be considered in 

the risk assessment.  The model parameters specifying the dimensions of the restoration material 

to be emplaced at the Site are given in Table 3.1.  The difference between the areal extent of the 

restoration material and the areal extent of restoration material underlying the main lake is equal to 

ABase (see Section 3.5.3). 

Table 3.1 Restored material parameters 

Description Value Unit Source/Justification 

Total volume of 

restoration material 
1,000,000 m3 

Estimate based on 

assumed density of 

1,800 kg/m3 

Areal extent of 

restoration material 
120,463 m2 

Estimated from 

restoration plan 

Areal extent of 

restoration material 

underlying the main 

lake 

16,807 m2 
Estimated from 

restoration plan 

Width of restoration 

material perpendicular 

to groundwater flow 

301 m 

Calculated by dividing 

areal extent by length 

parallel to groundwater 

flow 

Length of restoration 

material parallel to 

groundwater flow 

400 m 
Estimate from 

restoration plan 

Proportion of water 

that would freely drain 

from the restoration 

material 

0.3 - 
Estimated from Beavan 

(1996) 

Base of the restoration 

material (ALBase) 

 

22 

 m AOD 

Estimated from the 

maximum quarry extent 

and restoration plan 
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Description Value Unit Source/Justification 

Permeability 1 x 10-8 m/s 

Restoration material is 

expected to be cohesive 

clays with permeability 

indistinguishable from 

the Attenuation Layer. 

Distance from the 

centre of the 

restoration material to 

the base (tbase) 

8.5 m 

Half of minimum 

thickness from base of 

the on-site ponds to 

base of the Attenuation 

Layer. 

Distance from the 

centre of the 

restoration material to 

the side (Wside) 

150 m 

Representative distance 

from centre of 

restoration material to 

side 

Distance from the 

centre of the 

restoration material to 

the main lake (WLake) 

150 m 

Minimum distance from 

centre of restoration 

material to main lake 

3.6.2 Source term parameters 

For the determinands indicated in Section 3.3, the source term concentration has been estimated as 

defined in Table 3.2.  These concentrations are considered to be representative of the inert 

restoration materials to be deposited at the Site. 

Table 3.2 Model source term input concentrations 

Determinand  
Concentration 

(mg/l) 
Justification 

Ammoniacal 

nitrogen 
1 

Degradable material not permitted within the restoration materials.  

Ammoniacal nitrogen selected in case small amounts of topsoil or 

other degradable material are accidentally accepted 

Chloride 460 
C0 percolation test limits (section 2.1.2.1 of 2003/33/EC) used as 

an upper conservative end of likely range in source term 

concentration 

Arsenic 0.06 

Nickel 0.12 

Sulphate 1,250 
Conservative estimate between C0 percolation test limit (section 

2.1.2.1 of 2003/33/EC) and L/s 10 WAC threshold. 

 

3.6.3 Hydrology 

Modelled hydrological parameters are presented in Table 3.3.  If the calculated head in the 

restoration material exceeds the maximum head in the on-site ponds, water will overflow from the 

on-site ponds to the main lake.  This parameter provides a limit of maximum head in the restoration 

material. 
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Table 3.3 Hydrological parameters applied in the model 

Parameter  Value Units Justification 

Effective 

rainfall 
405 mm/yr Estimate from WYG (2020) 

Main Lake area 73,252 m2 
Estimate from restoration plan.  This parameter is only used 

in the dilution calculation 

Base of Main 

Lake (BaseLake) 
22 m AOD Estimated from base of working plan and restoration plan 

Head in Lake 

(ElevLake) 
40 m AOD 

Estimated from restoration plan and historical groundwater 

levels (see above) 

Maximum 

Head in on-site 

ponds 

42 m AOD Estimated from restoration plan (see above) 

 

3.6.4 Attenuation Layer parameters 

Parameters used to define the Attenuation Layer in the model are presented in Table 3.4.  Tortuosity 

is conservatively assumed to be zero within the Attenuation Layer. 

Table 3.4 Modelled Attenuation Layer parameters 

Parameter  Value Units Justification 

Permeability 

(KAL) 
1 x 10-8 m/s 

Assumed value for type of material likely to be used in 

Attenuation Layer. 

Thickness (tAL) 2 m 
Minimum thickness to prevent discharge of hazardous 

substances  

Effective 

porosity 
0.05 - 

Typical effective porosity for an engineered inert Attenuation 

Layer 

Bulk density 2,000 kg/m3 

Assume density is the same as the restoration material.  This is 

conservative, because in reality the Attenuation Layer will be 

compacted and therefore the density will likely be higher than 

the restoration material. 

Dispersivity 0.1 of 

travel 

distance 

m Typical modelling assumption 

Tortuosity 5 - Conservative value 

 

3.6.5 Hydrogeological and hydrological pathway parameters 

Table 3.5 lists the parameters required to define the three pathways that are conceptualised in the 

model (described in Section 2.4).   
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Table 3.5 Pathway parameters 

Parameter  Value Units Justification 

Folkestone Formation 

bulk density 
1,988 kg/m3 

Calculated assuming that grain density is the 

same as quartz (2,650 kg/m3) and that total 

porosity is 0.25 

Folkestone Formation 

effective porosity 
0.25 - Estimate for sandstone 

Folkestone Formation 

hydraulic conductivity 
10 m/day 

Mean value for Folkestone Formation (Allen, et 

al., 1997) 

Travel distance to edge of 

Site receptor 
220 m 

Conservative representative distance between 

restoration material and edge of Site receptor, 

measured from centre of restoration material to 

western boundary 

Dispersivity 
0.1 of travel 

distance 
m Typical modelling assumption 

Tortuosity 5 - Conservative value 

Head up-gradient of the 

restoration material 
40.5 m AOD 

Estimate of representative up-gradient head at 

the eastern end of the main lake 

Head down-gradient of 

the restoration material 
38.5 m AOD 

Estimate based on historical groundwater level 

data 

Head at base of the 

restoration material 

(hBase) 

39.5 m AOD 

Estimate based on assumed level of 40 m AOD 

in the main lake and that the restoration material 

is down gradient 

Perimeter of the 

restoration material in 

contact with the 

Folkestone Formation 

(Perim) 

1,050 m 

Measured perimeter of the restoration material 

over which water can flow through the sides to 

the Folkestone Formation 

Width of main lake 

(WidthLake) 
215 m 

Width of main lake over which water can flow 

from the restoration material 

Distance between up-

gradient and down-

gradient heads 

700 m 
Distance from western edge of restoration 

material to eastern end of main lake 

Aquifer width 600 m 
Minimum width of the Folkestone Formation at 

the Site perpendicular to groundwater flow 

Folkestone Formation 

thickness 
6 m 

Conservative estimate of unworked Folkestone 

Formation beneath the restoration material 

based on borehole log data.  Unworked 

thickness is estimated to be around 3 – 25 m 

dependent on location. 
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3.6.6 Contaminant transport parameters 

Table 3.6 summarises the contaminant transport parameters that have been applied to the HRA 

model.  It is conservatively assumed that sulphate does not sorb.  Chloride is a conservative tracer 

and does not sorb.  Different transport parameters have been applied to the Attenuation Layer and 

Folkestone Formation as specified in Table 3.6.  Sorption is related to the partition coefficient (Kd). 

Arsenic and nickel sorb onto clays; sorption is reversible and these species will desorb once the 

pulse of contamination has passed through.  Ammoniacal nitrogen also sorbs to clays and will also 

degrade in aerobic conditions as it oxidises to nitrite and nitrate.  However, in this case we have 

conservatively assumed that anaerobic conditions will exist within the Attenuation Layer and 

Folkestone Formation and have not simulated degradation.  None of the other modelled 

determinands degrade naturally. 

Table 3.6 Contaminant transport parameters 

Parameter  Value Units Justification 

Free water diffusion 

coefficient 
2.0 x 10-9 m2/s Conservative assumption based on value for chloride 

Ammoniacal nitrogen Kd 

(Attenuation Layer) 
0.5 l/kg 

Mid-range value for engineered clay barriers in Table 

4.1 of Buss et al. (2003) 

Ammoniacal nitrogen Kd 

(Folkestone Formation) 
0 l/kg Conservative assumption 

Arsenic Kd (Attenuation Layer) 137 l/kg 
Mid-point from range given by Golder Associates 

(2007) 

Arsenic Kd (Folkestone 

Formation) 
25 l/kg 

Minimum value from range given by Golder 

Associates (2007) 

Nickel Kd (Attenuation Layer) 410 l/kg 
Mid-point from range given by Golder Associates 

(2007) 

Nickel Kd (Folkestone 

Formation) 
400 l/kg Expected value for sand (Golder Associates, 2003) 

3.6.7 Environmental Assessment Levels 

Environmental Assessment Levels (EALs) used to assess impacts on the surface water main lake 

receptor are presented in Table 3.7.  Baseline water quality data do not exist for surface water 

however, the main lake will be hydraulically connected to groundwater.  Therefore, available baseline 

groundwater quality data is assumed to be the surface water baseline.  For non-hazardous 

pollutants, baseline concentrations have been used where these are lower than the Environmental 

Quality Standard (EQS).  For arsenic, the only hazardous substance modelled, the Minimum 

Reporting Value (MRV) is used as the EAL (only 16 baseline results are available).  
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Table 3.7 Environmental Assessment Levels for surface water 

Determinand  
Concentration 

(mg/l) 
Source 

Ammoniacal nitrogen 0.24 
95th percentile of baseline groundwater concentrations 

(from 240 results across all boreholes) 

Chloride 53 
95th percentile of baseline groundwater concentrations 

(from 241 results across all boreholes) 

Sulphate 53 
95th percentile of baseline groundwater concentrations 

(from 241 results across all boreholes) 

Arsenic 0.001 MRV 

Nickel 0.004 
EQS (lower than baseline 95th percentile concentration 

of 0.058 mg/l) 

 

Table 3.8 summarises the EALs used to assess impacts at the groundwater receptor at the Site.  For 

non-hazardous pollutants, baseline concentrations have been used where these are lower than the 

Drinking Water Standard (DWS).  For arsenic, the only hazardous substance modelled, the Minimum 

Reporting Value (MRV) is used as the EAL (only 16 baseline results are available). 

Table 3.8 Environmental Assessment Levels for groundwater 

Determinand  
Concentration 

(mg/l) 
Source 

Ammoniacal nitrogen 0.24 
95th percentile of baseline groundwater concentrations 

(from 240 results across all boreholes) 

Chloride 53 
95th percentile of baseline groundwater concentrations 

(from 241 results across all boreholes) 

Sulphate 53 
95th percentile of baseline groundwater concentrations 

(from 241 results across all boreholes) 

Arsenic 0.001 MRV 

Nickel 0.02 
DWS (lower than baseline 95th percentile concentration 

of 0.058 mg/l) 

 

3.7 Model Results 

3.7.1 Water balance results 

An electronic copy of the RAM3 model is provided in Appendix B.  The calculated head in the 

restoration material is equivalent to the maximum head of 42 m AOD.  This means that not all the 

available recharge is able to infiltrate the restoration material, with the excess water discharging 

through the spillway to the main lake (88.3 m3/day is predicted to overspill).  The model results show 

that infiltration to the restoration material is 3.09 x 10-4 m3/s (26.7 m3/day).  This flux then flows from 

the restoration material to the two receptors  Almost all of the outflow is predicted to enter 

groundwater.  This is because of the larger area over which this flow can occur and the assumed 

slightly lower head of groundwater beneath the restoration material, compared to water in the main 

lake (and therefore greater head difference with the main lake).  
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Table 3.9 Contaminant flux to each receptor 

Receptor  Flux (m3/day) 

Main Lake 0.0495 

Folkestone Formation (through sides) 0.284 

Folkestone Formation (through base) 26.3 

Folkestone Formation (Total) 26.6 

Total 26.7 

 

3.7.2 Contaminant concentrations 

Predicted maximum concentrations at the main lake are presented in Table 3.10.  Breakthrough is 

fastest at the main lake, with conservative determinands chloride and sulphate reaching peak 

concentrations after 31 years.  Transport of ammoniacal nitrogen, arsenic and nickel is retarded 

within the Attenuation Layer and these species are predicted to reach peak concentrations 

progressively later controlled by the magnitude of their retardation factor.  Arsenic and nickel do not 

break through within 1,000 years. 

Table 3.10 Predicted maximum concentration at the main lake 

Determinand 
Maximum Modelled 

Concentration (mg/l) 

Time to Maximum 

Concentration (years) 

Ammoniacal nitrogen 1.75 x 10-5 335 

Chloride 0.0689 31 

Sulphate 0.187 31 

Arsenic No breakthrough in 1,000 years 

Nickel No breakthrough in 1,000 years 

 

Predicted maximum concentrations at the edge of Site groundwater receptor are presented in Table 

3.11.  The breakthrough time for the conservative determinands is similar to the main lake as most 

of the travel time is spent in the Attenuation Layer and the travel time in the aquifer is not significant.  

Furthermore, the hydraulic gradient in the Attenuation Layer to groundwater is slightly steeper than 

to the lake resulting in a faster travel time.  As a result of these factors, the peak ammoniacal nitrogen 

concentration is earlier than in the main lake.  
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Table 3.11 Predicted maximum concentration at edge of Site groundwater receptor 

Determinand 
Maximum Modelled 

Concentration (mg/l) 

Time to Maximum 

Concentration (years) 

Ammoniacal nitrogen 0.00569 290 

Chloride 19.5 32 

Sulphate 52.9 32 

Arsenic No breakthrough in 1,000 years 

Nickel No breakthrough in 1,000 years 

 

At the edge of the Attenuation Layer adjacent to groundwater within the Folkestone Formation, 

concentrations of the hazardous pollutant arsenic are never predicted to even approach the MRV of 

0.001 mg/l.   

The base case model results indicate that concentrations at each receptor are predicted to remain 

below the EAL.  Concentrations of sulphate at the edge of Site groundwater receptor (52.9 mg/l) are 

the closest to the EAL (53 mg/l) of any of the determinands and receptors. 

3.8 Hydrogeological Completion Criteria 

Given that there would be no engineered cap or artificial sealing liner at the Site, there will be no 

managed phase following the end of restoration.  During the operational phase, Site monitoring data 

will be evaluated annually and results will be provided in an annual report.   

The HRA should be reviewed when information on recovered groundwater levels is available.  The 

HRA for the Site will then be subject to annual review in line with EA guidance.  These reviews will 

establish whether the Site performance is as predicted by the HRA and whether the HRA should be 

updated.   

After the restoration scheme has been completed, it is proposed that monitoring would continue for 

a period of five years in order to confirm that the Site is performing as predicted by the HRA.   
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4 Attenuation Layer WAC Limit 

Assessment 

4.1 Overview 

The Attenuation Layer will be constructed from selected cohesive inert restoration materials to match 

the hydraulic conductivity and thickness requirements specified in Table 3.4.  Contaminants leached 

from the Attenuation Layer would themselves not be attenuated before reaching the groundwater.  

Therefore, Waste Acceptance Criteria (WAC) limits have been derived, based on the model results, 

to ensure that there is no risk to the receiving water environment.  This section provides details on 

how these WAC limits have been derived and how they should be applied. 

4.2 Construction of the Attenuation Layer 

The HRA relies on an Attenuation Layer that is 2 m thick and has a maximum hydraulic conductivity 

of 1 x 10-8 m/s.  The void will be dewatered to allow the Attenuation Layer to be constructed under 

dry conditions.  All the inert restoration material required to form the basal Attenuation Layer will be 

emplaced prior to filling the remainder of the void  The sides of the Attenuation Layer will be built up 

as filling of the void progresses.  The entire structure will therefore be constructed from selected inert 

restoration material which has suitable chemical and engineering properties.  Such material will 

inevitably contain some chemical determinands that are defined as non-hazardous pollutants and 

hazardous substances. 

4.3 Dilution 

4.3.1 Operational phase 

As is stipulated in Section 3.2.1, the Site will be dewatered during filling.  Dewatering will initially 

cause the hydraulic gradient to be directed inwards, from the Folkestone Formation, through the 

Attenuation Layer to the restoration material.  Therefore, the migration of contaminants into the 

aquifer from the Attenuation Layer can only occur through diffusion.  Diffusive fluxes are dependent 

on concentration rather than head gradients and tend to very small.  In the unlikely event that 

appreciable concentrations of contaminants do migrate into the aquifer, through dewatering, this 

water would then be pumped into the void.  The risk of contaminants leaching to groundwater and 

affecting the wider Folkestone Formation aquifer during this part of the operational phase will 

therefore be negligible.  Monitoring of water collected within the void will be undertaken to ensure 

that the conditions of the discharge activity permit are complied with (Section 5.2).   

During the early construction phase, due to dewatering, the main lake will be absent, and the on-site 

ponds will not have formed.  The only receptor will therefore be groundwater in the Folkestone 

Formation aquifer. 

Once sufficient restoration materials have been placed on the base to prevent basal heave, 

stockpiled restoration materials will be pushed into the sump and dewatering will recommence at the 

higher level.  The restoration material below the sump will gradually become saturated.  A small 

excess head can build up in the lower restoration material and therefore, from this point on, there 

will be an outwards advective flux.  As the Site continues to be filled, so the volume of saturated 

restoration materials will increase.  Whilst there is the opportunity for outwards advective fluxes 

during this phase, they will be smaller than for the post-operational phase described below.  For 
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simplicity, this latter part of the operational phase is lumped together with the post-operational phase 

in the risk assessment. 

4.3.2 Post-operational phase 

The modelling approach used is for the post-operational phase when groundwater levels have fully 

recovered following dewatering.  Within the groundwater pathway, the modelling undertaken 

considers dilution as follows: 

• Dilution from groundwater flow within the Folkestone Formation occurring beneath and around 

the sides of the restoration material; and 

• dilution from recharge over the area immediately down-gradient of the Site between the Site 

boundary and the restoration material.   

Section 3.5.3 provides further detail on how these dilution fluxes have been calculated.  The first of 

these fluxes is assumed to apply only to non-hazardous pollutants, whereas the second is assumed 

to apply to both hazardous substances and non-hazardous pollutants.  Dilution from recharge 

(second of the two bullet points) would effectively be instantaneous (i.e. mixing within the immediate 

vicinity of the point of entry into groundwater).  Therefore, it is appropriate to account for this dilution 

when considering hazardous substances as well as non-hazardous pollutants.  Further dilution via 

mixing with groundwater downgradient of the restoration material (first bullet point) is then 

conservatively assumed only to apply to non-hazardous pollutants.   

Surface water dilution in the main lake has been calculated by ignoring runoff from the surface water 

catchment and assuming that dilution can only occur from effective rainfall over the main lake area 

plus the overflow from the on-site ponds. 

The dilution factor (DF) can be calculated using Equation 5: 

𝐷𝐹 =
𝑄𝑝𝑎𝑡ℎ

𝑄𝑑𝑖𝑙𝑢𝑡𝑒+𝑄𝑝𝑎𝑡ℎ
           (5) 

where: 

Qpath is the contaminant flux through the Attenuation Layer; and 

Qdilute is the diluting flux from groundwater or surface water. 

The greater the dilution, the lower the DF value.  Table 4.1 presents the dilution factors that have 

been used in this assessment.  
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Table 4.1 Dilution factors for the baseline model 

Pathway Value Unit 

Main Lake Receptor – Dilution from effective rainfall over main lake area 

Surface water dilution flux  Qdilute
 0.00196 m3/s 

Contaminant flux through Attenuation Layer  Qpath
 5.73 x 10-7 m3/s 

Dilution Factor DF 0.0003 - 

Groundwater Receptor – Instantaneous dilution (applied to hazardous substances only) 

Groundwater dilution flux  Qdilute 2.51 x 10-4 m3/s 

Contaminant flux through Attenuation Layer Qpath 3.08 x 10-4 m3/s 

Dilution Factor DF 0.551 - 

Groundwater Receptor – Groundwater flow & instantaneous dilution (applied to non-hazardous 
pollutants only) 

Groundwater dilution flux  Qdilute 3.76 x 10-3 m3/s 

Contaminant flux through Attenuation Layer Qpath 3.08 x 10-4 m3/s 

Dilution Factor DF 0.076 - 

  

Table 4.1 shows that the calculated DF for the main lake is much lower than for groundwater.  

Therefore, any material suitable to form the Attenuation Layer in contact with groundwater will also 

be suitable to form the Attenuation Layer in contact with the main lake.  The calculated DF value for 

the main lake is therefore not considered any further. 

Monitoring of groundwater within the shallow Folkestone Formation is proposed.  Full details are 

provided in Section 5.  The proposed monitoring locations are sited around the outside of the inert 

restoration material but within the Site boundary.  Once the Site has been restored, the monitoring 

wells will monitor groundwater that has been subject to mixing with recharge and natural 

groundwater flow as well as any water which emanates from the inert restoration and Attenuation 

Layer materials.  Thus, dilution of any contamination related to the inert restoration material will have 

already occurred before reaching the monitoring locations. 

4.4 WAC Screening Assessment 

Table 4.2 presents a screening assessment for each determinand given in Section 2.1.2.1 of 

European Union Council Decision 2003/33/EC.  It is also presented in electronic format as 

Appendix C.  The table columns should be viewed from right to left as detailed below: 

• Column I: 95th percentile of observed groundwater concentrations.  Data taken from Table 11 

of the ESSD (WYG, 2020). 

• Column H: UKTAG (UK Technical Advisory Group) Quantification Limit for hazardous 

substances (see Column C) (UKTAG, 2016).  Chromium concentrations are total chromium.  

Chromium VI is hazardous; chromium III is non-hazardous.  It is conservatively assumed that 

all chromium present is chromium VI. 

• Column G: DWS for non-hazardous pollutants (see Column C). 



Sandgate Quarry: Hydrogeological Risk Assessment Page 26 

 

Report Reference: 66671AAR2Rev01 

Report Status: Final Report 

• Column F: target concentration to assess against.  This is the minimum value from columns 

G, H and I. 

• Column E: maximum acceptable waste eluate concentration.  This has been determined by 

dividing the target concentration (column F) by the relevant DF (Table 4.1).  The DF applied 

depends on where the determinand is a hazardous substance or a non-hazardous pollutant.  

Actual waste eluate concentration must be lower than this concentration to ensure no impact 

on the receptor groundwater. 

• Column D: WAC limits for dry soils taken from Section 2.1.2.1 of European Union Council 

Decision 2003/33/EC.  For non-hazardous pollutants, these limits are adopted as the WAC 

limits for the Attenuation Layer. 

• Column C: proposed hazardous substance eluate WAC limits to be adopted.  Limit values are 

all lower than the maximum theoretical values given in Column E or equal to the Limit of 

Detection (LOD) for that determinand (based on LOD values from ACS Testing Ltd (ACS)). 

The proposed eluate WAC limits for each of the two of the four assessed hazardous substances (for 

mercury and lead) is equal to the LOD for each determinand as used by ACS.  . 
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Table 4.2 Attenuation Layer Screening assessment 

Determinand 
Haz / Non 

Haz 

Aqueous 
WAC 

(mg/l)1 

WAC Limit 
(mg/kg) dry 
substance2 

Max 
acceptable 

waste eluate 
concentration 

(mg/l) 

Target 
Concentration 

to assess 
against (mg/l) 

UK 
DWS 
(mg/l) 

UKTAG 
Quantification 

Limit (mg/l) 

Baseline 95th 
percentile 

concentration 
(mg/l) 

Comment 

A B C D E F G H I J 

Arsenic Haz 0.009 0.5 0.0091 0.005  0.005 0.00228 

Groundwater quality only 
based on 16 samples 
therefore assess against 
UKTAG. 

Barium Non Haz - 20 - - - - - 
No DWS, no baseline 
data, cannot assess 

Cadmium Non Haz - 0.04 0.00502 0.00038 0.005  0.00038  

Total 
Chromium 

Haz / Non 
Haz 

0.0018 0.5 0.00182 0.001 - 0.001 0.0034 

Lower than background 
groundwater quality.  
LOD conservatively 
used. 

Copper Non Haz - 2 0.190 0.0144 2  0.0144  

Mercury Haz 0.0001 0.01 3.63 x 10-5 2 x 10-5  2 x 10-5 -  

Molybdenum Non Haz - 0.5 - - - - - 
No DWS, no baseline 
data, cannot assess 

Nickel Non Haz - 0.4 0.0833 0.0063 0.02 - 0.0063  

Lead Haz 0.004 0.5 3.63 x 10-5 0.0002  0.0002 0.0064 
Lower than background 
groundwater quality 

Antimony Non Haz - 0.06 0.0211 0.0016 0.005 - 0.0016  

Selenium Non Haz - 0.1 0.0262 0.00198 0.01 - 0.00198  

Zinc Non Haz - 4 0.642 0.0486  - 0.0486  

Chloride Non Haz - 800 700 53 250 - 53  
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Determinand 
Haz / Non 

Haz 

Aqueous 
WAC 

(mg/l)1 

WAC Limit 
(mg/kg) dry 
substance2 

Max 
acceptable 

waste eluate 
concentration 

(mg/l) 

Target 
Concentration 

to assess 
against (mg/l) 

UK 
DWS 
(mg/l) 

UKTAG 
Quantification 

Limit (mg/l) 

Baseline 95th 
percentile 

concentration 
(mg/l) 

Comment 

A B C D E F G H I J 

Fluoride Non Haz - 10 19.8 1.5 1.5 - - 
No baseline data 
available. 

Sulphate(a) Non Haz - 3,000 700 53 250 - 53  

Phenol index - - 1 - - - - - 
No DWS, no baseline 
data, cannot assess. 

Dissolved 
Organic 
Carbon 

- - 500 - - - - - 
No DWS, no baseline 
data, cannot assess 

Total Dissolved 
Solids 

- - 12,000 - - - - - 

Not appropriate to 
compare with 
groundwater 
concentrations 

1Values in orange are the ACS LOD (see text for more details) 
2Section 2.1.2.1 of European Union Council Decision 2003/33/EC
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5 Requisite Surveillance 

5.1 Groundwater Monitoring 

5.1.1 Monitoring locations  

Groundwater quality in the Folkestone Formation will be monitored at the following pre-existing 

borehole locations: 

• GW01 (down-gradient borehole); 

• GW02 (borehole to the south); 

• GW03 (up-gradient to the south); 

• GW06 (borehole to the south);  

• GW07 (down-gradient to the south-west);  

• GW08 (down-gradient to the north);  

• GW09 (up-gradient to the north-east); and 

• GW10 (up-gradient to the north). 

These monitoring locations are shown in Figure 5.1. 

No monitoring will take place at GW04 or GW05 because both of these locations have been 

destroyed by quarrying activities.  At this stage, it is considered that the groundwater monitoring 

network is sufficient to capture any contaminant release from the restoration material.  Once 

groundwater levels have fully recovered at all monitoring locations, the proposed groundwater 

monitoring locations and frequency should be reviewed.  The requirement for further new monitoring 

locations will also be reviewed at this time. 

GW02, GW06 and GW07 are clustered relatively close together (across a distance of 230 m) on the 

southern boundary of proposed restoration material emplacement.  At present, GW06 and GW07 

are both dry (i.e. the base of the monitoring wells are above groundwater levels in the Folkestone 

Formation) and they cannot be monitored for groundwater quality.  The base of the monitoring wells 

is < 30 m AOD and it is therefore expected that, once groundwater levels have recovered, levels in 

GW06 and GW07 will be above the base and monitoring can commence.  Following this, and a six 

month period of concurrent monitoring at these three locations, the requirement for continued 

monitoring at GW02, which lies between GW06 and GW07, should be reviewed.  Dependent on the 

outcome of this review, it may be possible to discontinue monitoring at this location. 

Monitoring will only be carried out in the Folkestone Formation and no monitoring is proposed for the 

underlying Sandgate Formation or Hythe Formation.  This is because the Sandgate Formation is a 

low permeability unit and is unlikely to receive an appreciable contaminant flux from the restoration 

material.  Groundwater flow will be predominantly within the Folkestone Formation.  The underlying 

Hythe Formation, a Principal Aquifer, is hydraulically isolated from the Folkestone Formation by the 

Sandgate Formation. 

The monitoring measurements and schedules are presented in the Site Monitoring Plan. 

5.1.2 Control levels and compliance limits 

It is recommended that control levels and compliance limits are set at the down-gradient groundwater 

monitoring locations, namely GW01, GW07 and GW08.   
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Control levels and compliance limits have been set for three determinands; ammoniacal nitrogen, 

chloride and arsenic.  Ammoniacal nitrogen is generated during biodegradation processes of timber 

or organic rich soils that may accidentally be accepted to the Site.  Chloride is not retarded or 

degraded by any environmental processes and is thus a good choice as a conservative tracer.  

Arsenic can be present in clay and is a hazardous substance. 

No groundwater quality data are available for GW07 because this location is currently dry (due to 

ongoing dewatering).  GW02 lies close to this location and it is proposed to use GW02 data to define 

control levels and compliance limits for GW07.  Only five groundwater quality monitoring results are 

available for GW08 and insufficient data are available to derive control levels and compliance limits 

for this location.  Therefore, the maximum of the derived values for GW01 and GW07 has been used 

to set control levels and compliance limits. 

Groundwater quality data collected at the existing selected monitoring points has been analysed and 

used to set the control levels and compliance limits (Table 5.1).  Background water quality time series 

with derived control levels and compliance limits are presented graphically in Appendix D.   

For ammoniacal nitrogen and chloride at GW01 and GW02, data were subject to a statistical outlier 

test.  This was undertaken(by inspecting the data for normal and log-normal distributions and then 

applying an appropriate statistical test to check for outliers.  Any outliers were then removed prior to 

defining the control levels and compliance limits.  Control levels have been set at the mean plus two 

standard deviations and the compliance limit has been set equal to the mean plus three standard 

deviations.  Compliance limits have been increased where the difference between the control level 

is considered insufficient to allow sufficient time for Site management to act. 

Arsenic has been detected at GW01, GW02 and GW08 on six of the seven sampling events.  On 

four of these occasions, arsenic concentrations were at or below the MRV of 0.001 mg/l (this is due 

to variations in the LOD – sometimes the LOD is less than the MRV).  Arsenic concentrations have 

exceeded the MRV at GW02 twice and the compliance limit has been set at this concentration for 

GW02 and GW07. 
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Table 5.1 Groundwater control levels and compliance limits 

Location Determinand Control level (mg/l) 
Compliance limit 

(mg/l)1 

GW01 

Ammoniacal 

nitrogen 
0.10 0.30 

Arsenic - 0.001 

Chloride 54 74 

GW07 

Ammoniacal 

nitrogen 
0.16 0.36 

Arsenic 0.001 0.003 

Chloride 35 55 

GW08 

Ammoniacal 

nitrogen 
0.16 0.36 

Arsenic 0.001 0.003 

Chloride 35 55 

1Where the compliance limit has been increased to be above that derived using statistics (see text), the value 

is italicised  

5.2 Surface Water Monitoring 

5.2.1 Monitoring locations and frequency 

Surface water monitoring is currently only undertaken along the River Stor tributary.  Monitoring of 

this watercourse will continue while the Site is being dewatered during the operational phase of the 

development.  This will be to confirm compliance with the discharge activity permit conditions.  Once 

dewatering ceases, monitoring of the River Stor tributary will be discontinued because it is 

considered highly improbable that there any appreciable contaminant flux will migrate northwards to 

this watercourse.  In any case, GW08 will capture any contaminant breakthrough north of the 

restoration material. 

Monitoring at the main lake and on-site ponds (marked as SW1 and SW2 on Figure 5.1 respectively) 

will commence once the waterbodies have been formed.   

During the early part of the operational phase, dewatering will occur from a waterbody in the existing 

quarry void.  During Attenuation Layer construction, this waterbody will be hydraulically connected 

to the Folkestone Formation.  However, once the Attenuation Layer has been completed, the 

waterbody will become isolated from natural groundwater.  This water body will be monitored during 

the construction of the Attenuation Layer.  Once the Attenuation Layer is completed, monitoring will 

cease.  This location is not marked on Figure 5.1, as it may need to move through time to keep as 

close to the Attenuation Layer construction face as possible.   

Monitoring measurements and schedules for surface water are presented in the Site Monitoring 

Plan. 
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5.2.2 Control levels and compliance limits 

As there are no available datasets for the surface water monitoring locations, control levels and 

compliance limits cannot be set based on baseline water quality.  Therefore, they have been set at 

the maximum control levels and compliance limits as proposed for groundwater (see Table 5.1).  

SW1 is up-gradient of the Site and water quality could be influenced by the inert landfilling operation 

at Washington Sandpit.  Control levels and compliance limits have therefore not been set for SW1.  

Control levels and compliance limits are set for SW2, SW3 and SW4. 

The values given in Table 5.2 should be reviewed and, if necessary, updated using all available 

baseline water quality data before the recovery operation commences. 

Table 5.2 Surface water control levels and compliance limits 

Location Determinand Control level (mg/l) 
Compliance limit 

(mg/l) 

SW2 & SW3 

Ammoniacal nitrogen 0.16 0.36 

Arsenic 0.001 0.003 

Chloride 35 55 

1Where the compliance limit has been increased to be above that derived using statistics (see text), the value 

is italicised  
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Figure 5.1 Proposed monitoring locations 
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6 Conclusions 
IRUKL proposes to import 1.8 million tonnes of inert restoration material to create a restoration 

scheme suitable for nature conservation and recreation at the existing Sandgate Quarry.  The filling 

operation would be undertaken under the terms of a Waste Recovery Environmental Permit 

application.  Stantec has undertaken a quantitative HRA to support the Environmental Permit 

application.   

A conceptual site model has been developed for the Site and surrounding environment with the 

quantitative risk assessment model developed based on the conceptual understanding.  The 

quantitative risk assessment model considers the risk to shallow groundwater within the Principal 

Aquifer of the Folkestone Formation and on-site surface water features.  An Attenuation Layer will 

be constructed at the base and sides of the restoration material and at the top of the restoration 

material where it underlies proposed surface water bodies.   

Risk to the Hythe Formation, a Principal Aquifer that underlies the Site at depth, is qualitatively 

assessed to be negligible, because the Sandgate Formation that vertically separates the Folkestone 

and Hythe formations will act as a geological barrier.  Inclusion of an Attenuation Layer in the model 

results in predicted concentrations of non-hazardous pollutants being below the EALs and no 

measurable discharge of hazardous substances is predicted.  As such the risk to controlled waters 

is low.   

The Attenuation Layer will be constructed from selected cohesive inert restoration materials to match 

the hydraulic conductivity and thickness requirements specified in this HRA.  An Attenuation Layer 

screening assessment has been undertaken to set appropriate WAC limits for the Attenuation Layer.  

Only waste streams that meet these WAC limits and have an appropriate permeability will be 

accepted for use in the Attenuation Layer at the Site. 

Monitoring for groundwater and surface water is proposed.  Control levels and compliance limits for 

down-hydraulic gradient groundwater monitoring wells and surface water have been derived based 

on background concentrations (where available).  Site monitoring data will be compared to these 

levels to provide an early warning if the groundwater or surface water starts to deteriorate thereby 

allowing an action plan to be implemented. 
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SANDGATE QUARRY31 August 2018

Review of Old Mineral Permission1 : 2500

RESTORATION MASTER PLAN - 
Utilising Imported Material

P4 / 182 / 10

DRAFT

Rev A

A Footpath has been updated TP Mar 16

KEY :

EXISTING VEGETATION

PROPOSED RESTORATION PLANTING 

PROPOSED ACID GRASSLAND

PROPOSED WET HEATHLAND AND MIRE

PROPOSED CONTOURS (m.A.O.D.)
at 2.0m Intervals

WET HEATH AND REEDS AREA

48

X

PERMITTED AREA  

.
...

. ..

.
. . . . . ... .
. .

.

POTENTIAL PERMISSIVE
FOOTPATH ROUTE

PROPOSED HEDGEROW PLANTING 

ADDITIONAL  LAND 
IN COMPANY OWNERSHIP

PROPOSED STOCKPROOF FENCING

POTENTIAL PERMISSIVE FOOTPATH ROUTE
(Subject to creation of suitable path
through existing landholding)

EXISTING RESTORED GRASSLAND
.

...
. ..
.

. . . . . ... .
. .

.

EXPOSED SAND FACES AND ACID
GRASSLAND / HEATHLAND MOSAIC.

...
. ..
.

. . . . . ... .
. .

.

REMAINING QUARRY RESTORATION AREA
(Imported Restoration Materials)

OPERATIONAL ANCILLARY AREA (Removal
of Plant, Restoration Seeding and Planting only)
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WET WOODLAND
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OVER FORMER SILT
DISPOSAL AREAS

NEW HEDGEROWS TO
LINK EXISTING

VEGETATION FEATURES

SHRUB SCRUB
PLANTING TO SIDES

OF FOOTPATH
TRACK TO PREVENT

ACCESS TO
RESTORED FACES

PIPE CONNECTION
BETWEEN

WATERBODIES - 
42.0mAOD

(Hydrogeological
Mitigation)

LAKESIDE FOOTPATH
SET ON SPECIALLY
DESIGNED BENCH

AT LEVEL 43.0m AOD

EXISTING
RESTORATION

PLANTING

EXISTING
RESTORATION

PLANTING

EXISTING RESTORED
GRASSLAND. 

MANAGED FOR GRAZING
OR MOWN FOR HAY

P1

P2

P3

P4

H1
H2

PROMONTORY CREATED
WITH REJECT MATERIALS 

AND STRIPPED SOILS

SHALLOW PONDS
AND WET HEATH
Final Water Level
42.0m AOD Max

LAKE
Final Water Level
42.0m AOD Max
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Grass seed mix for restored slopes:

2To be sown at 5g / m
Includes species to be sown as companion grasses to 
prevent soil erosion during initial stages of the sward 
development:

25.0% Agrostis castellana   (Highland Bent)
20.0% Festuca rubra ssp commutata   (Chewings  
Fescue)
20.0% Festuca ovina  (Sheeps Fescue)
15.0% Festuca rubra  (Red Fescue)
10.0% Festuca longifolia   (Hard Fescue)
5.0% Deschampsia flexuosa   (Wavy Hair Grass)
5.0% Molinia caerulea   (Purple Moor Grass)

Wetland Establishment:

Wetland and reed areas to establish by natural 
colonisation from adjacent seed sourcesto maximise 
biodiversity value; site already contains Phragmites 
australis and other wetland species.



 

 

  

Appendix B 
RAM3 Model (Electronic Appendix) 

 



 

 

  

Appendix C 
Attenuation Layer Screening Assessment 



 

 

  

Appendix D 
Groundwater Time Series for Compliance
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