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Datchet Quarry: Hydrogeological Risk Assessment 
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 
Datchet Quarry (also known as Riding Court Farm) (the Site) is a quarry which is owned and 
operated by CEMEX UK Materials Ltd (CEMEX).  The Site is currently being excavated for 
sand and gravel.  In accordance with the planning permission, there is a requirement to restore 
the Site back to original ground levels and this will be achieved with imported restoration 
material. 

The Site is located approximately 900 m to the south east of Slough in Berkshire. It is located 
to the north of the M4 motorway and separated from it by Riding Court Road. The site is 
centred at National Grid Reference (NGR) SU 98900 77900. 

This report is produced for CEMEX by Stantec UK Ltd. (Stantec) to support an application for 
an Environmental Permit for waste recovery. 

This assessment 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 and this report should be read in conjunction with the ESSD. 

This 2nd Revision to the Hydrogeological Risk Assessment (HRA) forms an update to the 
previous two revisions of this report, both of which have been submitted to the Environment 
Agency (EA) for review.  Following submission of the first version (60601R4), a Schedule 5 
notice was received requiring further detail and updates.  In response to the Schedule 5, the 
HRA was updated and the 1st Revision (60601R4Rev1) submitted.  This 2nd revision 
(60601R4Rev2) is to support the application for an Environmental Permit for waste recovery. 

1.2 Conceptual Hydrogeological Site Model 
Information on the Site location and surroundings are discussed in Section 1 of the ESSD 
report.  Further details of the installation design and site infrastructure are provided in the 
Operating Techniques Report.  

An understanding of the key physical components of a soil and groundwater system must be 
accomplished prior to undertaking any risk assessment modelling for controlled waters. To 
simplify the complexity of observed soil and groundwater conditions and to identify the relevant 
flow and transport parameters, a conceptual site model has been prepared. The model 
accounts for both the physical ground conditions (including surface and subsurface conditions, 
natural geology and made ground) and the key hydrological inputs and outputs to and from 
the system.   

The environmental site setting description and data presented in the ESSD report have been 
conceptualised into a set of potential source, pathway, receptor (S-P-R) linkages. These are 
described in this section, for the assessment of risk to controlled waters from the restoration 
materials deposited at the Site. 

The hydrogeological conceptual model has been developed based upon the proposed site 
layout, construction and geo-environmental setting described in the ESSD.  
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1.2.1 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 a proportion will infiltrate through the top 
of the restoration material and the balance will run off. The infiltrating water will seep into 
the restoration soils where it will be subject to evaporation and use by plants 
(transpiration). These two processes are often jointly referred to as evapotranspiration. 
During the summer the evapotranspiration demand may be higher than rainfall, whereas 
during winter the rainfall may be greater than evapotranspiration. For this reason, in 
summer all of the rainfall is usually accounted for, while during the winter months the 
excess water percolates downwards deeper into the soil zone, where lateral movement of 
this water is likely to occur due to local heterogeneity in the soil zone.  This water, in 
combination with the surface runoff, will ultimately infiltrate the shallow superficial aquifer 
at the Site perimeter. The remaining water will percolate into the restoration material. 

It is reported (Environment Agency, 2004) that the Thames region receives an average 
rainfall of 690 mm/a, with an average effective rainfall (HER) of 250 mm/a.  In this 
conceptual model it is assumed that 250 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) and the sensitivity of the model to this parameter will be assessed.   

• The restoration material is likely to be less permeable than the surrounding Shepperton 
Gravel.  As low permeability London Clay and Reading Beds lie beneath the Site, it is likely 
there will be a ‘doming’ of water within the restoration material due to recharge to the 
material and discharge at the sides. Water may cross the boundary of the Site through the 
up and down gradient sides. Depending on the water level, this flux may be either into or 
out of the Site. The direction and quantity of flow will be determined based on the relative 
head difference between the water in the Site and groundwater in the surrounding aquifer. 

• If the head in the Site equates to ground level, then further infiltration is not possible, and 
run-off will occur.  This represents a worst-case scenario that may be realised in extreme 
wet weather conditions.  Within the model this is conservatively assumed to be the steady 
state condition. The surface run-off is not overflowing from the body of the Site; rather it is 
excess recharge that is not able to infiltrate the imported restoration material.  As such this 
water will be not be contaminated by the imported restoration material. The outflow from 
the Site thus reaches a maximum value controlled by the hydraulic gradient between the 
Site and the surrounding groundwater. 

• If the head in the Site does not rise to ground level, then all the effective rainfall will be 
able to infiltrate the imported restoration material and the outflow from the Site must 
balance the inflow. In this case, there is no run off from the ground surface. 

• The Site will be constructed and operated below the groundwater table and no pumping 
will take place during the operational phase. Groundwater will therefore remain at its 
natural levels throughout the operational phase. The risk assessment considers the long-
term situation when material importation has ceased. 
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1.2.2 Source 
The Site is to be utilised for the deposit of imported restoration material only, as detailed in the 
ESSD report. The total quantity of imported material will be approximately 1,120,850 m³. 

The potential source of contamination is taken to be the inert restoration material deposited in 
the Site. Infiltrating water will pass out of the sides of the Site. It will not pass through the base 
as this is located on London Clay / Reading Beds, which have a relatively low permeability. 
Within the Site, the final flow regime on completion of restoration is likely to be a radial pattern 
with flow out of each side of the Site. 

As water flushes through the restoration material, the source term concentrations will decline 
at a rate governed by the infiltration flux. 

The source has been divided into three areas: Areas A, B and C, to more accurately represent 
the likely conditions at the Site (see Figure 2.1). More information on this is given in Section 
2.5.3. 

1.2.3 Pathways 
The following pathways have been considered:  

• Flow from Area A to groundwater in the Shepperton Gravel at the site boundary, 

• Flow from Area B to groundwater in the Shepperton Gravel at the site boundary and 

• Flow directly from the restoration material in Area C into the on-site amenity lake. 
Groundwater flow within the Shepperton gravel is considered to be from north to south.  
Therefore, whilst any contaminant discharge along the northern boundary of the Site would be 
subject to dilution in the receiving groundwater, the southern side is entirely within the shadow 
of the Site.  Thus, the only process applied within the model for contaminants discharging to 
groundwater is dilution from the water running off the restoration soils and the model ignores 
any additional dilution from groundwater.  At greater distances from the Site, away from it’s 
shadow, additional dilution from groundwater would be afforded, but this is not considered by 
the model as the groundwater receptor is, conservatively, taken to be the edge of the Site. 

Upon discharge to the amenity lake (shown in Figure 2.1), the contaminants will be subject to 
dilution within the lake. It is understood that a spillway will be created for the proposed lake to 
divert any excess runoff water back in to the Datchet Common Brook (shown in Figure 2.1).  

1.2.4 Receptors 
The potential receptors of contamination have been identified as follows: 

• Hazardous substances: local groundwater and surface water at the Site boundary. No 
discernible concentrations of hazardous substances are likely to be present within the 
restoration material deposited at the Site.  Any materials accidentally placed would be 
attenuated within the geological barrier.   

• Non-hazardous pollutants: groundwater at the Site boundary and surface water in the on-
Site amenity lake, with dilution from restoration soils runoff applied along the pathway.  
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Note that the unnamed stream that runs through the northern part of the Site and separates 
Area A from Area B is not explicitly modelled, as it is assumed that contaminants will reach 
groundwater first (there will be a stand-off from the stream of at least 10 m as the mature trees 
that line the stream will not be disturbed) and are effectively assessed by the groundwater 
receptor. Dilution would occur within the surface water, further reducing contaminant 
concentrations. 
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2 Hydrogeological risk assessment 
2.1 The nature of the Hydrogeological Risk Assessment 

2.1.1 General modelling approach 
The Site is located within the Shepperton Gravel, which is locally classified as a Principal 
Aquifer. Principal aquifers are highly permeable formations, usually highly productive and able 
to support large abstractions for public water supply and other purposes. The Shepperton 
Gravel is underlain by the London Clay, a silty clay between 1.6 and 9.8 m thick locally. The 
London Clay is in turn underlain by the clay-dominated Reading Beds, and it is noted that 
during previous site investigations (detailed in the ESSD report) that it is difficult to differentiate 
between London Clay and the Reading Beds at the Site as they are both dominated by clay 
lithologies. 

The Site will be partially below and partially above the groundwater table and is to be utilised 
for the deposit of inert restoration materials only. 

Whilst it is not a requirement to construct artificially enhanced geological barriers (AEGB) at 
Sites undertaking waste recovery, the HRA must demonstrate compliance with the 
Groundwater Daughter Directive of the Water Framework Directive.  This prohibits the 
discharge or hazardous substances to controlled waters and prohibits the pollution of 
controlled waters with non-hazardous pollutants.  In order to ensure that this is complied with, 
it is proposed that an artificially enhanced geological barrier (AEGB) will be constructed on the 
sides of the Site. The base of the Site is protected by a natural geological barrier, the London 
Clay and Reading Beds. 

From the conceptual model discussed in Section 1.2 it is considered that the risk to controlled 
water posed by the Site is relatively low.  However, it is recognised that the Site is below the 
watertable and within a Principal Aquifer.  Whilst there is no specific guidance for the level of 
detail required for the HRA for waste recovery 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 simple quantitative risk assessment is appropriate.  Therefore, we have 
applied this level of detail to this assessment.  It is noted here that such assessments are 
deterministic rather than probabilistic. 

2.2 The proposed assessment scenarios 

2.2.1 Lifecycle phases 
Long term active management of groundwater is not foreseen at the Site. Therefore, no 
groundwater management has been considered in the Risk Assessment scenarios. As the 
Site is to be filled with inert restoration material, there will be no active water management and 
no managed phase will be considered in this risk assessment model. 

As there is no cap or artificial sealing liner considered, there is no consideration of deterioration 
of these components by the risk model. 
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There will be no difference in the water balance or contaminant transport mechanisms and 
processes between the operational and post closure phases.  Therefore, a single lifecycle 
phase is considered in the model. 

2.3 The priority contaminants to be modelled 
In response to the receipt of a Schedule 5 notice following review of the original HRA 
(60601R4), the Environment Agency, has requested a source term that represents the 
chemical composition of the London Clay as it maintains that much of the material deposited 
in sites such as this in the south east of England is derived from London Clay.  We note here 
that material accepted at similar sites also include a significant proportion of Paleogene clays 
and glacial till.  Furthermore, selection of a ‘London Clay’ source term must not restrict the 
ability for CEMEX to accept other materials to the Site so long as they meet the Site’s Waste 
Acceptance Criteria (WAC). 

On this basis and taking account of the determinands selected for the original HRA model, the 
following determinands were simulated in the 1st Revision to the HRA (60601R4Rev1), 
chloride, sulphate, ammoniacal nitrogen, arsenic and nickel.  The same determinands have 
been maintained for this 2nd Revision (60601R4Rev2). 

2.4 Review of technical precautions 
The nature of the restoration material and WAC procedures is such that no discernible 
concentrations of substances in excess of inert WAC limits are likely to be placed at the Site.  
Controls are based on the WAC procedures defined in the Site Operating Plan.  It is noted 
that additional controls are defined in the Site Operating Plan for selecting material suitable 
for use in the AEGB. 

These technical precautions, combined with pre-inspection of the imported material, are 
considered sufficient for the facility to comply with the Environmental Permitting Regulations 
(2016). 

2.5 Mathematical modelling 

2.5.1 Justification for modelling approach and software 
The risk assessment has been undertaken using ESI Ltd’s (now Stantec UK Ltd) Risk 
Assessment Model (RAM) commercial software package (ESI, 2000). 

An electronic copy of the model is presented in Appendix A. 

The RAM software package, together with a number of groundwater risk assessment tools, 
has been benchmarked by ESI for the Agency (ESI, 2001).  Additionally, the equations used 
in RAM have been verified by 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 and Hodgkinson, 1986). 

2.5.2 General assumptions 
There are a number of general assumptions made which simplify the model: 
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• For the sake of simplicity and clarity the thickness of the imported material is averaged 
across the site. 

• It is assumed that the entire restoration material mass is present at the start of the 
simulation. As the risk assessment model predicts that the peak contaminant load will 
occur during the first few years, and since filling of 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. 

2.5.3 Representation of the Conceptual Model 
The restoration material will likely be less permeable than the surrounding Shepperton Gravel. 
As such there will be a ‘doming’ of water within the Site due to recharge infiltrating through the 
top of the imported restoration material.  At the up-hydraulic gradient end of the site, the 
restoration material will act as a lower permeability barrier to groundwater flow, and 
groundwater will preferentially flow around the Site along the path of least hydraulic resistance 
within the permeable Shepperton Gravel. Water will discharge through the sides of the Site.  
As the gravel has been worked to the top of the London Clay there will be no flow through the 
base of the Site. The Site water balance may be represented by the following equations: 

Qeff_rain = Qside + Qrunoff 

Where;  

Qeff_rain is the effective rainfall to the top surface of the Site;  

Qside is the net water discharge flux through the sides of the Site; and  

Qrunoff is the excess infiltrating water that cannot be transported through the restoration 
material, which is of relatively low permeability and which runs off. 

This water balance works on the simple assumption that the flux infiltrating the restoration 
materials must balance the flux discharging from the water and therefore it is only necessary 
to estimate one of these components. 

As the unnamed stream (diverted from Datchet Common Brook, which flows to the north of 
the Site) flows from west to east through the north eastern part of the Site, and the restoration 
plans also include the provision of an amenity lake in the south eastern area, the Site has 
been conceptually divided into three areas. These have been labelled as ‘Fill Area A’ in the 
west, ‘Fill Area B’ in the north east and ‘Lake’ in the south east respectively (see Figure 2.1).  

A maximum value of Qside can be calculated for each area as: 

• the flow through the restoration material, assuming a hydraulic gradient controlled by a 
maximum head equal to the maximum elevation of the Site surface and the average 
groundwater head at the downstream margin;  

• a hydraulic conductivity representative of the expected restoration material composition;  

• the depth of the restoration material and  

• the perimeter in contact with groundwater.  
If this maximum value is greater than effective rainfall, then the flux out of the Site is limited to 
effective rainfall and runoff from the surface is set to 0. If the maximum value is less than 
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effective rainfall, then the flux out of the Site is set to the maximum value, the infiltration flux 
is also set to this maximum value and the difference between the effective rainfall and the 
infiltration flux is assumed to be runoff. 

The water must migrate through the AEGB prior to reaching groundwater.  Given that the 
restoration material to be placed in the Site is likely to be cohesive, it is likely to have a similar 
permeability as the AEGB.  For the purposes of this model, it is assumed that the restoration 
material and the AEGB have the same permeability and model sensitivity to this parameter is 
assessed. 

The pore water velocity through the AEGB is calculated from the water flux estimated to 
discharge from the restoration material, divided by the cross-sectional area and the effective 
porosity of the AEGB. 

Upon reaching groundwater from Area A and Area B, the contaminant mass is diluted with the 
runoff from the restored Site surface.  For Area C, dilution is applied from runoff and direct 
rainfall to the lake. 

It is noted that an approximately 10 m stand-off will exist either side of the unnamed ditch 
which flows through the north-eastern part of the Site. This will leave a thin strip of aquifer 
remaining in the Site between Areas A and B.  

The distance to the down-hydraulic gradient Site boundary receptor in the south is considered 
to be a nominal 10 m (i.e. this is taken to be the distance from the edge of the restoration 
material to the edge of the Site ownership boundary). If the receptors identified above are 
shown by risk assessment to be at minimal risk of pollution, then the risk of contamination of 
the adjacent surface water courses to the south is also precluded. 

At the groundwater receptor, resultant concentrations are assessed against the UK Drinking 
Water Standard (DWS) and at the amenity lake against the freshwater Environmental Quality 
Standard (EQS). 

Schematic diagrams of the hydrogeological conceptual models upon which the risk 
assessment is based are presented in Figure 2.1 and Figure 2.2. 

2.5.4 Spreadsheet modelling of source – pathway – receptor  
The modelling approach has been chosen to provide a robust and transparent assessment of 
risk using the source-pathway-receptor methodology. 

In this approach, possible water migration pathways are identified from the conceptual model. 
The corresponding risk of groundwater contamination is evaluated by considering the three 
components in sequence, with the contaminant release from the source providing the input 
flux to the pathway and the contaminant flux from the pathway providing the contaminant load 
to the receptor. 

The source is modelled based on contaminant concentrations considered likely for the given 
restoration material type. 
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Figure 2.1 Conceptual model plan view 
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Figure 2.2 Conceptual model cross section 
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2.5.5 Model parameterisation 
2.5.5.1 Site dimensions 
The Site represents the contaminant source to be considered in the risk assessment. An 
average depth of the Site has been estimated from the base elevation of the gravel deposits 
and ground level. Table 2.1 presents the Site dimensions as used in the model.  

Table 2.1 Site parameters 

Description Value Data Source 

Total volume of restoration 
material 1,120,850 m3 Provided by WYG. 

Proportion of total volume in 
Area C 10% Assumption based on areas and volumes 

Total extent of restoration 
material 302,908 m2 Provided by CEMEX from restoration 

drawing P1/869/8A and calculated. 
Extent of Area A 211,186 m2 Calculated from GIS. 
Extent of Area B 41,746 m2 Calculated from GIS. 
Extent of Area C 49,976 m2 Calculated from GIS.  Excludes lake area 
Extent of amenity lake 41,413 m2 Calculated from GIS. 
Width of Area A parallel to 
groundwater flow 780 m Calculated from GIS. 

Width of Area B parallel to 
groundwater flow 278 m Calculated from GIS. 

Length of Area A parallel to 
groundwater flow 531 m Calculated from GIS. 

Length of Area B parallel to 
groundwater flow 144 m Calculated from GIS. 

Distance from edge of Area C 
to lake 55 m Calculated from GIS. 

Perimeter of Area A 2662 m Calculated from GIS. 
Perimeter of Area B 918 m Calculated from GIS. 
Perimeter of Area C 1352 m Calculated from GIS. 
Proportion of water that would 
freely drain from the restoration 
material 

30% From Beavan (1996). 

Hydraulic conductivity of the 
restoration material 1 x 10-8 m/s Assumed value for types of material likely to 

be accepted at the Site. 
Maximum water elevation Area 
A & B 19.074 mAOD Maximum current ground level and 

proposed restoration level. 
Maximum water elevation Area 
C 18 mAOD Maximum proposed restoration level. 

Site base 12.494 mAOD Top of London Clay from borehole logs. 

The volume assigned to areas A and B are based on their area proportions. 
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2.5.5.2 Source term parameters 
For the determinands indicated in Section 2.3 the source term concentration has been 
estimated as defined in Table 2.2 and attenuation parameters are presented in Table 2.3. 

Table 2.2 Selected source term parameters 

Parameter  Value Units Justification 

Concentration of NH4  1 mg/l 

Degradable material not permitted in Site.  
Ammoniacal nitrogen selected in case small 
amounts of top soil or other degradable 
material are accidentally accepted. 

Concentration of Cl 460 mg/l 
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 concertation. 

Concentration of SO4 1,500 mg/l 
Concentration of As 0.06 mg/l 
Concentration of Ni 0.12 mg/l 
 

Table 2.3  Attenuation parameters 

Parameter  Value Units Justification 

NH4 Sorption Coefficient 0.5 l/kg Mid range value for engineered clay barriers in 
Table 4.1 of Buss et al. (2003) 

NH4 Half Life Infinite days Assume no decay due to anaerobic conditions 
that are likely to prevail (Buss et al, 2003) 

As Sorption Coefficient 68.75 l/kg Mid point from range given in Landsim manual 
Ni Sorption Coefficient 410 l/kg Mid point from range given in Landsim manual 
Note that conservative parameters chloride and sulphate do not attenuate so no parameters are given 
in Table 2.3.  Metals arsenic and nickel sorb onto clays, but do not degrade.  Sorption is reversible, and 
metals will desorb once the pulse of contamination has passed through the clay.  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 
AEGB and have not simulated degradation. 

2.5.5.3 AEGB parameters 
Parameters used to define the AEGB are presented in Table 2.4. 

Table 2.4 AEGB parameters 

Parameter  Value Units Justification 

Permeability  1x10-8 m/s Assumed value for types of material likely to be used in 
AEGB. 

Thickness 2 m Minimum thickness to prevent discharge of hazardous 
substances – selected from sensitivity analyses 

Effective 
porosity 5 % Typical effective porosity for engineered inert AEGB 

Bulk density 2,000 kg/m3 Assume density is the same as the restoration material 
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2.5.5.4 Hydrology 
Hydrological parameters are presented in Table 2.5 

Table 2.5 Hydrological parameter applied in the model 

Parameter  Value Units Justification 

Effective rainfall 250  mm/a Based on Environment Agency (2004). 

 

2.5.5.5 Pathway definition 
Table 2.6 lists the parameters required to define the three pathways that are conceptualised 
in the model (described in Section 1.2.3). 

Table 2.6 Properties for the Shepperton Gravel and amenity lake 

Description Value Units Justification 
Mean groundwater head 
at Site perimeter 17.54 mAOD From groundwater data in gravels in March 2016 

Lake level 17.6 mAOD Restoration plan.  Level unlikely to drop below 
this due to groundwater inflow 

 

2.5.5.6 Environmental Assessment Levels 
Environmental Assessment Levels are presented in Table 2.7. 

Table 2.7 Environmental Assessment Levels 

Description Value Units Justification 
NH4 0.39 mg/l DWS.  No EQS so use DWS for lake receptor 
Chloride 250 mg/l DWS and EQS 
Sulphate 250 mg/l DWS 
Sulphate 400 mg/l EQS 
Arsenic 0.001 mg/l Minimum Reporting Value (MRV) 
Nickel 0.02 mg/l DWS and EQS 
  

2.6 Emissions to groundwater 
For the base case model, available infiltration is 2.4x10-3 m3/s (207 m3/d), but the maximum 
flux through the AEGB is 3.95x10-6 m3/s (0.34 m3/d).  Thus, the model predicts that the majority 
of the infiltrating rainfall will run off the surface of the Site. 

Predicted concentrations are presented in Table 2.8 and Table 2.9.  For the on-site amenity 
lake, the conservative determinands chloride and sulphate break through the AEGB and reach 
peak concentration at the receptor after 30 years.  Transport of ammoniacal nitrogen, arsenic 
and nickel is retarded within the AEGB and they are predicted to reach peak concentrations 
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progressively later as controlled by the magnitude of their retardation factor.  Arsenic and 
nickel do not break through within 1,000 years. 

The same pattern is evident for the groundwater receptors at the Site boundary.  The time to 
peak concentration varies according to the pore water velocity through the AEGB and the 
retardation factor applied.  Arsenic and nickel do not break through within 1,000 years. 

No concentrations are predicted to exceed the EAL at any time. 

Table 2.8 Concentrations at the on-site amenity lake (mg/l) 

Parameter Concentration @ Time (yrs.) EAL 
Ammoniacal Nitrogen 1.76x10-3 @ 400 0.39 
Chloride 1.17 @ 30 250 
Sulphate 3.82 @ 30 250 
Arsenic No breakthrough in 1,000 0.001 
Nickel No breakthrough in 1,000 0.02 

 

Table 2.9 Concentrations in groundwater at the Site boundary (mg/l) 

Parameter Concentration @ Time (yrs.) EAL 

Area A Area B  

Ammoniacal Nitrogen 2.37x10-4 @ 1,000 2.66x10-3 @ 500 0.39 
Chloride 0.24 @ 200 1.55 @ 40 250 
Sulphate 0.79 @ 200 5.04 @ 40 400 
Arsenic No breakthrough in 1,000 0.001 
Nickel No breakthrough in 1,000 0.02 

 

2.7 Sensitivity analysis 
The sensitivity of the model input parameters has been assessed in the following sections.  
Results are presented as a comparison to the base case model results that are presented in 
Section 2.6. 

2.7.1 Recharge 
Recharge has been adjusted up and down by 10%.  The model has been run with a recharge 
rate of 225 and 275 mm/a.  The results are shown in Table 2.10. 

Reducing recharge causes a small increase in concentration of non-hazardous substances 
and conversely increasing recharge causes a small increase.  The water balance has more 
water available to recharge the Site than is able to discharge from it and therefore the excess 
recharge is shed as surface runoff.  This state does not change for either the reduction or 
increase in recharge rate.  Therefore, the water flux through the AEGB does not change and 
this is why the arsenic concentration is not affected.  Similarly, the travel time through the 
AEGB does not change as the velocity (which is dependent on the volumetric flux) stays the 
same. 
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For the reduced recharge scenario, the runoff component is slightly smaller so there is less 
water available to dilute non-hazardous pollutants at the receptor.  Conversely for the 
increased recharge scenario, the runoff component is slightly higher so there is more water 
available to dilute non-hazardous pollutants at the receptor.  Dilution is applied linearly so 
concentrations decrease by 10% for a 10% decrease in recharge and vice versa. 

2.7.2 Permeability of restoration material and AEGB 
In the base-case model, the permeability of the restoration material and AEGB is set at 
1x10-8 m/s.  It is considered unlikely that the permeability will be significantly lower than this. 
The permeability of the AEGB will be tested via CQA testing to ensure it is not higher than 
1x10-8 m/s, but it is possible that the permeability of the restoration material may be higher. 

As the permeability of the restoration material and the AEGB are linked in the model, a 
sensitivity analysis is undertaken with both materials increased by one order of magnitude. 

Increasing the permeability of the restoration material and AEGB by one order of magnitude 
decreases the breakthrough time by an order of magnitude and increases the predicted 
concentration by an order of magnitude. 

The greater water flux through the Site means that the balance of runoff becomes 
correspondingly smaller which decreases dilution for the non-hazardous pollutants at the 
receptor.  The higher flux results in a faster pore water velocity through the AEGB which 
reduces the opportunity for attenuation.  However, this is compensated for by a faster source 
term decline. 

It is noted that all determinands remain below their respective EAL’s.  This demonstrates the 
conservatism built into the model and provides confidence that actual conditions at the Site 
will be such that an impact to controlled waters will not occur.  

2.7.3 Sensitivity to source term concentration 
Source term concentrations have been increased by a factor of 3 as this is the maximum 
amount the EA is allowed to increase WAC limits under special circumstances. 

Increasing the source term concentration by a factor 3 increases the receptor concentration 
by a factor 3 (Table 2.12). 

2.7.4 Sensitivity to sorption coefficient 
In order to investigate model sensitivity to retardation, the sorption coefficients have been 
reduced as follows: ammoniacal nitrogen, no sorption; arsenic and nickel reduced by one 
order of magnitude. 

Removing the simulation of retardation from ammoniacal nitrogen results in the peak 
concentration occurring at the same time as for conservative determinands (Table 2.13).  
Concentrations also increase significantly compared to the base case.  Whilst ammoniacal 
nitrogen degradation is not simulated in this model, the earlier breakthrough in this sensitivity 
run results in higher concentrations as the source term has not had as long to decline as it has 
in the base case model. 
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Concentrations are also significantly increased for arsenic and nickel illustrating the sensitivity 
of this parameter.  However, even with this degree of retardation, the model predicts that 
arsenic concentrations would remain below the EAL and nickel would still not break through 
within 1,000 years. 

2.8 Hydrogeological completion criteria 
Given that there is 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 the site 
monitoring data will be evaluated on an annual basis. The Hydrogeological Risk Assessment 
for the site will be reviewed in line with Environment Agency guidance. These reviews will help 
establish whether the Site performance is as predicted by the site Hydrogeological Risk 
Assessment. 

Following Site closure, it is proposed to continue to monitor for five years in order to confirm 
that the site is performing as predicted by the site Hydrogeological Risk Assessment.  
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Table 2.10  Sensitivity analysis: recharge 

 Amenity Lake (mg/l) Area A (mg/l) Area B (mg/l) 

 -10% Base Case +10% -10% Base Case +10% -10% Base Case +10% 

Ammoniacal 
Nitrogen 

1.96x10-3 

@ 400 
1.76x10-3  
@ 400 

1.60x10-3 @ 
400 

2.640x10-4 @ 
1,000 

2.37x10-4 @ 
1,000 

2.16x10-4 @ 
1,000 

2.95x10-3 @ 
500 

2.66x10-3 @ 
500 

2.42x10-3 @ 
500 

Chloride 1.3 @ 30 1.17 @ 30 1.07 @ 30 0.27 @ 200 0.24 @ 200 0.22 @ 200 1.72 @ 40 1.55 @ 40 1.40 @ 40 

Sulphate 4.25 @ 30 3.82 @ 30 3.48 @ 30 0.87 @ 200 0.79 @ 200 0.72 @ 200 5.60 @ 40 5.04 @ 40 4.58 @ 40 

Arsenic No breakthrough in 1,000 No breakthrough in 1,000 No breakthrough in 1,000 

Nickel No breakthrough in 1,000 No breakthrough in 1,000 No breakthrough in 1,000 

Table 2.11  Sensitivity analysis: restoration material and AEGB permeability 

 Amenity Lake (mg/l) Area A (mg/l) Area B (mg/l) 

 +1 order mag. Base Case +1 order mag. Base Case +1 order mag. Base Case 

Ammoniacal 
Nitrogen 1.76x10-2 @ 40 1.76x10-3 @ 400 2.37x10-3 @ 100 2.37x10-4 @ 

1,000 2.66x10-2 @ 50 2.66x10-3 @ 500 

Chloride 11.72 @ 3 1.17 @ 30 2.42 @ 20 0.24 @ 200 15.45 @ 4 1.55 @ 40 

Sulphate 38.23 @ 3 3.82 @ 30 7.88 @ 20 0.79 @ 200 50.37 @ 4 5.04 @ 40 

Arsenic 7.95x10-5 @ 1,000 No breakthrough in 1,000 No breakthrough in 1,000 1.90x10-5 @ 1,000 No breakthrough in 1,000 

Nickel No breakthrough in 1,000 No breakthrough in 1,000 No breakthrough in 1,000 
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Table 2.12  Sensitivity analysis: source term concentration 

 Amenity Lake (mg/l) Area A (mg/l) Area B (mg/l) 

 x3 Base Case x3 Base Case x3 Base Case 

Ammoniacal 
Nitrogen 5.29x10-3 @ 400 1.76x10-3 @ 400 7.12x10-4 @ 1,000 2.37x10-4 @ 1,000 7.97x10-3 @ 500 2.66x10-3 @ 500 

Chloride 3.52 @ 30 1.17 @ 30 0.73 @ 200 0.24 @ 200 4.63 @ 40 1.55 @ 40 

Sulphate 11.47 @ 30 3.82 @ 30 2.37 @ 200 0.79 @ 200 15.11 @ 40 5.04 @ 40 

Arsenic No breakthrough in 1,000 No breakthrough in 1,000 No breakthrough in 1,000 

Nickel No breakthrough in 1,000 No breakthrough in 1,000 No breakthrough in 1,000 

Table 2.13  Sensitivity analysis: sorption coefficient 

 Amenity Lake (mg/l) Area A (mg/l) Area B (mg/l) 

 Reduced Base Case Reduced Base Case Reduced Base Case 

Ammoniacal 
Nitrogen 2.55x10-3 @ 30 1.76x10-3 @ 400 5.26x10-4 @ 200 2.37x10-4 @ 1,000 3.36x10-3 @ 40 2.66x10-3 @ 500 

Chloride 1.17 @ 30 1.17 @ 30 0.24 @ 200 0.24 @ 200 1.55 @ 40 1.55 @ 40 

Sulphate 3.82 @ 30 3.82 @ 30 0.79 @ 200 0.79 @ 200 5.04 @ 40 5.04 @ 40 

Arsenic 2.01x10-4 @ 1,000 No breakthrough in 1,000 No breakthrough in 1,000 2.830x10-5 @ 1,000 No breakthrough in 1,000 

Nickel No breakthrough in 1,000 No breakthrough in 1,000 No breakthrough in 1,000 
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3 Requisite surveillance 
3.1 The risk-based monitoring plan 

3.1.1 Groundwater monitoring 
Groundwater in the Shepperton Gravel aquifer will be monitored at pre-existing borehole 
locations BH1A, BH2A, BH3A, BH4A, and BH7 as shown on Figure 3.1.  Monitoring will also 
occur at the proposed BH8 and BH9 also shown on Figure 3.1. No monitoring will take place 
at boreholes BH5A or BH6 as these locations are located neither up or down-gradient, and 
BH5A is in the centre of the Site.  Note that BH9 is located between the motorway and the 
edge of the quarry void and there is also a noise bund present along this edge.  Therefore, it 
will not be possible to install this well until the part of the quarry adjacent to it has been restored 
to above the water level in the quarry lake as access to this location is currently not possible. 

Monitoring will only be carried out in the Shepperton Gravel aquifer – no monitoring is 
proposed for either the Reading Beds or Chalk beneath, as these are protected by the 
presence of the London Clay and clayey top part of the Reading Beds.  The proposed BH8 
will be drilled and installed within the Shepperton Gravel aquifer and will be designed for gas 
and groundwater monitoring. 

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

3.1.1.1 Control and action levels 
It is recommended to set control and action levels at BH2A, BH3A, BH8 and BH9. It is not 
recommended to set these for BH1A due to the fact that it is down-gradient of the adjacent 
historical landfill and is therefore likely to be influenced by that site. 

Control and Action levels have been set for three determinands, ammoniacal nitrogen, chloride 
and arsenic. Ammoniacal nitrogen is generated during biodegradation processes and is 
usually the non-hazardous pollutant present at the highest concentration relative to the UK 
DWS. 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 material and has been 
requested by the EA (1st Revision to HRA, 60601R4Rev1). 

Water quality data collected at the existing selected monitoring points has been analysed and 
used to set the control and action levels (Table 3.1). 

Background water quality data with control and action levels are presented graphically in 
Appendix B. 

There were a total of 214 results for ammoniacal nitrogen concentrations in BH02A and 
BH03A respectively. Data were subject to a statistical outlier test, which removed a number of 
outliers.  These are identified in Appendix B. 

There were a total of 214 results for chloride concentrations in BH02A and BH03A 
respectively. Data were subject to a statistical outlier test, which removed a number of outliers.  
These are identified in Appendix B. 
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For ammoniacal nitrogen and chloride, based on statistical control theory, control levels have 
been set at the mean concentration plus two standard deviations. Action levels have been set 
at the mean concentration plus three standard deviations or the UK DWS, whichever is higher. 
Where the calculated control and compliance limits are too similar, they have been manually 
adjusted as detailed in Table 3.1. 

Outliers have been removed from the dataset based on Grubb’s test for removing outliers in 
a normal dataset and Walsh’s test (USEPA, 2006) for detecting multiple outliers in a non-
normal dataset. 

Arsenic has only been monitored on four occasions at BH2A and BH3A.  The limit of detection 
is 0.001 mg/l.  One result was detected at 0.001 mg/l, the remaining results are all below the 
detection limit.  On this basis, the control level for arsenic is set at the MRV and the action 
level at 10 times the MRV. 

Control and action levels will be set for BH8 and BH9 once 12 monthly sampling rounds have 
been completed. 

Table 3.1 Groundwater control and action levels 

Ammoniacal nitrogen   
Location Control level (mg/l) Action level (mg/l) 
BH2A 0.81 1.011 

BH3A 0.41 0.93 
Chloride   
Location Control level (mg/l) Action level (mg/l) 
BH2A 48 682 

BH3A 61 812 

Arsenic   
Location Control level (mg/l) Action level (mg/l) 
BH2A 0.001 0.01 
BH3A 0.001 0.01 

Note 1: action level increased so it is 0.2 mg/l higher than control level, note 2: action level increased 
so it is 20 mg/l higher than control level 

3.1.2 Surface water monitoring 
Monitoring measurements and schedules for surface water are presented in the Site 
Monitoring Plan. 

Surface water monitoring will be carried out at pre-existing locations SW1, SW3 and SW4 
along with new locations SW5 (downstream of ‘Area B’), LAKE (the proposed on-Site amenity 
lake) and internal quarry water body monitoring locations SWP1 – SWP9. Monitoring locations 
are shown on Figure 3.1. 

SW1 is located upstream on the unnamed surface water stream which flows through the Site, 
whilst SW3 is downstream on the same stream, just before the area referred to as ‘Area B’ 
earlier in this report. SW4 monitors Datchet Common Brook downstream of the Site. These 
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locations are considered to remain appropriate and it is recommended to continue monitoring 
at them. 

Monitoring will resume at location SW4. This will ensure that surface water is monitored 
downstream of ‘Area C’.  A new location SW5 will be established on the stream downstream 
of Area B. 

Monitoring at the on-Site amenity lake (LAKE) will commence once the water body has been 
established. 

In the 2nd Schedule 5 notice the EA requested that surface water monitoring of the internal 
Site water bodies be undertaken.  Surface water bodies will be present within the quarry void 
phases once gravel extraction commences in each phase and they will cease to exist once 
restoration of each phase has been completed.  During gravel extraction and AEGB 
construction, these water bodies will be hydraulically connected to groundwater.  However, 
once the AEGB has been completed within a phase, that water body will become isolated from 
groundwater by the AEGB. 

These water bodies will be monitored during gravel extraction and AEGB construction (at 
locations SWP1 – SWP9).  However, once the AEGB is constructed, monitoring will cease.  
As the Site is to be worked with one phase being dug and one phase being restored, we would 
expect no more than two surface water monitoring points to be monitored at any one time.  
We note that these locations have been drawn on Figure 3.1, but in reality, will have to move 
in order to keep them as close to the AEGB construction face as is possible to access.  We 
also note that there will almost certainly be health and safety constraints that will prevent 
sampling from optimum sampling locations. 

Active internal surface water monitoring locations will be sampled monthly and analysed for 
the same suite of chemical determinands as the surface water suite (defined in Table 4 of the 
Environmental Monitoring Plan). 

3.1.2.1 Compliance points 
It is recommended to set control and action levels at SW3, SW4 and SW5 and the EA requires 
control and action levels to be set at SWP1 – SWP9. It is not recommended to set control or 
action levels for SW1 due to the fact that it is upstream of the Site. 

Control levels and compliance limits have been set for three determinands, ammoniacal 
nitrogen, chloride and arsenic for consistency with groundwater. 

There is only one data point available for SW3 and there are no data for SW4 or SW5.  
Therefore, it is not possible to set control levels or compliance limits at these locations.  It is 
proposed to commence monitoring SW4 and SW5 and collect the necessary dataset.  Data 
will be collected monthly for one year, after which control levels and compliance limits will be 
set. 

As there is no current dataset for these locations, control and action levels cannot be set based 
on baseline water quality.  Therefore, they have been set at the maximum level defined for 
groundwater (as defined in Table 3.1).  These compliance limits are presented in Table 3.2.   
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Table 3.2  Proposed control and action levels for internal surface water bodies 

Locations Determinand Action Level (mg/l) Comment 

SWP1 – SWP9 

Ammoniacal nitrogen 1.01 Action Level for BH2A 

Chloride 81 Action Level for BH3A 

Arsenic 0.01 x10 MRV as defined for 
other locations 
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Figure 3.1 Proposed monitoring locations 
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4 Conclusions 
The Site will be protected from the groundwater environment by geological barriers. There is 
cohesive material (London Clay and clayey Reading Beds) already present that will form the basal 
geological barrier. Protection to shallow groundwater will be afforded by side wall geological barriers. 

An on-Site amenity lake will be constructed by placing fill materials to a graded fall in the south-
eastern part of the Site. The lake will discharge to Datchet Common Brook via an outflow which has 
been evaluated to ensure that it does not exceed the 100-year Greenfield runoff rate for a design 
storm. 

A conceptual site model has been developed for the Site and its surrounding environment. On the 
basis of the conceptual site model, a quantitative HRA has been undertaken. Given the inert nature 
of the restoration material, a simple model has been developed that considers the risk to shallow 
groundwater (within the Principal Aquifer of the Shepperton Gravel) following the dilution of any 
water discharge from restoration soil runoff – the model does not consider groundwater dilution.  

The risk to the Reading Formation and the Chalk have been qualitatively screened out from the 
assessment, on the basis of the site geometry and natural geological barriers. Inclusion of an AEGB 
in the model results in predicted concentrations of non-hazardous pollutants being below the EAL’s 
and no discharge of hazardous substances is predicted. A such the risk to controlled water is 
considered to be low. 

A sensitivity analysis has been undertaken using the model.  This shows that the model input 
parameters are robust, and it is considered that the base-case model presents a conservative 
representation of real conditions. 

Monitoring for groundwater and surface water is proposed. Control and Action levels for down-
hydraulic gradient groundwater monitoring wells and surface water have been derived based on the 
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, allowing an 
action plan to be implemented 
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Appendix A 
Electronic RAM model 
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Appendix B 
Groundwater time series data for compliance 
parameters and locations 
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Appendix B Figure 1 Proposed BH2A ammoniacal nitrogen control level and compliance limit 

 

 ^ Outliers removed by applying Grubb’s test. 
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Appendix B Figure 2 Proposed BH3A ammoniacal nitrogen control level and compliance limit* 

 

* Outliers removed by applying Walsh’s test. 
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Appendix B: Groundwater time series data for compliance parameters and locations  

Appendix B Figure 3 Proposed BH2A chloride control level and compliance limit 
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Appendix B: Groundwater time series data for compliance parameters and locations  

Appendix B Figure 4 Proposed BH3A chloride control level and compliance limit 
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