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1 INTRODUCTION 

1.1 Report Context 
Watersplash Farm is a site near Walton-on-Thames, owned by CEMEX UK Operations Ltd 
(CEMEX).  CEMEX plans to extract gravel on site from the Shepperton Gravel and to restore it by 
filling with inert materials. 
This report is produced for CEMEX by ESI Ltd to support the Permit Application for Watersplash 
Farm.  The application is to extract sand and gravel and to restore with inert materials. 
1.2 Conceptual Hydrogeological Site Model 
The facility is a quarry, and associated infrastructure, for the extraction of sand and gravel and 
restoration with inert material. Information on the site location and surroundings is discussed in the 
Environmental Setting and Site Design (WYG and ESI, 2017) 
The conceptual model of contaminant transport from the proposed site to the designated receptor is 
illustrated schematically in Figure 1.1. 
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Figure 1.1 Schematic conceptual model 
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1.2.1 Restoration phases 
The site will be worked wet and no pumping will take place during any operational phase.  
Groundwater will therefore remain at its natural levels throughout the operational phase.  Although 
there is a hydraulic gradient naturally present within the aquifer, it is relatively shallow.  Given this 
shallow gradient and the relatively short period of time over which filling occurs, the risk assessment 
does not explicitly consider the operational phase as there will be limited opportunity for recently 
placed contaminants to migrate out into the wider groundwater or surface water environment. 
Once the inert material has been placed, the lower permeability of the inert material compared to 
the surrounding aquifer will result in a head building up within the inert material.  Under this 
circumstance there is the potential for contamination present within the inert material to migrate out 
into the wider environment if there has been a failure of the waste acceptance criteria (Section 2.1).  
It is this long term post-closure phase that the risk assessment considers. 
1.2.2 Water balance for the post-closure phase 
The various fluxes into and out of the site are estimated in the model using a water balance 
approach.  The model calculates the water level within the site, based on these inputs and outputs, 
as described below. 
Water will infiltrate through the top of the site.  Rain falls onto the ground surface, where a 
proportion will run off.  The remaining 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 summer the evapotranspiration demand may be higher than rainfall, whereas during winter 
rainfall may be greater than the evapotranspiration. For this reason in summer all the rainfall is 
usually accounted for, while during 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.  The remaining water will percolate into the inert material. 
Table 1 in WYG and ESI (2017) reports the long-term average rainfall and actual evaporation data 
obtained for a 40 km MORECS Square 161, in which the site is located.  The average rainfall and 
hydrologically effective rainfall (HER) for the period 1971 to 2000 are 613.5 and 85.2 mm/a 
respectively.  As noted in Section 3.1 of WYG and ESI (2017), other estimates for HER are higher.  
However, because the inert material mass cannot transport all of the incident rainfall in any case, 
even with the HER set to 85.2 mm/a, the impact of increasing HER is simply to provide additional 
dilution where runoff from the site recharges to ground or surface water.  The smaller value quoted 
above is therefore conservative in terms of the risk assessment predictions.  The impact of using a 
higher value of HER is investigated by the sensitivity analysis.  
Water may also cross the up hydraulic gradient boundary of the site.  Depending on the head in the 
inert material, this flux may be either into or out of the site.  The water balance calculated by the 
model assesses the likely head in the site. It is assumed that the site has no engineered barrier1, so 
the direction and quantity of flow is then determined based on the relative head difference between 
the head in the site and head in the surrounding aquifer.   
The permeability of the inert materials will constrain the amount of water that can move through the 
site.  The balance of water entering the site and exiting it will determine the water level within the 
site.  The water level in the site cannot exceed ground level.  Within the model, the maximum 
outflow is estimated by determining a hydraulic gradient based on ground level within the inert 
material and the typical groundwater level outside of it.  The maximum infiltration to the top of the 
site is determined from this balance.  In the event that effective rainfall exceeds this amount, this 
additional water forms additional runoff from the restoration soils. 

                                                 
1 We note that assuming no geological barrier is conservative.  For the water balance, if a geological barrier 
was present with a lower permeability compared to the inert material, it would be harder for water to exit the 
site resulting in higher heads for any given infiltration rate.  As the maximum head is constrained by ground 
level, the volumetric flux across the barrier would be smaller than if it was not present. 
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1.2.3 Source 
The site is to be utilised for the disposal of inert material only.  Inert material is defined by the 
Landfill Directive as waste that does not undergo any significant physical, chemical or biological 
transformations. Inert material will not dissolve, burn or otherwise physically or chemically react, 
biodegrade or adversely affect other matter with which it comes into contact in a way likely to give 
rise to environmental pollution or harm human health. The total leachability and pollutant content of 
the inert material and the ecotoxicity of the water passing through it must be insignificant, and in 
particular not endanger the quality of surface water and/or groundwater. 
Details of the European Waste Codes (EWC) that will be accepted to the site and the management 
procedures to ensure that non inert waste is not accepted will be detailed in the environmental 
permit application. 
The total quantity of inert material to be accepted to the site will be approximately 0.68 Mm³. 
The potential source of contamination is taken to be the inert material deposited in the site.  Water 
that infiltrates the inert material mass will pass out of the sides of the site. It will not pass through the 
base of the site as this is located on London Clay, which has 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 inert material, the source term concentrations will decline at a rate 
governed by the infiltration flux. 
As discussed in Section 2.3, the determinands that will be used to model contaminant transport are 
ammoniacal nitrogen, chloride, sulphate, potassium and iron. 
1.2.4 Pathways 
Potential contaminants within the inert material are able to leach into the infiltrating water.  These 
are transported through the sides of the site, directly into groundwater in the Shepperton Gravel.   
Potentially contaminated water within the inert material will mix with groundwater flowing within the 
gravels.  According to the available data, the natural groundwater flow is towards the south and 
southeast. Two pathways have been considered on the basis of this flow pattern:  

• Flow in the Shepperton Gravel towards the ponds and marina south of Fordbridge Road, on the 
southern edge of the site; 

• Flow through the Shepperton Gravel to groundwater adjacent to the River Ash, which passes 
through the eastern side of the site.  

A hydraulic conductivity of 39 m/d has been used in the risk assessment for the Shepperton 
Gravels. This is the highest value for hydraulic conductivity determined during the on-site variable 
head permeability tests (Section 3.4 of WYG and ESI (2017)). The use of this value is considered a 
conservative choice, as it will result in shorter transport times of contaminants in the groundwater to 
the receptors.  The impact of using smaller value of hydraulic conductivity is investigated by the 
sensitivity analysis. 
Figure 1.1 illustrates the pathways modelled in the risk assessment. 
Contaminants will be transported within the groundwater in the Shepperton Gravel, at a velocity 
governed by the hydraulic conductivity, hydraulic gradient and effective porosity of the Gravels, 
towards the open water bodies to the south and the River Ash.  The contaminated water will be 
diluted with an amount of water governed by the runoff from rainfall on the site and dilution by 
natural groundwater flow (which is in turn derived from aquifer recharge down hydraulic gradient of 
the site and groundwater flowing around the site).  Advection, dispersion, retardation and decay will 
occur along the flow path. 
1.2.5 Receptors 
The potential receptors of contamination are defined as follows: 
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• Hazardous substances: the water table – with no dilution or any other process occurring.  No 
discernible concentrations of hazardous substances will be present within the inert material 
deposited at the site. 

• Non-hazardous pollutants: the following two non-hazardous pollutant groundwater receptors 
have been considered in the risk assessment:  

a. The groundwater approximately 10 m to the south east of the inert material disposal 
area;  

b. The groundwater adjacent to the River Ash, where it runs through the inert material 
disposal area.  

Appropriate Environmentally Acceptance Levels (EALs) of the modelled contaminants, which are all 
non-hazardous pollutants, are the UK Drinking Water Quality Standards (DWS).  We have also 
included the appropriate Environmental Quality Standards for the receptor adjacent to the River 
Ash. 
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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 classified as a Significant Drift Aquifer 
(WYG and ESI (2017)).  Significant Drift Aquifers are defined as being aquifers in superficial 
deposits, overlying unproductive strata, which contains important groundwater resources. The 
Shepperton Gravel is underlain by up to about 100 m of London Clay.  The Clay unit constitutes a 
base to the Shepperton Gravel aquifer that is to all intents and purposes impermeable. 
The site will be partially below and partially above the water table, and is to be utilised for restoration 
by inert materials only.  Waste acceptance procedures for the Site will be designed to ensure that 
there will be no discernible concentrations of hazardous substances present within the site and only 
low concentrations of non-hazardous pollutants.  CEMEX will operate the site according to strict 
waste acceptance management procedures, details of which will be provided in the environmental 
permit application. 
From the conceptual model discussed in Section 1.2 above, it is considered that the hazard to 
controlled water posed by the site is relatively low.  As the Site is sub-watertable, and in accordance 
with current UK guidance for an inert site under these conditions, a generic quantitative risk 
assessment has been undertaken. 
2.2 The Proposed Assessment Scenarios 
2.2.1 Lifecycle phases 
As discussed in Section 1.2.1 this risk assessment addresses the post-closure phase of inert 
material restoration. 
As the site will be restored with inert materials, there will be no active leachate management and no 
managed phase will be considered by this risk assessment model. 
As there is no cap or basal engineering considered, there is no consideration of deterioration of 
these components by the risk model. 
2.3 The Priority Contaminants to be Modelled 
Data describing the properties of inert landfill leaching properties are generally scarce, with most 
measurements made on the groundwater around the perimeter of inert landfills rather than on the 
leachate itself.  In order to give a quantitative description of the source term a literature review has 
been undertaken.  Data are available from five sources, namely AEA (1991), Norstrom et al (1991), 
Long (1997), Jago (1996) and Shaw (1999).  For the purposes of this study the leachate data from 
AEA (1991) were found to be most appropriate, as detailed in Table 2.1. 
For the AEA sites, only one leachate sample was taken from each of the sites and the exact 
sampling position within each site is unknown.  The AEA sites are described as accepting only 
demolition and inert wastes.  However, the high values of ammonium in some of the sites suggest 
that other types of waste may be present.   
The leachate data from AEA (1991) are summarised in Table 2.2, where the limit of detection has 
been used to calculate the mean concentration in case of non-detects.  This conservative estimate 
affects mainly trace metals, since they are often below detection limits. 
Based on the conceptualisation of the source term (Section 1.2.3) and on the literature review 
information summarised in Table 2.2, the priority contaminants selected for the risk assessment are 
ammoniacal nitrogen, chloride, sulphate, potassium and iron. 
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Table 2.1 Sources of information on inert material properties 
Description Appropriate Justification 
AEA (1991) Yes A clear description of the waste types in the landfills is given 

and the data appear to relate to groundwater from within the site 
(i.e. that might be more representative of the leachate) rather 
than from boreholes outside the site. 

Norstrom et al 
(1991) 

No The data apply to US inert landfills, which contain a significant 
proportion of vegetable matter. 

Long (1997) No The focus of the report is on the data from upstream and 
downstream boreholes rather than on leachate from within the 
site. 

Jago (1996) No The types of waste in each site are not described in any detail. 
Shaw (1999) No The chemistry data is from boreholes at the site perimeter not 

from boreholes within the waste. 
 
Ammoniacal nitrogen was chosen in case small quantities of wood or other biodegradable material 
are accidentally placed into the site.  Although biodegradable material will not be deliberately 
disposed of at Watersplash Farm, it is possible that some residual biodegradable material may be 
placed in the site.  Therefore, it is possible that some degradation products, such as ammonium, 
may be produced.  The purpose of including ammoniacal nitrogen in the risk model is to assess 
whether it might pose a risk to groundwater, in the case that small concentrations were present in 
the water discharging from the site.  Chloride is a conservative inorganic substance that may be 
expected to reach receptors quickly. Sulphate and potassium may be present at concentrations 
elevated above the drinking water standard.  Iron is a mobile metal. (Lead was not chosen because 
it was generally not detected in five of the six locations whose data are presented in Table 2.2.) 
These priority contaminants are representative of different groups of contaminants found in inert 
landfill leachates, which exhibit similar behaviour. 
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Table 2.2 Inert landfill leachate data 
mg/l Inert Landfill Sites Overall 

average for 6 
sites 

Drinking 
Water 

Standard 

Exceeded 
by average? 

maximum of 
all samples 

minimum of all 
samples AEA 21 AEA 22 AEA 23a AEA 23b AEA 23c AEA 27 

 pH 8.81 7.83 7.7 8.5 7.92 7.82 8.10   8.81 7.7 
COD 600 85 100 95 300  236.00   600 85 
TOC 290 31 43 32 20 140 92.67   290 20 
Phosphate 13 0.01 0.2 10.3 0.3 0.7 4.09   13 0.01 
Chloride (1700) 130 94 32 99 180 107 250 No 180 32 
Sulphate 220 51 330 250 300 120 211.83 250 No 330 51 
Nitrate 0.3 52 <0.1 0.5 <0.1 1.9 9.15 50 No 52 <0.1 
Ammonia as 
NH3 

(95) 26 5.2 3.6 0.4 39 14.84 0.47* Yes 39 0.4 

Calcium 110 150 460 340 380 570 335 250 Yes 570 110 
Copper <0.1 <0.1 0.5 <0.1 <0.1 <0.1 0.17 2 No 0.5 <0.1 
Iron 1.2 1.5 (380) 1.8 5.4 30 7.98 0.2 Yes 30 1.2 
Potassium (180) 38 25 16 12 26 23.4 12 Yes 38 12 
Magnesium 110 38 45 20 20 47 46.67 50 No 110 20 
Manganese 0.3 0.3 3 1.2 2.6 2.1 1.58 0.05 Yes 3 0.3 
Sodium  150 65 45 60 200 104.00 200 No 200 45 
Lead <1 <0.2 0.4 <0.2 <0.2 <0.2 0.37 0.01 Yes <1** <0.2 
Zinc 0.3 0.2 2.8 <0.1 <0.1 0.3 0.63 5 No 2.8 <0.1 

*equivalent to 0.5 mg/l as NH4; the EQS for NH3 in surface water is 0.015 mg/l as N   
**note that five of the six values for lead are non-detects 
NB Values in brackets are outliers and therefore not used for calculation of averages, maximum and minimum values. 
Where concentrations are given as less than a value, then that value has been used to calculate the averages 
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2.4 Review of Technical Precautions 
The nature of the inert material is presumed to be such that no discernible concentrations of 
hazardous substances are present within the site.  Non-hazardous pollutants in tipped 
materials will be controlled by robust waste acceptance checks on the content of materials 
arriving at the site. 
2.5 Mathematical Modelling 
2.5.1 Justification for modelling approach and software 
The risk assessment has been undertaken using ESI’s Risk Assessment Model (RAM) 
commercial software package (ESI, 2008). 
An electronic copy of the model is given 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: 

• For the sake of simplicity and clarity the thickness of the inert material is averaged 
across the site. 

• It is assumed that the entire inert 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 conceptual model 
The inert material will probably be less permeable than the surrounding Shepperton Gravel.  
As such there will be a ‘doming’ of groundwater within the inert material due to recharge 
infiltrating through the top of the inert material.  Up hydraulic gradient of the site (to the 
northwest), the inert material will act as a lower permeability barrier to groundwater flow, and 
groundwater will preferentially flow around the inert material along the path of least hydraulic 
resistance within the permeable Shepperton Gravel.  The effect of this flow regime will be to 
increase the hydraulic head in the gravel northwest of the site.  Water present within the inert 
material will discharge through the sides of the inert material.  As the gravel will have 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 equations: 

ER = Qinf  + RO, and 
 Qinf  = Qside + Qovertop 

where  ER is the effective rainfall, 
RO is the runoff, 
Qinf is the infiltrating flux into the inert material,  
Qside is the net water discharge flux through the sides of the inert material and  
Qovertop is the excess infiltrating water that cannot be transported through the inert 
material mass, which is of relatively low permeability. 

The site has been conceptually divided into two (west and east).  It is assumed that the 
domed profile will create a groundwater divide at the highest point, near the centre of the 
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section of the site west of the River Ash.  The area to the west of this divide is the “Western 
Area”.  The area to the east of this divide (including that to the east of the river) is the 
“Eastern Area”. 
The model conservatively assumes that all of the water flux from the Western Area reaches 
the southeastern boundary (along the line of Fordbridge Road). It also assumes that all of 
the flux from the Eastern Area flows towards the River Ash. Thus, although flow from the 
(domed) inert material mass will be roughly radial, any leakage from the sides of the inert 
material that are upstream (in terms of the local hydraulic gradients) in the Gravel is 
assumed to subsequently be transported around the sides of the inert material mass to the 
downstream receptor.   
Qside can then be calculated for each area as the flow through the inert material, assuming a 
hydraulic gradient controlled by a maximum head equal to the maximum elevation of the 
restored surface and the average groundwater head at the downstream margin; a hydraulic 
conductivity representative of the expected inert material composition; the depth of the inert 
material and the perimeter in contact with groundwater. 
Advection, dispersion, retardation and degradation are applied along the flow paths between 
the site and the receptors.  In calculating these components, the groundwater flow velocity 
applied to the model is calculated from the hydraulic conductivity, hydraulic gradient and 
effective porosity of the Shepperton Gravel.  Additional dilution occurs by runoff from the site 
between the edge of the inert material disposal area and the receptor and direct recharge to 
the aquifer surrounding the site. 
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 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 of potential contamination in the site is modelled based on chemical 
concentrations considered likely for the given inert material type. 
2.5.5 Model parameterisation 
2.5.5.1 Site geometry 
The proposed restored inert material 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. 
The volume of the inert materials used to restore the site has been estimated as 680,000 m3 
(Section 1.2.3).   
Table 2.3 presents the dimensions of the site as used in the model.  
The inert material has been modelled as a declining source term, with the rate of decline 
dependent upon the mass flux from the site. 
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Table 2.3 Site parameters 
Parameter Value Data Source 

Average base elevation of the 
waste. 

5.13 mAOD Mean elevation for top of London Clay, from 
borehole log information (Table 8.2, 
CEMEX, 2012)  

Volume of inert material 0.68 Mm3 Paragraph 1.18, CEMEX (2012) 
Area of inert material 18.61 ha Workable area on western side of River 

Ash 
Western Area  13.47 ha Based on planned excavation area, west of 

future water flow divide (Drawing HRA1) 
Eastern Area  5.14 ha Based on planned excavation area, east of 

future flow divide (Drawing HRA1) 
Maximum elevation of final 
landform (used for maximum 
head) 

11 mAOD Highest elevation (CEMEX, 2012, drawing 
P3/648/9) 

Perimeter of Western Area 1,300 m Based on planned excavation area and not 
including adjacent edge to eastern area  

Perimeter of Eastern Area 730 m Based on planned excavation area and not 
including adjacent edge to western area. 

Width of Western Area 
perpendicular to groundwater 
flow 

455 m Dimension of excavation area west of 
assumed flow divide, parallel to Fordbridge 
Road  

Width of Eastern Area 
perpendicular to groundwater 
flow 

272 m Dimension of excavation area east of R 
Ash, parallel to river, excluding future 
lagoon area  

Length of Western Area 
parallel to groundwater flow 

405 m Dimension of excavation area west of 
assumed flow divide, perpendicular to 
Fordbridge Road  

Length of Eastern Area 
parallel to groundwater flow 

220 m Dimension of excavation area west of R 
Ash and east of assumed flow divide, 
perpendicular to river  

Proportion of water that 
would freely drain from the 
inert material mass.  

30 % From Beavan, 1996 and Robinson 1996. 

Hydraulic conductivity of the 
inert material 

0.1 m/d Assumed upper value for inert material 
resulting in upper limit of contaminant flux 
and lower limit for dilution factor in receiving 
groundwater. 

 
2.5.5.2 Chemical parameters 

Table 2.4 Chemical parameters required for the risk assessment 
Parameter  Description  
Concentration Initial concentration of each determinand. 
Half life Decay half-life of each determinand. 
Partition coefficient (Kd) Measure of the sorption/desorption of each determinand, used 

to calculate retardation factors.  
 



Page 12 Watersplash Farm: Hydrogeological Risk Assessment 
 

 Report Reference: 60084R4Rev1 
 Report Status: Final Report 

For the determinands indicated in Section 2.3 the modelled concentration has been 
calculated using the parameter values reported below. 
The most likely value for the source term is defined by averaging the values for the sites 
given in Table 2.2.  This applies to all determinands apart from ammoniacal nitrogen (see 
Section 2.3). High ammoniacal nitrogen concentrations in some of the AEA sites, in fact, 
suggest that other types of waste may be present within the sites.  Given the strict controls 
that will be exercised to ensure that material deposited at Watersplash conforms to the 
definition of inert waste, it is not reasonable to suppose that significant concentrations of 
ammoniacal nitrogen will develop in the site water.  For this reason a more representative 
estimation of the concentration of this determinand has been reported in the following Table 
2.5. 
The partition coefficient (Kd) for ammoniacal nitrogen for clayey sand and gravel was taken 
from Buss et al. (2003).  The half-life for ammonium was defined as the maximum value 
proposed for sand and gravel in Buss et al. (2003). 

 Table 2.5 Selected chemical parameters 
Parameter  Value Units Justification 
Concentration of 
NH4  

1 mg/l Estimation for inert material (see 
text) 

Half-life 2190  days Maximum value given by Buss et al. 
(2003) 

Kd 0.4  l/kg Mean value given by Buss et al. 
(2003) 

Concentration of Cl 107 mg/l Average from Table 2.2 
Half-life no decay   
Kd 0 l/kg No retardation 
Concentration of K 23.4 mg/l Average from Table 2.2 
Half life no decay   
Kd 0 l/kg No retardation 
Concentration of 
SO4 

211.8 mg/l Average from Table 2.2 

Half-life no decay   
Kd 0 l/kg No retardation 
Concentration of 
Fe 

7.98 mg/l Average from Table 2.2 

Half-life no decay   
Kd 220 l/kg Most likely value from Consim 

default for sand 
 
2.5.5.3 Hydrology 
Effective rainfall is used in the model as presented in Table 2.6. 

 Table 2.6 Hydrological parameters applied in the model 
Parameter  Value Units Justification 

Effective rainfall 
(HER) 

85.2 mm/a Based on hydrometric data from MORECS Square 
161 (Table TESID 8) 

 
2.5.5.4 Pathway and receptor definition 
Table 2.7 lists the parameters required to define the two pathways that are conceptualised in 
the model (as described in Section 1.2.4).  
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Table 2.7 Distance to receptors 
Parameter Value Units Data Source 

Hydraulic conductivity of 
Gravel 

39 m/d Highest value for on-site permeability tests, as 
discussed in CEMEX (2012).   

Hydraulic gradient for 
Western Area 

0.0026 - Section 8.36 of CEMEX, 2012. 

Hydraulic gradient for 
Eastern Area 

0.0018 - Section 8.36 of CEMEX, 2012 

Effective porosity 0.3 - ConSim value for fine gravel. 
Bulk density of sand and 
gravel aquifer 

1820 kg/m3 Based on specific gravity of quartz (2.6) and a 
total porosity of 0.30 (Domenico & Schwartz, 
1990). 

Mean hydraulic head at 
perimeter of site 

8.51 mAOD Calculated from monitoring data 

Distance from the southern 
boundary of the site to 
groundwater receptor at 
southern site boundary 

10 m Nominal stand-off distance between excavation 
and site boundary 

Distance to groundwater 
adjacent to River Ash, 
running through Site 

10 m Nominal stand-off distance between excavation 
and river 

 
Predicted concentrations were reported at different times, which were chosen to 
demonstrate the breakthrough and maximum concentrations reached by the determinands. 
Model results have been compared to the environmental assessment limits (EAL) defined in 
Table 2.8. 

Table 2.8 Environmental Assessment Limits 
Determinand EAL 

(groundwater) 
(mg/l) 

Justification 

Ammoniacal 
nitrogen 0.39 Elevated ammoniacal nitrogen in groundwater up hydraulic 

gradient of site.  Selected DWS as EAL 
Chloride 87 95th percentile concentration in background groundwater 
Potassium 12 95th percentile concentration in background groundwater 
Sulphate 123 95th percentile concentration in background groundwater 
Iron 0.27 95th percentile concentration in background groundwater 

   
2.5.6 Sensitivity analysis 
It is useful to understand whether the contaminant concentrations in groundwater adjacent to 
the marina pool and the River Ash are more influenced by possible alterations in modelling 
the dilution or retardation processes.  In order to investigate this, the model was run with 
altered parameter values governing groundwater flow, degradation, dispersion and 
retardation. 
This sensitivity analysis was intended to highlight the parameters and the processes to 
which the model predictions are most sensitive. 
The parameters selected for the degradation processes are the partition coefficient within 
the Shepperton Gravel, as this is an intrinsic parameter of the aquifer that is poorly 
constrained; and the half-life, which is a measure of the speed of biodegradation of the 
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contaminants.  For groundwater flux, the hydraulic gradient is generally influential, but is 
quite well constrained at the site.  The hydraulic conductivity of the inert material mass is not 
well known, so this was varied in the sensitivity analysis. 
As noted in Section 1.2.2 there is a large range in estimated HER.  A conservative low value 
has been selected for the base case model and the effects of increasing this are explored in 
a sensitivity analysis run. 
The basecase model has been run with an aquifer hydraulic conductivity that is at the upper 
end of the range on the basis that this will provide a conservative assessment of travel time 
and hence attenuation.  The effects of decreasing this parameter are explored in the 
sensitivity analysis. 
Each of the model sensitivity runs was given a case number, to facilitate comparison with the 
base case.  They are summarised in Table 2.8.  The results of the sensitivity analysis are 
presented in Section 2.6.2. 

Table 2.9 Model runs 
Case Description Parameter 

varied (units) 
Base 
case 

This 
case 

Base case Basic case using conservative 
assumptions for all parameters 

none -- -- 

Case 2 Investigates the importance of 
degradation and retardation by 
removing this process 

degradation 
retardation 

on 
on 

off 
off 

Case 3 Verifies the impact of higher hydraulic 
conductivity in the inert material 

k (m/d) 0.1 1.0 

Case 4 Verifies the impact of lower hydraulic 
conductivity in the inert material 

k (m/d) 0.1 0.01 

Case 5 Investigates the effect of increasing 
HER 

q (mm/a) 85.2 250 

Case 6 Investigates the effect of reducing 
aquifer hydraulic conductivity 

k (m/d) 39 13 

 
2.5.7 Model validation 
No site data are available with which to validate the model, since the inert material has not 
yet been placed. 
2.5.8 Accidents and their consequences 
Given the nature of the restoration activities and the management procedures that will be 
applied at this site, it is considered that significant accidents are unlikely to occur. 
It is feasible that a rogue load of non-inert material might be placed if the stringent site 
management procedures failed.  Inert restoration materials tend to have low permeability 
and values of 1x10-7 m/s are considered typical of these materials2.  Should a small quantity 
of non-inert waste be placed away from the edge of the site, any contaminants released 
would have to travel through the surrounding low permeability inert material before it reaches 
the site boundary.  During this travel, the contaminants would be subject to attenuation and 
dilution.  Should a small quantity of non-inert material be placed adjacent to the site 
boundary, it would be rapidly diluted in the receiving groundwater (the dilution factor 
between the inert material and groundwater given by the model is around 1000) such that it 
                                                 
2 Inert restoration materials tend to comprise cohesive material as granular material is extracted for 
recycling. 
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would not be discernible in groundwater.  It is considered that the probability of rogue loads 
causing a discernible effect on groundwater quality is so low that mitigating structures are 
not required.  
2.6 Emissions to Groundwater 
The deterministic model produced the results described in the following sections. 
2.6.1 Base case 
Predicted concentrations at different times for the modelled contaminants at the receptors 
are shown in Table 2.9 and Table 2.10.  Peak concentrations are indicated by bold type.  
Ammoniacal nitrogen, potassium and chloride concentrations peak within the first year in the 
groundwater at both receptors.  This reflects the very short travel distance and the low 
retardation of ammoniacal nitrogen.  (Chloride, potassium and sulphate are modelled without 
retardation.)  Iron peaks at 100 years in the groundwater receptor and 200 years at the river 
receptor, due to its relatively high retardation factor. Low peak concentrations are the result 
of low levels of contaminants in the source term and the dilution available from 
uncontaminated groundwater. All predicted concentrations are below the relevant EAL. 

Table 2.10 Path 1: Predicted concentrations in groundwater adjacent to 
Fordbridge Road (mg/l) 

Time (years) Ammonium Chloride Potassium Sulphate Iron 
1 4.462E-02 4.901E+00 1.072E+00 9.701E+00 0.000E+00 
2 4.323E-02 4.746E+00 1.038E+00 9.394E+00 0.000E+00 
5 3.925E-02 4.309E+00 9.423E-01 8.529E+00 0.000E+00 
10 3.341E-02 3.668E+00 8.023E-01 7.261E+00 8.443E-12 
20 2.422E-02 2.659E+00 5.815E-01 5.263E+00 6.907E-06 

100 1.844E-03 2.025E-01 4.428E-02 4.008E-01 9.243E-02 
200 7.377E-05 8.099E-03 1.771E-03 1.603E-02 3.312E-02 
500 4.592E-09 5.042E-07 1.103E-07 9.980E-07 3.433E-05 

Compared with EAL concentration in mg/L  
 3.900E-01 8.700E+01 1.200E+01 1.230E+02 2.700E-01 

(1) Peak predicted concentrations are in bold type 
 

Table 2.11 Path 2: Predicted concentrations in groundwater adjacent to the 
River Ash (mg/l) 

Time (years) Ammonium Chloride Potassium Sulphate Iron 
1 1.322E-01 1.481E+01 3.238E+00 2.931E+01 0.000E+00 
2 1.291E-01 1.434E+01 3.135E+00 2.838E+01 0.000E+00 
5 1.172E-01 1.302E+01 2.847E+00 2.577E+01 7.494E-22 
10 9.980E-02 1.108E+01 2.424E+00 2.194E+01 1.168E-16 
20 7.233E-02 8.032E+00 1.757E+00 1.590E+01 4.936E-08 
100 5.508E-03 6.116E-01 1.338E-01 1.211E+00 1.376E-01 
200 2.203E-04 2.447E-02 5.350E-03 4.843E-02 1.658E-01 
500 1.371E-08 1.523E-06 3.331E-07 3.015E-06 1.731E-03 

Compared with EAL concentration in mg/L  
 3.900E-01 8.700E+01 1.200E+01 1.230E+02 2.700E-01 
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2.6.2 Sensitivity analysis 
2.6.2.1 Removal of degradation and retardation 
Removing terms for degradation and retardation affects only ammoniacal nitrogen and iron 
(since the other three ions are conservative and do not decay or are retarded).  The 
predicted concentrations for these two with dilution only are shown in Table 2.11 and Table 
12. 

Table 2.12 Path 1: Predicted 
concentrations in groundwater 

adjacent to Fordbridge Road (mg/l) 
Time (years) Ammonium Iron 

1 4.580E-02 3.655E-01 
2 4.435E-02 3.539E-01 
5 4.027E-02 3.214E-01 
10 3.428E-02 2.736E-01 
20 2.485E-02 1.983E-01 

100 1.892E-03 1.510E-02 
200 7.569E-05 6.040E-04 
500 4.712E-09 3.760E-08 

Compared with EAL concentration in 
mg/L 
 3.900E-01 2.700E-01 

 
Table 2.13 Path 2: Predicted 

concentrations in groundwater 
adjacent to the River Ash (mg/l) 

Time (years) Ammonium Iron 
1 1.384E-01 1.104E+00 
2 1.340E-01 1.069E+00 
5 1.217E-01 9.708E-01 
10 1.036E-01 8.265E-01 
20 7.506E-02 5.990E-01 

100 5.716E-03 4.561E-02 
200 2.287E-04 1.825E-03 
500 1.423E-08 1.136E-07 

Compared with EAL concentration in mg/L 
 3.900E-01 2.700E-01 

 
The revised predictions show ammoniacal nitrogen slightly higher than the base case, and 
iron about an order of magnitude higher at its peak.  The retardation of iron is therefore 
important in the model, but for ammoniacal nitrogen the dominant factor is dilution. 
2.6.2.2 Hydraulic conductivity of inert material 
When the hydraulic conductivity of the inert material is increased by an order of magnitude, 
the dilution available reduces, since all effective rainfall is absorbed by the inert material and 
none runs off to dilute the contaminant flux at the margin of the site.  Conversely, when the 
hydraulic conductivity is reduced, available dilution increases.  Table 2.13 and Table 2.14 
compare the predicted peak concentrations and the time to peak, for the Base Case, Case 3 
(increased hydraulic conductivity) and Case 4 (decreased hydraulic conductivity). 
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Table 2.14 Path 1: Comparison of predicted concentrations in groundwater 
adjacent to Fordbridge Road (mg/l) 

Case Ammonium Chloride Potassium Sulphate Iron 
Base Case 4.462E-02   

@ 1 yr 
4.901E+00 

@ 1 yr 
1.072E+00  

@ 1 yr 
9.701E+00  

@ 1 yr 
9.243E-02 
@ 200 yrs 

Case 3 1.535E-01 
   @ 1 yr 

1.671E+01 
@ 1 yr 

3.654E+00 
@ 1 yr 

3.307E+01 
@ 1 yr 

1.644E-01 
@ 100 yrs 

Case 4 4.557E-03 
  @ 1 yr 

5.033E-01 
 @ 1 yr 

1.101E-01 
@ 1 yr 

9.963E-01 
@ 1 yr 

2.620E-02 
@ 200 yrs 

Compared with EAL concentration in mg/l  
 3.900E-01 8.700E+01 1.200E+01 1.230E+02 2.700E-01 

 
Table 2.15 Path 2: Comparison of predicted concentrations in groundwater 

adjacent to the River Ash (mg/l) 
Case Ammonium Chloride Potassium Sulphate Iron 

Base Case 1.322E-01  
@ 1 yr 

1.481E+01 
@ 1 yr 

3.238E+00 
@ 1 yr 

2.931E+01 
@ 1 yr 

1.658E-01 
@ 200 yrs 

Case 3 1.687E-01 
  @ 1 yr 

1.866E+01 
 @ 1 yr 

4.081E+00 
 @ 1 yr 

3.694E+01 
@ 1 yr 

1.060E-01 
@ 100 yrs 

Case 4 1.352E-02 
@ 2 yrs 

1.519E+00 
@ 1 yr 

3.322E-01 
@ 1 yr 

3.007E+00 
@ 1 yr 

7.085E-02 
@ 200 yrs 

Compared with EAL concentration in mg/l  
 3.900E-01 8.700E+01 1.200E+01 1.230E+02 2.700E-01 

 
2.6.2.3 Increased effective rainfall 
The effect of increasing effective rainfall is shown on Table 2.16 and Table 2.17.  As the 
waste cannot accept additional infiltration, excess effective rainfall runs off to the perimeter 
where it provides additional dilution.  Thus all concentrations are slightly reduced for this 
sensitivity run with no change to the time of the peak concentration. 

Table 2.16 Path 1: Comparison of predicted concentrations in groundwater 
adjacent to Fordbridge Road (mg/l) 

Case Ammonium Chloride Potassium Sulphate Iron 
Base Case 4.462E-02   

@ 1 yr 
4.901E+00 

@ 1 yr 
1.072E+00  

@ 1 yr 
9.701E+00  

@ 1 yr 
9.243E-02 
@ 200 yrs 

Case 5 3.369E-2 
@ 1 yr 

3.701E+00 
@ 1 yr 

8.093E-01 
@ 1 yr 

7.325E+00 
@ 1 yr 

2.501E-2 
@ 200 yrs 

Compared with EAL concentration in mg/l  
 3.900E-01 8.700E+01 1.200E+01 1.230E+02 2.700E-01 

 
Table 2.17 Path 1: Comparison of predicted concentrations in groundwater 

adjacent to the River Ash (mg/l) 
Case Ammonium Chloride Potassium Sulphate Iron 

Base Case 1.322E-01  
@ 1 yr 

1.481E+01 
@ 1 yr 

3.238E+00 
@ 1 yr 

2.931E+01 
@ 1 yr 

1.658E-01 
@ 200 yrs 

Case 5 9.712E-02 
@ 1 yr 

1.088E+01 
@ 1 yr 

2.379E+00 
@ 1 yr 

2.153E+01 
@ 1 yr 

1.218E-01 
@ 200 yrs 

Compared with EAL concentration in mg/l  
 3.900E-01 8.700E+01 1.200E+01 1.230E+02 2.700E-01 

 
2.6.2.4 Reduced aquifer hydraulic conductivity 
The effect of reducing the aquifer hydraulic conductivity is shown in Table 2.18 and Table 
2.19.  For all contaminants less dilution is afforded.  For ammoniacal nitrogen, the slower 
pore water velocity results in a longer travel time and hence the effects of attenuation are 
more pronounced.  However, as the model is dominated by dilution rather than attenuation 



Page 18 Watersplash Farm: Hydrogeological Risk Assessment 
 

 Report Reference: 60084R4Rev1 
 Report Status: Final Report 

(Sensitivity Run 1), the concentration of all determinands, including ammoniacal nitrogen 
increase slightly, but all remain below the DWS. 

Table 2.18 Path 2: Comparison of predicted concentrations in groundwater 
adjacent to Fordbridge Road (mg/l) 

Case Ammonium Chloride Potassium Sulphate Iron 
Base Case 4.462E-02   

@ 1 yr 
4.901E+00 

@ 1 yr 
1.072E+00  

@ 1 yr 
9.701E+00  

@ 1 yr 
9.243E-02 
@ 200 yrs 

Case 6 9.182E-02 
@ 2 yrs 

1.107E+01 
@ 1 yr 

2.420E+00 
@ 1 yr 

2.191E+01 
@ 1 yr 

8.443E-02 
@ 300 yrs 

Compared with EAL concentration in mg/l  
 3.900E-01 8.700E+01 1.200E+01 1.230E+02 2.700E-01 

 
Table 2.19 Path 1: Comparison of predicted concentrations in groundwater 

adjacent to the River Ash (mg/l) 
Case Ammonium Chloride Potassium Sulphate Iron 

Base Case 1.322E-01  
@ 1 yr 

1.481E+01 
@ 1 yr 

3.238E+00 
@ 1 yr 

2.931E+01 
@ 1 yr 

1.658E-01 
@ 200 yrs 

Case 6 2.444E-01 
@ 2 yrs 

3.247E+01 
@ 1yr 

7.101E+00 
@ 1 yr 

6.427E+01 
@ 1 yr 

1.491E-01 
@ 300 yrs 

Compared with EAL concentration in mg/l  
 3.900E-01 8.700E+01 1.200E+01 1.230E+02 2.700E-01 
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3 REQUISITE SURVEILANCE 

3.1 The Risk-Based Monitoring Plan 
3.1.1 Leachate Monitoring 
The landfill has no leachate management system, and so no leachate will collect during the 
operational and post-operational phases of landfilling.  Therefore no leachate monitoring is 
proposed. 
3.1.2 Groundwater Monitoring 
It is proposed that groundwater monitoring is carried out at twelve locations. 
WM01 and WM08 – WM12 will solely be monitored for groundwater level.  WM08 – WM12 
locations are required to satisfy the planning permission.  WM01 lies up hydraulic gradient 
on the eastern side of the River Ash where no disposal will take place. 
WM05 and WM06 are designated as up hydraulic gradient monitoring locations.  They will 
be monitored for groundwater level and quality as defined in the Monitoring Plan. 
WM02 – WM04 and WM07 are designated as down hydraulic gradient monitoring locations.  
They will be monitored for groundwater level and quality as defined in the Monitoring Plan 
and will also have compliance limits defined.  WM02 – WM04 lies along the southeastern 
site boundary and WM07 lies adjacent to the River Ash. 
3.1.2.1 Selection of Determinands 
Groundwater will be monitored for a range of major and minor ions as described in the 
Monitoring Plan. 
Control levels and compliance limits have been set for three determinands, ammoniacal 
nitrogen, chloride and nickel. Ammoniacal nitrogen is a common component of landfill 
leachates 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.  Nickel is a metal that is 
relatively mobile compared to other metal species. 
3.1.2.2 Calculation of Appropriate Control Levels and Compliance Limits 
Water quality data collected at the selected monitoring points has been analysed and used 
to set control and compliance limits. Control levels have been set at the mean + 2 standard 
deviations, while compliance is set at mean + 3 standard deviations. Background water 
quality data with the proposed control levels and compliance limits are presented graphically 
in Appendix B. 
Prior to assessment, the data have been checked for outliers using statistical tests.  Outliers 
are highlighted in Appendix B and have been removed from the control level and compliance 
limit calculation.  Where concentrations have been found below the level of detection, the 
level of detection concentration has been used in the assessment. 
The proposed control levels and compliance limits are presented on Table 3.1 and further 
detail for each determinand are given below. 
Chloride 
Chloride was generally normally or log normally distributed.  Experience has shown that 
setting control levels and compliance limits based on log normal distributed data results in 
very high limits which are unlikely to be effective in providing an early warning to deviations 
from baseline.  Therefore control levels and compliance limits are defined on the basis of the 
normal distribution. 
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The Walsh outlier test (USEPA, 2006) was applied in preference as this is a non-parametric 
test (i.e. it can detect multiple outliers in a single dataset as opposed to parametric tests 
where outliers are detected sequentially). 
At WM02 and WM07 no outliers were identified.  At WM03 and WM04, although the Walsh 
test did not identify any outliers, the Grubbs Test (which is a parametric test) did identify a 
number of outliers and these are highlighted in Appendix B and were removed from the 
assessment. 
For all these datasets the control level and compliance limit were calculated to be too close 
to each other.  Use of such levels and limits could result in insufficient time between 
exceedance of a control level and compliance limit to allow assessment and mitigation of the 
causing factor.  It was decided that a separation of at least 15 mg/l was appropriate for 
chloride.  As the control level cannot be reduced due to the chances of increased false 
positives in the dataset, the compliance limit was raised by 15 mg/l compared to the control 
level at each location. 
Ammoniacal nitrogen 
Ammoniacal nitrogen is rarely detected in the down hydraulic wells and when it is there 
tends to be isolated spikes which return to concentrations below the detection limit at the 
following sampling round.  These spikes have generally become less frequent in recent 
times, possibly due to improvements in sampling methodology. 
This makes assessment of the datasets for outliers difficult as all the positive detections tend 
to be identified as outliers when using parametric tests.  In this case, the Walsh non-
parametric test is more useful. 
WM02 shows two exceedances and WM03, WM04 and WM07 one exceedance according to 
the Walsh method. 
Due to the problems using statistical methods it was decided to set the control level at 
double the level of detection and the compliance limit at the DWS.  Visual inspection of the 
data in Appendix B shows that this provides for sensible values.  This is considered sensible 
given the presence of elevated baseline ammoniacal nitrogen in up hydraulic gradient 
monitoring wells. 
Nickel 
The data at WM02 clearly show a single outlier which was removed from the assessment.  
Grubb’s test showed single outliers at WM03 and WM04 although this was not identified by 
the Walsh test.  Similarly the Grubb’s test showed four outliers at WM07 although none of 
these were identified by the Walsh test. 
Due to the problems using statistical methods it was decided to set the compliance limit at 
the DWS and the control level at half the DWS, which is just under double the level of 
detection. 

Table 3.1  Proposed control levels and compliance limits (mg/l) 
Location Chloride Ammoniacal Nitrogen Nickel 
 Control Compliance Control Compliance Control Compliance 
WM02 73 88 

0.08 0.39 0.01 0.02 WM03 66 83 
WM04 44 59 
WM07 72 87 
 
3.1.2.3 Methodology Used to Assess the Site Data Against Control Levels and 

Compliance Limits 
The methodology used to assess the Site data against control levels and compliance limits is 
detailed in the Monitoring Plan. 
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3.1.3 Surface Water Monitoring 
Surface water quality will be monitored at two locations on the River Ash, upstream and 
downstream of the site as shown on drawing DESID11. 
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4 CONCLUSIONS 

CEMEX is currently applying for planning permission to extract sand and gravel from 
Watersplash Farm and to restore the western area with imported inert materials. 
This Hydrogeological Risk Assessment (HRA) has been undertaken to demonstrate that the 
importation of inert materials will not cause unacceptable impacts on controlled water 
receptors.  As such the Site is expected to comply with the Landfill Directive. 
The Landfill Directive required sites taking inert was for disposal to incorporate a geological 
barrier.  A natural geological barrier comprising the London Clay is present at the base of the 
Site and a side wall barrier will be constructed.  Nevertheless, this HRA has been 
undertaken without simulating the effects of the geological barrier.  The results demonstrate 
that a risk to controlled waters from the inert materials is extremely unlikely and this risk will 
be even lower with the inclusion of a geological barrier. 
The Waste Acceptance Criteria that will be applied at the Site only allow for the placement of 
very small quantities of hazardous substances, which are controlled through defined 
leaching limit values (Environment Agency, 2006).  Within the site, the total mass of 
hazardous substances can therefore be considered insignificant when compared against the 
total volume of the inert material and that no discernible concentrations of hazardous 
substances will be present in the inert material. On this basis, the source term used in the 
HRA comprises non-hazardous pollutants. 
It is conceivable that a rogue load of non-inert material might be placed if the stringent site 
management procedures failed.  Should a small quantity of non-inert waste be placed away 
from the edge of the site, any contaminants released would have to travel through the 
surrounding low-permeability inert material before it reached the site boundary.  During this 
travel, the contaminants would be subject to attenuation and dilution.  Should a small 
quantity of non-inert material be placed adjacent to the site boundary, it would be rapidly 
diluted in the receiving groundwater (the dilution factor between the inert material and 
groundwater given by the model is around 1000) such that it would not be discernible in 
groundwater.  It is considered that the probability of rogue loads causing a discernible effect 
on groundwater quality is so low that mitigating structures are not required.  The impact of a 
rogue load was thus qualitatively screened out during this assessment. 
Many of the parameters used in this HRA are uncertain.  Whilst it is not considered that the 
Site poses sufficient risk to justify undertaking a probabilistic assessment of risk, a series of 
sensitivity runs were undertaken to demonstrate that there is unlikely to be significant risk 
even under extreme ranges of the model parameters. 
Requisite surveillance has been defined for three determinands in four down hydraulic 
gradient groundwater monitoring wells. 
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