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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 
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1 Introduction 

1.1 Report context 

Grundon Sand & Gravel Limited (Grundon) has begun mineral extraction at New Barn Farm 

Quarry (the Site). Grundon must apply to the Environment Agency (EA) for an appropriate 

Environmental Permit (EP) to deposit inert restoration materials at the Site under a deposit for 

recovery activity, in order to restore the Site. 

This report presents a Hydrogeological Risk Assessment for the Site that has been produced 

for Grundon by Stantec UK Ltd (Stantec) to support the application for the Environmental 

Permit. This assessment is based on the data and information contained within the 

Environmental Setting and Site Design (ESSD) report (Stantec, 2020). 

This HRA considers the restoration of the Site.  A risk assessment for the sand and gravel 

extraction phase is presented in the environmental impact assessment (EIA) (Hafren Water, 

2016) that was submitted with the planning application. 

1.2 Conceptual hydrogeological site model 

The Site is located within the Northmoor Sand and Gravel Member (Northmoor Sand) which 

overlies the Chalk Marl and Upper Greensand as displayed in Figure 1.1.  The Northmoor 

Sand is designated as a Secondary A aquifer and the Chalk Marl is part of the Chalk Group 

which is designated as a Principal aquifer (Stantec, 2020).  The underlying Chalk Marl is 

effectively non-aquifer.  The Upper Greensand is designated as a Principal aquifer. 

Sand and gravel from the Northmoor Sand is to be extracted both above and below the 

watertable and is to be restored with imported inert restoration materials as shown in Figure 

1.1.  Waste acceptance procedures for the Site will be designed to ensure that no non-inert 

material is accepted at the Site.  Grundon will operate the Site according to strict waste 

acceptance procedures, details of which will be provided in the EP application (Stantec, 2020). 

The resulting void will be restored with imported inert restoration materials in order to achieve 

a restoration to original ground levels.  The ultimate land use for the Site will be agriculture. 

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.  A full 

abstraction license (Ref. TH/039/0020/008) has been granted for the Site to extract water from 

an on-Site lagoon that is fed by groundwater.  Water from the lagoon is used on the Site for 

dust suppression, wheel washing and the washing of excavated sand and gravel (Stantec, 

2020).  Although there is a hydraulic gradient naturally present within the superficial 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 potential contaminants migrating out of recently placed 

material into the wider groundwater or surface water environment. 
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An attenuation layer will be formed along the sidewalls of each phase of restoration, which will 

then be filled with imported inert restoration material.  Once the inert restoration material has 

been placed, the lower permeability of the inert restoration material compared to the 

surrounding aquifer will result in a head building up within the inert restoration material.  Under 

this circumstance there is the potential for contaminants present within the inert restoration 

material to migrate out into the wider environment.  It is this long-term post-closure phase that 

the risk assessment considers. 

1.2.2 Water Balance 

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 

restoration material. 

The ESSD report (Stantec, 2020) describes effective rainfall at the Site.  Annual effective 

rainfall is estimated at 299 mm. 

Water may also cross the up hydraulic gradient boundary of the Site.  Depending on the head 

in the inert restoration material, this flux may be either into or out of the Site.   

The sides of the Site lie against the Northmoor Sand.  There will be a sidewall attenuation layer 

constructed between the imported restoration materials and the Northmoor Sand.  The sidewall 

attenuation layer will be constructed with inert restoration materials with a permeability of no 

greater than 1 x 10 - 7 m/s and will therefore act as a barrier for potential leachate reaching the 

Northmoor Sand. 

The base of the Site is represented by the top of the West Melbury Marly Chalk (Chalk Marl).  

Available borehole log data, as described in the ESSD, shows that this comprises a gravelly, 

silty clay.  It is considered that this will provide a natural basal barrier with site specific 

permeability testing outlined in Stantec (2020).  The conceptual model considers that water 

may pass through the Marly Chalk between the base of the Site and the underlying Upper 

Greensand.  Depending on the relative heads in the Site and Upper Greensand, this may be 

into or out of the Site. 

The flux of water in or out of the sides and base of the Site will depend on the hydraulic gradient 

across the base and sides and the hydraulic conductivity.  A sidewall attenuation layer will be 

formed along each phase of restoration, which will then be filled with imported inert restoration 

material.  Experience from other sites suggests that a hydraulic conductivity of 1x10-7 m/s or 

lower is likely.  The sidewall attenuation layer will have a similar permeability to the imported 

inert restoration material.  The head loss will therefore occur across the imported restoration 

material and sidewall attenuation layer and it is assumed that the highest head in the Site is at 
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the centre of the Site with the head decreasing to the external heads at the edge of the sidewall 

attenuation layer. 

The water level in the Site cannot exceed ground level.  In the event that effective rainfall 

exceeds this the maximum infiltration to the top of the imported material, this additional water 

forms additional surface water runoff.  We note that this occurs through the sub and top soils 

which are to be replaced following filling of the Site.  Thus, the runoff does not come into 

contact with any imported inert restoration material and should not have the potential to be 

contaminated.  Surface water runoff is routed towards the wetlands, water features and Site 

boundaries.  The wetlands and water features are designed to drain to the Site boundaries.  

Once at the Site boundaries runoff will be infiltrated to ground. 
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Figure 1.1  Conceptual cross section 
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1.2.3 Source 

The Site is to be restored using imported inert restoration material using two waste streams.  The 

first will be a restricted inert waste stream comprising three waste types, which will be used to form 

a sidewall attenuation layer on each phase of restoration and for infill below the water table.  The 

second waste stream will be less restricted in terms of waste types and will also include inert 

construction and demolition waste types for infill above the water table.  Inert waste material is 

defined by the Landfill Directive as material that does not undergo any significant physical, chemical 

or biological transformations.  Inert waste 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 waste material and the ecotoxicity of the water passing through it is 

therefore not likely to be significant, 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 material is not accepted are detailed in the ESSD report 

(Stantec, 2020). 

The total quantity of inert restoration material to be accepted to the Site will be approximately 

1,400,000 m³ (2.1 million tonnes) (Stantec, 2020). 

The potential source of contamination is taken to be the inert restoration material imported into the 

Site.  As water flushes through the inert restoration material, any contaminants present within the 

material will leach into the water.  The source term concentrations will decline at a rate governed by 

the infiltration flux. 

1.2.4 Receptors 

The receptors of potential contamination have been identified as follows: 

• Hazardous substances: edge of the sidewall attenuation layer – with no dilution or any other 

process occurring in groundwater. 

• Non-hazardous pollutants: groundwater at the Site boundary (Northmoor Sand and Upper 

Greensand). 

• Surface water within the surrounding area that is in hydraulic continuity with the shallow 

groundwater. 

1.2.5 Pathways 

1.2.5.1 Northmoor Sand 

Potential contaminants that migrate laterally out of the imported inert restoration material may 

migrate through the sidewall attenuation layer.  They will then migrate within the Northmoor Sand 

from the edge of the inert restoration material to groundwater at the edge of the Site.  Attenuation 

processes are considered along both pathway segments and, in addition, dilution is considered in 

the Northmoor Sand. 
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1.2.5.2 Upper Greensand 

Potential contaminants that migrate vertically out of the imported inert restoration material may 

migrate through the Chalk Marl.  They will then migrate within the Upper Greensand to the edge of 

the Site.  Contaminant migration across the base of the Site at the down hydraulic gradient edge will 

only travel a short distance within the Upper Greensand whilst contaminant migration at the up 

hydraulic gradient boundary will travel the full length of the Site.  On average, contaminants will 

migrate half the Site length.  Attenuation processes are considered along both pathway segments 

and, in addition, dilution is considered in the Upper Greensand.
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2 Hydrogeological Risk Assessment 

2.1 The nature of the Hydrogeological Risk Assessment 

 The process of risk assessment is an evaluation of the probability of harm and magnitude of the 

consequence, and comprises the identification of sources of contamination, receptors that may be 

affected by the contamination and pathways by which the receptors may be harmed. This is 

consistent with the approach advocated by Environment Agency (2018). 

Current guidance (Environment Agency, 2018) states that a ‘tiered approach’ should be followed 

when completing a hydrogeological risk assessment in support of an EP. 

This means that the greater the risk of groundwater pollution is, the more detailed assessment is 

required. The risk assessment can be stopped at any stage if there is enough information to 

demonstrate that the activity does not pose a pollution risk to groundwater. 

By adopting this method, it is recognised that the cost, time and effort put into the risk assessment 

are proportional to the effort or measures needed to make the risks, from an activity, acceptable. 

The 3 tiers are: 

• Tier 1 – qualitative risk screening – investigate what the risks are, whether more detailed 

assessment is needed and what that would need to focus on (risk prioritisation) 

• Tier 2 – generic quantitative risk assessment – collect more information to make an informed 

decision on the risk posed by the site and identify compliance points 

• Tier 3 – detailed quantitative risk assessment – to collect more information and formulate a 

plan if there are clear source-pathway-receptor relationships 

Grundon has agreed to limit the waste inputs to the sidewall attenuation layer and below the water 

table to three inert waste types to minimise the potential for leachate impacting the groundwater, 

since there will be no dewatering at the Site. 

Environment Agency guidance (Environment Agency, Undated) provides advice on the chemical 

properties of inert waste that is suitable material, as follows: 

• Any physically suitable waste coded 01 04 09, 17 05 04 and 20 02 02, listed in the Council 

Decision; paragraph 2.1.1 may be used and will not require testing. However, the waste must 

be either from a single source, or from a single waste stream of a single waste type, and 

there must be no suspicion of contamination or doubt that the waste meets the definition of 

inert waste. 

• Suitable cohesive wastes that conform to the limit values listed in the Council decision, 

paragraph 2.1.2 may be used in the geological barrier at sites in non-aquifer or minor aquifer 

strata. This waste will already have been tested as part of the Waste Acceptance Criteria, 

and therefore will not require further retesting. This means that reliance will be placed on the 

agreed Waste Acceptance Criteria for the site. 
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The materials accepted at the Site for the sidewall attenuation layer and for below the water table 

will meet the above criteria i.e. it will be cohesive uncontaminated material (waste codes 01 04 09, 

17 05 04 or 20 02 02 uncontaminated soils and stones)1 as outlined in Stantec (2020). 

Given the above and following completion of the Tier 1 - qualitative risk screening, it is not considered 

necessary to complete a Tier 2 – generic quantitative risk assessment or a Tier 3 – detailed 

quantitative risk assessment.  However, the usual source-pathway-receptor model for risk 

assessments is followed below and outlines potential risks from the inert restoration materials. 

2.2 Risk Assessment Methodology 

Table 2.1, Table 2.2, and Table 2.3 are derived from CIRIA C552 (2001) and have been used to 

define the risk rating presented in the Preliminary Risk Assessment ( 

  

 

1 Guidance on the classification and assessment of waste (1st edition 2015) Technical Guidance WM3, located 

at: https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/427077/LIT_10121.pdf 
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Table 2.4).  The risk ratings associated with the table are justified in Sections 2.4.1 and 2.4.3. 

It is appreciated that the risk assessment approach advocated by CIRA 552 is focused on risks 

associated with contaminated land, however this industry best practice approach is considered 

applicable for the purpose of this assessment of risks to groundwater receptors and also aligns with 

requirements of Environment Agency (2018) and is considered to be consistent with the first tier 

(qualitative risk screening) of the assessment methodology. 

Table 2.1  Classification of consequence 

Classification Definition 

Severe 

Short term risk of pollution (note; Water Resources Act contains no 

scope for considering significant pollution) of sensitive water resource.  

Catastrophic damage to building/property.  A short-term risk to a 

particular ecosystem, or organism forming part of such ecosystem.  

Medium 

Pollution of sensitive water resources (note; Water Resources Act 

contains no scope for considering significant pollution).  A significant 

change in a particular ecosystem, or an organism forming part of such 

an ecosystem. 

Mild 

Pollution of non-sensitive water resources.  Significant damage to 

crops, buildings, structures and services. Damage to sensitive 

buildings/structures/services or the environment.  

Minor 

Potential minor release of contamination to local water features. 

Easily reparable effects of damage to buildings, structures and 

services (harm which may result in a financial loss or expenditure to 

resolve). Short term, localised damage may occur to eco-systems; 

consequences are spatially and temporally limited. 

Table 2.2  Classification of probability 

Classification Definition 

High likelihood 

There is a contaminant linkage and an event that either appears very 

likely in the short term and almost inevitable over the long term or 

there is evidence at the receptor of harm or pollution. 

Likely 

There is a contaminant linkage and all the elements are present and 

in the right place, which means that it is probable that an event will 

occur.  Circumstances are such that an event is not inevitable, but 

possible in the short term and likely over the long term.  

Low likelihood There is a contaminant linkage and circumstances are possible under 

which an event could occur. However, it is by no means certain that 
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even over a longer period that such an event would take place and is 

even less likely in the shorter term.  

Unlikely 
There is a contaminant linkage, but circumstances are such that it is 

improbable that an event would occur even in the very long term.  

Table 2.3  Matrix of Consequence against Probability to gain a Risk Classification 

 

Consequence 

Severe Medium Mild Minor 

P
ro

b
a
b

il
it

y
 

High likelihood Very High Risk High Risk Moderate Risk 
Moderate/Low 

Risk 

Likely High Risk Moderate Risk 
Moderate/Low 

Risk 
Low Risk 

Low likelihood Moderate Risk 
Moderate/Low 

Risk 
Low Risk Very Low Risk 

Unlikely 
Moderate/Low 

Risk 
Low Risk Very Low Risk Very Low Risk 
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Table 2.4 Qualitative Hydrogeological Risk Assessment 

Sources Pathways Receptors Consequence Probability Risk 

Potential 

contaminants 

associated with 

future inert 

restoration 

materials 

Lateral 

migration in 

sidewall 

attenuation 

layer towards 

Northmoor 

Sand 

Northmoor 

Sand and 

Gravel 

Medium Unlikely Low risk 

Surface water 

in hydraulic 

continuity with 

shallow 

groundwater 

Minor Unlikely 
Very low 

risk 

Vertical 

migration in 

Chalk Marl 

towards 

Upper 

Greensand  

Upper 

Greensand 
Medium Unlikely Low risk 

2.3 The Proposed Assessment Scenarios 

As discussed in Section 1.2.1 this HRA 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 has been considered within this HRA. 

As there is no cap or basal engineering included within the design, there is no consideration of 

deterioration of these components within the HRA model.  The sidewall attenuation layer will be 

constructed from selected cohesive inert restoration material and it is not expected that the 

performance of this will significantly deteriorate within the lifetime of the Site. 

2.4 Qualitative Hydrogeological Risk Assessment 

2.4.1 Source 

The Site will be worked via 18 phases with sand and gravel extracted from each phase.  After which, 

restoration will commence through the importation of inert material from the central area of the Site 

and progressing outwards.  A sidewall attenuation layer will be constructed from selected cohesive 

inert materials within each phase of the development. 

As mentioned in Section 1.2.3, all inert materials accepted for construction of the sidewall attenuation 

layer or for deposit below the water table will either be from a single source, or of a single stream of 

a single waste type.  Inert materials used in the construction of the sidewall attenuation layer will 

meet the properties of a geological barrier specified in EA Guidance.  These inert materials will have 

permeability no greater than 1x10 - 7 m/s (Environment Agency, 2009).  There is a low risk of these 

natural materials containing elevated Non-Hazardous Pollutants or Hazardous Substances, due to 

their nature and the strict waste acceptance procedures proposed to be implemented by Grundon.  

A wider range of waste types will be used for filling the voids above the water table. 
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Prior to acceptance onto the Site, all selected cohesive inert materials will be subject to testing to 

demonstrate the material is suitable both physically and chemically.  Only cohesive materials from 

non-contaminated sources will be accepted.  Materials will also be tested to confirm they are capable 

of achieving a permeability of no greater than 1 x 10 -7 m/s.  Therefore, this will ensure the correct 

material is being used to restore the Site. 

2.4.2 Pathways 

Water, and hence any contaminants, will migrate out of the Site across the base or through the 

sidewall attenuation layer.  The sidewall attenuation layer ensures that the leachate does not 

discharge directly to the Northmoor Sand without the impact of the transport properties afforded by 

the barrier.  The sidewall attenuation layer parameters are outlined in Table 2.5.  The addition of the 

sidewall attenuation layer will reduce the risk of contaminants reaching the receptors as most of the 

travel time will occur within the sidewall attenuation layer and therefore allowing attenuation 

processes, dilution and retardation of certain determinands it will restrict/prevent breakthrough to 

groundwater and surface water. 

The West Melbury Marly Chalk will be present beneath the Site at varying thicknesses and 

permeability as detailed in Stantec (2020) and will act as a buffer between the underlying aquifer 

and the inert restoration material.  This will reduce the risk of contaminants reaching the receptors 

as transport processes will occur during travel time in this layer.  An upwards hydraulic gradient from 

the underlying Upper Greensand will also limit the flow from the base of the Site reducing the risk. 

Shallow groundwater is in hydraulic continuity with surface waters in the wider area.  Possible 

pathways therefore exist via groundwater to surface water receptors that are down-hydraulic gradient 

of the Site (Stantec, 2020). Similarly to above, the construction of the sidewall attenuation layer and 

the natural basal barrier at the base will prevent this pathway. 

Table 2.5  Sidewall attenuation layer parameters 

Parameter Value Units Justification 

Hydraulic conductivity 1x10-7 m/s 

Maximum permeability allowable under Landfill 

Directive (not directly applicable, but relevant to 

deposit for recovery) 

Thickness 1 m 
Minimum standard thickness.  Likely to be much 

thicker in practice. 

2.4.3 Receptors 

Once the inert material has been placed on the Site, the lower permeability of the inert material 

compared to the surrounding aquifer will result in a head building up within the inert material.  There 

is therefore a chance for any potential contamination present within the inert material to migrate out 

into the wider environment.  However, the risk posed to groundwater and/or surface water is 

considered to be low, on the basis that the construction of the sidewall attenuation layer and the 

natural basal barrier (Chalk Marl) at the base of the Site are present. 

Any degradation of groundwater quality as a result of the inert restoration material is unlikely due to 

the nature of the proposed waste types, however groundwater and surface water quality will be 

monitored regardless as detailed in Section 3. 
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The nearest surface water feature is Drain A, however this only flows periodically.  The River Thames 

is located approximately 580 m east of the Site. Water enters the Site via surface infiltration and 

exits it via flow across the base and sides.  Flow across the base is controlled by the properties of 

the underlying Chalk Marl and the imported restoration materials.  Flow across the sides is controlled 

by the sidewall attenuation layer. 

2.4.4 Life cycle phases 

It is considered that a risk assessment of lifecycle phases is not required, given that the technical 

precautions included within the construction and management of the Site will not be subject to long 

term degradation, and that the entire voids will be infilled with inert restoration material. 

2.4.5 Accidents and their consequences 

Details of accidental occurrences at the installation that could present a potential risk to groundwater 

quality adjacent to the Site are provided in Table 2.6. 

Table 2.6 Qualitative assessment of accidents and mitigation 

Accidental Occurrence Risk to Groundwater 
Likelihood of 

Occurrence 

Mitigating and 

Corrective Measures 

Deposition of non-inert 

materials. 

Generation of leachate 

containing Hazardous 

Substances or Non- 

Hazardous Pollutants. 

Low – due to the 

essential and technical 

precautions, Waste 

Acceptance Criteria, 

included within the 

proposed scheme. 

Any non-inert materials 

will be immediately 

removed to a suitable 

storage area prior to 

removal to a suitable 

site. 

Spillage of fuels from 

storage tanks or 

vehicles. 

Release of 

hydrocarbons 

(Hazardous Substances) 

into the ground and 

migration to 

groundwater. 

Low – fuel stores will be 

bunded in accordance 

with Regulations. A 

traffic system and speed 

limit will be imposed at 

the site to reduce both 

the risk of accidents and 

the likelihood of spillage 

occurring. 

Any spillage will be 

cleaned up immediately 

and any contaminated 

soils removed to a 

suitable installation. 

With respect to the accidental deposition of potentially contaminated material, it is considered that 

the risks and potential consequences of such accidents are extremely low for the following reasons: 

• All deliveries will be pre-arranged and come from known sources to ensure no 

contaminated material is delivered; 

• If deemed necessary, characterisation testing will be undertaken to demonstrate that 

the sidewall attenuation layer material will not give rise to polluting leachate, prior to 

the acceptance at the Site; 

• If deemed necessary compliance testing will be undertaken to ensure the continued 

acceptability of the sidewall attenuation layer material; 
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• Visual inspection will be undertaken of every load of sidewall attenuation layer material 

accepted at the Site; and 

• In the event of suspicion regarding the acceptability of the sidewall attenuation layer 

material, quarantine procedures will be enforced. 

In the extremely unlikely event of a rogue load of material accidentally being deposited at the site, 

any potential contaminant concentrations associated with the rogue load can be expected to be 

reduced within the surrounding sidewall attenuation layer and in situ geological materials (Chalk 

Marl) via the following processes: 

Degradation: bacteria and other microorganisms can use certain dissolved organic contaminants 

(e.g. derived from a hydrocarbon spillage) as a source of food or energy supply. The bacteria and 

microorganisms can form films or masses and attach themselves to the matrix. 

Sorption: occurs when a contaminant is sorbed onto minerals or organic matter. It also occurs when 

the contaminant attaches itself to mineral surfaces due to an electrical charge attraction (cation 

exchange), particularly in cohesive natural basal barrier material. The effect of sorption would be to 

slow the rate of migration of the potential contaminant through the surrounding natural basal barrier 

material. This would also promote increased degradation of organic contaminants. 

Oxidation-Reduction Reactions: in these chemical reactions inorganic chemicals are subject to 

oxidation (gain of electrons) or reduction (loss of electrons). The reactions are controlled by 

microorganisms which act as catalysts and can result in the precipitation of metal pollutants where 

aerobic conditions are present. 

Diffusion: this can help to slow contaminant travel times, while allowing greater opportunities for 

degradation, thereby reducing contaminant concentrations. 

Volatilisation: evaporation of hydrocarbons such as benzene, toluene and xylenes can take place 

where exposed to the atmosphere. 

Dilution: dilution within the porewaters of the surrounding uncontaminated natural basal barrier 

materials and within the geological pathway through the Northmoor Sand will reduce potential 

contaminant concentrations. 

The dilution factor of any potential contaminant release from the inert restoration material into the 

surrounding Northmoor Sand aquifer will be significant given the low permeability of the sidewall 

attenuation layer material (maximum of 1x10-7m/s) compared to the high permeability of the 

Northmoor Sand aquifer surrounding the restored quarry voids (1.96 x 10-3 – 2.78 x 10-6 m/d). 

Effective recharge rates into the inert restoration material, and hence groundwater discharge rates 

through and out of the sidewall attenuation layer material into the surrounding Northmoor Sand 

aquifer, will also be very low due to the low permeability characteristics of the sidewall attenuation 

layer materials. 

2.4.6 Emissions to Groundwater 

The assessment confirms that the Site will remain compliant with the Environmental Permitting 

Regulations 2016, given that there will be no source of potential contaminants within the inert 
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restoration materials used in the sidewall attenuation layer or for in-fill when restoring the quarry 

voids. 

Therefore, Hazardous Substances will not be discernible in the groundwater or surface water at the 

compliance points and Non-Hazardous Pollutants will not be present at the compliance points above 

a level that may constitute pollution. 

2.5 Review of technical precautions 

The nature of the restoration material and acceptance 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 Waste Acceptance and Control Procedures defined in the Site Operating 

Plan which will be presented in support of the EP application. 

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

considered sufficient for the facility to comply with the Environmental Permitting Regulations (2017). 

Although the Site is not a landfill, the inert waste to be deposited for recovery will be similar to that 

deposited at an inert landfill.  Section 2.1.2.2 of Council Decision 2003/33/EC allows for small 

quantities of organic materials to be deposited at inert waste landfills.  Given the nature of the 

materials to be accepted at this Site, it is expected that loads containing such materials would be 

very few and the total mass of such organic material so low such that they can be qualitatively 

screened out from this risk assessment. 

2.5.1 Representation of the conceptual model 

The inert restoration material and the sidewall attenuation layer material will likely be less permeable 

than the surrounding Northmoor Sand and Upper Greensand.  As such there will be a ‘doming’ of 

groundwater within the inert restoration material due to recharge infiltrating through the top of the 

inert material.  Up hydraulic gradient of the Site (to the west and northwest), the inert restoration 

material will act as a lower permeability barrier to groundwater flow in the Northmoor Sand, and 

groundwater will preferentially flow around the inert restoration material along the path of least 

hydraulic resistance.  The effect of this flow regime will be to very slightly increase the hydraulic head 

in the Northmoor Sand to the west and northwest of the Site.  Water present within the inert 

restoration material will discharge through the sides of the inert restoration material, via the sidewall 

attenuation layer.  It will also discharge across the base of the inert restoration material, via the Chalk 

Marl.
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3 Requisite Surveillance 

3.1 Groundwater and surface water monitoring 

In order to provide assurance that the activities at the Site are not resulting in any detrimental effects 

on water quality a monitoring schedule will be followed for the operational life of the Site. Information 

relating to the monitoring requirements for groundwater and surface water are included in the Site 

Monitoring Plan (Stantec, 2020b). 

3.2 Leachate monitoring 

Due to the inert nature of the materials that will be accepted at the Site it is not anticipated that any 

significant leachate will be generated and therefore no leachate management or monitoring is 

proposed. 

Strict waste acceptance criteria will be implemented on the Site by the implementation of the 

Grundon Waste Acceptance Procedure (Stantec, 2020), to ensure that only appropriate inert 

restoration material is accepted on to the Site. 

3.3 Gas monitoring 

Gas monitoring is not proposed to be undertaken during the operational phase of the Site, due to 

the inert nature of the materials being deposited and their respective low gassing potential. 

On completion of the restoration of each phase, gas monitoring wells will be installed within the 

unsaturated waste mass.  Monitoring requirements for gas are included in the Site Monitoring Plan 

(Stantec, 2020b). 

3.4  Proposed compliance and control limits 

Proposed monitoring locations, control levels and compliance limits are presented in Stantec 

(2020b). 

Compliance limits have been set for the Non-Hazardous Pollutants chloride, sulphate and 

ammoniacal nitrogen. The proposed compliance points are set for the groundwater at GWP3 which 

has a shallow (Northmoor Sand) and deep (Upper Greensand) installation. This compliance location 

is located to the southwest (down hydraulic gradient) of the Site. 

The data were subject to a statistical outlier test.  This was undertaken by inspecting the data for 

normal and log-normal distributions and then applying an appropriate statistical test to check for 

outliers.  Any outliers were then removed prior to defining the control levels and compliance limits.  

Control levels have been set at the mean plus two standard deviations.  The compliance limit has 

been set equal to the mean plus three standard deviations.  Compliance limits have been increased 

where the difference between the control level is considered insufficient to allow sufficient time for 

Site management to act. 

Control levels and compliance limits have not been set for the Upper Greensand at GWP3D at this 

stage due to insufficient data, however data collection is ongoing and control levels and compliance 

limits will be assigned before the Permit is issued.  These limits will be derived using the same 

method as described above. 
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Comparison of monitoring data with these compliance limits and control levels will be carried out 

each time monitoring data are collected. 

Table 3.1 Proposed compliance locations and control limits 

Compliance 

location 
Frequency Determinand Control level (mg/l) 

Compliance limit 

(mg/l) 

GWP3 Bi-annually 

Ammoniacal nitrogen 0.20 0.25 

Chloride 25 29 

Sulphate 39 44 
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4 Conclusions 
This report presents a Tier 1 qualitative hydrogeological risk assessment for imported restoration 

materials at the Site.  The assessment is based on the data and information contained within the 

Environmental Setting and Site Design (ESSD) report that is presented separately (Stantec, 2020).  

Sand and gravel from the Northmoor Sand and Gravel Member (Northmoor Sand) is to be extracted 

both above and below the watertable, which is found at a shallow depth at the Site.  The Site is to 

be worked wet. 

Water enters the Site via surface infiltration and exits it via flow across the base and sides.  Flow 

across the base is controlled by the properties of the underlying Chalk Marl and the imported 

materials.  Flow across the sides is controlled by a sidewall attenuation layer.  These are the two 

pathways associated with the Site to the adjacent aquifers. 

The importation of material to the Site will be regulated by the EA under an appropriate 

Environmental Permit. Material acceptance will be carefully controlled under the Environmental 

Permit to ensure that imported materials are of suitable physical and chemical composition. As such 

it is considered that the scheme will not lead to an increase in risk of contamination to identified 

receptors. 

The risk assessment has demonstrated that the risk to the Northmoor Sand from hazardous 

substances is low with the sidewall attenuation layer in place that meets the requirements of the 

Environmental Permitting Regulations 2016 (1 m thick and permeability of 1 x 10-7 m/s).  The risk to 

the Upper Greensand will be low risk due to the presence of the Chalk Marl (natural basal barrier) 

underlying the Site.  Reliance is made on attenuation processes in the Chalk Marl reducing 

contaminants before reaching the Upper Greensand.  The upwards hydraulic gradient from the 

Upper Greensand reduces the risk at the Site as it will reduce the outwards flow from the base. 

Essential and technical precautions are proposed, including requisite surveillance, to ensure that the 

Site complies with the requirements of the Environmental Permitting Regulations 2016. 

It is noted that compliance of the site with the Environmental Permitting Regulations 2016, should 

ensure that the requirements of the Water Framework Directive (2006/60/EC) are also met. 

Overall, this risk assessment shows that groundwater receptors are at low risk from restoring the 

Site with imported inert restoration materials. 
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