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1 INTRODUCTION 

1.1 Report context 

Ingham Pit is a partially restored, disused sand and gravel quarry.  Planning Permission has 

been granted to complete the restoration of the site back to original ground levels using 

imported inert waste materials to allow an agricultural afteruse, with additional improvement 

of the site margins for increased biodiversity.  

It is the restoration with imported inert waste for which a bespoke permit is required under the 

Environmental Permitting (England and Wales) Regulations (EPR) (2016).  The Environment 

Agency has determined that this application is for a ‘landfill’ activity rather than ‘recovery’.  

Land to the north, east and west of the proposed Permit Area has been landfilled or restored 

with inert soils historically and the site also has inert waste across its base. 

This report sets out the Hydrogeological Risk Assessment (HRA) that has been prepared in 

support of the Environmental Permit Application for the proposed inert waste landfill.  The 

HRA has been prepared with due regard to the hydrogeological risk assessment guidance 

(Environment Agency, 2016) and template (Environment Agency, March 2010) provided by 

the Environment Agency.   

The design of the proposed site and background information regarding the site setting are 

provided within the Conceptual Model, Environmental Setting and Site Design (ESSD) report 

(Hafren Water, 2021), which should be read in conjunction with this report.  Background and 

baseline conditions are described within the ESSD report and these have been used to derive 

a conceptual model for the site in terms of source, pathways and receptors. 

No previous site investigations have taken place at the site. 

1.2 Conceptual hydrogeological site model 

The conceptual hydrogeological model for the proposed inert landfill operation is described 

in Sections 3.5 and 4.1 of the ESSD report and illustrated on Drawing 3066/HRA/01.  The 

proposed Permit Area occupies the central and southern area of the former quarry.  The 

proposed permit boundary will not include any processing plant or site offices, etc.  

Restoration materials will be brought to site by a single contractor, from Balloon Farm 

aggregate recycling facility and temporarily stockpiled ready for placement on a campaign 

basis. 
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Geological and hydrogeological setting 

The bedrock geology of the local area comprises Cretaceous Chalk.  The Chalk is thick and 

appears to have a watertable at approximately 25 metres Above Ordnance Datum (mAOD) 

in the vicinity of the site (based on 1976 contours provided by BGS on their hydrogeology 

regional maps and nearby borehole geological records).   

Bedrock at the site is overlain by a series of Glacial Superficial deposits.  These comprise 

Cover Sands in the north of the site and Croxton Sand and Gravel in the south.  Both these 

deposits have limited lateral extent based on the BGS geological mapping for the area and 

are surrounded to the north, east and west by Lowestoft Diamicton and to the south by 

Head deposits.  These latter two deposits generally exhibit low permeability whereas the 

Cover Sand and Croxton Sand and Gravel will have a higher permeability.    

The sand and gravels have been extracted at the site and from land immediately to its north, 

west and east.  No boreholes have been drilled at the site and, due to the age and focus of 

BGS geological borehole records, the strata directly underlying the site are not proven.  

However, it is assumed that the majority of the sand and gravel has been removed, although 

some may remain due to limitations placed on the depth of working imposed by the 

Planning Permission pertaining at the time.  Based on references, as detailed in Section 3 of 

the ESSD, it is thought that the Diamicton was most likely largely absent from the site beneath 

the sand and gravel deposits.   

The base of the original mineral extraction is estimated as being between 43 and 

40.5 mAOD, based on a 2014 topographical survey, with a deeper solution feature towards 

the north of the site which extended below 35 mAOD.  Inert fill was used to restore the base 

of the site to the current topographical profile, with resulting ground elevations of between 

50 mAOD in the north and 41 mAOD in the south.  The thickness of inert fill at the site has 

been estimated at 2 to 5 m by comparing the current and 2014 surveys.  A small area in the 

far south has a minimum of 1 m of inert fill.  The solution feature has been completely filled in 

and hence inert fill is thicker in this area.  Water logged conditions and standing water prevail 

at the site and it is therefore a reasonable assumption that the inert fill is largely clay-rich and 

of low permeability. 

Groundwater in the superficial sand and gravel strata is unremarked upon in the BGS 

borehole records and can be assumed to be minor or absent.  Groundwater in the Chalk 

aquifer is estimated to be 25 mAOD or 16 m below the lowest current site ground level.   
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The site is located close to a local Chalk groundwater divide, as identified on the BGS 

Hydrogeological map for the area.  Groundwater in the Chalk appears to flow in a general 

southwestward direction towards Culford and West Stowe.  The estimated chalk hydraulic 

gradient is 0.003. 

Some baseflow to the headwaters of Culford Stream, near to Ampton Water cannot be ruled 

out, however, this area is not down-gradient of the site.  Two licensed groundwater 

abstractions are in proximity to the site, Bodney Farm abstraction is 515 m northwest and up-

gradient of the Permit Area and Culford School abstraction is 2 km southwest and down-

gradient of the Permit Area. 

Incoming waste will be placed in dry conditions on a campaign basis, above the existing 

ground levels, after any soils and vegetation have been removed. 

Engineering/landfill construction 

All waste will be placed above existing ground levels and an approximate 16 m unsaturated 

zone exists beneath the site.  Of this, it is estimated that the base of the majority of the site 

comprises a minimum of 2 m of moderate to low permeability inert fill which most likely 

overlies the Chalk bedrock.  Despite this it is proposed to construct a geological barrier using 

selected appropriate inert waste soils.  This barrier will be constructed such that it achieves a 

permeability of 1 m at 1 x 10-7 m/s or equivalent. 

As required by the Landfill Directive, a 1 m geological barrier will be provided at the site.  This 

will be constructed using locally derived low permeability soils to create a 1 m thick layer 

across the base and sides of the site with a maximum permeability of 1 x 10-7 m/s. 

The existing inert fill has proven to be low permeability, as demonstrated by the waterlogged 

conditions and frequent standing water, and this will act as a further barrier to groundwater 

flow.  A landfill cap is not required at the site, in accordance with the Landfill Directive. 

Groundwater control 

All waste will be placed above existing ground and significantly above groundwater levels 

hence no groundwater control or management is needed.  Long-term groundwater level 

control is not required to prevent long-term groundwater pollution. 

Source 

The Permit Area is to be restored to agricultural/arable use with the importation of 120,000 m3 

of inert waste soils.  The imported waste will be provided only by Culford Waste Limited from 
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their inert aggregate recycling facility for construction demolition waste at the nearby 

Balloon Barn Farm.  The waste codes to be received are natural soils and inert construction 

wastes.  All waste will comply with Inert Waste Acceptance Criteria (WAC) and any non-

naturally occurring soils will be WAC tested. 

 All waste suppliers to the treatment centre will be required to undertake basic assessment 

and classification in accordance with good practice, including protocols set out in the 

Waste Acceptance Procedures (WAP) provided elsewhere in the application.   

All waste will be generated at Balloon Barn Farm however, naturally occurring soils and 

stones etc may be accepted directly to the site without Inert WAC analyses and these 

materials pose a naturally low risk of pollution. 

Waste Code 19 12 12 includes fines generated from the treatment of construction and 

demolition waste to produce recycled aggregate.  Research published by Jang et al (2000)1 

on the occurrence and leachability of organics in fines from mechanical treatment of 

construction and demolition waste indicated that few volatile organic compounds or semi-

volatile organic compounds were identified and those that were are not readily leached in 

leach tests.   Despite the fact that several poly-aromatic hydrocarbons (PAHs) were identified 

in the soils, these were found to partition to soils rather than water and VOC’s were also 

found to demonstrate similarly low leachabilities. 

Townsend et al (2004)2  similarly researched the occurrence and leachability of heavy metals 

in fines from mechanical treatment of construction and demolition waste.  They found that 

probably due to the alkalinity of the leaching solution, due to the presence of cement dust in 

the fines, metals also exhibited low leachability.  Of the nine heavy metals detected in the 

fines many were not detected or were detected infrequently during leach tests.  Aluminium, 

arsenic and zinc were detected in more than half the leach tests, with arsenic leaching the 

most compared to their initial soil concentration resulting in concentrations of up to 39 mg/l 

(mean of 10 ±1.8 mg/l).  They concluded that heavy metals did not pose a risk based on the 

current risk based groundwater levels for Florida. 

Waste classified as 19 12 12 would undergo WAC testing prior to placement to the site. 

Pathways 

The potential pathways for contaminants from the fill material include: 

                                                
1  Y-C Jang et al.  Occurrence of organic pollutants in recovered soil fines from construction and 

demolition waste. 2000 
2  T Townsend.  Heavy metals in recovered fines from construction and demolition debris recycling 

facilities in Florida. 2004 
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1. Vertical flow through a minimum 1 m thick geological barrier and artificial 2 m of existing 

fill material into the underlying Chalk, with the conservative assumption that no superficial 

deposits remain at the site above the Chalk and using the smallest likely thickness of fill 

material 

Lateral flow to the south into any residual unsaturated Croxton Sand and Gravel strata via 

the artificial geological barrier and then vertically to the Chalk groundwater has not been 

modelled as this is considered a longer flowpath and less conservative than the pathway 

above.  

A potential vertical pathway exists through or at the edge of the deeper fill in the chalk 

solution feature in the north of the site.  However, as it is observed from aerial photography 

and the survey drawing, the presence of water in this area of the site indicates that this 

feature was filled with low permeability soils capable of supporting a waterbody above.  This 

pathway is therefore not deemed plausible and so is not considered further in this report. 

Receptors 

Groundwater in the thin tract of residual Croxton Sand and Gravel strata south of the site is 

not expected and hence this does not form a groundwater receptor for lateral flows from 

the site.  The Chalk aquifer lies below the existing fill and forms the nearest potential 

groundwater receptor.   

The site lies outside of the Total Catchment of the groundwater abstractions at Bodney Farm 

and Culford School.  Bodney Farm abstraction lies up-gradient of the site and whilst Culford 

School is down-gradient, it is 2 km away and protected by the existing low permeability fill 

and chalk unsaturated zone, it is therefore highly unlikely to be affected by potential 

contaminants arising from the site.  These receptors are not considered further in this 

assessment. 

There are no water-dependant sites of ecological interest within the vicinity of the site and 

hence these do not form plausible receptors. 

Culford Stream is 1.5 km south of the site and is separated from it by low permeability Head 

deposits and Diamicton.  The Culford Stream is therefore not considered a plausible 

receptor. 

Identified receptors and pathways are summarised in Table 3066/HRA/T1 below.   
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3066/HRA/T1:  Summary of identified receptors and pathways 

Hazard The proposed waste at the site will be inert in nature (see Section 2.2 of 
the ESSD report) therefore it is considered that the site poses minimal 
potential hazard to nearby surface and groundwater. 
The rate of landfilling is anticipated to be in the order of 180,000 tonnes 
of inert waste over 7 to 10 years (30,000 tonnes per year).   

Source All waste to be deposited will adhere to site Waste Acceptance 
Procedures, which shall ensure the waste is correctly characterised 
and inert in nature. It is therefore considered highly unlikely that rainfall 
incident to the waste will incorporate within it measurable 
concentrations of pollutants as it percolates through the waste.  No 
Hazardous substances are expected to be present and Non-
hazardous pollutants, if present within the leachate, will be of low 
concentration such that pollution of nearby groundwater will not 
occur 

Potential primary 
pathway 

Primary pathways may exist via the proposed geological barrier, 
vertically through the existing low permeability fill material and into the 
unsaturated and then saturated chalk aquifer 

Potential secondary 
pathway 

 

Potential primary 
receptor 

Groundwater within the Chalk aquifer  

Potential secondary 
receptor 

None identified 

Compliance point For Hazardous substances – groundwater immediately below the site in 
the Chalk aquifer 
For Non-hazardous pollutants – groundwater at the down-gradient site 
boundary in the Chalk aquifer 
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2 HYDROGEOLOGICAL RISK ASSESSMENT 

2.1 Nature of the Hydrogeological Risk Assessment 

Environment Agency guidance proposes a tiered approach to risk assessment such that the 

degree of effort and complexity reflects the potential risk posed by a particular site or 

situation, the sensitivity of the site setting and the degree of uncertainty and likelihood of the 

risk being realised.  To meet the requirements a robust conceptual model for the site has 

been set out and basic risk screening undertaken.  The conceptual model is set out in the 

ESSD report and the risk screening is summarised in Section 2.2 below.  A risk screening 

exercise is used to determine whether a landfill development represents, or potentially 

represents, a risk to groundwater or surface water resources. 

2.2 Risk screening 

2.2.1 Collection of leachate 

As the waste to be accepted at the site will be inert and much of it will comprise naturally 

occurring soils.  It is, therefore, considered that there is no requirement to collect and 

manage leachate and hence there is no requirement for leachate drainage layers or an 

artificial sealing liner. 

2.2.2 Geological barrier  

A geological barrier is proposed in accordance with the Landfill Directive.  This 1 m, 1 x 10-7 

m/s attenuation layer will supplement the existing low permeability inert fill and provide an 

attenuation and between the newly imported inert waste and the underlying chalk 

groundwater receptor.   

The minimum thickness of existing inert fill over the vast majority of the site is 2 m.  As water 

readily pools on its surface it is considered that a maximum permeability in the order of  

1 x 10-8 m/s will pertain. 

2.2.3 Source 

The waste will be derived from a single source.  Naturally occurring soil and stones may be 

deposited at the site without testing.  However, the WAP will require that the originating site is 

known to ensure the absence of potentially polluting substances and to ensure that this 

material poses the lowest risk.  All other waste will be pre-treated at the Balloon Farm inert 

recycling centre.  Fines generated from the mechanical treatment of the waste will be WAC 

tested to ensure it complies with inert landfill criteria prior to being deposited at the site. 
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As a result of the testing regime, and single source of waste, the risk posed by the inert waste 

at the proposed Ingham Landfill is considered small. 

2.2.4 Landfill location 

Compliance with the Environment Agency’s landfill location policy is discussed in Section 1.3 

of the ESSD report. 

The proposed inert landfill at Ingham is not located within a groundwater Source Protection 

Zone 1 and long-term active groundwater management is not needed to prevent 

groundwater pollution as the site is above the watertable and will receive inert waste. 

The ESSD report, together with this HRA, constitutes a site-specific risk assessment. 

It is therefore concluded that the site complies with the Environment Agency landfill location 

policy. 

2.2.5 Risk screen 

On the basis of the source assessment, provision of an artificial geological barrier together 

with the existing 2 m of low permeability fill and thickness of unsaturated zone, it is considered 

that the site poses minimal risk and that further detailed quantitative risk assessment is not 

required.  However a precautionary approach has been undertaken and generic 

quantitative risk modelling has been undertaken as below. 

2.3 Proposed assessment scenarios 

2.3.1 Lifecycle phases 

Environment Agency guidance states that a Hydrogeological Risk Assessment must be 

carried out for the whole lifecycle of the landfill, ie from the start of the operational phase 

until the point at which the landfill is no longer capable of posing an unacceptable 

environmental risk. 

The risk screening indicates that a quantitative risk assessment is not required.  However, due 

to the site’s location in a hydrogeological sensitive area, overlying the chalk aquifer, a 

quantitative Hydrogeological Risk Assessment of the intended landfill operation has been 

undertaken. 
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2.3.2 Failure scenarios and accidents 

Failure scenarios  

Due to the inert nature of the proposed waste stream, there are no engineering 

management structures at the site to prevent the ingress of groundwater or the egress of 

leachate.  Failure of such systems is, therefore, not possible and failure scenarios will not be 

considered. 

Accidents 

Accidents are considered to be unintentional incidents that could reasonably occur, which 

are unforeseeable at their time of occurrence.  No permanent structures will be located at 

site and no waste treatment or sorting will occur as waste will be generated at the nearby 

Balloon Barn Farm therefore accidents are unlikely to occur. 

However, it would be possible, although highly unlikely, for the acceptance of contaminated 

material to occur.  Due to the proposed waste source and Waste Acceptance Procedures, it 

is considered exceedingly unlikely that ‘rogue loads’ will be accidentally accepted at the 

site.   

As a quantitative risk assessment of the site has been undertaken it has not been deemed 

necessary to undertake an additional quantitative assessment of the receipt of a rogue load. 

2.4 Quantitative risk assessment 

Due to the sensitivity of the site setting, risk assessment modelling has been undertaken.  The 

approach taken is to assess the whole waste deposit and back calculate the maximum 

concentrations of substances that could be accepted at the site without causing a breach 

of environment assessment levels at the compliance point.  Initial input concentrations have 

been based on Inert WAC despite the likelihood that most of the incoming waste will exhibit 

concentrations below these values. 

2.4.1 Environmental Assessment Levels 

Environmental Assessment Levels (EALs) are used to determine the sensitivity of the 

groundwater near a landfill and are a measure against which the results of models can be 

compared.  EALs have been determined on the basis of available water quality standards for 

the parameters below and the recorded background groundwater concentrations. 

Hazardous substances 

The EPR (2016) requires there to be no discernible discharge of Hazardous substances to 

groundwater.  Therefore, the appropriate EAL would be the concentration at which they 
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become ‘discernible’.  Benzene was chosen to represent a Hazardous hydrocarbon and 

arsenic as a representative Hazardous metal. 

No water quality monitoring is conducted on-site, however, some monitoring is undertaken 

from a chalk borehole less than 500 m to the northwest of the site.  Where available, 

background concentrations and relevant quality standards are presented in Table 

3066/HRA/T2 together with the derived EAL. 

3066/HRA/T2:  Summary of identified receptors and pathways 

Substance UK Drinking 
Water 

Standard 

Fresh 
Water EQS1 

Maximum 
background 

concentration  

Minimum 
reporting value 

Resultant 
EAL 

Arsenic 10 µg/l 50 µg/l <1 µg/l 5 µg/l 5 µg/l 

Benzene 1 µg/l 10/50 µg/l2  - 1 µg/l 1 µg/l 
1 EQS = Environmental Quality Standard 
2 Annual average/maximum acceptable 

 

The minimum report value (MRV) has been used as the EAL for these hazardous substances. 

Non-hazardous pollutants 

The Groundwater Directive requires there to be no groundwater pollution caused as a result 

of discharges of Non-hazardous pollutants.  The appropriate EAL is therefore deemed to be 

the most stringent relevant quality standard, except where background concentrations 

exceed those standards.  The relevant standards, together with background monitoring 

data, are provided in Table 3066/HRA/T3.  Cadmium was chosen as a representative Non-

hazardous metal, ammoniacal nitrogen has been chosen as it frequently occurs where 

biodegradable matter has been incorporated within the waste mass, and chloride as a 

conservative, non-reactive parameter. 

3066/HRA/T3:  Provisional quality standards and background levels for Non-hazardous 
pollutants 

Substance UK Drinking 
Water Standard 

Fresh Water 
EQS1 

Maximum 
background 

concentration 

Resultant EAL 

Chloride 250 mg/l 250 mg/l 58 mg/l 58 mg/l 

Cadmium 5 µg/l 0.25/1.5 µg/l2 <0.1 µg/l 5 µg/l* 

Ammoniacal nitrogen 0.39 mg/l 0.015 mg/l 6 mg/l 0.3 mg/l 
1  EQS = Environmental Quality Standard 
2  Average annual/maximum acceptable 
* Drinking Water Standard chosen due to down-gradient abstraction borehole 
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Justification for modelling approach and software 

The quantitative assessment has been undertaken using ESI’s (now Stantec) Risk Assessment 

Model (RAM) in order to determine the maximum concentration of the above determinands 

that could be accepted at the site, assuming conservative hydraulic properties, before a 

breach of the EAL occurs.   

Model parameterisation 

The parameters used in the RAM model are described together with justification for their use 

within Table 3066/HRA/T4.  A printout of the RAM model is provided as Appendix 

3066/HRA/A1 and an electronic version will be e-mailed.   

One pathway has been modelled: 

From the 120,000 m3 of inert waste soils on-site, vertically through the 1 m artificial 

geological barrier and existing low permeability fill and into the unsaturated Chalk (all 

sand and gravel is conservatively assumed to be removed).  Vertically through the 

unsaturated zone to the groundwater and then horizontally southwestward to the site 

boundary.   

The initial concentrations have been input as the inert waste WAC and a declining source 

term has been used.  RAM can be used to calculate the peak concentrations that could 

occur at the groundwater table for hazardous substances and at the down-gradient site 

boundary for non-hazardous substances.  

In the absence of site-derived parameters, input values were determined from information 

from recognised sources.  The results of the assessment are discussed below. 

3066/HRA/T4:  Model input parameters 

Parameter Value/distribution Justification 

SOURCE TERM 

Waste volume (m3) 120,000 Complete volume of waste at site 

GENERAL CONTAMINANT INFORMATION 

Free water diffusion coefficient (m2/s): 
 Arsenic  
 Benzene 
     Chloride  
 Cadmium 
 Ammoniacal Nitrogen 

 
9.05 x 10-10 

      7 x 10-10 
2.03 x 10-9 

 7.17 x 10-10 

1.96 x 10-9 

 
Arsenic from Allison & Allison, 2005. 
Benzene, chloride and ammoniacal 
nitrogen from Buss et al, 2004, Table 
3.1 
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3066/HRA/T4:  Model input parameters 

Parameter Value/distribution Justification 

HYDROGEOLOGICAL UNITS 

Thickness (m):  
 Geological barrier 
 Existing fill 
 Unsaturated Chalk 
 
 
 Saturated Chalk 

 
1 m 
2 m 

16 m 
 
 

20 m 

 
 
Minimum across site 
Based on BGS records groundwater 
levels and top of chalk from 2014 
site survey 
Assumed only upper 20 m effective 
aquifer  

Hydraulic conductivity (m/s): 
 Geological barrier 
 Existing fill 
 Unsaturated chalk  
 Saturated chalk 

 
1 x 10-7 m/s 
5 x 10-8 m/s 

2.6 x 10-4 m/s 
2.6 x 10-4 m/s 

 

 
Likely to be much lower in reality 
Assumed based on poor drainage 
BGS Aquifer Properties manual 
mean Transmissivity of 680 m2/d and 
assumed 30 m effective aquifer 
(22.667 m/d) 

Hydraulic gradient: 
 Geological barrier 
 Existing fill 
 Unsaturated chalk 
 Saturated chalk  

 
1 
1 
1 

0.0027 

 
Assumed vertical 
Assumed vertical 
Assumed vertical 
Estimated from BGS hydrogeology 
map  

Porosity: 
 Geological barrier 
 Existing fill 
 Unsaturated chalk  
 Saturated chalk 

 
0.3 
0.3 

0.20 
0.15 

 
Assumed 
Assumed 
Assumed conservative values 

Tortuosity 5 Assumed generic value for all  
hydrogeological layers 

Horizontal travel distance in Saturated 
Chalk 

20 m Approximate distance from edge of 
site to edge of fill operation  

ATTENUATION PARAMETERS 

Dispersivity Unit thickness/10 Standard assumption  

Mixing depth in: 
 Saturated chalk 

 
5 m 

 
Assumed based on limited horizontal 
pathway 

Bulk density (kg/m3): 
 Geological barrier 
 Existing fill 
 Unsaturated chalk  
 Saturated chalk 

 
1900 
1900 
1790 
1790 

 
Estimate 
Estimate 
Mean value from Bloomfield et al 
(1995) 

Fraction of organic carbon: 
 Existing fill 
 Unsaturated chalk  
 Saturated chalk 

 
0.0074 
0.00045 
0.00045 

 
Silt and Lower Chalk mid-point 
values (from Thrasher et al, 2004, 
Table 7.2) 
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3066/HRA/T4:  Model input parameters 

Parameter Value/distribution Justification 

Arsenic 
Partition coefficient (kd) (L/kg) 

 
1584.89 

 
Median value Allison & Allison (2005) 
(Log kd = 3.2 l/kg) 

Benzene 
Koc 
Partition coefficient (kd) (L/kg) 
Half life in groundwater (days) 

 
135 

calculated 
240 

 
Average from Earl et al, 2003 
 
Average from California EPA, 1994, 
p25, also USEPA, 1996. 

Chloride 
Partition coefficient (kd) (L/kg) 
Half life (days) 

 
0 

No decay 

 

Cadmium 
Partition coefficient (kd) (L/kg) 
Half life (days) 

 
1000 

No decay 

 
US EPA (1999)   
Estimate from pH7, Figure C1  
(Log kd = 3 ml/g) 

Ammoniacal nitrogen 
Partition coefficient (koc) (L/kg) 
 Geological barrier 
 Existing fill 
 Unsaturated chalk  
 Saturated chalk 
Half life (days) 

 
 
3 
3 

0.015 
0.015 
1095 

 
 
Buss et al, 2003, midpoint for Till 
Buss et al, 2003, midpoint for Till 
Buss et al, 2003, midpoint for chalk 
 
3 years, Buss et al, 2003, midpoint 

WATER BALANCE 

Precipitation (mm/yr) 
Effective Precipitation (mm/yr) 

574 
211 

Area 29, MAFF Technical Bulletin 34 
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of England. QJEG, 28 S131-S142 

Buss, SR, Herbert, AW, Morgan, P & Thornton, SF, 2003. Review of ammonium attenuation in soil and 
groundwater. Environment Agency NGWCLC report No NC/02/49 

Buss, SR, Herbert, AW, Green, KM & Atkinson, C. Contaminant fluxes from hydraulic landfills – a review. 
Environment Agency Science Report SC0310/SR 

California EPA & Department of Toxic Substances Control, 1994. Intermedia transfer factors for 
contaminants found at hazardous waste sites 

Earl N, Cartwright CD, Horrock, SJ, Worboys M, Swift S, Kirton A, Askan AU, Kellener H & Nancarrow DJ, 2003. 
Review of the fate and transport of selected contaminants in the soil environment. Environment Technical 
Report P5-079/TR1 

Thrasher J, Morgan P & Buss SR, 2004. Attenuation of mecoprop in the subsurface. Environment Agency 
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Results quantitative risk assessment 

As discussed above, the waste received at the site will be inert with concentrations up to the 

Inert Waste WAC limits.  However, the site has been modelled assuming all the waste has 

maximum inert waste WAC.  The peak concentrations recorded at the receptors has been 

calculated and the time to peak also recorded.  These are report in Table 3066/HRA/T5 

below, together with the respective EAL. 

3066/HRA/T5:  Results of quantitative risk assessment 

Determinand EAL Peak concentration at the appropriate receptor 
(time to peak in years) 

Hazardous: 
Benzene 
Arsenic 

 
1 µg/l 
5 µg/l 

 
9.14 x 10-4 mg/l / 0.91 µg/l (11 years) 

Not peaked 2.6 x 10-5 mg/l / 0.03 µg/l (5000 years) 

Non-hazardous: 
Chloride  
Cadmium 
Ammoniacal Nitrogen 

 
58 mg/l 
5 µg/l 

0.3 mg/l 

 
0.17 (5.5 years) 

Not peaked 3.7 x 10-7 mg/l (5000 years) 
1.9 x 10-5 mg/l (33 years) 

 

The results summarised above and provided in Appendix 3066/HRA/A1 indicate that inert 

WAC waste can be accepted at the site without breach of the appropriate EAL, with the 

proposed technical precautions.  

2.5 Review of technical precautions 

Due to the inert nature of the waste it is considered that the proposed essential and 

technical precautions detailed below are appropriate and sufficient to prevent any 

unacceptable discharge from the site: 

i) Strict control of waste types sourced and accepted  

ii) Strict adherence to Waste Acceptance Criteria and Procedures 

iii) Provision of a 1 m thick, 1 x 10-7 m/s permeability or equivalent geological barrier 

iv) Progressive restoration to a suitable profile to encourage surface water run-off and 

minimise water ingress 

v) Provision of ditches or berms, where required, to minimise surface water ingress to the 

active operational area  

vi) Groundwater monitoring 

It is considered that leachate monitoring and management is not required due to the inert 

nature of the waste. 
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Details of the Waste Acceptance Criteria and Procedures are contained elsewhere in the 

application.  

2.6 Emissions to groundwater 

One of the main purposes of the HRA is to establish whether the predicted discharge from 

the landfill complies with the requirements of the Environmental Permitting (England and 

Wales) Regulations (2016) Schedule 22 Groundwater activities. 

2.6.1 Hazardous substances 

The HRA must demonstrate that the proposed technical precautions will prevent Hazardous 

substances from entering groundwater.  Consequently it must consider whether there is likely 

to be a discernible discharge of Hazardous substances to groundwater.  The compliance 

point is, therefore, the watertable prior to any dilution occurring. 

Due to the large unsaturated zone beneath the site, there is considered to be no direct 

discharge to groundwater.  Potential exists for an indirect discharge to the chalk 

groundwater.  Due to the nature of the waste to be imported to the site, hazardous 

substances are not expected to be present in concentrations which are likely to cause a 

breach of the EPR (2016).  Modelling has indicated that that the technical precautions 

discussed in Section 5.5 above are sufficient to ensure that during normal operation and 

through to long-term post-closure, there would be no discernible discharge of hazardous 

substances from the landfill to groundwater.  

2.6.2 Non-hazardous pollutants 

The HRA must demonstrate that technical precautions will limit the introduction of Non-

hazardous pollutants into groundwater so as to avoid pollution.  Consequently it must 

consider whether predicted concentrations of Non-hazardous pollutants are likely to exceed 

relevant standards and other environmental quality criteria, or cause an unacceptable 

deterioration in groundwater quality following dilution. 

A pathway exists for Non-hazardous pollutants to the groundwater at the site boundary.  

However, given the inert nature of the waste, the large unsaturated zone and technical 

precautions proposed, it is concluded that, under normal operation and through to long-

term post-closure, concentrations of Non-hazardous pollutants would be sufficiently low as to 

avoid pollution of the groundwater.  
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2.6.3 Surface water management 

The site is not located in an area that is liable to flood and all imported waste will be placed 

above existing ground levels. 

During the operational phase, bunds and ditches will be constructed as necessary to direct 

clean surface water run-off away from the active landfill area during its operational phase.  

Post-operation, the restoration profile of the site is such that surface water run-off will be to 

the south-southwest where a swale is to be constructed parallel with the site boundary.  

There will, therefore, be no need to actively manage surface water post-closure. 

2.7 Emissions to surface water 

Given the largely inert nature of the restoration soils to be imported onto site and the other 

technical precautions in place, it is concluded that during normal operation and through to 

long-term post-closure, concentrations of Hazardous substances will not be discernible and 

Non-hazardous pollutants will be sufficiently low as to avoid pollution of surface water. 
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3 REQUISITE SURVEILLANCE 

3.1 Risk-based monitoring scheme 

The site is considered to be in a sensitive location due to the proximity of the Chalk Principal 

Aquifer.  However, Due to the site location, surrounded on three sides by previously filled 

areas, and further landfill to the west, including a ‘dilute and disperse’ landfill, undertaking 

reliable site specific up and down gradient groundwater monitoring will not be possible.    

It is, therefore, proposed to utilise existing boreholes around the adjacent Norfolk County 

Council managed site to the west. 

Boreholes are prefaced with the reference INGHSEBL and are numbered 01, 08 and 09.  

Borehole 01 is not currently monitored due to dense vegetation.  All borehole references end 

with ‘D’ indicating that these are deep boreholes, presumably sampling the Chalk 

groundwater.  The approximate locations of the boreholes are shown on Drawing 

3066/HRA/02. 

Borehole 01 is located to the southwest of the site, borehole 09 is adjacent to the western 

access track and west of the site.  These represent down-gradient boreholes.  Borehole 08 is 

located north of the site and, if available for monitoring, would act as an up-gradient 

borehole. 

It is proposed to undertake the following monitoring and analyses of samples on a quarterly 

basis: 

 Dip to water (m below datum) 

 pH 

 EC 

 Chloride 

 Ammoniacal nitrogen 

 Nitrate 
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4 CONCLUSIONS 

4.1 Compliance with the Environmental Permitting (England and Wales) Regulations (2016) 

The risk assessment has demonstrated that, under normal operational and post-operational 

phases of restoration with imported materials, hazardous substances should not be present in 

groundwater adjacent to the site in concentrations discernible above background and non-

hazardous pollutants will not be present in concentrations such that pollution of nearby 

groundwater is caused.  It is therefore considered that the site will be compliant with respect 

to the Environmental Permitting (England and Wales) Regulations (2016). 
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RAM Model

Numerical value
Suggested formula
Probabilistic parameters
Data specified elsewhere
Suggested formula edited

Source Type

Level Number

Soil Source Groundwater Source

Advanced

Parameter Values

Deterministic Probabilistic

Created: 07/02/2021 22:49:49

by: Heather MacLeod

Version: 3.06.00x StdBmb

Site: Ingham PIt

Sat Chalk

Unsat Chalk

Existing Fill

Geological barrier

Inert waste

Chalk Watertable

GW at Site boundary
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CONTAMINANT INFORMATION

Species1 Species2 Species3 Species4 Species5
Source determinand names 5 Arsenic Benzene Chloride Cadmium Amm-N

Receptor Target Concentrations
Name Values in mg/L

Quality Standard 1  EAL 0.005 0.001 58 0.005 0.3
Quality Standard 2  
Quality Standard 3  
Quality Standard 4  

Not Specified

Generic Contaminant Properties

Contaminants_Organic_Carbon_Water_Partition_Coefficient_Koc L/kg 135

Contaminants_Free_Water_Diffusion_Coefficient m2/s 9.05E-10 7.00E-10 2.03E-09 7.17E-10 1.96E-09

P:\Projects\Ingham Pit\Working\RAM\RAM v2_inert landfill_EA Page 2 of 7
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HYDROGEOLOGICAL UNITS

Hydrogeological Units Existing Fill Unsat Chalk Sat Chalk Geological barr

Hydrogeology_Unit_Thickness m 2 16 20 1

Hydrogeology_Log_Hydraulic_Conductivity log(m/s)

Hydrogeology_Hydraulic_Conductivity m/s 1.00E-08 2.60E-04 2.60E-04 1.00E-07

Hydrogeology_Head m

Hydrogeology_Hydraulic_Gradient [-] 1 1 0.0027 1

Hydrogeology_Porosity [-] 0.3 0.2 0.15 0.3

Hydrogeology_Velocity m/s 3.33333E-08 0.0013 0.00000468 3.33333E-07

Hydrogeology_Tortuosity [-] 5 5 5 5

P:\Projects\Ingham Pit\Working\RAM\RAM v2_inert landfill_EA Page 3 of 7
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ATTENUATION PARAMETERS

Hydrogeological Units Existing Fill Unsat Chalk Sat Chalk Geological barr

General properties

Attenuation_Dry_bulk_density kg/m3 1900 1790 1790 1900

Attenuation_Fraction_organic_carbon [-] 0.0074 0.00045 0.00045 0.0074

Contaminant specific parameters

Arsenic

Attenuation_Partition_Coefficient_Kd_Species_1 L/kg 1585 1585 1581 1585

Attenuation_Retardation_Species_1 [-] 10039.33333 14186.75 18867.6 10039.33333

Attenuation_Half_Life_Species_1 days No Decay No Decay No Decay No Decay

Attenuation_Decay_Coefficient_Species_1 1/s 0 0 0 0

Benzene

Attenuation_Partition_Coefficient_Kd_Species_2 L/kg 0.999 0.06075 0.06075 0.999

Attenuation_Retardation_Species_2 [-] 7.327 1.5437125 1.72495 7.327

Attenuation_Half_Life_Species_2 days 240 240 240 240

Attenuation_Decay_Coefficient_Species_2 1/s 3.34272E-08 3.34272E-08 3.34272E-08 3.34272E-08

Chloride

P:\Projects\Ingham Pit\Working\RAM\RAM v2_inert landfill_EA Page 4 of 7



Wiser Environmental Ltd
Ingham Pit

Appendix  3066/HRA/A1
RAM Model

Attenuation_Partition_Coefficient_Kd_Species_3 L/kg 0 0 0 0

Attenuation_Retardation_Species_3 [-] 1 1 1 1

Attenuation_Half_Life_Species_3 days No Decay No Decay No Decay No Decay

Attenuation_Decay_Coefficient_Species_3 1/s 0 0 0 0

Cadmium

Attenuation_Partition_Coefficient_Kd_Species_4 L/kg 1000 1000 1000 1000

Attenuation_Retardation_Species_4 [-] 6334.333333 8951 11934.33333 6334.333333

Attenuation_Half_Life_Species_4 days No Decay No Decay No Decay No Decay

Attenuation_Decay_Coefficient_Species_4 1/s 0 0 0 0

Amm-N

Attenuation_Partition_Coefficient_Kd_Species_5 L/kg 3 0.015 0.015 3

Attenuation_Retardation_Species_5 [-] 20 1.13425 1.179 20

Attenuation_Half_Life_Species_5 days 1095 1095 1095 1095

Attenuation_Decay_Coefficient_Species_5 1/s 7.32652E-09 7.32652E-09 7.32652E-09 7.32652E-09

P:\Projects\Ingham Pit\Working\RAM\RAM v2_inert landfill_EA Page 5 of 7
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WATER BALANCE

Infiltration through the soil zone source
Source Name: Inert Fill

Effective_Rainfall 211 mm/year
Infiltration_Factor 1 [-]
Infiltration_Rate 212 mm/year
Infiltration_Area 63000 m2

Q_Infiltration 6.69E-07 m3/s

P:\Projects\Ingham Pit\Working\RAM\RAM v2_inert landfill_EA Page 6 of 7
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PATHWAY SUMMARY

Path 1 Section 1 Section 2 Section 3 Section 4 Section 5 Section 6
Path 1  Type Source Unit Unit Unit Unit Receptor
Path 1  Name Inert waste Geological barrier: Node 1 Existing Fill: Node 1 Unsat Chalk: Node 1 Sat Chalk: Node 1 GW at Site boundary
Path 1  Process Declining source ADRD (1D) + Dilution ADRD (1D) + Dilution ADRD (1D) + Dilution ADRD (1D) + Dilution Monitoring Borehole
Path 1  Standards Target Standard EAL
Path 1  Parameter1 Q_managed [m3/s] 0.000E+00 Velocity [m/s] 3.333E-07 Velocity [m/s] 3.333E-08 Velocity [m/s] 1.300E-03 Velocity [m/s] 4.680E-06
Path 1  Parameter2 Managed time [years] 0.000E+00 Dispersivity [m] 0.1 Dispersivity [m] 0.2 Dispersivity [m] 1.6 Dispersivity [m] 2.0
Path 1  Parameter3 Q_path [m3/s] 6.686E-07 Travel Distance [m] 1.0 Travel Distance [m] 2.0 Travel Distance [m] 16.0 Travel Distance [m] 20.0
Path 1  Parameter4 Q_decline [m3/s] 6.686E-07 Mixing Depth [m] Mixing Depth [m] Mixing Depth [m] Mixing Depth [m] 5.0
Path 1  Parameter5 Mixing Width [m] Mixing Width [m] Mixing Width [m] Mixing Width [m] 217.0
Path 1  Parameter6 Q_Dilute [m3/s] 0.000E+00 Q_Dilute [m3/s] 0.000E+00 Q_Dilute [m3/s] 0.000E+00 Q_Dilute [m3/s] 7.617E-04 Q_dilute [m3/s] 0.000E+00

Path 2 Section 1 Section 2 Section 3 Section 4 Section 5
Path 2  Type Source Unit Unit Unit Receptor
Path 2  Name Inert waste Geological barrier: Node 4 Existing Fill: Node 4 Unsat Chalk: Node 4 Chalk Watertable
Path 2  Process Declining source ADRD (1D) + Dilution ADRD (1D) + Dilution ADRD (1D) + Dilution Monitoring Borehole
Path 2  Standards Target Standard EAL
Path 2  Parameter1 Q_managed [m3/s] 0.000E+00 Velocity [m/s] 3.333E-07 Velocity [m/s] 3.333E-08 Velocity [m/s] 1.300E-03
Path 2  Parameter2 Managed time [years] 0.000E+00 Dispersivity [m] 0.1 Dispersivity [m] 0.2 Dispersivity [m] 1.6
Path 2  Parameter3 Q_path [m3/s] 6.686E-07 Travel Distance [m] 1.0 Travel Distance [m] 2.0 Travel Distance [m] 16.0
Path 2  Parameter4 Q_decline [m3/s] 6.686E-07 Mixing Depth [m] Mixing Depth [m] Mixing Depth [m]
Path 2  Parameter5 Mixing Width [m] Mixing Width [m] Mixing Width [m]
Path 2  Parameter6 Q_Dilute [m3/s] 0.000E+00 Q_Dilute [m3/s] 0.000E+00 Q_Dilute [m3/s] 0.000E+00 Q_dilute [m3/s] 0.000E+00
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