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1. Introduction 

1.1 MJCA is commissioned by Tarmac Trading Limited (Tarmac) to prepare a 

Hydrogeological Risk Assessment (HRA) as part of an application for a bespoke 

Environmental Permit (EP) for the deposition of waste on land as a recovery activity 

in order to restore Phases 1, 2, 3, 5, 6, 7 and 8 to agriculture and nature conservation 

interest at Mangreen Quarry, Ipswich Road, Norwich.  The HRA is based on the 

conceptual site model presented in the Environmental Setting and Site Design 

(ESSD) report reference TAR/MG/LBA/5630/01/ESSD dated December 2020.  The 

location of the site and the Environmental Permit application boundary are shown on 

Figure ESSD 1 presented in the ESSD report. 

1.2 Details of the environmental setting of the site, the geology, hydrology and 

hydrogeology, the development design, the history of the site, the potential 

contaminant migration pathways and the receptors are described in the ESSD report.  

The acceptance at the site of inert waste materials only will be the subject of waste 

acceptance procedures which are implemented through the externally certified 

Environmental Management System.  The waste acceptance procedures are 

presented at Appendix K of the application report. 

1.3 The structure of the HRA is based on a template produced by the Environment 

Agency entitled “Hydrogeological Risk Assessment Report” Version 1 dated March 

2010.  As the site will accept strictly inert waste materials only and comprises a 

recovery operation and not a landfill site there are sections of the template which are 

not relevant to this HRA report although the general structure has been followed. 
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2. Hydrogeological risk assessment 

2.1 The hydrogeological risk assessment is undertaken based on the relevant guidance 

presented on the GOV.UK website1. Information on the geology, hydrology and 

hydrogeology of the site is presented in the ESSD report. The information is used in 

the ESSD report to identify the relationships between the source, pathways and the 

identified potential receptors. 

2.2 The restoration works at Mangreen Quarry will include the deposit of restoration 

materials including imported inert waste materials and onsite materials such as soils 

and overburden.  The restoration of Mangreen Quarry will necessitate the importation 

of approximately 95,000m3 of inert restoration materials to restore Phases 1, 2, 3 and 

5 in the northern part of the site and approximately 425,000m3 of imported inert 

restoration materials to restore Phases 6, 7 and 8 in the southern part of the site. 

2.3 The waste materials that will be deposited at the site will comprise imported inert 

waste materials and onsite materials.  Precipitation infiltrating the restoration 

materials at the site may migrate to groundwater in the in situ chalk bedrock of the 

White Chalk Subgroup beneath the site.  As the groundwater beneath the site is in 

the Chalk bedrock the waste materials placed at the site will not be in contact with 

the groundwater.  Consistent with the conceptual site model presented in the ESSD 

report the groundwater underlying the site, the River Tas which is likely to be in 

continuity with the groundwater in the Chalk bedrock and the down hydraulic gradient 

groundwater abstractions are potential receptors for the migration of contaminants 

present in the waste. As described in the ESSD report the site is located in the 

groundwater Source Protection Zone (SPZ) 3 (total catchment) of Public Water 

Supply abstractions located generally down hydraulic gradient of the site. 

2.4 Based on the definition specified in Council Directive 1999/31/EC (reference 1) inert 

waste comprises: 

“…waste that does not undergo any significant physical, chemical or biological 

transformations. Inert waste will not dissolve, burn or otherwise physically or 

chemically react, biodegradable or adversely affect other matter with which it 

 
1 https://www.gov.uk/guidance/waste-recovery-plans-and-permits accessed 14 October 2020 
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comes into contact in a way likely to give rise to environmental pollution or 

harm to health.” 

2.5 The waste types that it is proposed will be accepted at the site are presented in Table 

ESSD 1 of the ESSD report presented at Appendix F to the application report.  The 

waste types listed in Table ESSD 1 of the ESSD report are listed in the guidance2 

relevant to waste acceptance procedures for waste recovery on land as waste types 

which may not need to be tested except for classification purposes.  The waste types 

that will be accepted at the site comprise a limited range of inert waste types only.  

On this basis it is considered that the waste does not comprise a contaminant source 

with the potential to have a significant detrimental effect on groundwater quality. 

2.6 Furthermore, waste acceptance procedures will be in place to minimise the risk that 

unacceptable waste materials will be accepted at the site and procedures will be in 

place for the rejection of non-conforming loads.  No wastes will be accepted from 

contaminated sites.  Because robust waste acceptance procedures will be 

implemented the uncertainty with regard to the presence of contaminants in the waste 

deposited will be low. 

2.7 As the restoration materials imported to the site will comprise inert waste only 

together with onsite materials, the water that has percolated through the waste mass 

is highly unlikely to contain discernible concentrations of hazardous substances and 

on this basis the concentrations of hazardous substances in groundwater at a 

relevant compliance point located down hydraulic gradient of the site also will not be 

discernible.  The inert waste and onsite materials deposited at the site is highly 

unlikely to contain significant concentrations of non-hazardous substances which 

could give rise to pollution of groundwater.  Based on the hydrogeological setting, the 

waste types that will be accepted and the waste acceptance procedures it is 

concluded that there is a negligible risk of unacceptable impacts on groundwater or 

surface water quality. Consistent with the information presented in the ESSD report 

no attenuation layer, sealing liner or capping system will be necessary.  It is 

concluded that based on the proposed use of inert waste and onsite materials only 

 
2 https://www.gov.uk/guidance/waste-acceptance-procedures-for-waste-recovery-on-land accessed 14 October 
2020 
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there will be no significant risks to human health or to the environment from the 

proposed development. 

2.8 Based on the information reviewed it is considered that there is no history of 

potentially contaminative activities at the site which at the time of restoration will have 

been used only for mineral extraction activities.   

2.9 Notwithstanding that it is concluded based on the proposed use of inert waste only 

that there will be no significant risks to human health or to the environment from the 

proposed development and that waste acceptance procedures will be in place to 

minimise the risk that unacceptable waste materials are accepted, based on the 

location of the site in a groundwater SPZ quantitative hydrogeological risk 

assessment modelling has been undertaken to confirm the qualitative risk 

assessment presented in this section.  The quantitative hydrogeological risk 

assessment modelling is presented in Sections 3, 4 and 5 of this report. 
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3. Model conceptualisation 

3.1 A quantitative hydrogeological risk assessment (HRA) using the LandSim modelling 

tool has been undertaken.  The quantitative HRA has been undertaken using 

LandSim version 2.5.17. LandSim is a quantitative groundwater modelling tool 

developed on behalf of the Environment Agency which uses the probabilistic Monte 

Carlo simulation technique to accommodate parameter uncertainty.   

3.2 Although the site does not comprise a landfill site, LandSim was selected as the 

appropriate quantitative modelling tool on the basis that it can be used to simulate a 

declining source term and the attenuation of contaminants in the Chalk unsaturated 

and saturated zone underlying the site.  LandSim includes a dual porosity option 

suitable for modelling the contaminant migration and attenuation processes occurring 

in unsaturated and saturated chalk.  On this basis unsaturated chalk beneath the site 

is modelled as a dual porosity unsaturated pathway and the saturated chalk is 

modelled as the aquifer pathway.  The model takes into consideration attenuation of 

contaminants through retardation and biodegradation in the unsaturated zone.  Using 

LandSim the contaminant concentrations in groundwater immediately down hydraulic 

gradient of the source are calculated following immediate dilution at the water table.  

Conservatively the presence of in situ superficial deposits which will remain overlying 

the Chalk at the site is ignored.   
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4. Model parametersation 

4.1 The model input parameters have been entered generally using probability density 

functions to accommodate variations in data or uncertainty in data and to facilitate 

use of the Monte Carlo simulation technique. Where possible the input parameters 

are based on site specific data such as groundwater levels from groundwater 

monitoring at the site and site investigation and characterisation activities.  Where no 

site specific data are available professional judgement has been used to select 

appropriate parameter values based on relevant scientific literature. 

4.2 Notwithstanding that the restoration materials imported to the site will comprise inert 

waste only a representative set of substances was selected for modelling based 

generally on the physical and chemical properties and behaviour in the environment 

of a wide range of substances. The hazardous substances lead, mercury and toluene 

are considered representative of the general behaviour of substances in the 

categories heavy metals and light aromatic hydrocarbons. There is no expectation 

that the inert waste will contain significant concentrations of hazardous substances. 

The selected non-hazardous pollutants comprise the metal zinc together with 

sulphate and chloride. Chloride was selected for its conservative behaviour in 

groundwater as it does not sorb readily to aquifer materials and does not undergo 

biodegradation. Sulphate is a non-hazardous substance which based on 

concentration values given in the EU Commission document for inert waste 

acceptance criteria (WAC) (reference 1) may be present in inert waste. Zinc was 

selected as it is a non-hazardous metal which may be present in inert waste.  

4.3 The substances which comprise the source term together with the source 

concentrations are presented in Table 1.  Detailed justification is provided in the 

footnotes to the table in relation to the selection of the source term concentrations 

and the applicable environmental assessment limits (EAL).   

4.4 The EALs for hazardous substances are based on relevant minimum reporting values 

(MRV) or background groundwater concentrations recorded in groundwater 

monitoring boreholes WM02, WM03 or WM04 in proximity to the site where these are 

higher generally than the respective MRVs.  The EALs for non-hazardous substances 

have been derived taking into account applicable UK Drinking Water Standards 

(DWS) and Environmental Quality Standards (EQS) and the recorded background 
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groundwater concentrations recorded in groundwater monitoring boreholes WM02, 

WM03 or WM04. 

4.5 As inert waste is defined as comprising materials which do not undergo significant 

physical, chemical or biological transformations, do not give rise to environmental 

pollution or harm to human health and which have a total leachability and pollutant 

content which does not endanger water quality there are limited data in the literature 

in respect of leachate from inert waste.  The maximum source term concentrations 

for lead, mercury, chloride, sulphate and zinc are based on the relevant leaching limit 

value at a liquid to solid ratio of 10 l/kg expressed in mg/l given in the EU Commission 

document for inert waste acceptance criteria (WAC) (reference 1).  As the inert WAC 

limits for total organic substances are not converted readily to leachate 

concentrations for individual organic substances representative of the likely leachate 

concentrations generated by infiltration through the inert waste, the leachate source 

concentration for toluene is set based on literature values. The source concentration 

for toluene is based on concentrations recorded in leachate at landfill sites accepting 

a range of non-hazardous and hazardous waste (reference 2).  

4.6 It is likely that for a significant proportion of the restoration materials the 

concentrations of the substances modelled will be significantly lower than the relevant 

inert WAC limits where these have been used in deriving the source term. The use 

of inert WAC limits is a standard risk assessment approach adopted in a range of 

hydrogeological settings where site specific information is not available and is 

considered to be a conservative approach. Procedures will be in place during the 

deposition of waste at the site so that the quality of the inert restoration materials 

meet the necessary minimum standards for use at the site including robust waste 

acceptance procedures. A declining source term has been modelled consistent with 

the approach and leaching parameters set out in the LandSim manual. It is assumed 

conservatively that the leaching characteristics of toluene will be similar to the 

leaching characteristics of chloride.   

4.7 As leachate management infrastructure will be unnecessary, the hydraulics of the 

waste deposit have been modelled so that the leakage through the base of the 

deposit is equal generally to the rate that leachate is generated by infiltration to the 

deposit.  A quantitative water balance has been undertaken to estimate infiltration 

rates taking into account variations in slope gradient, vegetation type and soil 
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type.  The quantitative water balance is based on rainfall runoff and infiltration 

calculations which take into account that the amount of runoff and infiltration will vary 

depending on the time of year.  The water balance approach is based on long term 

mean meteorological conditions published for East Anglia area by the Met 

Office.  The approach is consistent with a methodology developed by Thornthwaite 

and Mather (reference 3) and described in detail in Koerner and Daniel (reference 

4).  Runoff rates are estimated using a method published by the National Coal Board 

(reference 5) which takes into account slope gradient, vegetation type and soil type 

variations.  The infiltration calculations are presented at Appendix A.  Based on the 

water balance calculations the rate of infiltration through the waste deposit is 

estimated at in the order of 11mm/year to 14mm/year.  The calculations are used as 

a basis for the minimum and most likely infiltration rates assumed in the LandSim 

model for the northern and southern parts of the site.  The maximum rates of 

infiltration assumed in the model are based on an alternative water balance scenario 

in which it is assumed that the runoff will be 75% only of the calculated values.  Based 

on the results of the alternative runoff scenario it is assumed in the model that the 

maximum rates of infiltration to the waste deposit will be in the order of 42mm/year 

to 46mm/year. 

4.8 The model input parameters are presented in Tables 1 to 4 together with references 

and further justification. An electronic copy of the model and results is presented at 

Appendix B. 
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5. Modelling results and conclusions 

5.1 The results of the LandSim model for the northern and southern areas is presented 

in Table 5. An electronic copy of the LandSim model and results file are presented at 

Appendix B. 

5.2 When the LandSim model was run it was reported that the leakage rates from the 

waste exceed 10% of the aquifer flow on 722 of 1001 iterations.  For the first 1000 

years the predicted leakage from the deposited waste is consistent generally with the 

assumed rates of infiltration and no head of leachate is shown to build up in the waste 

deposit.  For example the 95th percentile leakage rate reported by LandSim for the 

northern and southern parts of the site are approximately 7,500l/day and 11,900l/day 

respectively.  Taking into account the assumed basal areas this is equivalent to 

infiltration to the northern and southern parts of the site of approximately 38mm/year 

and 34mm/year respectively which as expected is slightly less than the maximum 

infiltration assumed in the model input parameters.  Based on the modelled hydraulics 

the rate of leakage increases abruptly at 1000 years by an approximate factor of 10.  

The step change in infiltration rates at 1000 years is not consistent with the input 

parameters to the LandSim model and is not physically realistic as the calculated 

leakage rate far exceeds annual rainfall in the area.  It is considered that the 

unrealistic step change in leakage rates at 1000 years is a software bug in LandSim 

which is the likely cause of the notification that on 722 of 1001 iterations leakage rates 

from the waste exceed 10% of the aquifer flow.  For this reason the model outputs 

after 1000 years are not considered reliable.  Nevertheless, it is considered that the 

results from the first 1000 years of the simulation are adequate to assess the 

predicted effect of the waste deposited on groundwater. 

5.3 For the hazardous substances lead, mercury and toluene the results show that the 

modelled peak 50th percentile and 95th percentile groundwater concentrations at the 

hazardous substances compliance points remain below the EAL.  For the non-

hazardous pollutants chloride, sulphate and zinc the results show that the modelled 

peak 50th percentile and 95th percentile groundwater concentrations at the non-

hazardous pollutant compliance point also remain below the relevant EALs. 

5.4 It is considered that the assumptions on which the quantitative modelling is based 

generally are conservative. Based on the results of the assessment it is concluded 

that there is no significant risk of discernible discharges of hazardous substances or 
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pollution of groundwater by non-hazardous pollutants to groundwater in the Chalk 

aquifer. 
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6. Requisite surveillance 

6.1 The scheme of groundwater quality monitoring is presented at Table 2 of the ESSD 

report. The groundwater monitoring locations are shown approximately on Figure 

ESSD 10.  The proposed groundwater monitoring locations and determinands for 

which groundwater quality compliance and assessment limits should be set are 

presented in Table 6.  As explained in the ESSD report borehole WM03 and the site 

abstraction borehole are considered down hydraulic gradient of the site. 

6.2 Although toluene and mercury have been modelled in the HRA this is on a 

precautionary basis and no monitoring is proposed or compliance and assessment 

limits set for toluene and mercury as it is considered unlikely that these substances 

will be present in the waste imported to the site. 
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7. Conclusions 

7.1 Based on the HRA presented in this report it is considered that there is no significant 

risk from the proposed deposition of inert waste to groundwater quality in the vicinity 

of the site.  Based on the environmental setting and the inert nature of the waste 

materials that will be deposited active long term site management will not be 

necessary in order to prevent long term groundwater pollution. 

7.2 Waste acceptance procedures will be implemented to minimise the probability that 

non-inert wastes will be deposited at the site. It is considered that there will be no 

significant risk to groundwater and surface water bodies in the vicinity of the site and 

groundwater and surface water abstractions in the vicinity of and down hydraulic 

gradient of the site. 
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Table 1  

Concentrations of determinands in the source term for the LandSim hydrogeological risk assessment models for the northern and southern area at Mangreen Quarry 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes 
 
MRV   Minimum reporting value 
AA EQS        Annual Average Environmental Quality Standard  
UK DWS  UK Drinking Water Standard 
BGC Background groundwater concentration recorded in boreholes WM02, WM03 and WM04 based on the results of groundwater quality monitoring undertaken between December 2016 and December 2019. 
a Based on a review of the monitoring database an analytical detection limit of 0.3µg/l routinely is achieved for lead. The MRV for lead is 0.2µg/l based on information presented in the UK Technical Advisory Group on the 

Water Framework Directive Technical report on Groundwater Hazardous Substances. Working paper 11b(iii) v12 dated September 2016. http://wfduk.org/sites/default/files/Media/UKTAG_Technical%20report_GW_Haz-
Subs_ForWebfinal.pdf accessed 23 November 2020. The concentration of lead recorded in boreholes WM02, WM03 and WM04 typically is below the analytical detection limit. 

b The MRVs specified are consistent with MRVs reported in.GOV.UK guidance ‘Hazardous substances to groundwater: minimum reporting values’ updated 13 January 2017 accessed 23 November 2020. 
c  The EAL is calculated as the midpoint between the mean background groundwater concentration of chloride recorded at boreholes WM02, WM03 and WM04 of 54.8mg/l and the UK DWS for chloride of 250mg/l. 
d The EAL is calculated as the midpoint between the mean background groundwater concentration of sulphate recorded at boreholes WM02, WM03 and WM04 of 44.5mg/l and the UK DWS for sulphate of 250mg/l. 
e The mean background groundwater concentration of zinc recorded in boreholes WM02, WM03 and WM04 is 8.1µg/l. The AA EQS for zinc is 10.9µg/l of bioavailable zinc plus the ambient background concentration of ‘All 

other rivers not listed above’ of 1.4µg/l as specified by the Environment Agency in The Water Framework Directive (Standards and Classification) Directions (England and Wales) 2015 (a total of 12.3µg/l).  Conservatively it 
is assumed that all the zinc is bioavailable.  As the mean background concentration is similar in magnitude to the EQS, the EAL s set at the AA EQS.   

f  The minimum concentrations are modelled as 0mg/l and the maximum concentrations comprise the liquid to solid ratio 10 l/kg leaching limit values expressed as mg/l as presented in in the EU Commission document for 
inert WAC (reference 1). 

g Concentrations are based on the minimum/mean toluene concentrations of 0.01mg/l/0.087mg/l recorded in 63 leachate samples reported by Knox et al (2000) (reference 2) from a variety of waste types including municipal, 
mixed MSW and non-hazardous waste types and co-disposal sites.  The most likely concentrations in the imported inert waste are assumed to be 0.01mg/l and the maximum concentration is assumed to be 0.087mg/l.   
Based on the waste types that will be accepted at the site it is not expected that there will be a significant source of toluene or other hydrocarbons and zero concentrations are assumed as a minimum on this basis. 

 

Determinand 
Mean background 

groundwater concentration 
(BGC) (mg/l) 

Environmental 
assessment limit (EAL) 

(mg/l) 
EAL source 

Source term concentration  
(mg/l) 

Probability density 
function 

Hazardous substances 
Lead <0.0003 0.0002 a MRV 0/0.05 f Uniform 

Mercury <0.00005 0.00001 b  MRV 0/0.001 f Uniform 

Toluene <0.001 0.004 b MRV 0/0.01/0.087 g Triangular 

Non-hazardous pollutants 
Chloride 54.8 152.4 c UK DWS and BGC 0/80 f Uniform 

Sulphate 44.5 147.2 d UK DWS and BGC 0/100 f Uniform 

Zinc 0.0081 0.0123 e AA EQS  0/0.4 f Uniform 
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Table 2  

Parameters relevant to the determinands in the modelled source term 

Determinand 

Kappa value constants 

Reference / justification 
m 

(kg/l) 
c 

(kg/l) 

Hazardous substances 
Lead 0.0443 0.0171 LandSim default  
Mercury 0.0767 0.1643 LandSim default  

Toluene 0.0298 0.2919 
Conservatively the value for 
chloride has been used  

Non-hazardous pollutant 
Chloride 0.0298 0.2919 LandSim default  
Sulphate 0.0166 0.1209 LandSim default  
Zinc 0.0403 0.0561 LandSim default 
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Table 3 

Chemical and attenuation properties input parameters for the LandSim hydrogeological risk assessment model  
 

Determinand 
Koc (ml/g) 1,2 Kd (ml/g) 1 Half life (years) 1, 3 

Minimum 
Most 
likely 

Maximum Minimum 
Most 
likely 

Maximum Minimum Maximum 

Hazardous substances 
Lead    434.6 900 4 2.7 x 105    

Mercury    450  3835   

Toluene 131  242    0.055 0.82 

Non-hazardous pollutants 

Chloride     0    

Sulphate     0    
Zinc     20.7    

 

Notes 
1 Unless stated otherwise the parameters are derived from ConSim suggested input parameters.  Conservatively a Kd of zero is used for 

sulphate even though sulphate frequently undergoes chemical reactions during migration in the subsurface. 
2 For organic substances Koc values are used to calculate Kd. 
3           For substances which biodegrade. 
4  The most likely value specified is consistent with the Risk Assessment Information System (RAIS) Toxicity Values and Physical 

Parameters Search accessed December 2020.  https://rais.ornl.gov/cgi-bin/tools/TOX_search?select=chemspef 
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 Table 4 

Input parameters for the LandSim hydrogeological risk assessment models for the northern and southern area at Mangreen Quarry – site parameters 
 

Parameter Phase Units Minimum Most likely Maximum Probability density function Reference/justification 
Source parameters 

Thickness 

Northern 

m 

2.7  8 

Uniform 

The assumed range of waste thicknesses is based on the cross sections presented 
on drawing reference TAR/MG/09-20/21988 presented at Appendix ESSD G. 

Southern 9.5  15.2 The assumed range of waste thicknesses is based on the cross section presented 
on drawing reference S375/PL13/05 presented at Appendix ESSD F. 

Infiltration through source 

Infiltration 

Northern  mm/year 13.4 13.4 45.9 
 

Triangular 
 

The ranges are based on the infiltration calculations presented at Appendix A.  The 
minimum and most likely values are based on the calculated percolation.  
Conservatively the upper value in the ranges are based on the assumption that the 
runoff is 75% of the calculated value and an alternative water balance is calculated 
on this basis. Southern mm/year 11.6 11.6 42.0 Triangular 

Length of the top and 
base of the site in the 
direction of 
groundwater flow 

Northern 

m 

 185  Single 

The approximate length of the site in the direction of groundwater flow.  
Southern  390  Single 

Width of the top and 
base of the site 
perpendicular to 
groundwater flow 

Northern 

m 

 390  Single 

The approximate width of the site perpendicular to the direction of groundwater flow.  
Southern  325  Single 

Waste porosity 
Northern 
and 
southern 

Fraction  0.3  Single Taken from Hjelmar et al 2001 (reference 6). 

Waste dry density 
Northern 
and 
southern 

kg/l  1.2  Single 
Calculated assuming a waste bulk density of 1.5kg/l consistent with Hjelmar et al 
2001 (reference 6).  It is assumed that the waste is fully saturated with a porosity of 
0.3. 

Waste field capacity 
Northern 
and 
southern 

Fraction  0.3  Single It is assumed conservatively that the field capacity will be limited to waste porosity. 

 
Unsaturated zone parameters 
 

Thickness of the 
unsaturated zone 

Northern 

m 

 12.0  

Single 

The difference in elevation between the mean top of Chalk in boreholes WM02 and 
WM03 of approximately 18.6mAOD and the mean groundwater level recorded in 
boreholes WM02 and WM03 of 6.6mAOD.  Conservatively the superficial deposits 
which it is understood remain in situ above the Chalk are ignored.     

Southern  11.9  

The difference in elevation between the mean top of Chalk in boreholes WM02,  
WM03 and WM04 of approximately 19.4mAOD and the mean groundwater level 
recorded in boreholes WM02, WM03 and WM04 of 7.5mAOD.  Conservatively any 
superficial deposits which will remain in situ above the Chalk are ignored.     

Dry bulk density 
Northern 
and 
Southern  

g/cm3 1.21 1.67 2.04 Triangular 
Dry density of the Upper Chalk in East Anglian Upper Chalk (Table 4.1.4) (reference 
7).  
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 Table 4 

Input parameters for the LandSim hydrogeological risk assessment models for the northern and southern area at Mangreen Quarry – site parameters 
 

Parameter Phase Units Minimum Most likely Maximum Probability density function Reference/justification 

Vertical dispersivity 

Northern 

m 
 1.2  

Single Assumed as 10% of the assumed unsaturated zone thickness. 
Southern  1.19  

Fraction of organic 
carbon (foc) 

Northern 
and 

Southern  
Fraction 0.000096 0.00036  0.00065 Triangular Based on the values reported for the Upper Chalk in reference (reference 8). 

Hydraulic 
conductivity 

Northern 
and 
Southern 

m/s 3.9 x 10-5 1.1 x 10-4 2.9 x 10-4 Log Triangular 

Based on the results of 454 pumping tests for the East Norfolk Chalk (Section 4.4.6) 
(reference 7) 50% of the recorded transmissivity values fall in the between 
101m2/day and 761m2/day with a geometric mean of 277m2/day.  An aquifer 
thickness of 30m is assumed.   

Matrix porosity 
Northern 
and 
Southern  

Fraction 0.241 0.384 0.555 Triangular 
Minimum, mean and maximum matrix porosity values for the East Anglian Upper 
Chalk (Table 4.1.4) (reference 7). 

Saturated hydraulic 
conductivity 

Northern 
and 
Southern 

m/s 2.0 x 10-9 1.7 x 10-8 2.3 x 10-7 Log Triangular 
Calculated using the assumed matrix porosity values using the relationship between 
matrix hydraulic conductivity and porosity presented in Section 4.1.3 of reference 7. 

Fissure porosity 
Northern 
and 
Southern 

Fraction  0.01  Single 
The midpoint of the range of effective porosities for Chalk presented in Domenico 
and Schwartz, 1997 (reference 9).  

Pathway density 
Northern 
and 
Southern 

Kg/l 1.21 1.67 2.04 Triangular Dry density of the Upper Chalk in East Anglia (Table 4.1.4) (reference 7). 

Aquifer parameters 

Thickness of mixing 
zone and aquifer Northern 

and 
Southern 

m  30  Single 

Based on information presented on the Institute of Geological Sciences 1:250,000 
Hydrogeological Map of Northern East Anglia groundwater flow in the Chalk in the 
area generally is along bedding planes and fissures which tend to be more open in 
the top 30m to 60m.  Conservatively it is assumed that the Chalk aquifer at and in 
the vicinity of the site is 30m thick for the purpose of the modelling. 

Pathway width 
Northern 

m 
 390  

Single The approximate width of the site perpendicular to the direction of groundwater flow. 
Southern  325  

Hydraulic 
conductivity 

Northern 
and 
Southern 

m/s 3.9 x 10-5 1.1 x 10-4 2.9 x 10-4 Log Triangular 

Based on the results of 454 pumping tests for the East Norfolk Chalk (Section 4.4.6) 
(reference 7) 50% of the recorded transmissivity values fall in the between 
101m2/day and 761m2/day with a geometric mean of 277m2/day.  An aquifer 
thickness of 30m is assumed.   

Pathway porosity 
Northern 
and 
Southern 

Fraction  0.01  Single 
The midpoint of the range of effective porosities for Chalk presented in Domenico 
and Schwartz, 1997 (reference 9).  

Hydraulic gradient 
Northern 
and 
Southern 

-  0.0058  Single 
Calculated based on the mean difference in groundwater levels between boreholes 
WM04 and WM03 of 3.62m. 

Longitudinal 
dispersivity 

Northern 
m 

 18.5  
Uniform 

Assumed as 10% of the length of the northern part of the site parallel to groundwater 
flow. 

Southern  39.0  
Assumed as 10% of the length of the southern part of the site parallel to 
groundwater flow. 
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 Table 4 

Input parameters for the LandSim hydrogeological risk assessment models for the northern and southern area at Mangreen Quarry – site parameters 
 

Parameter Phase Units Minimum Most likely Maximum Probability density function Reference/justification 

Transverse 
dispersivity 

Northern 

m 

 1.85  

Uniform 

Assumed as 1% of the length of the northern part of the site parallel to groundwater 
flow. 

Southern  3.9  
Assumed as 1% of the length of the southern part of the site parallel to groundwater 
flow. 
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Table 5  
 

Results of the LandSim hydrogeological risk assessment model for the northern and southern area at Mangreen Quarry 
 

Determinand Environmental 
assessment limit 

(EAL) (mg/l) 

Assumed 
background 

concentration 
(mg/l) 

Maximum groundwater concentration 
recorded within 1000 years (mg/l) 

Time to reach peak concentration (years) 

50th percentile 95th percentile 50th percentile  95th percentile  

Northern 
area 

Southern 
area 

Northern 
area 

Southern 
area 

Northern 
area 

Southern 
area 

Northern 
area 

Southern 
area 

Hazardous substances 
Lead 0.0002 0 - - - - - - - - 
Mercury 0.00001 0 - - -  -  - - - - 
Toluene  0.004 0 - -  0.000039  0.000039 - - 8 9 
Non-hazardous pollutants 
Chloride  152.4 54.8 54.9 55.1 40 30 
Sulphate  147.2 44.5 44.6 44.9 52  30 
Zinc  0.0123 0.0081 0.0081 0.0085 1000 133 

 
Notes 
 
Probabilistic results from the risk assessment model are given as the 50th percentile which represents a ‘most likely’ assessment and the 95th 
percentile which represents a ‘worse case’ assessment.   
- Maximum concentration does not exceed 1 x 10-10 mg/l 
1 The concentrations of hazardous substances comprise the groundwater concentration at the monitoring well immediately down hydraulic 

gradient of the site after allowing for immediate dilution in the groundwater only. 
2 The concentrations of non-hazardous pollutants comprise the groundwater concentration at the off-site compliance point. 
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 Table 6 
 

Groundwater quality compliance and assessment limits 
 

Criterion Objective 
To confirm that the deposition of inert waste at the site has no adverse effect on 

groundwater quality 
Measurement Lead, chloride, sulphate and zinc 
Frequency Monthly for one year then quarterly. To be reviewed annually. Compliance 

limits and assessment levels will be reviewed after one year. 
Monitoring points Groundwater monitoring borehole WM03 and the site abstraction borehole 

located in proximity to the north eastern corner of the northern part of the 
site. 

Compliance 
limits1 for down 
hydraulic 
gradient 
groundwater 
monitoring 
boreholes 
 

The concentration of lead shall not exceed 0.0047mg/l. 
The concentration of chloride shall not exceed 94.7mg/l. 
The concentration of sulphate shall not exceed 83.5mg/l. 
The concentration of zinc shall not exceed 0.0504mg/l. 

Assessment 
limits2 for down 
hydraulic 
gradient 
groundwater 
monitoring 
boreholes 
 

The concentration of lead shall not exceed 0.0033mg/l. 
The concentration of chloride shall not exceed 81.4mg/l. 
The concentration of sulphate shall not exceed 70.5mg/l. 
The concentration of zinc shall not exceed 0.0363mg/l. 

Assessment test Concentrations exceed the assessment limit on three consecutive 
occasions. 
Contingency action Response Time 

Advise the Environment Agency. 1 month 
Increase the survey frequency to monthly. 1 month 
Undertake investigation work to identify the source of the contaminants. 6 months 
Report to the Environment Agency on the re-appraisal of risks and 
options for corrective measures. 

12 months 

If the risks are acceptable re-evaluate the assessment criteria. 
If the risks are unacceptable implement agreed corrective measures. 

18 months 
18 months 

Notes:   
 
1 The compliance limits are set at the mean concentration recorded plus three standard deviations.   
 
2 The assessment limits are set at the mean concentration recorded plus two standard deviations.  
 
The compliance limits are set based on the available background groundwater quality monitoring 
data for boreholes WM02, WM03 and WM04. 
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APPENDIX A  
 

ELECTRONIC COPY OF THE SPREADSHEET INFILTRATION CALCULATIONS 
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APPENDIX B  
 

ELECTRONIC COPY OF THE LANDSIM MODEL AND RESULTS FILES  
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APPENDIX C  
 

CALCULATED COMPLIANCE AND ASSESSMENT LIMITS 


