
50th 

percentile
95th 

percentile
50th 

percentile 95th percentile

Toluene 0.06 0.19 5.67718E-06 1.79777E-05 4.0 x 10-3 0
Naphthalene 0.01 0.02 9.46196E-07 1.89239E-06 1.0 x 10-5 0
Mercury 0.0011 0.0018 1.04082E-07 1.70315E-07 1.0 x 10-5 0
Chloride 326 514 0.030845995 0.048634484 155.9 61.8
Zinc 0.63 1.1 5.96104E-05 0.000104082 0.0935 0.078
Sulphate 857 1444 0.081089012 0.136630728 188.1 126.2

Where C_aq is the concentration in the aquifer (mg/l)
Where Qmat = Kmat x i_mat x (w_rogue x thickness_waste)
Where Qaq = Runoff from Phase E assumed to infiltrate at the southern boundary and flow parallel to the boundary.  It is assumed that 25% of the total runoff is available to dilute the rogue load in this manner.

K_mat is the hydraulic conductivity of the imported materials (m/s) materials K 1.00E‐07 m/s
Qaq assuming runoff of 438mm/year over an area of 3.5ha.  4.86E‐04 m3/s

i_mat is the hydraulic gradient within the imported materials (m/m) materials i 4.60E‐01
w_rogue is the width of the rogue load (m) 2
w_waste is the width of the waste (m) 2
thickness_waste is the thickness of the waste (m) 7.5
C_bg is the background concentration in the sand and gravel aquifer (mg/l)
C_mat is the concentration predicted at the edge of the imported materials using the ConSim model output.

Assumed 
background 

concentrations 
(mg/l)

Determinand

Maximum concentration (mg/l)

Environmental assessment limit 
(EAL) (mg/l)

Concentration 
predicted at the edge 

of the imported 
materials using the 

ConSim model output

Concentration predicted in the 
compliance point in the aquifer



50th 

percentile
95th 

percentile
50th 

percentile 95th percentile

Toluene - 2.90E-09 - 6.22318E-12 4.0 x 10-3 0
Naphthalene 5.12E-08 3.10E-06 1.09871E-10 6.65236E-09 1.0 x 10-5 0
Mercury - ‐ - ‐ 1.0 x 10-5 0
Chloride 383 605 0.821888412 1.298283262 152.2 54.4
Zinc 8.00E-01 1.31 0.001716738 0.002811159 0.07 0.022
Sulphate 950 1721 2.038626609 3.693133047 187.9 125.7

Where C_aq is the concentration in the aquifer (mg/l)
Where Qmat = Kmat x i_mat x (w_rogue x thickness_waste)
Where Qaq = K_aq x i_aq x (width_waste x thickness_waste)

K_mat is the hydraulic conductivity of the imported materials (m/s) materials K 1.00E‐07 m/s
K_aq is the hydraulic conductivity of the sand and gravel aquifer (m/s) aquifer K 9.30E‐05 m/s Conservatively the lower value in the range is assumed.
i_aq is the hydraulic gradient within the sand and gravel aquifer (m/m) aquifer i 7.14E‐03
i_mat is the hydraulic gradient within the imported materials (m/m) materials i 1.43E‐02
w_rogue is the width of the rogue load (m) 2.45
w_waste is the width of the waste (m) 2.45
thickness_waste is the thickness of the waste (m) 5
C_bg is the background concentration in the sand and gravel aquifer (mg/l)
C_mat is the concentration predicted at the edge of the imported materials using the ConSim model output

Assumed 
background 

concentrations 
(mg/l)

Determinand

Maximum concentration (mg/l)

Environmental assessment limit 
(EAL) (mg/l)

Concentration 
predicted at the edge 
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1. Introduction 

1.1 MJCA is commissioned by Brett Tarmac Limited (BTL) to prepare a hydrogeological 

risk assessment (HRA) report to support an application for a bespoke Environmental 

Permit for the deposition of waste on land as a recovery activity in order to restore 

Phase E and Phase F to agriculture and nature conservation at Fairlop Quarry, 

Hainault Road, Little Heath, Romford, in the London Borough of Redbridge.  The site 

location and the Environmental Permit application boundary are shown in green on 

Figure ESSD 1 presented in the Environmental Setting and Site Design (ESSD) 

report. The ESSD report is presented at Appendix F of the application report. 

1.2 The HRA is based on the hydrogeological conceptual model presented in the ESSD 

report. Details of the environmental setting of the site, the geology and hydrogeology, 

the development design, the history of the site, potential contamination migration 

pathways and receptors are also 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 and a summary of the 

Environmental Management System are presented at Appendix K and I respectively 

of the application report. 

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

Agency for proposed landfill sites entitled “Hydrogeological Risk Assessment Report” 

Version 1 dated March 2010. As the proposed development comprises a waste 

recovery activity rather than a landfill disposal operation and inert waste materials 

only will be accepted at the site not all sections of the template are relevant 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 will include the deposit of restoration materials including 

imported inert waste materials and on site soils and overburden in Phase E and 

Phase F at Fairlop Quarry as shown on Figure ESSD 1 presented in the ESSD report.  

The restoration of Phase E and Phase F will necessitate the importation of 

approximately 750,000m3 of inert restoration materials to restore the site to 

agriculture and nature conservation. Approximately 650,000m3 of restoration 

materials will be imported to the Phase E and approximately 98,000m3 of restoration 

material will be imported to Phase F. 

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

waste materials and on site soils and overburden.  Precipitation infiltrating the 

restoration materials in Phases E and F may migrate to groundwater in the in situ 

Boyn Hill Gravel Member round the site, and when dewatering by the pumping of 

groundwater ceases, groundwater will be in contact with some of the materials placed 

in Phases E and F.  Groundwater in the Boyn Hill Gravel Member is supported on the 

underlying London Clay Formation.  Based on the thickness and hydraulic properties 

of the London Clay Formation underlying the site it is considered that the risk to water 

quality in the aquifer units underlying the London Clay Formation including the Chalk 

Group Principal Aquifer is negligible. There are surface water bodies potentially in 

continuity with groundwater in the Boyn Hill Gravel Member including the Cran Brook, 

Seven Kings Water and Hog Hill Ditch which are potential receptors for the migration 

of contaminants present in the waste. 

2.4 Based on the definition specified in Council Directive 1999/31/EC (reference 2) 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 

                                                 
1 https://www.gov.uk/guidance/waste-recovery-plans-and-permits accessed 1 October 2019 
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chemically react, biodegradable or adversely affect other matter with which it 

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 on site soils and overburden, 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 on site soils and overburden 

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 

                                                 
2 https://www.gov.uk/guidance/waste-acceptance-procedures-for-waste-recovery-on-land accessed 2 October 
2019 
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on site materials only 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.  The historical landfill sites of Fairlop 

Airfield and Aldborough Hatch Farm are located to the north of Phase E.  With respect 

of Phase F, the historical Fairlop Airfield landfill site is located to the west and the 

authorised landfill sites comprising Area A, Area B and Area C of Fairlop Quarry are 

located to the south, east and north of Phase F respectively.  Given the proximity of 

the off site landfills to Phase E and the location of off site landfills up hydraulic gradient 

of Phase F and the assumed direction of groundwater flow it is considered that 

groundwater quality in the north and west of Phase E in particular could be affected 

by the areas of former landfill albeit that measures will be taken during mineral 

extraction and restoration to minimise groundwater ingress to Phase E including the 

construction of a bentonite seal.  Based on the available groundwater quality 

monitoring data reviewed in the ESSD report there are several groundwater 

monitoring boreholes in the vicinity of Phase E including borehole AHT_MBH04 at 

which groundwater quality may be adversely affected by proximity to the historical 

landfill sites. 

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, consideration has 

been given to the potential effect on groundwater quality of the possible acceptance 

of rogue loads and a quantitative rogue load risk assessment is presented in Section 

3 of this report. 
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3. Quantitative hydrogeological rogue load risk assessment methodology 

3.1 Although it is considered that there is no significant risk posed to groundwater quality 

by the deposition at the site of the waste types specified, a quantitative rogue load 

risk assessment has been carried out to assess the potential effect on groundwater 

quality of the possible acceptance of rogue loads.  The methodology adopted in 

undertaking the quantitative hydrogeological rogue load risk assessment is explained 

in this section.  Information on the input parameters used in the modelling is 

presented in Section 4.  The results of the modelling and conclusions are presented 

in Section 5. 

3.2 The quantitative hydrogeological rogue load assessment for the site has been 

undertaken using ConSim version 2.5 augmented by additional spreadsheet based 

calculation as necessary.  ConSim is a quantitative groundwater modelling tool 

developed on behalf of the EA which uses the probabilistic Monte Carlo simulation 

technique to accommodate parameter uncertainty.  The approach adopted to carry 

out the assessment is consistent generally with the EA Remedial Targets 

Methodology.  Electronic copies of the ConSim models for Phase E and Phase F are 

presented at Appendix A. 

3.3 For the purpose of the modelling it is assumed that non-conforming loads potentially 

could be accepted at the site notwithstanding the waste acceptance and other 

procedures that will be in place.  It is assumed that each rogue load will have a volume 

of 30m3 which is approximately twice the capacity of a typical road going tipper lorry.  

It is assumed that rogue loads are placed in the waste mass at a distance of 10m 

from the down hydraulic gradient edge of the imported material. It is considered that 

this assumption is conservative as based on the dimensions of the site it is probable 

that if present the rogue loads would be placed a greater distance generally from the 

down hydraulic gradient edge of the imported material. 

3.4 Following recovery of groundwater levels in the imported materials it is assumed that 

contaminants present in each rogue load will migrate through advection which is the 

migration of contaminants carried by groundwater flow and dispersion to the down 

hydraulic gradient edge of the imported materials and enter the groundwater in the 

sand and gravel superficial aquifer.  Attenuation in the flow path from the location of 

the rogue load to the down hydraulic gradient edge of the imported material is taken 

into account.  The compliance point for hazardous substances is in groundwater at 
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the down hydraulic gradient edge of the imported materials following immediate 

dilution in the sand and gravel aquifer.  Conservatively the same compliance point is 

assumed for non-hazardous pollutants. 

3.5 Based on the available information on the groundwater flow regime at and in the 

vicinity of the Phase F it is considered that groundwater migrating through the 

deposited waste could migrate down hydraulic gradient and discharge to Seven Kings 

Water or Hog Hill Ditch.  As it is likely that the hydraulic conductivity of the deposited 

waste will be lower than the hydraulic conductivity of the sand and gravel horizons in 

the Boyn Hill Gravel Member, groundwater flowing through the deposited waste will 

be diluted by groundwater flowing round the deposited waste and incident rainfall 

which runs off the restored landform and infiltrates the ground round Phase F.   

3.6 The hydraulics at Phase E are more complex.  Based on reference 1 a low 

permeability bentonite slurry seal keyed into the underlying London Clay Formation 

will be constructed along the western, northern and eastern boundaries of Phase E 

to minimise the potential during mineral extraction operations for the ingress of 

groundwater migrating from the nearby of historical landfill sites.  The bentonite seal 

will limit significantly the migration of groundwater through the waste mass and the 

western, northern and eastern boundaries of the Phase E will effectively comprise no 

flow boundaries. It is considered that the groundwater that flows through the waste 

deposited in Phase E will comprise the proportion of incident rainfall that infiltrates 

and is not lost to evapotranspiration.  The water that enters the waste mass will 

migrate generally in a southerly direction towards the in situ sand and gravel of the 

Boyn Hill Gravel Member.  The principal control on the rate of flow through the waste 

mass at Phase E will be the rate of infiltration to the restored landform. 

3.7 Other than immediate dilution no attenuation of hazardous substances or of non-

hazardous pollutants in the sand and gravel aquifer is taken into consideration.  

Because attenuation processes will act to reduce the concentrations of non-

hazardous pollutants along the groundwater flow path prior to the groundwater 

reaching discrete receptors such as areas of groundwater discharge to surface 

watercourses or water features it is considered that this assumption is conservative.  

Dilution in the surface water features is also ignored. 

3.8 Consistent with the deposition of the imported materials below the water table the 

source term in respect of the rogue loads has been modelled using simulation level 
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3a in ConSim which simulates direct groundwater contamination.  A constant source 

term is assumed conservatively although over time physical and chemical processes 

will operate to reduce the concentrations of substances present in the rogue load.  It 

is considered that this approach will result in a conservative assessment of the effects 

of acceptance of rogue loads on groundwater receptors. 

3.9 The concentrations of substances predicted at the edge of the imported materials 

calculated using the ConSim model are used as an input parameter in a spreadsheet 

based model which calculates the predicted concentration of contaminants in the 

sand and gravel aquifer at the compliance point taking into account immediate dilution 

in the aquifer.  For each of the substances modelled environmental assessment limits 

(EALs) have been specified.  To assess the magnitude of the potential impact on 

groundwater quality of the possible acceptance of rogue loads the predicted 

concentration of contaminants in the sand and gravel aquifer at the compliance point 

are compared with the EALs. The spreadsheet models are presented at Appendix C. 

3.10 The predicted concentration of contaminants in the sand and gravel aquifer at the 

compliance point following immediate dilution is calculated as follows: 

C
𝐶 𝑄 𝐶 𝑄

𝑄 𝑄
 

where: 

C  is the predicted concentration in the aquifer (mg/l) 

𝐶  is the concentration predicted at the edge of the imported materials using the 

ConSim model output (mg/l) 

𝑄  is the groundwater discharge from the imported materials (m3/s) which is 

calculated based on the hydraulic conductivity of the imported materials multiplied by 

the assumed hydraulic gradient across the imported materials.   

𝐶  is the background concentration of the contaminant in the sand and gravel aquifer 

(mg/l) 

𝑄  is the groundwater flow in the sand and gravel aquifer (m3/s) down hydraulic 

gradient of the site which is calculated based on the assumed hydraulic conductivity 

of the sand and gravel multiplied by the assumed hydraulic gradient across the 
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imported materials. Dilution is assumed to occur in the aquifer down hydraulic 

gradient of the rogue load only.  The approach to calculating groundwater flow is 

consistent generally with the approach adopted to calculating the steady state dilution 

in the aquifer presented in the Environment Agency spreadsheet model “Contaminant 

Fluxes from Hydraulic Containment Landfills Worksheet Version 1.0”.   

3.11 For Phase E the groundwater discharge from the imported materials is calculated 

based on the infiltration to a rectangular catchment with the same width as the 

assumed rogue load extending from the assumed location of the rogue load 10m 

from the southern boundary of Phase E to the northern boundary.  It is assumed that 

groundwater flow at the southern boundary of Phase E will be parallel generally to 

the boundary. It is assumed that the only dilution that occurs at the edge of the waste 

mass on the southern boundary of Phase E will be afforded by runoff infiltrating the 

sand and gravel aquifer in the swales soakaway ditches round the perimeter of the 

site.  Further information on surface water management is provided in Section 4 of 

the ESSD report. 
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4. Model input parameters 

4.1 The model input parameters have been entered as necessary 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 or other relevant sources.  Where no site 

specific data are available professional judgement has been used to select 

appropriate parameter values based on relevant scientific literature.  The model input 

parameters are presented in Tables 1 to 4.   

4.2 The materials imported to the site will comprise inert waste only and there is no 

expectation that the imported materials will contain discernible concentrations of 

hazardous substances or significant concentrations of non-hazardous pollutants.  

Nevertheless to carry out a quantitative assessment of the potential for rogue loads 

to affect groundwater quality it is necessary to establish a source term for the possible 

rogue loads.  On this basis a representative set of substances was selected for the 

modelling of potential rogue loads based generally on the physical and chemical 

properties and behaviour in the environment of a wide range of substances and which 

has been agreed with the EA previously in respect of other sites.   

4.3 It is considered that the hazardous substances mercury, toluene and naphthalene 

are representative of the general behaviour of substances in the categories heavy 

metals, light aromatic hydrocarbons and polycyclic aromatic hydrocarbons (PAHs) 

respectively.  The selected non-hazardous pollutants comprise the metal zinc, 

together with sulphate and chloride.  Chloride is selected for its conservative 

behaviour in groundwater as it does not sorb readily to aquifer materials, does not 

undergo biodegradation and forms common mineral compounds which are very 

soluble in natural waters.  Sulphate is a non-hazardous substance which is ubiquitous 

in geological materials and natural waters.  Zinc was selected as it is a non-hazardous 

metal which may be present in a rogue load in respect of the waste types specified 

in Table ESSD 1.  The substances which comprise the source term in respect of the 

modelled rogue load together with the source concentrations are presented in Table 

1.  

4.4 The use of inert waste acceptance criteria (WAC) limits as a basis for specifying a 

source term in respect of an activity which involves placing of inert waste in the 

ground is a standard risk assessment approach adopted in a range of 
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hydrogeological settings where site specific information is not available.  Although as 

described above procedures will be in place including robust waste acceptance 

procedures during deposition of waste at the site so that the quality of the restoration 

materials meets the necessary minimum standards for use at the site it is assumed 

generally that the source term for the rogue load assessment will comprise material 

in which the concentrations of the substances that will be modelled exceed 

significantly inert WAC limits where such are specified. 

4.5 For the hazardous substance mercury and the non-hazardous pollutants chloride, 

sulphate and zinc in respect of a rogue load the minimum concentration comprises 

conservatively the liquid to solid ratio 10 l/kg leaching limit values expressed in mg/l 

and the maximum concentration comprises three times the C0 concentration 

presented in the EU Commission document for inert WAC (reference 2).  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, leachate source 

concentrations for toluene and naphthalene are set based on literature values.  The 

source concentrations in respect of the rogue loads for toluene and naphthalene are 

based conservatively on concentrations of these substances recorded in leachate at 

landfill sites accepting a range of non-hazardous and hazardous waste (reference 3).  

It is assumed conservatively that the concentrations of naphthalene and toluene in 

rogue loads will range between the respective maximum and three times the 

respective maximum leachate concentrations presented in reference 3.  The input 

parameters relevant to attenuation in the flow path from the location of a rogue load 

to the down hydraulic gradient edge of the imported material are presented in Table 2. 

4.6 Consistent with Tables 3 and 4 is assumed that the hydraulic conductivity of the 

imported materials will be approximately 1 x 10-7 m/s.  The value is consistent with a 

typical literature value for an upper estimate of the hydraulic conductivity of clay.  It 

is assumed that a rogue load is placed in the waste mass at a distance of 10m from 

the down hydraulic gradient edge of the waste mass in proximity to the interface 

between the imported material placed and in situ aquifer material.  The hydraulic 

gradient assumed for the sand and gravel aquifer pathway in the vicinity of Phase F 

is based on the available groundwater level monitoring data.  It is assumed 

conservatively that the hydraulic gradient across the deposited waste in Phase F will 

be double the hydraulic gradient assumed for the sand and gravel the aquifer.  
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Infiltration to the waste mass is also taken into account in the ConSim models 

presented at Appendix A. 

4.7 For each of the substances modelled Environmental Assessment Limits (EALs) are 

proposed.  The EALs comprise the concentrations of substances above which it is 

considered there may be a discernible discharge of hazardous substances to 

groundwater or pollution of groundwater by non-hazardous pollutants.  The EALs for 

hazardous substances are set at their respective minimum reporting values (MRVs).  

The EALs for non-hazardous pollutants are set based on background groundwater 

quality where available and relevant water quality standards.  The EALs for chloride, 

sulphate and zinc are set consistent with this principle at concentrations intermediate 

between the average background concentrations recorded in the receiving 

groundwater and the relevant water quality standard.  The EALs derived are 

substantially lower than the relevant water quality standards which are relevant at the 

receptor.  The EALs for the substances modelled are presented in Tables 5 and 6.  

The background water quality data used to derive the EALs for chloride, sulphate and 

zinc are presented at Appendix ESSD K of the ESSD report.   
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5. Modelling results and conclusions  

5.1 As stated above it is considered that there is no significant risk to groundwater quality 

from the deposition at the site of the waste types specified in the ESSD.  The purpose 

of the quantitative risk assessment is to assess the effects of the possible acceptance 

at the site of rogue loads.  The results of the quantitative rogue load assessment 

carried out using ConSim are presented in Tables 5 and 6.  Electronic copies of the 

risk assessment models and results are presented at Appendix B.   

5.2 For both Phases E and F the results for the hazardous substances mercury, 

naphthalene and toluene show that the modelling peak 50th percentile and 95th 

percentile concentrations at the edge of the imported materials are less than 1 x 10-

10 mg/l and that there is no modelled breakthrough of the contaminants within the first 

100,000 years.  

5.3 For both Phases E and F the results for the non-hazardous pollutants chloride, 

sulphate and zinc show that the modelled peak 50th percentile and 95th percentile 

groundwater concentrations at the non-hazardous pollutant compliance point 

following immediate dilution in the sand and gravel aquifer do not increase 

significantly the concentrations in groundwater when compared with the background 

concentrations.  The concentrations calculated are significantly lower than the 

relevant EALs.  

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

are conservative.  The receptor is groundwater at the site.  Whilst immediate dilution 

is taken into account at the down hydraulic gradient edge of the area of deposition of 

restoration materials no account is taken of natural attenuation in the aquifer which 

will occur prior to groundwater reaching discrete down hydraulic gradient receptors 

such as groundwater abstractions or areas of groundwater discharge to surface 

watercourses.  

5.5 The ConSim modelling is based on the assumption that a single rogue load will be 

present in discrete flow paths through the imported material.  Based on the results of 

the modelling it is considered unlikely that the presence of more than one rogue load 

would affect significantly the results of the modelling.  

5.6 Based on the results of the assessment it is considered that there is no significant 

risk of discernible discharges of hazardous substances and that there will be no 
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significant pollution by non-hazardous substances resulting from the acceptance of a 

rogue load at the site consistent with the modelled source term.  

5.7 Based on the results of the risk assessment it is considered that the site will be 

compliant with The Environmental Permitting (England and Wales) Regulations 2016 

with regard to the relevant provisions of the Directive 2006/118/EC of the European 

Parliament and of the Council on the protection of groundwater against pollution and 

deterioration (the 2006 Groundwater Directive).  
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6. Requisite surveillance 

6.1 The scheme of operational groundwater quality monitoring is presented in Table 

ESSD 4 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 7.  Consistent with Table 7 interim groundwater 

quality compliance and assessment limits for groundwater at the down hydraulic 

gradient boreholes AHT_MBH04, AHT_MBH12, FLP_WM09 and FLP_WM10 have 

been calculated based on the available groundwater quality monitoring data.  It is 

proposed that revised compliance and assessment limits will be submitted to the 

Environment Agency within two months of completion of the first year of monitoring 

groundwater at the new down hydraulic gradient boreholes (AHT_MBH12, 

FLP_WM09 and FLP_WM10) that it is proposed will be drilled at the site. 

6.2 Although surface water monitoring is proposed, no compliance or assessment limits 

are provided for surface water quality as groundwater monitoring boreholes will be 

located between the deposited waste and the surface water receptors.  The 

groundwater monitoring boreholes down hydraulic gradient of each phase are 

considered the most appropriate locations at which to assess the environmental 

performance of the site given their proximity to the boundary of each phase.  As the 

surface watercourses are not adjacent to the site and there are numerous potential 

influences on surface water in proximity to the site and surface water would dilute any 

contaminants entering the watercourse from groundwater migrating from the 

deposited waste it is considered that the surface water monitoring locations are not 

the appropriate monitoring locations to assess the environmental performance of 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 

 
Source term concentrations assumed in the ConSim rogue loads assessment model 

 
Determinand Environmental 

assessment 
limit (EAL) 

(mg/l) 

EAL source a Source term 
concentration 

(mg/l) 

Probability 
density 
function 

Hazardous substances 
Mercury 0.00001 h MRV 0.001/0.006 b Uniform 

Toluene 0.004 MRV 1.287/3.861 c Uniform 

Naphthalene 0.00001 d MRV 0.042/0.126 c Uniform 

Non-hazardous pollutants 
Zinc Phase E 0.0935,  

Phase F 0.070 e 
EQS  0.4/3.6 b Uniform 

Chloride Phase E 155.9, 
Phase F 152.2 f 

UK DWS and 
BGC 

80/1380 b Uniform 

Sulphate Phase E 188.1,   
Phase F 187.9 g 

UK DWS and 
BGC 

100/4500 b Uniform 

Notes: 
MRV Minimum reporting value;  
EQS Environmental Quality Standard; 
UK DWS UK Drinking Water Standard;   
BGC Mean background groundwater concentration based on the available water quality monitoring data 

presented at Appendix D. 
a The MRVs specified are consistent with MRVs specified at https://www.gov.uk/government/publications/values-

for-groundwater-risk-assessments/hazardous-substances-to-groundwater-minimum-reporting-values unless 
stated otherwise. 

b The minimum concentration comprises the liquid to solid ratio 10 l/kg leaching limit values expressed in mg/l and 
maximum concentration comprises three times the C0 concentration presented in the EU Commission document 
for inert WAC (reference 2) 

c Concentrations are the maximum and three times the maximum concentrations respectively based on the 
maximum concentrations recorded in 63 leachate samples from a variety of waste types including municipal, 
mixed MSW and non-hazardous waste types and co-disposal sites (reference 3) 

d Based on information provided by the Environment Agency National Laboratory Service that a typical MRV for 
naphthalene in clean groundwater is 0.01µg/l 

e The EQS for zinc is 10.9µg/l of bioavailable zinc as specified by the Environment Agency.  Conservatively it is 
assumed that all the zinc is bioavailable.  The EAL for Phase E is calculated as the midpoint between the mean 
background groundwater concentrations of zinc of 7.8µg/l and the EQS.  As the mean background concentration 
for Phase F of 22µg/l exceeds the EQS the EAL is set at the mean background concentration plus one standard 
deviation about the mean. 

f The EALs are calculated as the midpoint between the mean background groundwater concentrations of chloride 
for Phase E and Phase F respectively of 61.8mg/l and 54.4mg/l respectively and the UK DWS for chloride of 
250mg/l. 

g The EALs are calculated as the midpoint between the mean background groundwater concentrations of sulphate 
for Phase E and Phase F of 126.2mg/l and 125.7mg/l respectively and the UK DWS for sulphate of 250mg/l.  For 
Phase E the background sulphate concentration is calculated as the mean of the concentrations at locations 
AHT_MBH03, AHT_MBH05 and AHT_MBH10. 

h The MRV in respect of mercury is 0.00001mg/l.  It is assumed that mercury is not present in groundwater at the 
site.   
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Table 2 

Input parameters used in the ConSim model relevant to attenuation in the flow path from the location of the rogue load to the down 
hydraulic gradient edge of the imported material 

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 

Mercury     3835.4    

Toluene 131  242    0.054 0.822 

Naphthalene  1288     0.274 2.740 

Non-hazardous pollutants 

Zinc     26    

Chloride     0    

Sulphate     0    

 

1 Parameters 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. 
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Table 3 

Physical input parameters used in the ConSim model for Phase E 

Parameter Units Minimum Most likely Maximum 
Probability 

density 
function 

Reference/Justification 

Source parameters 

Size  
Width 

m 
 2  Single Each individual rogue load is assumed to comprise a volume of 30m3. Assuming that the 

thickness of the imported materials is approximately 7.5m the width and length of each individual 
rogue load is assumed as 2m. Length  2  Single 

Parameters relevant to contaminant migration in the waste mass 

Infiltration mm/year  0  Single 

Rainfall runoff and infiltration calculations have been undertaken consistent with a methodology 
developed by Thornthwaite and Mather (reference 4) and described in detail in Koerner and 
Daniel (reference 5) which takes into account that the amount of runoff and infiltration will vary 
depending on the time of year.  Runoff rates are calculated using a method published by the 
National Coal Board (reference 6) which takes into account slope gradient, vegetation type and 
soil type variations.  Ground slope is a key determinant of runoff rate.  The water balance 
approach is based on long term mean meteorological conditions published for the England South 
East and Central South area by the Met Office.  The calculations are presented at Appendix B. It 
is calculated that mean infiltration will be in the order of 57.5mm/year at Phase E.  As infiltration 
is assumed to be the only source for water migrating through Phase E, the calculated infiltration 
in the catchment up hydraulic gradient of the rogue load has been used to estimate the hydraulic 
gradient in the waste such that ConSim will calculate a suitable flow rate through the rogue load 
commensurate with the flow in the assumed catchment up hydraulic gradient of the rogue load.  
On this basis the infiltration specified in ConSim (which is additional to the calculated flow in the 
waste mass) is assumed to be zero so as to avoid double counting. 

Waste porosity Fraction  0.3  Single The porosity assumed for inert waste in Hjelmar et al, 2001 (reference 7) 

Waste dry density kg/l  1.4  Single 
Calculated assuming a waste bulk density of 1.7kg/l.  It is assumed that the waste is fully 
saturated with a porosity of 0.3. 

Effective porosity Fraction  0.3  Single 
The porosity assumed for inert waste in Hjelmar et al, 2001 (reference 7). It is assumed that the 
waste is fully saturated. 

Hydraulic conductivity m/s  1 x 10-7  Single 
It is assumed that the hydraulic conductivity of the waste mass is 1 x 10-7 m/s based on the upper 
estimate of the hydraulic conductivity of clay reported by Kruseman and de Ridder 1994 
(reference 8). 

Longitudinal dispersivity m  1  Single The length of the pathway is 10m.  Consistent with the comments in the ConSim manual it is 
assumed that the longitudinal dispersivity is 10% of the pathway length.  It is assumed that the 
transverse dispersivity is 30% of the longitudinal dispersivity. Transverse dispersivity m  0.3  Single 

Fraction of organic carbon (foc) Fraction 0.01  0.1 Uniform Based on the range of values presented for clay in the ConSim Help file. 
Thickness of the imported materials m 5  10 Uniform Approximate based on Figure ESSD 11 (drawing reference TAR/FA/09-19/21413). 

Hydraulic gradient   0.46   

Assuming a width for Phase E of approximately 200m the catchment for rainfall up hydraulic 
gradient of the rogue load will be approximately 190m in length and 2m wide.  The calculated 
recharge is 21.85m3 per year.  Assuming the same volume flows out per year perpendicular to 
the southern boundary of Phase E having migrated through the rogue load and a hydraulic 
conductivity for the waste mass of 1x10-7m/s it is calculated that the hydraulic gradient will be 
0.46. 

Travel distance to the edge of the imported 
materials 

m  10  Single 
Conservatively it is assumed that rogue loads are placed in the waste mass at a distance of 10m 
only from the down hydraulic gradient edge of the imported material. 
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Table 4 

Physical input parameters used in the ConSim model for Phase F 

Parameter Units Minimum Most likely Maximum 
Probability 

density 
function 

Reference/Justification 

Source parameters 

Size  
Width 

m 
 2.45  Single Each individual rogue load is assumed to comprise a volume of 30m3. Assuming that the 

thickness of the imported materials is approximately 5m the width and length of each individual 
rogue load is assumed as 2.45m. Length  2.45  Single 

Parameters relevant to contaminant migration in the waste mass 

Infiltration mm/year  

Mean: 61.3 
Standard 
deviation: 

6.13 

 Normal 

Rainfall runoff and infiltration calculations have been undertaken consistent with a methodology 
developed by Thornthwaite and Mather (reference 4) and described in detail in Koerner and 
Daniel (reference 5) which takes into account that the amount of runoff and infiltration will vary 
depending on the time of year.  Runoff rates are calculated using a method published by the 
National Coal Board (reference 6) which takes into account slope gradient, vegetation type and 
soil type variations.  Ground slope is a key determinant of runoff rate.  The water balance 
approach is based on long term mean meteorological conditions published for the England South 
East and Central South area by the Met Office.  The calculations are presented at Appendix B. It 
is assumed that the standard deviation of the inltration is 10% of the mean infiltration. 

Waste porosity Fraction  0.3  Single The porosity assumed for inert waste in Hjelmar et al, 2001 (reference 7) 

Waste dry density kg/l  1.4  Single 
Calculated assuming a waste bulk density of 1.7kg/l.  It is assumed that the waste is fully 
saturated with a porosity of 0.3. 

Effective porosity Fraction  0.3  Single 
The porosity assumed for inert waste in Hjelmar et al, 2001 (reference 7). It is assumed that the 
waste is fully saturated. 

Hydraulic conductivity m/s  1 x 10-7  Single 
It is assumed that the hydraulic conductivity of the waste mass is 1 x 10-7 m/s based on the upper 
estimate of the hydraulic conductivity of clay reported by Kruseman and de Ridder 1994 
(reference 8). 

Longitudinal dispersivity m  1  Single The length of the pathway is 10m.  Consistent with the comments in the ConSim manual it is 
assumed that the longitudinal dispersivity is 10% of the pathway length.  It is assumed that the 
transverse dispersivity is 30% of the longitudinal dispersivity. Transverse dispersivity m  0.3  Single 

Fraction of organic carbon (foc) Fraction 0.01  0.1 Uniform Based on the range of values presented for clay in the ConSim Help file. 
Thickness of the imported materials m  5  Single Approximate based on Figure ESSD 11 (drawing reference TAR/FA/09-19/21413). 

Hydraulic gradient   0.01428   
To account for the possibility that the hydraulic gradient in the waste mass will be greater than in 
the aquifer conservatively a hydraulic gradient of twice that in the aquifer has been used. 

Travel distance to the edge of the imported 
materials 

m  10  Single 
Conservatively it is assumed that rogue loads are placed in the waste mass at a distance of 10m 
only from the down hydraulic gradient edge of the imported material 

Sand and gravel aquifer parameters 

Hydraulic gradient   7.14x10-3  Single 
The hydraulic gradient is calculated based on the indicative groundwater contours for October 
2016 shown on Figure ESSD 13 (drawing reference TAR/FA/09-19/21416) 

Hydraulic conductivity m/s 9.3x10-5  3.7x10-4 Uniform Range of values reported in reference 3 for the Boyn Hill Gravel Member in the vicinity of the site. 



BRETT TARMAC LIMITED  FAIRLOP 

 

 
 
TAR/FA/DM/5599/01   Page 1 of 1 

December 2019   
 
TAR_FAc24723 

 
Table 5 

Results of the ConSim rogue loads assessment (Phase E) 
 

Determinand 
Background 

concentration 
(mg/l) 

Maximum concentration (mg/l) 

Environmental 
assessment 
limit (EAL) 

(mg/l) 

Concentration 
predicted at the edge 

of the imported 
materials using the 

ConSim model 
output 

Concentration 
predicted in the sand 
and gravel aquifer 1 

50th 
percentile 

95th 
percentile 

50th 
percentile 

95th 
percentile 

Toluene NA 0.06 0.19 5.67x10-6 1.8x10-5 0.004 
Naphthalene NA 0.01 0.02 9.46x10-7 1.9x10-6 0.00001 
Mercury NA - - - - 0.00001 
Chloride 61.8 326 514 61.82 61.84 155.9 
Zinc 0.078 0.63 1.1 0.0781 0.0781 0.0935 
Sulphate 126.2 857 1444 126.29 126.32 188.1 

 
Notes: 
Probabilistic results from the risk assessment model are given as the 50th percentile which presents a ‘most likely’ assessment and the 95th percentile which 
represents a ‘realistic worst case’ assessment. 
- Maximum concentration does not exceed 1 x 10-10 mg/l. 
1 The calculated groundwater concentration immediately down hydraulic gradient of the imported materials after allowing for immediate dilution in the 

groundwater. 
NB  No breakthrough of the contaminant within the first 100,000 years. 
NA No background groundwater quality data available.  
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Table 6 
Results of the ConSim rogue loads assessment (Phase F) 

 

Determinand 
Background 

concentration 
(mg/l) 

Maximum concentration (mg/l) 

Environmental 
assessment 
limit (EAL) 

(mg/l) 

Concentration 
predicted at the edge 

of the imported 
materials using the 

ConSim model 
output 

Concentration 
predicted in the sand 
and gravel aquifer 1 

50th 
percentile 

95th 
percentile 

50th 
percentile 

95th 
percentile 

Toluene NA - - - - 0.004 
Naphthalene NA - - - - 0.00001 
Mercury NA - - - - 0.00001 
Chloride 54.4 383 605 55.1 55.6 152.2 
Zinc 0.022 0.079 1.31 0.024 0.025 0.070 
Sulphate 125.7 946 1713 127.4 129.1 187.9 

 
Notes: 
Probabilistic results from the risk assessment model are given as the 50th percentile which presents a ‘most likely’ assessment and the 95th percentile which 
represents a ‘realistic worst case’ assessment. 
- Maximum concentration does not exceed 1 x 10-10 mg/l. 
1 The calculated groundwater concentration immediately down hydraulic gradient of the imported materials after allowing for immediate dilution in the 

groundwater. 
NB  No breakthrough of the contaminant within the first 100,000 years. 
NA No background groundwater quality data available.  
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Table 7 
 

Interim 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 Ammoniacal nitrogen, chloride, sulphate, lead and zinc 
Frequency Monthly for one year then quarterly. To be reviewed annually. Compliance 

limits and control levels will be reviewed one year after the installation of 
the proposed additional groundwater monitoring boreholes. 

Monitoring points Groundwater monitoring borehole AHT_MBH04 and proposed borehole 
AHT_MBH12 down hydraulic gradient of Phase E and proposed 
boreholes FLP_WM09 and FLP_WM10 down hydraulic gradient of Phase 
F. 

Compliance 
limits1 for down 
hydraulic 
gradient 
groundwater 
monitoring 
boreholes 
 

AHT_MBH04    
The concentration of ammoniacal nitrogen shall not exceed 0.97mg/l. 
The concentration of chloride shall not exceed 141mg/l. 
The concentration of sulphate shall not exceed 2115mg/l. 
The concentration of lead shall not exceed 0.00090mg/l. 
The concentration of zinc shall not exceed 0.023mg/l. 
 
AHT_MBH12 
The concentration of ammoniacal nitrogen shall not exceed 0.97mg/l. 
The concentration of chloride shall not exceed 141mg/l. 
The concentration of sulphate shall not exceed 268mg/l. 
The concentration of lead shall not exceed 0.00090mg/l. 
The concentration of zinc shall not exceed 0.023mg/l. 
 
FLP_WM09 and FLP_WM09 
The concentration of ammoniacal nitrogen shall not exceed 0.18mg/l. 
The concentration of chloride shall not exceed 87mg/l. 
The concentration of sulphate shall not exceed 235mg/l. 
The concentration of lead shall not exceed 0.014mg/l. 
The concentration of zinc shall not exceed 0.075mg/l. 
 

Assessment 
limits2 for down 
hydraulic 
gradient 
groundwater 
monitoring 
boreholes 
 

AHT_MBH04 
The concentration of ammoniacal nitrogen shall not exceed 0.74mg/l. 
The concentration of chloride shall not exceed 114mg/l. 
The concentration of sulphate shall not exceed 2001mg/l. 
The concentration of lead shall not exceed 0.00072mg/l. 
The concentration of zinc shall not exceed 0.018mg/l. 
 
AHT_MBH12 
The concentration of ammoniacal nitrogen shall not exceed 0.74mg/l. 
The concentration of chloride shall not exceed 114mg/l. 
The concentration of sulphate shall not exceed 221mg/l. 
The concentration of lead shall not exceed 0.00072mg/l. 
The concentration of zinc shall not exceed 0.018mg/l. 
 
FLP_WM09 and FLP_WM09 
The concentration of ammoniacal nitrogen shall not exceed 0.14mg/l. 
The concentration of chloride shall not exceed 74mg/l. 
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The concentration of sulphate shall not exceed 185mg/l. 
The concentration of lead shall not exceed 0.01mg/l. 
The concentration of zinc shall not exceed 0.055mg/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 generally are set at the mean concentration recorded plus three standard 
deviations.   
 
2 The control levels generally are set at the mean concentration recorded plus two standard 
deviations.  
 
The compliance limits for AHT_MBH04 and AHT_MBH12 generally are based on data for 
boreholes AHT_MBH03, AHT_MBH04, AHT_MBH05, AHT_MBH10.  As sulphate is elevated in 
AHT_MBH04, borehole specific compliance and assessment limits are derived for sulphate for 
AHT_MBH04.  Data for borehole AHT_MBH04 is excluded in the calculation of the sulphate 
compliance and assessment limits for borehole AHT_MBH12. For Phase E the data for lead prior 
to the start of 2017 is not used as the dataset does not appear consistent with the data after that 
date.  The compliance limits for FLP_WM09 and FLP_WM10 generally are based on data for 
boreholes FLP_WM02, FLP_WM03, FLP_WM04, FLP_WM06 and FLP_WM07.  For Phase F the 
ammoniacal nitrogen data and sulphate data for boreholes FLP_WM02 and FLP_WM03 
respectively are excluded on the basis that they may be affected by potentially contaminative land 
use in the vicinity. 
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APPENDIX A  
 

CONSIM MODELS FOR PHASE E AND PHASE F AT FAIRLOP QUARRY 
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APPENDIX B  
 

SPREADSHEET MODELS FOR INFILTRATION RATES FOR PHASE E AND PHASE F 
AT FAIRLOP QUARRY 
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APPENDIX C  
 

SPREADSHEET MODELS FOR PHASE E AND PHASE F TO CALCULATE THE 
PREDICTED CONCENTRATIONS AT THE COMPLIANCE POINT IN THE AQUIFER 
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APPENDIX D  
 

CALCULATED COMPLIANCE AND ASSESMENT LIMITS FOR PHASE E AND PHASE F 
AT FAIRLOP QUARRY 

 



TAR_FAg24723calculations E_infiltration

Parameter January February March April May June July August September October November December Total Comments/justification
Average monthly temperature [oC] 4.1 4.3 6.2 8.4 11.8 14.6 16.6 16.4 14.2 10.8 6.9 4.9 Mean monthly temperature for En
Monthly heat index [Hm] 0.7 0.8 1.4 2.2 3.6 5.1 6.2 6.1 4.8 3.2 1.6 1.0 36.69 Koerner and Daniel, 1997. Eqn 4.7
Unadjusted daily potential evapotranspiration [UPET], mm 0.60 0.63 0.93 1.30 1.86 2.36 2.71 2.67 2.28 1.69 1.04 0.72 Koerner and Daniel, 1997. Eqn 4.8
Possible monthly duration of sunlight [N] 22.2 23.4 30.6 34.5 39.9 40.8 41.1 37.5 31.8 27.6 22.8 21.0 Koerner and Daniel, 1997. Table 4
Potential evapotranspiration [PET], mm 13.3 14.7 28.5 45.0 74.3 96.3 111.2 100.3 72.4 46.7 23.8 15.2 641.62 PET= UPET x N
Precipitation [P], mm 78.8 56.9 54.7 51.1 53.3 50.9 57.2 63.5 62.9 81.0 86.8 85.0 782.07 Mean monthly rainfall for England
Runoff coefficient [C]  0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Runoff [R], mm 44.1 31.8 30.6 28.6 29.9 28.5 32.1 35.6 35.2 45.3 48.6 47.6 437.96 R = P x C
Infiltration [IN], mm 34.7 25.0 24.1 22.5 23.5 22.4 25.2 27.9 27.7 35.6 38.2 37.4 344.11 IN = P ‐ R
IN ‐ PET, mm 21.3 10.4 ‐4.4 ‐22.5 ‐50.8 ‐73.9 ‐86.0 ‐72.3 ‐44.7 ‐11.1 14.4 22.2
Accumulated water loss [WL], mm 0.0 0.0 ‐4.4 ‐26.9 ‐77.7 ‐151.7 ‐237.7 ‐310.0 ‐354.7 ‐365.8 ‐365.8 ‐365.8 WL = Sum of neg * IN ‐ PETs
Water stored (WS), mm 75.0 75.0 70.5 54.8 36.9 26.7 22.6 27.3 40.2 64.2 75.0 75.0
Change in water storage [CWS], mm 0.0 0.0 ‐4.5 ‐15.7 ‐17.9 ‐10.2 ‐4.1 4.8 12.9 24.1 10.8 0.0
Actual evapotranspiration [AET], in 13.3 14.7 28.6 38.2 41.4 32.5 29.3 23.2 14.8 11.6 23.8 15.2 286.61
Percolation [PERC], mm 21.3 10.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.6 22.2 57.50
Check [CK], mm 78.8 56.9 54.7 51.1 53.3 50.9 57.2 63.5 62.9 81.0 86.8 85.0 782.07
Percolation rate [FLUX], m/s 8.2E‐09 4.0E‐09 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.4E‐09 8.6E‐09

Ground slope: 0.015 Based on an approximate fall of 7m across the restored phase over a distance of approximately 460m.
Vegetation type: Cultivated
Soil type: Clay loam

Root zone depth, mm 200.0 Lowest maximum root zone depth specified in Koerner and Daniel, 1997 paragraph 4.4.1.12.
Volumetric water content at field capacity (θ) 0.375 Clay loam (Koerner and Daniel, 1997 Table 4.5)
Maximum water storage capacity, mm 75.0 Start water storage calculation on a month where water stored is known or can be calculated (e.g. after winter when there is no soil moisture deficit)

Annual Percentage of precipitation
Precipitation, mm 782.1 100.0
Runoff, mm 438.0 56.0
Actual evapotranspiration, mm 286.6 36.6
Percolation, mm 57.5 7.4
Ratio of runoff to percolation 7.6
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Runoff coefficient (NCB, 1982) 0.56
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