
 

Hydrogeological Risk 
Assessment  
Wexham Golf Club, Wexham, 
Slough 
 

April 2020 
Ref: 1751-01 



Hydrogeological Risk Assessment, 
Wexham Golf Club, Wexham, Slough 

April 2020 Page i 

 

Contents 
1. Introduction ..................................................................................................................................................................... 1 

2. The Site ................................................................................................................................................................................. 1 

2.1. Location ............................................................................................................................................................................... 1 

2.2. Environmental Setting ........................................................................................................................................... 2 

2.3. Site History ........................................................................................................................................................................ 3 

2.4. Development Summary ........................................................................................................................................ 4 

3. Geology and Hydrogeology ................................................................................................................................ 4 

3.1. Geology ............................................................................................................................................................................... 4 

3.2. Hydrogeology ................................................................................................................................................................. 5 

3.3. Hydrology .......................................................................................................................................................................... 8 

4. Conceptual Model ................................................................................................................................................... 10 

4.1. General .............................................................................................................................................................................. 10 

4.2. Source ................................................................................................................................................................................ 10 

4.2.1. Waste Acceptance Controls ................................................................................................................... 10 

4.2.2. Material Types .................................................................................................................................................... 12 

4.3. Pathways .......................................................................................................................................................................... 13 

4.4. Receptors ........................................................................................................................................................................ 13 

4.5. Qualitative Risk Assessment ............................................................................................................................ 14 

5. Risk Assessment......................................................................................................................................................... 18 

5.1. Potential Linkages .................................................................................................................................................... 18 

5.2. Management of Spills and Non-conforming Wastes .................................................................. 18 

5.3. Monitoring ...................................................................................................................................................................... 18 

5.4. Rogue Load Assessment ..................................................................................................................................... 19 

5.4.1. Methodology ...................................................................................................................................................... 19 

5.4.2. Sensitivity Analysis ......................................................................................................................................... 20 

5.4.3. Quantification of Rogue Loads ........................................................................................................... 20 

5.4.4. Input Parameters ............................................................................................................................................ 21 

5.4.5. Assessment of Results ............................................................................................................................... 22 



Hydrogeological Risk Assessment, 
Wexham Golf Club, Wexham, Slough 

April 2020 Page ii 

5.5. Hydrocarbon Assessment ................................................................................................................................. 24 

6. Summary and Conclusions .............................................................................................................................. 28 

 

APPENDICES 

Appendix 1 Conceptual Cross Sections 

Appendix 2 Consim Files 

Appendix 3 P20 Worksheets 

 

Disclaimer 

This report has been prepared by McDonnell Cole with reasonable skill and care, based on information provided by 
the client and in accordance within the terms and conditions of agreement with the client. The report is intended 
for the sole use of the client and McDonnell Cole accepts no liability to third parties. 

No part of this document may be reproduced without the prior written agreement of McDonnell Cole. 



Hydrogeological Risk Assessment,  
Wexham Golf Club, Wexham, Slough 

April 2020 
  Page 1 

1. Introduction 
Wexham Golf Club has obtained planning permission to redevelop and improve its existing golf 
course and facilities.  Planning permission was granted by South Bucks District Council, reference 
18/00060/FUL on 11th July 2018.  This allows for 

 Reconfiguration of the northern area of the course 

 Redevelopment of the driving range 

 Installation of flood lighting for the driving range 

 Improved capping of the former landfill area in the northeast of the site. 
The works will involve some reprofiling of the site and this will require the importation of 
approximately 250,000m3 of Class 1 or 2 engineering fill.  It is proposed that this will be undertaken 
using a Waste Recovery Permit.  This report presents a Hydrogeological Risk Assessment of the site to 
support the Waste Recovery Plan for the permit application.  Information sources used in this 
assessment includes the following reports: 
 

 AAe: 2019: Report reference 183239/WRP.  Wexham Golf Club, Wexham, Slough. Waste 
Recovery Plan. 

 Ramboll: 2017: Wexham Golf Course, Flood Risk Assessment and Surface Water 
Drainage Strategy. 

 Toureen Group: 2017: Wexham Park Golf Course, Geo-Environmental Site Investigation 
Report; 

 Toureen Group: 2018: Environmental Ground Investigation Report Version 2 
 Toureen Group: 2019: Site Investigation (including boreholes) 

 

2. The Site 
2.1. Location 

The site is located at Bell Farm, Wexham Park Lane, Wexham, SL3 6LX.  It forms the northern half of 
the existing Wexham Park Golf Club.  To the east of the site is largely open fields and woodland.  To 
the northwest is a small hospital and the village of Wexham Street.  To the south west is a leisure 
centre and further south is Wexham park hospital, on the northern outskirts of Slough.  The ground 
level is around 50 to 57m AOD.  The area has a number of lakes, the most notable being at Upton 
Farm to the northeast, Black Park Country Park to the east and Stoke Park House to the southwest.  
Streams and drainage connecting the lakes generally flows southwards.  The area of the site is 
approximately 20 hectares, as shown in Figure 1. 
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Figure 1: Site Plan (taken from Weller Designs Limited, Drawing 1675.113) 

 
 

2.2. Environmental Setting 
 
The site is located approximately 2km north of Slough in South Buckinghamshire.  The setting 
is generally farmland and woodland, with Black Park Country Park approximately 1km east 
and further east again the Colne Valley Regional Park.  Local environmental features are 
presented in Table 1. 
 

Table 1: Environmental Features 

Receptor Nature of receptor Distance from site 
Residential/Work-Place/Amenity -
Within 50 m 

Hospital 
Buildings to north 
Buildings to SW 

Adjacent NW 
Adjacent N 
25m SW 

Residential/Work-Place/Amenity - 
Between 50 and 250 m 

Dwellings 
Wexham Street- residential 
Leisure Centre 
Residential 
Berry Farm 

 
50m west 
100m SW 
140m N 
230m SW 

Residential/Work-Place/Amenity - 
Between 250 and 1000 m 

Wexham Park Hospital  
School and playing fields 

650m S 
650m N 

Habitats   
Habitats Directive sites None within 2km  
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Receptor Nature of receptor Distance from site 
CROW Act 2000 sites Black Park SSSI 

Stoke Common SSSI 
1.2km east 
1.3km northwest 

Other habitat sites None within 2km  
Groundwater   
Aquifer Boyn Hill Gravel    

Secondary – A 
Lynch Hill Gravel - Primary 

On site 
 
South of site 

Groundwater protection zone SPZ3 – total catchment On site 
Groundwater abstractions Golf course borehole 

Little Orchard Well 
Wexham Park Hospital 
J &S Whitby 
ICI 
Tarmac 
Trustees of Polish Assoc. 

On site 
750m N 
900m S 
1.2km SE 
1.6 km SW 
1.7 km SE 
1.8 km SW 

Nitrate vulnerable zone No  
Surface Water   
Drain through site centre 
Stream from Upton Lake 

Stream 150m east 

Direct runoff from site? From detention basins and 
swales 

 

Surface water abstractions None within 2km  
Wells and springs   
Wells None on OS maps within 

1km 
 

Springs Wexham springs 500m north 
Air quality management zone No  
Flood zone No  

 
2.3. Site History 
 
The site was originally farmland.  Information from historical maps contained in the Toureen Group 
Geo-Environmental Site Investigation Report indicates that by 1900 there is a gravel pit in the 
southwest of the wider golf course.  There were allotments on the northern perimeter by 1925.  
Buildings were first established in the area of the current club house by 1947.  By 1974 there were 
three lakes shown on site: one in the northeast and two in the centre.  The golf course was 
established by 1987 and the lake in the northeast was infilled, understood to be by landfill. There 
was a poultry house on the southern boundary. 
 
The Toureen Group, 2017, present an extract from the Environment Agency webpage in 2016, 
which shows the majority of the site to have been former landfill.  The Envirocheck maps within 
the same report suggest the northeast corner of the landfill has been infilled with waste.  The 
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remainder is indicated as being landscaped and trial pitting by the Toureen Group confirmed this 
to be case in the areas investigated. 
 

2.4. Development Summary 
 
The aims of the redevelopment are set out below: 

 Improvements to an area of poorly capped landfill within the footprint of the existing 
course; 

 Improved drainage and rainwater recycling; 
 General safety and ease of maintenance; 
 Added golfing interest.. 

The southern area of the landfill capping will affect the 1st, 8th and 16th greens and the 7th and 
9th tees, which receive improvements as a result.  The fairways associated with holes 1, 7, 8, 9, 
16 and 18 will be improved to shed water more efficiently from the area of heavy soils, to new 
drainage features.  It is proposed to increase the size of the driving range and to regrade the 
outfield to a minimum gradient of 3%, to improve maintenance and allow for robotic ball 
picking. 
 

3. Geology and Hydrogeology 
 

3.1. Geology 
 
The British Geological Survey (BGS) Geology of Britain viewer shows the golf course as a whole 
to be underlain by superficial deposits of the Boyn Hill Gravel Member.  This is underlain by 
the London Clay.  Approximately 0.5km west of the site is the contact between the London 
Clay and the Lambeth Group.  The London Clay is of limited thickness towards the edge of its 
area of outcrop and can be described as sandy in places. 
 
The golf course has a 70m borehole, installed in 1997. The BGS records from this well show the 
following sequence: 
Topsoil –     0 – 0.2m 
Brown clay -     0.2 – 1.0 m 
Brown Sandy gravel -   1.0 – 6.5m 
Multi-coloured clay and sand -  6.5 – 26.5m (Lambeth Group) 
Chalk and flints -    26.5 – 70m 
 
Groundwater was found to rest at 11m below ground level (bgl). 
 
Site investigations have been carried out by the Toureen Group over this site and the wider 
golf course to the south and east.  Four boreholes were also constructed by AAe in 2019 in the 
eastern part of the site. 
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Toureen Group boreholes 101 to 106 were put down in the area which is the subject of this 
Hydrogeological Risk Assessment (HRA).  The borehole logs confirmed that the majority of 
landfilled wastes were in the northeastern area of the golf course as a whole, which is the 
eastern portion of the subject site.  Waste was found in BH101 to a depth of 2.4m, described as 
gravelly clay with gravel of brick, plastic, ash, wood and flint.  BH102 encountered 5.7m of 
waste, similar in description to that in BH101, with inclusion of concrete, cable and rubbish. 
 
Toureen boreholes 103 to 106 were put down to the west of the area of landfill, through the 
Boyn Hill Gravel to the London Clay.  The Boyn Hill Gravel ranged in thickness between 
approximately 1 and 3m.  It was described as very sandy gravelly clay to very clayey sand, with 
occasional gravel lenses.  The deposit is fluvial in origin. 
 
AAe boreholes were put down to depths of up to 6m, to investigate waste and gas conditions 
in the east of the site.  Waste was encountered in all boreholes with thicknesses of 2.5 to 4.7m 
were found.  Waste was found to be clayey with gravel of shale, concrete, brick, chert and 
timber.  This was underlain by sand and gravel, of the Boyn Hill Gravel. 
 
The area of waste occupies approximately the eastern third of the site.  In the western areas 
the site investigation data indicates any reprofiling has generated no more than 0.5m of Made 
Ground. 
 

3.2. Hydrogeology 
 
The Boyn Hill Gravel, which directly underlies the site, is a Secondary A aquifer.  The underlying 
London Clay is considered as unproductive strata.  The wider area of the golf course directly 
south of this site, is mostly underlain by the superficial deposits of the Lynch Hill Gravel.  This 
is designated as a principal aquifer.  The Toureen Group report of 2017 contains maps from an 
Envirocheck report that illustrates the geological boundaries.  There is a narrow area with no 
superficial deposits to the south of the Boyn Hill Gravel and to the north of the Lynch Hill 
Gravel.  Approximately 0.5km west of the site the outcrop of the Lambeth Group begins and 
this is designated as a Secondary A aquifer. 
 
The whole of the site is within a groundwater source protection zone SPZ3. 
 
The Toureen Group excavated a number of trial pits in 2016 to depths of up to 4m and no 
groundwater was recorded in any of the locations.  In 2019 they also put down a number of 
boreholes across the subject site and the wider golf course.  Boreholes on the site itself varied 
between 3 and 6m depth and no groundwater was encountered.  Some of the boreholes to 
the south of the site did record groundwater.  Depths varied between 1.5 and 4.5m below 
ground level (bgl), but groundwater was not recorded in every location.  This suggests the 
Lynch Hill gravels are heterogeneous.  The geological descriptions indicate layers of gravel, 
sand and clay within the sequence.  No monitoring installations were constructed. 
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AAe constructed four monitoring boreholes in 2019 to depths of between 3 and 6m.  No 
groundwater was encountered during drilling.  The boreholes have been monitored six times 
since construction, at approximately fortnightly intervals.  The data shows that the 
groundwater level rests within the existing waste thickness. Groundwater levels are presented 
in Figure 2. 
 
Figure 2: Groundwater levels, AAe boreholes 

 
 
The locations of the boreholes are presented in Figure 3, with surface water monitoring 
locations in blue. 
 
Figure 3: AAe Borehole locations (taken from AAe drawing 183239/SI/001) 
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Boreholes BH02 and BH03 have very similar groundwater levels and these are higher than in 
the boreholes towards the edges of the waste deposit. This suggests some doming of the 
water levels in the centre of the waste deposit and potentially some retention of the water 
within the clayey waste matrix.  There is a component of groundwater flow towards the 
northern perimeter, where ground levels drop slightly.  The principal direction of groundwater 
flow is considered to be southwestwards, in line with the topographical gradient. 
 
Groundwater Quality 
The groundwater quality in the area of the site is likely to be influenced by the presence of the 
waste deposit, which has been referenced as including hazardous waste by some sources.  
AAe carried out some water sampling within the boreholes BH01 to BH04 during February 
2020.  Organic determinands/hydrocarbons were all found to be below detection limit.  
Typical indicators of biodegradable waste: ammoniacal nitrogen, chloride, BOD and COD were 
relatively low for a landfill and suggests little biodegradable waste remains, or was originally 
present.  Some dissolved metals and sulphate were encountered.  The data is summarised in 
Table 2 against two environmental assessment levels (EALs): the UK Drinking Water Standards 
(UKDWS) and the freshwater environmental quality standards (EQS). 
 
Table 2: Groundwater Quality 

Determinand  Units  BH01  BH02  BH03  BH04  UKDWS EQS 

pH    7.5 7.3 6.8 7.6 6.5 - 9.5 6 - 9 

Electrical Conductivity  µS/cm  540 130 2300 1800 2500 - 

Biochemical Oxygen 
Demand  

mg O2/l  6 9 < 4.0  7 - - 

Chemical Oxygen Demand  mg O2/l  60 61 85 44 - - 

Chloride  mg/l  130 29 58 35 250 250 

Ammoniacal Nitrogen  mg/l  14 8.6 8.6 3 0.39 0.2* 

Sulphate  mg/l  120 26 470 480 250 400 

Cyanide (Total)  mg/l  < 0.050  < 0.050  < 0.050  < 0.050  0.05 0.001 

Total Hardness as CaCO3  mg/l  46 540 160 110 - - 

Arsenic (Dissolved)  µg/l  3.5 2.6 3.3 2.9 10 50 

Cadmium (Dissolved)  µg/l  < 0.080  < 0.080  0.2 0.21 5 0.15 

Chromium (Dissolved)  µg/l  4.6 3.3 5.2 3.8 50 4.7 

Copper (Dissolved)  µg/l  2.1 3.3 1.2 4.3 2000 1 

Mercury (Dissolved)  µg/l  < 0.50  < 0.50  < 0.50  < 0.50  1 0.7 

Nickel (Dissolved)  µg/l  12 6.5 < 1.0  5.3 20 4 

Lead (Dissolved)  µg/l  < 1.0  < 1.0  < 1.0  1.1 10 1.2 

Zinc (Dissolved)  µg/l  5.8 3.4 14 17 - 9.5 

Chromium (Hexavalent)  µg/l  < 20  < 20  < 20  < 20  - 3.4 

 
Exceedances of the EAL are highlighted in light blue. With the exception of ammoniacal 
nitrogen all exceedances are of the more stringent EQS. 
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Local abstractions 
The golf course has an existing abstraction borehole to a depth of 70m.  The borehole 
encounters the Chalk aquifer at a depth of 26.5m and for the remainder of its depth.  The rest 
water level is noted on BGS records as 11m bgl, which is in the Lambeth Group, however, the 
abstraction is likely to be principally from the Chalk.   
 
The Envirocheck report lists abstractions approximately 750m northwest, Little Orchard Well 
(farming and domestic), approximately 900m south, for Wexham Park Hospital.  There are a 
further 4 abstractions between 1 and 2km of the site to the south. 
 
To the north of the site is an area named Wexham Springs, at a distance of approximately 
0.5km.  There are several small ponds in this area.  There are no other springs, or wells indicated 
on recent OS maps within 1km of the site.  However, sinks are labelled on the northwest of the 
site, directly southeast of the hospital.  Historical maps up to the 1960s record a spring in this 
location. 
 

3.3. Hydrology 
 
There is a drain which flows through the centre of the site from south to north and another 
which cuts across the northwest corner.  Ordnance Survey maps show two small ponds on the 
south and one on the east.  Approximately 150m east of the site a stream flows south from 
Upton Lake, understood to be Datchet Common Brook.  At the southern point of Gallions 
Wood, which is southeast of the site, it flows east to join the drain from the west of the golf 
course.  From here they flow southwards towards Wexham Park hospital.  The Jubillee River, 
Tributary of the Thames, is approximately 5km south of the site, flowing from west to east and 
the north to south Colne Valley is approximately 5km to the east of the site. 
 
The water quality of the surface water ditches to the north west and in the centre of the site 
was sampled by AAe in February 2020.  The results are presented in Table 3. 
 
Table 3: Site Surface Water Quality 

Determinand  Units  UKDWS EQS SW NW  SW 
Central 

pH    6.5 - 9.5 6 - 9 8.2 8.4 

Electrical Conductivity  µS/cm  2500 - 1100 750 

Fats, Oils & Grease  mg/l      < 10  < 10 

Suspended Solids At 105C  mg/l  - - < 5.0  9 

Biochemical Oxygen 
Demand  

mg O2/l  - - < 4.0  < 4.0 

Chemical Oxygen Demand  mg O2/l  - - 70 55 

Chloride  mg/l  250 250 45 40 

Ammoniacal Nitrogen  mg/l  0.39 0.2* 0.058 0.22 

Sulphate  mg/l  250 400 320 91 
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Determinand  Units  UKDWS EQS SW NW  SW 
Central 

Cyanide (Total)  mg/l  0.05 0.001 < 0.050  < 0.050 

Total Hardness as CaCO3  mg/l  - - 150 330 

Arsenic (Dissolved)  µg/l  10 50 1.4 1.1 

Cadmium (Dissolved)  µg/l  5 0.15 0.14 0.55 

Chromium (Dissolved)  µg/l  50 4.7 1.2 < 1.0 

Copper (Dissolved)  µg/l  2000 1 5 10 

Mercury (Dissolved)  µg/l  1 0.7 < 0.50  < 0.50 

Nickel (Dissolved)  µg/l  20 4 4.2 9.1 

Lead (Dissolved)  µg/l  10 1.2 < 1.0  < 1.0 

Zinc (Dissolved)  µg/l  - 9.5 33 50 

Chromium (Hexavalent)  µg/l  - 3.4 < 20  < 20 

 
The EQS for cadmium has been based on the lower hardness value of 150mg/l.  Exceedances 
of the EQS are highlighted in light blue.  Sulphate is much higher in the northwest ditch (SW 
NW) than the central ditch and is close to the EQS.  It is likely that the ditches through the site 
are in hydraulic continuity with the Boyn Hill Gravel aquifer. 
 
The Envirocheck report contained in the ESID lists four local discharge consents, each more 
than 500m form the site. None are currently active, being listed as revoked, surrendered, 
lapsed and temporary. 
 
The Envirocheck report also lists river quality as C in the location of Datchet Common Brook, 
Upton Lake reach.  Flow is listed as being less than 0.31m3/s.  The grid reference for the river 
quality location appears to be on the southeastern corner of the site, where a drain flows past 
the west of Gallions Wood, to join the small water course that flows directly from Upton Lake. 
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4. Conceptual Model 
 

4.1. General 
 
The conceptual model considered in this hydrogeological risk assessment is the import of 
engineered fill (the source) to reprofile existing soils, over an area of historical landfill.  The 
landfill is underlain by a Secondary A aquifer.   
 
In the east of the site a thickness of up to 6m of waste has been proven.  The wastes are 
uncontained and rest on the remains of the unworked Boyn Hill Gravel, above the London 
Clay.  The measured groundwater level rests within the waste. 
 
On the west of the site, which is indicated to have had a landfill licence, the extent of the fill is 
generally less than 0.5m of reprofiling.  The western area of the site is lower than the eastern 
and therefore, there may have been some impact from the landfilled wastes to the east. 
 
Conceptual sections through the site from west to east and north to south are presented in 
Appendix 1.  These are discussed further below in terms of the source-pathway-receptor 
framework. 
 

4.2. Source 
4.2.1. Waste Acceptance Controls 
 
The imported material will be non-hazardous and will largely be controlled by inert waste 
acceptance criteria (WAC). The table below compares inert WAC solids expressed in mg/kg at 
10: 1 extract, with the equivalent leachability in mg/l; the UK Drinking Water Standards 
(UKDWS) and the freshwater environmental quality standards (EQS). 
 
Table 4: Waste Acceptance Criteria 

Determinand 
(total 
concentration) 

WAC 
Leachate 
Criteria 
(LS=10l/kg) 
(mg/kg) 

Solid results 
(mg/kg) 

Equivalent 
leachability 
(mg/l) 

UKDWS 
(mg/l) 

EQS (mg/l) 

Arsenic  0.5  0.05 0.01 0.05 

Barium  20  2 n/a  

Cadmium  0.04  0.004 0.005 0.00015 3 
Chromium 0.5  0.05 0.05 0.0047 

Copper 2.0  0.2 2 0.001 bio. 

Mercury 
(inorganic) 

0.01  0.001 0.001 0.00007 MAC 

Nickel  0.4  0.04 0.02 0.004 bio. 

Lead  0.5  0.05 0.01 0.0012 bio. 
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Determinand 
(total 
concentration) 

WAC 
Leachate 
Criteria 
(LS=10l/kg) 
(mg/kg) 

Solid results 
(mg/kg) 

Equivalent 
leachability 
(mg/l) 

UKDWS 
(mg/l) 

EQS (mg/l) 

Molybdenum 0.5  0.05 n/a n/a 

Antimony 0.06  0.006 0.005 n/a 

Selenium 0.1  0.01 0.01 n/a 

Zinc 4.0  0.4 n/a 0.0109 bio. + 
background 

Chloride  800  80 250 250 

Fluoride  10  1 1.5 5 

Sulphate (SO4)* 1000  100 250 400 

Phenol  1.0  0.1 n/a 0.0077 

TDS 4000  n/a n/a n/a 

DOC 500  n/a n/a n/a 

BTEX (TPH C5 – 
C10) 

 6 n/a 0.01 1 (benzene) 0.01 benzene 

Mineral oil (C10 
– C40) 

 500 n/a 0.09 1 n/a 

PCB  1 n/a n/a n/a 

PAH (total)  100 n/a 0.0001 0.00017 BaP 
as marker 

1 – World Health Organisation (WHO); 2 - Bio- bioavailable;  3 - EQS for measured hardness of 150mg/l 
 
Table 4 highlights where the equivalent leachability exceeds the lower of the UKDWS, or EQS.  
As an additional precaution leachability testing will be required for those determinands with 
exceedances.  The Importation Protocol (AAe report reference 183239/IP) requires the 
additional leaching assessment criteria as given in Table 5.  The leaching assessment criteria 
include slightly higher criteria for chloride and sulphate than given in the WAC.  Additionally, 
consideration is also given to European Union Council Decision 2003/33/EC, in relation to 
sulphate and chloride, which notes: 
 

1) If the waste does not meet the values for sulphate, it may still be considered as 
complying with the acceptance criteria if the leaching does not exceed either of the 
following values: 1 500 mg/l as C0 at L/S = 0,1 l/kg and 6 000 mg/kg at L/S = 10 l/kg.  

2) The values for total dissolved solids (TDS) can be used alternatively to the values for 
sulphate and chloride. 

 
On the basis of the above, slightly higher limits are acceptable. 
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Table 5: Leaching Assessment Criteria 

Determinand Leachate Criteria (L:S 10:1 

leachate test) (ug/l) 

Environmental Assessment Level 

(EAL) 

Antimony (total) 5 UKDWS 
Arsenic (total) 50 EQS 
Cadmium (total) 0.15 EQS 
Chloride  250,000 EQS 
Chromium (total) 4.7 EQS 
Copper 1 EQS 
Fluoride 1000 Equivalent leachability 
Lead (total) 1.2 EQS 
Mercury (inorganic) 0.07 EQS 
Nickel (total) 4 EQS 
Phenol 7.7 EQS 
Sulphate 

600,000 
Ref. to alternatives to SO4 in 

2003/33/EC 
Zinc 10.9 EQS 

 

If the above criteria are compared with the results of groundwater monitoring on the site 
(Table 2), this shows that the imported fill would generate leachate which was lower in 
concentration than the existing groundwater quality.  The importation of the fill may also 
reduce the rate of infiltration through the poorly restored wastes and therefore, reduce the 
rate of migration off site, or into the surface water courses. 
 

4.2.2. Material Types 
The site will import materials that comply with the Landfill Directive definition of inert, as 
presented in Table 6. 
 
Table 6: Inert Materials 

Description EWC code 
Wastes from mineral non-metalliferous excavation 01 01 02 

Waste gravel and crushed rocks 01 04 08 
Waste sand and clays 01 04 09 

Waste ceramics, bricks, tiles and construction products 10 12 08 
Concrete 17 01 01 

Bricks 17 01 02 
Tiles and ceramics 17 01 03 

Mixtures of concrete, bricks, tiles and ceramics 17 01 07 
Soils and stones 17 05 04 

Solids from physical treatment (limited to soil washing silts only) 19 02 06 
Minerals from waste facilities 19 12 09 

Solid from soil remediation (limited to soil washing fines only) 19 13 02 
Soil and stones 20 02 02 
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4.3. Pathways 
 
The north to south conceptual cross section (Appendix 1) indicates that there may be some 
downward migration from the imported fill to the underlying gravels, but in the eastern 
portion of the site this must first migrate through landfilled wastes.  The impact is likely to be 
negligible.  To the west of the site seepage from the fill may go directly to the Boyn Hill Gravel 
and from here to the surface water network.  The Boyn Hill Gravel is assumed to be in hydraulic 
continuity with the surface water ditches and monitoring of the water quality shows existing 
exceedances of the EQS.  In conceptualising the pathways from the site, the following issues 
are relevant: 

1) surface water runoff from the imported fill to the drainage ditches; 
2) loading of the existing wastes on the east, which may cause some lateral “squeezing” 

of leachate; 
3) seepage from imported fill on the west directly in to the Boyn Hill Gravel; 
4) the potential for off site migration to the south, where there is the occurrence of the 

Lynch Hill Gravel Primary aquifer. 
 

4.4. Receptors 
 
The immediate receptor in this risk assessment is the Secondary A aquifer underlying the site.  
However, groundwater monitoring shows that this has already been influenced by the 
uncontained waste deposit on the east of the site.  As the incoming fill material will be less 
likely to leach determinands in excess of the EAL than the existing waste, it will be difficult to 
model and quantify the impact on the east of the site.  There is potential for direct impact to 
the aquifer on the western half of the site.  
 
If there is leaching from imported fill, or squeezing of existing wastes as a result of the overlying 
fill, the receptor most likely to show impact on the east of the site will be the central north to 
south flowing drain.  On the west of the site the receptors are the Boyn Hill Gravel and the 
surface water drainage ditches downgradient to the southwest, which may be in hydraulic 
continuity. 
 
Downgradient of the site the southern extent of the wider golf course is underlain by a 
principal aquifer.  This is potentially a receptor, but again from surface runoff.  The outcrops of 
the Boyn Hill Gravel and Lynch Hill Gravel are separated by an area where BGS maps show 
there to be no superficial deposits and London Clay is at surface.  This suggests that there 
would be limited lateral hydraulic continuity between the two aquifers.  The existing surface 
water drainage does connect the two aquifers. 
 
There is no evidence of springs on the golf course where the outcrop of Boyn Hill Gravel finishes 
to the south and down gradient.  The borehole logs have described the Boyn Hill Gravel as 
very clayey in this location.  The lack of springs would suggest a gradational contact between 
the Boyn Hill Gravel and the London Clay, rather than a sudden change in hydraulic 
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conductivity. 
 
The golf course has an existing abstraction borehole.  There is the potential for lateral 
migration of contaminants through the superficial aquifer deposits to the borehole.  However, 
given the depth of the borehole in to the Chalk, it is likely to be cased with solid pipe through 
the superficial deposits, preventing recharge to the borehole.  The rest water level has been 
given as 11m bgl, which would be below the base of the superficials, so this supports the theory 
of no near surface recharge. 
 

4.5. Qualitative Risk Assessment 
 
A qualitative environmental risk assessment summarising the above considerations is 
presented in Table 7.   
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Table 7: Qualitative Environmental Risk Assessment 
Source/Hazard Pathway Receptor Risk Management 

technique 
Probability of exposure Consequence Overall risk 

Imported Fill 
with the 
potential to 
leach chemical 
determinands at 
concentrations 
above the EAL 

Through 
unsaturated old 
waste to 
saturated old 
waste to 
secondary aquifer 
(Boyn Hill Gravel) 

Boyn Hill Gravel 
aquifer 

Waste acceptance 
procedures limit fill to 
inert waste, with 
additional leachability 
controls. This should 
ensure incoming wastes 
can only leach at 
concentrations below 
the agreed EAL. 
Surface water directed 
to attenuation pond 
away from fill, to 
minimise infiltration. 

On east: probability of 
leachate from 
imported fill increasing 
concentrations in the 
groundwater above 
that resulting from 
existing waste deposit 
- Low 
On west - Probability 
of leachate from the 
imported fill entering 
the groundwater 
directly below the site 
at concentrations 
above the UKDWS – 
Low.  If in hydraulic 
continuity with surface 
water, probability of 
exceeding EQS at 
downgradient 
boundary - Medium 

Release of hazardous 
substances to 
groundwater in SPZ3.  
Pollution of 
groundwater by non-
hazardous pollutants. 
Site in breach of the 
Environmental 
Permitting Regulations.  
Consequence 
considered – Medium. 

East - Low 
 
West - Risk to 
surface waters  
requires 
further 
assessment. 

Imported Fill 
with the 
potential to 
leach chemical 
determinands at 
concentrations 
above the EAL 

Through 
unsaturated old 
waste to 
saturated old 
waste to 
secondary aquifer 
and 
downgradient to 
primary aquifer 
(Lynch Hill Gravel). 

Lynch Hill Gravel 
aquifer 

Waste acceptance 
procedures limit fill to 
inert waste, with 
additional leachability 
controls. This should 
ensure incoming wastes 
can only leach at 
concentrations below 
the agreed EAL. 
Surface water directed 
to attenuation pond 
away from fill, to 
minimise infiltration. 

Probability of leachate 
migrating from the 
Boyn Hill Gravel 
deposit on site to the 
Lynch Gravel to the 
south – Low 
Unlikely to be 
hydraulic continuity 
between the two. 

Release of hazardous 
substances to 
groundwater in SPZ3.  
Pollution of 
groundwater by non-
hazardous pollutants. 
Site in breach of the 
Environmental 
Permitting Regulations.  
Consequence 
considered – Medium. 

Low 

Imported Fill 
with the 

Lateral migration 
through aquifer  

Golf course 
abstraction 

Waste acceptance 
procedures limit fill to 

Probability of leachate 
from the imported fill 

Contamination of 
supply. 

Low 
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Source/Hazard Pathway Receptor Risk Management 
technique 

Probability of exposure Consequence Overall risk 

potential to 
leach chemical 
determinands at 
concentrations 
above the EAL 

to golf course  
abstraction 
borehole 

inert waste, with 
additional leachability 
controls. This should 
ensure incoming wastes 
can only leach at 
concentrations below 
the agreed EAL. 
Surface water directed 
to attenuation pond 
away from fill, to 
minimise infiltration. 

entering the 
groundwater directly 
below the site at 
concentrations above 
the EAL – Low. 
Probability of entering 
borehole – Low due to 
casing. 

Imported Fill 
with the 
potential to 
leach chemical 
determinands at 
concentrations 
above the EAL 

Through London 
Clay to Lambeth 
Group secondary 
aquifer. 

Lambeth Group Waste acceptance 
procedures limit fill to 
inert waste, with 
additional leachability 
controls. This should 
ensure incoming wastes 
can only leach at 
concentrations below 
the agreed EAL. 
Surface water directed 
to attenuation pond 
away from fill, to 
minimise infiltration. 

Low 
London Clay is 
generally of low 
permeability 
preventing downward 
migration.  Any 
leachate entering the 
superficial gravel 
aquifer will be 
uncontained and 
migration 
downgradient across 
the surface of the 
London Clay will be 
more likely than 
vertical migration. 

Contamination of 
Lambeth Group aquifer, 
which has potential to 
be in hydraulic 
continuity with the 
Chalk. 

Low 

Runoff from 
area of fill 
containing 
contaminants. 

Surface flow to 
central and 
perimeter drains. 

Surface water 
network 

Surface water drainage 
will be contained within 
the site and stored for 
irrigation. 
The course will be 
seeded and planted as 
soon as possible after 
placement of fill, 
minimising the amount 
of sediment that can be 

Low – due to site 
surface water design 
and Construction 
Environmental 
Management Plan 
(CEMP). 

Contamination of 
surface waters above the 
EQS. 

Low 
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Source/Hazard Pathway Receptor Risk Management 
technique 

Probability of exposure Consequence Overall risk 

entrained in the runoff. 
Runoff from 
area of fill 
containing 
contaminants. 

Surface flow to 
central and 
perimeter drains 
and from there 
downgradient to 
southern area of 
golf course, where 
there could be 
infiltration to the 
primary aquifer. 

Lynch Hill Gravel 
aquifer 

Waste acceptance 
procedures limit fill to 
inert waste, with 
additional leachability 
controls. This should 
ensure incoming wastes 
can only leach at 
concentrations below 
the agreed EAL. 
Surface water directed 
to attenuation pond 
away from fill, to 
minimise infiltration. 

Low – due to site 
surface water design 
and Construction 
Environmental 
Management Plan 
(CEMP). 

Contamination of 
surface waters above the 
EQS. 

Low 

Reprofiliing 
causing waste 
settlement in 
existing ground 

Increased rate of 
migration off site 
from existing 
waste 

Central drain Waste acceptance 
procedures limit fill to 
inert waste, with 
additional leachability 
controls. This should 
ensure incoming wastes 
can only leach at 
concentrations below 
the EQS. 
Surface water directed 
to swale away from fill, to 
minimise infiltration. 
Minimum amounts of fill 
imported to create new 
holes. Loading will not 
be continuous across the 
site. 

Low – it is anticipated 
that the importation of 
restorative materials 
above the poorly 
capped wastes will 
reduce infiltration.  This 
will reduce hydraulic 
gradients in the waste 
and potentially 
counteract the effects 
of “squeezing” the 
leachate laterally at a 
greater rate. 

Raised concentrations in 
central drain. 

Low 
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5. Risk Assessment 
 

5.1. Potential Linkages 
 
The qualitative assessment has identified the potential scenarios for groundwater and surface 
water receptors associated with the site.  The risks are considered to be low.  If all waste 
acceptance procedures are adhered to there is a low likelihood that fill could generate 
leachate at concentrations above the UKDWS, or EAL.  The import of fill over the area of old 
waste should give an overall improvement in this area.  However, the quantitative risk 
assessment will examine the potential effects of unknowingly accepting non-inert waste on 
the west of the site.  This is sometimes referred to as a rogue load assessment. 
 

5.2. Management of Spills and Non-conforming Wastes 
 

The site will operate an Environmental Management System that will have procedures in 
place for the management of spillages during the reprofiling works.  In addition to the 
Importation Protocol, visual conformance checks will be made on incoming materials.  This 
will enable a rapid response to the removal of non-conforming materials. 
 

5.3. Monitoring 
 
The site will be designed to have detention ponds to the south/central area and to the west.  
There will also be a swale along the southern boundary, refer to Ramboll, 2017.  Drainage will 
ultimately continue southwards at greenfield runoff rates, via the central drainage channel, to 
join the Datchet Common Brook further south. 
 
It is, therefore, recommended that monitoring of the detention pond is undertaken for a 
period after completion of the works.  Surface water quality monitoring should also be 
undertaken in locations downgradient to the west, in the central drain and in the Datchet 
Common Brook upgradient of where its general quality is assessed by the EA.  Monitoring is 
needed to ensure there are no adverse changes as a result of loading of the existing wastes, 
which may increase lateral seepage of leachate in to the surface water drainage system.  Table 
8 presents the proposed monitoring regime.  It is proposed that this continues for a period of 
five years after completion of reprofiling, to allow time for the settlement of existing wastes to 
take place 
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Table 8: Surface Water Monitoring 
Monitoring Location Determinands Frequency Standard/method 
Attenuation pond Metals (As, Cd, Cr, 

Cu, Hg, Ni, Pb, Sb, 
Zn) chloride, 
fluoride, sulphate, 
phenol, PAH, BTEX 

During development 
Quarterly sample 
Post development 
Quarterly for 1 year 
Then yearly for 5 years 

Spot sample. 
Sampling in 
accordance with EA 
technical guidance 
M18. 

Central drain, western 
and eastern ditches, 
Datchet Common 
Brook 

Pre-start 
One sample 
During development 
Monthly - visual inspection 
Quarterly sample 
Post development 
Quarterly sample for 1 year 
Then yearly for 5 years 

 

5.4. Rogue Load Assessment 
5.4.1. Methodology 
 

To assess the potential impact of accepting rogue loads on site, a Consim model has been 
used.  This model considers the area of site to the west of the central drain, where there is little 
evidence of former landfilling of wastes.  A base model establishing the impact when waste 
accepted on site all complies with the inert WAC leachate concentration has been produced: 
model name Wexham Base Model. The potential import of hydrocarbons is controlled by total 
rather than leachable concentrations within the soil at inert waste acceptance criteria.  It is 
assumed the inert soils concentrations will not release hydrocarbons at concentrations above 
the UKDWS.  Therefore, within the normal operating scenario hydrocarbons are represented 
by benzene at the WHO limit for hydrocarbon range EC5 – EC6 in drinking water (in the 
absence of a UKDWS), which is also the EQS and benzo(a)pyrene / benzo 3,4 pyrene at the 
UKDWS limit for total polyaromatic hydrocarbons (PAHs).   
 
The base model is used as a starting point for the rogue load assessment.  This is to show that 
if the Importation Protocol is followed, there will be no exceedance of the EAL at the 
designated receptor.  The leachate concentrations are then raised iteratively to determine 
whether an increase in leachate concentration as a result of accepting a rogue load would 
impact on the site’s receptors. 
 
The resulting concentrations of leachate, after seepage through the unsaturated zone and 
flow within the groundwater to the downgradient boundary, are assessed at the 95th 
percentile.  They are compared with the EAL, which is taken to be the EQS at the point of 
assessment, as it is assumed a surface water receptor may be encountered just downgradient 
of the site boundary.  The point of assessment within the model is taken to be the Consim 
default receptor on the downgradient boundary of the site. 
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5.4.2. Sensitivity Analysis 
 

In conjunction with the base model the sensitivity of the Consim model is examined.  The 
principal unknown for the site is the hydraulic conductivity of the natural strata.  Two sensitivity 
models have been run: one with increased and one with decreased hydraulic conductivity.  An 
increase of half an order of magnitude is applied to both the unsaturated and saturated zone.  
The decrease applied is also half an order of magnitude to both saturated and unsaturated 
zones.  A further parameter considered in the sensitivity analysis is the hydraulic gradient.  This 
is increased to 0.015 and decreased to 0.005 in two further sensitivity analyses. 
 
5.4.3. Quantification of Rogue Loads 
 
Having established that the site, under normal operating conditions and waste acceptance 
procedures, does not impact upon the surface waters downgradient, the Consim model is 
used iteratively to determine what increases in site wide leachate concentrations could be 
tolerated without causing impact above the EAL.  In reality a rogue load would only affect a 
discrete area of the site, rather than the whole volume of fill.   
 
Two models have been produced.  In the first the concentrations of the leachate are raised to 
that of the Co concentration (2003/33/EC), which is a worst case leachate assessment for inert 
waste: model name Wexham RLA1.  In some instances, a value higher than inert WAC but 
lower than the Co value has been used in model iterations.  This is to ensure there are no 
exceedances of the EQS for a period of less than 2000 years.  Results show that all 
determinands can be increased above the inert WAC concentration. 
 
A second rogue load model is also produced: Wexham RLA2, in which the leachate 
concentrations entered are increased above the Co value where possible, without giving rise 
to exceedances of the EQS in  a period less than 2000 years.  Iterations using 2 times and 10 
times the Co concentration are examined, to determine which of these increases may still be 
acceptable.  The model summary is presented in Table 9. 
 
Table 9: Model Log 

Model Name Scenario 
Wexham Base Model Normal operations. Waste acceptance procedures adhered to 
Sensitivity 1 Hydraulic conductivity of aquifer and unsaturated zone increased by half an 

order of magnitude 
Sensitivity 2 Hydraulic conductivity of aquifer and unsaturated zone decreased by half 

an order of magnitude 
Sensitivity 3 Hydraulic gradient increased to 0.015 
Sensitivity 4 Hydraulic gradient decreased to 0.005 
RLA1 Rogue Load Assessment. Leachate increase to Co concentration 
RLA2 Rogue Load Assessment. Leachate increase x 10, or nearest acceptable 

increase 
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5.4.4. Input Parameters 
 

The chemical input parameters are presented in Table 10.  The remaining input parameters 
for the Consim assessment are presented in Table 11. 
 
Table 10: Chemical Inputs 

Determinand Co value  
2.1.2.1 
2003/33
/EC 
(mg/l) 

Partition 
coefficient 

(ml/g): Source 

Partition 
coefficient (ml/g): 

Natural 

Solubility 
(mg/l) 

Henry’s 
Law 

constant 
(unitless) 

Half life 
aerobic 
(years) 

Antimony 0.1 Uni (45,550) 2 Uni (45,550) 2 - - - 
Arsenic (total) 0.06 117 1 Uni (117, 249.5) 1 - - - 
Benzene 0.01 4 0.57  1 0.57  1 1780 1 0.224 1 0.03 – 

0.27 1  
Benzo(a)pyrene 0.0001 5 129000 3 129000 3 0.0038 3 1.76e-6 3 - 
Cadmium (total) 0.02 240 1 Uni (74, 222.2) 1 - - - 
Chloride (total) 460 0 0 - - - 
Chromium 
(total) 

0.1 35 1 Uni (67, 965.6) 1 - - - 

Copper 0.6 295 1 Uni (126.8, 295) 1    
Fluoride (total) 2.5 0.8 1 0.8 1 - - - 
Lead (total) 0.15 270 1 Uni (270, 434.6) 1 - - - 
Mercury 
(inorganic) 

0.002 
450 1 Uni (450, 3835.4) 1 - - - 

Nickel (total) 0.12 66 1 400 1 - - - 
Phenol 0.3 0.22 1 0.22 - 1.89e-5 - 
Sulphate as SO4 1500 0 0 - - - 
Zinc 1.2 26 1 200 1    

 

1 = Consim Help File 
2 = US EPA : 1996 : Soil Screening Guidelines: Technical Background Document 
3 = Environment Agency : 2008 :  Science Report SC050021/SR7, Compilation of Data for Priority Organic Pollutants 
for Derivation of Soil Guideline Values. 
4 = EQS used for benzene as initial control 
5 = UKDWS for PAH used as initial control 
 
Table 11: General Input Parameters 

Parameter Unit Value Source 

Fill: Source 1 

Dry Bulk Density g/m3 Uni (1.15, 1.25) Assumed for inert waste 

Moisture content % 15 Conservatively high for inerts 

Particle density g/cm3 2.65 Assumed 

Porosity fraction Calculated by model  

Thickness m Tri (0.5, 3, 5) Site profile contours 
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Parameter Unit Value Source 

Infiltration mm/yr Normal (190, 19) Effective rainfall  

Fraction of organic 
carbon 

% 0.5 Conservative 

Unsaturated Zone 

Thickness m 1 
Conservative based on depth of 
ditches 

Water filled porosity fraction 0.2 Assumed for fine sand 

Dry Bulk Density g/cm3 1.8 Assumed for fine sand 

Unsaturated 
conductivity 

m/s LogTri (5e-8, 5e-7, 5e-6) 
Very clayey slightly gravelly SAND to 
very sandy slightly gravelly CLAY 

Vertical dispersivity m 0.01 1% of minimum thickness 

    

Aquifer Pathway 

Thickness m Tri (1, 2, 3) Borehole logs 

Dry Bulk Density g/cm3 1.8 Assumed for fine sand 

Mixing zone thickness 
m Tri (1, 2, 3) Limited to uppermost permeable 

horizon 

Hydraulic conductivity m/s 
LogTri (1e-7, 1e-6, 1e-5) Very clayey slightly gravelly SAND to 

very sandy slightly gravelly CLAY 

Effective porosity fraction 0.3 Assumed for fine sand 

Hydraulic gradient 
- 0.01 4m fall over 400 m based on 

topography 

Longitudinal 
dispersivity 

m 0.5 
Assumed for short pathway length 

Lateral dispersivity m 0.05 Assumed for short pathway length 

 
5.4.5. Assessment of Results 
 

All results have been assessed at the 95th percentile downgradient of the discharge at the 
Consim default receptor.   
 
The results are presented in Table 13 and indicate that under normal operation of the site all 
determinands are lower than the EAL at the point of assessment. 
 
The results of the sensitivity analysis show very little difference in most parameters for changes 
in hydraulic conductivity of the natural ground.  Cadmium does breakthrough sooner with an 
increase in hydraulic conductivity, suggesting attenuation potential is reduced and this is a 
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significant factor for cadmium.  Zinc breaks through sooner with a lower hydraulic 
conductivity, suggesting dilution is a significant factor for zinc. 
 
For changes in hydraulic gradient there is little change in results.  The exceptions are cadmium, 
which breaks through quicker with a higher hydraulic gradient and copper, which shows a 
slightly delayed breakthrough with a decrease in hydraulic gradient. 
 
The rogue load assessment models have determined that it is possible to increase the leachate 
concentration of all determinands to varying degrees without exceedance of the EAL for a 
minimum of 2000 years.  The results are shown below in Table 12.  For many metals it will be 
possible to increase the leachate concentration by more than 10 times the Co value without 
exceedance of the EQS at the receptor. 
 
Table 12: Increases in leachate concentration from rogue load assessment 

Determinand Increase in inert WAC 
equivalent leachabilty 

without causing 
exceedance of EAL at point 

of assessment for a 
minimum of 2000 years 

Actual leachate 
concentration modelled 

(mg/l) 

Antimony 10 x Co 1 
Arsenic 10 x Co 0.6 
Benzene 10 x EQS 0.1 
Benzo (a) pyrene 10 x UKDWS 0.001 
Cadmium 2 x equivalent leachability 0.008 
Chloride 10 x Co 4600 
Chromium 10 x Co 1 
Copper 10 x Co 6 
Fluoride 2 x equivalent leachability 2 
Lead 10 x Co 1.5 
Mercury 10 x Co 0.02 
Nickel 10 x Co 1.2 
Phenol 3 x Co 0.9 
Sulphate 5 x Co 7500 
Zinc 10 x Co 12 

 

Table 12 also confirms that with a leachable concentration of 4600mg/l chloride and 
7500mg/l of sulphate across the entire site, there is a low likelihood of impact to the receptor.  
This suggests, in addition to the notes in 2003/33/EC on differing limits for chloride and 
sulphate discussed in section 4.2.1, there can be some tolerance in the leachable limits for 
these substances above the inert WAC.  It is proposed that the leachable limit for chloride is 
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set at the UKDWS.  For sulphate it is proposed that 600mg/l is used as the leachable limit.  
This is the equivalent leachability for the higher 6000 mg/kg at L/S = 10 l/kg proposed in 
2003/33/EC. 
 

5.5. Hydrocarbon Assessment 
 

The Consim model has assessed the impact from the site in terms of the potential leachate 
concentrations produced by the waste.  It is generally understood that soil leaching tests for 
hydrocarbons are unreliable.  Therefore, in an additional stage of assessment, the Environment 
Agency’s remedial target worksheet, P20, has been used to assess the site-specific tolerances 
for importing non-hazardous soils with a hydrocarbon content slightly above the inert WAC of 
500mg/kg.  The aliphatic and aromatic hydrocarbon fractions are examined separately to 
determine whether it would be possible to import up to 700mg/kg TPH.  This would be strictly 
limited to fractions of C10 – C40. 
 
Chemical input parameters are presented in Table 14.  The modelled hydrocarbon fractions 
are those which are soluble enough to exceed the WHO guideline value for drinking water of 
0.09 mg/l for the aromatic fractions and 0.3mg/l for the aliphatic fractions. The higher fractions 
are the least soluble.   The general input parameters are presented in Table 15. 
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Table 13: Results (mg/l) 
 

Determinand Wexham Base 
Model 

Sensitivity 1: 
increased hc 
of natural 

Sensitivity 2: 
decreased hc 
of natural 

Sensitivity 3: 
hydraulic 
gradient 
increased: 
0.015 

Sensitivity 4: 
hydraulic 
gradient 
decreased 
0.005 

RLA 1 
Conc’n or nearest 
equivalent 

RLA 2 
10 x Co conc’n 
or nearest 
equivlent 

Antimony 0.0048 0.0047 0.005 0.0047 0.0049 0 for 2000 yrs 0 for 2000 yrs 

Arsenic 0.035 0.032 0.034 0.034 0.035 0.042 0 for 2000 yrs 

Benzene 0.0025 0.0022 0.0024 0.0023 0.0024 0.0024 0.024 

Benzo(a) pyrene < 1e-8 <1e-8 <1e-8 1e-8 1e-8 1e-8 1e-8 

Cadmium 0 for 2000 yrs 0 for 1000 yrs 
Max= 0.003 

0 for 2000 yrs 0 for 1000 yrs 
Max= 0.003 

0 for 2000 yrs 
Max= 0.003 

0 for 2000 yrs 
(source. = 0.008) 

0 for 2000 yrs 
(source = 0.008) 

Chloride 2.7 2.24 2.3 2.5 2.4 13.5 136 

Chromium 0 for 3000 yrs 0 for 3000 yrs 0 for 3000 yrs 0 for 3000 yrs 0 for 3000 yrs 0 for 3000 yrs 0 for 3000 yrs 

Copper 0 for 2000 yrs 0 for 2000 yrs 0 for 2000 yrs 0 for 2000 yrs 0 for 3000 yrs 0 for 2000 yrs 0 for 2000 yrs 

Fluoride 0.77 0.76 0.79 0.77 0.77 1.5 (source = 2) 1.5 (source = 2) 

Lead 0 for 3000 yrs 0 for 3000 yrs 0 for 3000 yrs 0 for 3000 yrs 0 for 3000 yrs 0 for 3000 yrs 0 for 3000 yrs 

Mercury <1e-8 < 1e-8 <1e-8 <1e-8 <1e-8 <1e-8 <1e-8 

Nickel 0 for 3000 yrs 0 for 3000 yrs 0 for 3000 yrs 0 for 3000 yrs 0 for 3000 yrs 0 for 3000 yrs 0 for 3000 yrs 

Phenol 0.00086 0.00079 0.00086 0.00076 0.00086 0.0024 0.0073 –   
(source = 0.9) 

Sulphate 3.2 2.95 2.95 2.95 3.2 44 216 (source = 
7500) 

Zinc 0 for 3000 yrs 0 for 3000 yrs 0 for 2000 yrs 0 for 2000 yrs 0 for 3000 yrs 0 for 3000 yrs 0 for 3000 yrs 
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Table 14: Chemical Input Parameters for P20 Hydrocarbon Assessment 
Parameter Koc Henry’s law 

constant 
(unitless) 

solubility Reference Half life 
(days) 1 

EAL = 
WHO, 
CL:AIRE 
2017  2 
(mg/l) 

Aliphatic C10 – C12 2.51e5 120 0.053 TPHCWG 1825 0.3 
Aliphatic C12 – C16 5.01e6 520 3.5e-4 TPHCWG 1825 -  
Aromatic C10-C12 2510 0.14 25 TPHCWG 1825 0.09 
Aromatic C12-C16 5010 0.053 5.8 TPHCWG 1825 0.09 
Aromatic C16 – C21 1.58e4 0.013 5.1e-1 TPHCWG 3650 0.09 
Aromatic C21 – C35  1.26e5 6.7e-4 6.6e-3 TPHCWG 3650 - 
       
 Not soluble enough to exceed WHO guideline. Not modelled  

 
1 New Zealand Guidelines : 1999 : Modules. Guidelines for Assessing and Managing Petroleum Hydrocarbon 

Contaminated Sites in New Zealand. Ministry for the Environment, .New Zealand 
2 CL:AIRE: 2017: Petroleum Hydrocarbons in Groundwater: guidance on assessing petroleum hydrocarbons using 

existing hydrogeological risk assessment methodologies 

 
Table 15: General Input Parameters for P20 Hydrocarbon Assessment 

Parameter Unit Value Source 

Level 1 

Water filled soil porosity fraction 0.22 Assumed for made ground 
Air filled soil porosity fraction 0.14 Assumed for made ground 
Bulk density of soil g/cm3 1.2 Assumed for made ground 
Fraction of organic carbon fraction 0.005 Assumed for made ground 
Level 2 
Infiltration m/d 5.21e-4 Effective rainfall 
Area m2 900,000 Site plan 
Length of source in 
direction of groundwater 
flow 

m 300 Site plan 

Saturated aquifer 
thickness 

m 2 Borehole data 

Hydraulic conductivity of 
aquifer in which dilution 
occurs 

m/d 
8.64e-2 

 
Very clayey slightly gravelly SAND to 
very sandy slightly gravelly CLAY 

Hydraulic gradient of 
water table - 0.01 Site levels 

Width of contaminant 
source perpendicular to 
groundwater flow 

m 300 
Site Plan 

Mixing zone thickness m 2 Borehole data 
Level 3 
Bulk density of aquifer g/cm3 1.8 Assumed for clayey sand 
Effective porosity of 
aquifer 

fraction 0.3 
Clayey sand 

Distance to compliance m 5 Downgradient boundary of site 
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Parameter Unit Value Source 

point 
Fraction of organic carbon fraction 0.005 conservative 

 
The assessment shows that higher hydrocarbon fractions are not very soluble and therefore, 
of limited mobility in groundwater.  It will be possible to raise the mineral oil threshold to 
700mg/kg on a site-specific basis if this is restricted to hydrocarbons of chain length C10 and 
above and the lower aromatic fractions C10 to C21 are restricted to the concentrations given 
in Table 16. 

 
Table 16: Results of P20 Assessment 

Hydrocarbon range Remedial target mg/kg Remedial target mg/l 
Aliphatic C10 – C12 >1e6 >1e6 
Aromatic C10-C12 1.96 0.153 
Aromatic C12-C16 6.2 0.245 
Aromatic C16 – C21 32 0.404 
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6. Summary and Conclusions 
 
The suitability of the proposed scheme at Wexham Golf Club has been assessed qualitatively 
and quantitatively.  The site is above a secondary aquifer and is within within a groundwater 
source protection zone SPZ3.  The site is the subject of historical waste disposal licences and 
wastes up to 6m thick have been proven in the eastern third of the site.  The imported fill used 
to create the new golf course is considered to bring a net benefit to this poorly restored area 
of waste. 
 
The strict importation controls will limit material types and require both WAC analysis and 
leachability testing as presented in Tables 4 and 5 of this report.   
 
A rogue load assessment has demonstrated that there is tolerance within the acceptance 
criteria, such that an unknowing acceptance of a quantity of non-inert material will have a low 
likelihood to cause an unacceptable impact on the site’s receptors. 
 
Surface water drainage to the south of the site is perceived to be the most sensitive receptor. 
As the site has a former waste deposit it will be important to monitor conditions during and 
after placement of the fill.  A monitoring programme for surface water is proposed for up to 
five years, after which time the likelihood of further compression of and changes to the waste 
mass is considered to be negligible.   
 
The risk assessment has considered that the material imported to site will largely comply with 
the definition of inert waste and inert WAC will apply.  The following site-specific controls have 
been assessed as appropriate. 

 Where the inert WAC equivalent leachability is greater than the EQS, or for sites where 
there is no WAC data, the soil leachate must be assessed against the EQS. 

 For chloride and sulphate, leachate criteria higher than the WAC equivalent 
leachability have been determined appropriate, as given in Table 17. 

 The key leaching criteria, based on a surface water receptor at the site perimeter, are 
as given in Table 17. 

 The soils criteria for mineral oil can be raised to 700mg/kg on a site-specific basis for 
hydrocarbon fractions C10 and above, subject to the limitations on the lower aromatic 
fractions C10-C21 given in Table 16. 
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Table 17: Key Leaching Assessment Criteria 
Determinand Leachate Criteria (L:S 10:1 

leachate test) (ug/l) 

Environmental Assessment Level 

(EAL) 

Arsenic (total) 50 EQS 
Cadmium (total) 0.15 EQS 
Chloride  250,000 EQS 
Chromium (total) 4.7 EQS 
Copper 1 EQS 
Fluoride 1000 Equivalent leachability 
Lead (total) 1.2 EQS 
Mercury (inorganic) 0.07 EQS 
Nickel (total) 4 EQS 
Phenol 7.7 EQS 
Sulphate 

600,000 
Ref. to alternatives to SO4 in 

2003/33/EC 
Zinc 10.9 EQS 
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0 User specified value for partition coefficient
1 Calculate for non-polar organic chemicals

Level 3 - Soil See Note 0 Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source Enter method of defining partition co-efficient (using pull down list)
Calculated (relative) concentrations for 

Contaminant from Level 1 distance-concentration graph
Target Concentration CT 0.3 mg/l from Level 1

Dilution Factor DF 1.01E+00 from Level 2  
Entry if specify partition coefficient (option) Ogata Banks

Select analytical solution (click on brown cell below, then on pull-down menu) Soil water partition coefficient Kd 6.60E+01 l/kg From calculation sheet

Equations in HRA publication
Entry for non-polar organic chemicals (option)

Distance
Relative 
concentration Concentration

Fraction of organic carbon in aquifer foc 5.00E-03 fraction (No units) mg/l
Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc 2.51E+05 l/kg 0 1.0E+00 2.57E-01

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.3 3.90E-01 1.00E-01

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay) Sorption coefficient for related species Koc,n 0.00E+00 l/kg 0.5 1.52E-01 3.91E-02

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 0.8 5.93E-02 1.53E-02

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 1.0 2.31E-02 5.95E-03

Soil concentration as mg/kg Enter soil  concentration Co 330 mg/kg Acid dissociation constant pKa 0.00E+00 1.3 9.02E-03 2.32E-03
Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 1.83E+03 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 1.5 3.52E-03 9.05E-04

Calculated decay rate l 3.80E-04 days-1 calculated 1.8 1.37E-03 3.53E-04

Width of plume in aquifer at source Sz 3.00E+02 m from Level 2 Soil water partition coefficient Kd 1.26E+03 l/kg 2.0 5.35E-04 1.38E-04

Plume thickness in aquifer at source Sy 2.00E+00 m from Level 2 2.3 2.09E-04 5.37E-05

Bulk density of aquifer materials r 1.80E+00 g/cm3   Dispersivity based on Xu & Eckstein (1995) 2.5 8.14E-05 2.09E-05

Effective porosity of aquifer n 3.00E-01 fraction Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 2.8 3.17E-05 8.16E-06

Hydraulic gradient "i" 9.15E-01 fraction from Level 2 (adjusted) User defined values for dispersivity 3.0 1.24E-05 3.18E-06

0 Hydraulic conductivity of saturated aquifer K 8.64E-02 m/d from Level 2 3.3 4.83E-06 1.24E-06

Distance to compliance point x 5.00E+00 m Enter value Calc value Xu & Eckstein 3.5 1.88E-06 4.84E-07
Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 5.00E-01 3.50E-01 m 3.8 7.34E-07 1.89E-07
Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 5.00E-02 3.50E-02 m 4.0 2.86E-07 7.36E-08

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 5.00E-03 3.50E-03 m 4.3 1.12E-07 2.87E-08

Parameters values determined from options Note values of dispersivity must be > 0 4.5 4.35E-08 1.12E-08

Partition coefficient Kd 1.26E+03 l/kg see options 4.8 1.70E-08 4.37E-09
Longitudinal dispersivity ax 0.500 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)2.414 ; az = ax/10, ay = ax/100 are assumed 5.0 6.62E-09 1.70E-09

Transverse dispersivity az 0.050 m see options
Vertical dispersivity ay 0.005 m see options

Parameter values should be checked against Level 1 and 2
Note

Calculated Parameters Variable

Groundwater flow velocity v 2.63E-01 m/d
Retardation factor Rf 7.53E+03 fraction Ogata Banks

Decay rate used l 3.80E-04 d-1 Domenico - Steady state Note if contaminant is not subject to first order degradation, then set half life as 9.9E+99.
Hydraulic gradient used in aquifer flow down-gradient "i" 9.15E-01 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 3.50E-05 m/d
Ratio of Compliance Point to Source Concentration CED/C0 6.62E-09 fraction

Attenuation factor (CO/CED) AF 1.51E+08 fraction
Calculated soil leachate concentration Co 2.60E-01 mg/l Site being assessed: Wexham

Remedial Targets Completed by: Helen McDonnell
Level 3 Remedial Target  4.58E+07 mg/l For comparison with measured pore water concentration. Date: #######

Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration. Version: x.xx
5.81E+10 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 5 m assumes Level 1 Remedial Target calculated from soil-water
partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 6.62E-09 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals
TPH aliphatic C10 - C12

This worksheet should be used if pollutant transport and 
degradation is best described by a first order reaction.  If 
degradation is best desribed by an electron limited 
degradation such as oxidation by O2, NO3, SO4 etc than an 
alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 
with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 
position compared to the source concentration. The calculations assume 
plume disperses from the top of the aquifer. An alternative solution assuming 
the centre of the plume is located at the mid-depth of the aquifer is presented 
in the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 
based on the distance to the receptor or compliance located down hydraulic gradient of the 
source Three solution methods are included, the preferred option is Ogata Banks.By setting 
a long travel time (e.g. 9E99) it will give the steady state solution, which should always be 
used when calculating remedial targets.

Ogata Banks

Dispersivities 10%, 1%, 0.1% of pathway length

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay)

Soil concentration as mg/kg
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Aliphatic C10-C12



0 User specified value for partition coefficient
1 Calculate for non-polar organic chemicals

Level 3 - Soil See Note 0 Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source Enter method of defining partition co-efficient (using pull down list)
Calculated (relative) concentrations for 

Contaminant from Level 1 distance-concentration graph
Target Concentration CT 0.09 mg/l from Level 1

Dilution Factor DF 1.01E+00 from Level 2  
Entry if specify partition coefficient (option) Ogata Banks

Select analytical solution (click on brown cell below, then on pull-down menu) Soil water partition coefficient Kd 6.60E+01 l/kg From calculation sheet

Equations in HRA publication
Entry for non-polar organic chemicals (option)

Distance
Relative 
concentration Concentration

Fraction of organic carbon in aquifer foc 5.00E-03 fraction (No units) mg/l
Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc 2.51E+03 l/kg 0 1.0E+00 3.88E+01

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.3 9.74E-01 3.78E+01

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay) Sorption coefficient for related species Koc,n 0.00E+00 l/kg 0.5 9.49E-01 3.68E+01

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 0.8 9.25E-01 3.59E+01

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 1.0 9.01E-01 3.49E+01

Soil concentration as mg/kg Enter soil  concentration Co 500 mg/kg Acid dissociation constant pKa 0.00E+00 1.3 8.77E-01 3.40E+01
Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 1.83E+03 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 1.5 8.55E-01 3.32E+01

Calculated decay rate l 3.80E-04 days-1 calculated 1.8 8.33E-01 3.23E+01

Width of plume in aquifer at source Sz 3.00E+02 m from Level 2 Soil water partition coefficient Kd 1.26E+01 l/kg 2.0 8.11E-01 3.15E+01

Plume thickness in aquifer at source Sy 2.00E+00 m from Level 2 2.3 7.90E-01 3.07E+01

Bulk density of aquifer materials r 1.80E+00 g/cm3   Dispersivity based on Xu & Eckstein (1995) 2.5 7.70E-01 2.99E+01

Effective porosity of aquifer n 3.00E-01 fraction Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 2.8 7.50E-01 2.91E+01

Hydraulic gradient "i" 9.15E-01 fraction from Level 2 (adjusted) User defined values for dispersivity 3.0 7.31E-01 2.83E+01

0 Hydraulic conductivity of saturated aquifer K 8.64E-02 m/d from Level 2 3.3 7.12E-01 2.76E+01

Distance to compliance point x 5.00E+00 m Enter value Calc value Xu & Eckstein 3.5 6.94E-01 2.69E+01
Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 5.00E-01 3.50E-01 m 3.8 6.76E-01 2.62E+01
Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 5.00E-02 3.50E-02 m 4.0 6.58E-01 2.55E+01

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 5.00E-03 3.50E-03 m 4.3 6.41E-01 2.49E+01

Parameters values determined from options Note values of dispersivity must be > 0 4.5 6.25E-01 2.42E+01

Partition coefficient Kd 1.26E+01 l/kg see options 4.8 6.09E-01 2.36E+01
Longitudinal dispersivity ax 0.500 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)2.414 ; az = ax/10, ay = ax/100 are assumed 5.0 5.93E-01 2.30E+01

Transverse dispersivity az 0.050 m see options
Vertical dispersivity ay 0.005 m see options

Parameter values should be checked against Level 1 and 2
Note

Calculated Parameters Variable

Groundwater flow velocity v 2.63E-01 m/d
Retardation factor Rf 7.63E+01 fraction Ogata Banks

Decay rate used l 3.80E-04 d-1 Domenico - Steady state Note if contaminant is not subject to first order degradation, then set half life as 9.9E+99.
Hydraulic gradient used in aquifer flow down-gradient "i" 9.15E-01 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 3.45E-03 m/d
Ratio of Compliance Point to Source Concentration CED/C0 5.93E-01 fraction

Attenuation factor (CO/CED) AF 1.69E+00 fraction
Calculated soil leachate concentration Co 3.92E+01 mg/l Site being assessed: Wexham

Remedial Targets Completed by: Helen McDonnell
Level 3 Remedial Target  1.53E-01 mg/l For comparison with measured pore water concentration. Date: #######

Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration. Version: x.xx
1.96E+00 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 5 m assumes Level 1 Remedial Target calculated from soil-water
partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 5.93E-01 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay)

Soil concentration as mg/kg

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals
TPH aromatic C10 - C12

This worksheet should be used if pollutant transport and 
degradation is best described by a first order reaction.  If 
degradation is best desribed by an electron limited 
degradation such as oxidation by O2, NO3, SO4 etc than an 
alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 
with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 
position compared to the source concentration. The calculations assume 
plume disperses from the top of the aquifer. An alternative solution assuming 
the centre of the plume is located at the mid-depth of the aquifer is presented 
in the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 
based on the distance to the receptor or compliance located down hydraulic gradient of the 
source Three solution methods are included, the preferred option is Ogata Banks.By setting 
a long travel time (e.g. 9E99) it will give the steady state solution, which should always be 
used when calculating remedial targets.

Ogata Banks

Dispersivities 10%, 1%, 0.1% of pathway length
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Aromatic C10-C12



0 User specified value for partition coefficient
1 Calculate for non-polar organic chemicals

Level 3 - Soil See Note 0 Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source Enter method of defining partition co-efficient (using pull down list)
Calculated (relative) concentrations for 

Contaminant from Level 1 distance-concentration graph
Target Concentration CT 0.09 mg/l from Level 1

Dilution Factor DF 1.01E+00 from Level 2  
Entry if specify partition coefficient (option) Ogata Banks

Select analytical solution (click on brown cell below, then on pull-down menu) Soil water partition coefficient Kd 6.60E+01 l/kg From calculation sheet

Equations in HRA publication
Entry for non-polar organic chemicals (option)

Distance
Relative 
concentration Concentration

Fraction of organic carbon in aquifer foc 5.00E-03 fraction (No units) mg/l
Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc 5.01E+03 l/kg 0 1.0E+00 1.96E+01

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.3 9.52E-01 1.86E+01

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay) Sorption coefficient for related species Koc,n 0.00E+00 l/kg 0.5 9.06E-01 1.77E+01

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 0.8 8.62E-01 1.69E+01

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 1.0 8.20E-01 1.61E+01

Soil concentration as mg/kg Enter soil  concentration Co 500 mg/kg Acid dissociation constant pKa 0.00E+00 1.3 7.80E-01 1.53E+01
Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 1.83E+03 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 1.5 7.43E-01 1.45E+01

Calculated decay rate l 3.80E-04 days-1 calculated 1.8 7.07E-01 1.38E+01

Width of plume in aquifer at source Sz 3.00E+02 m from Level 2 Soil water partition coefficient Kd 2.51E+01 l/kg 2.0 6.72E-01 1.32E+01

Plume thickness in aquifer at source Sy 2.00E+00 m from Level 2 2.3 6.40E-01 1.25E+01

Bulk density of aquifer materials r 1.80E+00 g/cm3   Dispersivity based on Xu & Eckstein (1995) 2.5 6.09E-01 1.19E+01

Effective porosity of aquifer n 3.00E-01 fraction Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 2.8 5.79E-01 1.14E+01

Hydraulic gradient "i" 9.15E-01 fraction from Level 2 (adjusted) User defined values for dispersivity 3.0 5.51E-01 1.08E+01

0 Hydraulic conductivity of saturated aquifer K 8.64E-02 m/d from Level 2 3.3 5.25E-01 1.03E+01

Distance to compliance point x 5.00E+00 m Enter value Calc value Xu & Eckstein 3.5 4.99E-01 9.78E+00
Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 5.00E-01 3.50E-01 m 3.8 4.75E-01 9.31E+00
Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 5.00E-02 3.50E-02 m 4.0 4.52E-01 8.86E+00

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 5.00E-03 3.50E-03 m 4.3 4.30E-01 8.43E+00

Parameters values determined from options Note values of dispersivity must be > 0 4.5 4.09E-01 8.02E+00

Partition coefficient Kd 2.51E+01 l/kg see options 4.8 3.90E-01 7.63E+00
Longitudinal dispersivity ax 0.500 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)2.414 ; az = ax/10, ay = ax/100 are assumed 5.0 3.71E-01 7.26E+00

Transverse dispersivity az 0.050 m see options
Vertical dispersivity ay 0.005 m see options

Parameter values should be checked against Level 1 and 2
Note

Calculated Parameters Variable

Groundwater flow velocity v 2.63E-01 m/d
Retardation factor Rf 1.51E+02 fraction Ogata Banks

Decay rate used l 3.80E-04 d-1 Domenico - Steady state Note if contaminant is not subject to first order degradation, then set half life as 9.9E+99.
Hydraulic gradient used in aquifer flow down-gradient "i" 9.15E-01 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 1.74E-03 m/d
Ratio of Compliance Point to Source Concentration CED/C0 3.71E-01 fraction

Attenuation factor (CO/CED) AF 2.70E+00 fraction
Calculated soil leachate concentration Co 1.98E+01 mg/l Site being assessed: Wexham

Remedial Targets Completed by: Helen McDonnell
Level 3 Remedial Target  2.45E-01 mg/l For comparison with measured pore water concentration. Date: #######

Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration. Version: x.xx
6.20E+00 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 5 m assumes Level 1 Remedial Target calculated from soil-water
partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 3.71E-01 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals
TPH aromatic C12-C16

This worksheet should be used if pollutant transport and 
degradation is best described by a first order reaction.  If 
degradation is best desribed by an electron limited 
degradation such as oxidation by O2, NO3, SO4 etc than an 
alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 
with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 
position compared to the source concentration. The calculations assume 
plume disperses from the top of the aquifer. An alternative solution assuming 
the centre of the plume is located at the mid-depth of the aquifer is presented 
in the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 
based on the distance to the receptor or compliance located down hydraulic gradient of the 
source Three solution methods are included, the preferred option is Ogata Banks.By setting 
a long travel time (e.g. 9E99) it will give the steady state solution, which should always be 
used when calculating remedial targets.

Ogata Banks

Dispersivities 10%, 1%, 0.1% of pathway length

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay)

Soil concentration as mg/kg
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0 User specified value for partition coefficient
1 Calculate for non-polar organic chemicals

Level 3 - Soil See Note 0 Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source Enter method of defining partition co-efficient (using pull down list)
Calculated (relative) concentrations for 

Contaminant from Level 1 distance-concentration graph
Target Concentration CT 0.09 mg/l from Level 1

Dilution Factor DF 1.01E+00 from Level 2  
Entry if specify partition coefficient (option) Ogata Banks

Select analytical solution (click on brown cell below, then on pull-down menu) Soil water partition coefficient Kd 6.60E+01 l/kg From calculation sheet

Equations in HRA publication
Entry for non-polar organic chemicals (option)

Distance
Relative 
concentration Concentration

Fraction of organic carbon in aquifer foc 5.00E-03 fraction (No units) mg/l
Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc 1.58E+04 l/kg 0 1.0E+00 2.62E+02

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.3 9.28E-01 2.43E+02

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay) Sorption coefficient for related species Koc,n 0.00E+00 l/kg 0.5 8.62E-01 2.26E+02

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 0.8 8.00E-01 2.10E+02

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 1.0 7.42E-01 1.95E+02

Soil concentration as mg/kg Enter soil  concentration Co 21000 mg/kg Acid dissociation constant pKa 0.00E+00 1.3 6.89E-01 1.81E+02
Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 3.65E+03 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 1.5 6.39E-01 1.68E+02

Calculated decay rate l 1.90E-04 days-1 calculated 1.8 5.94E-01 1.56E+02

Width of plume in aquifer at source Sz 3.00E+02 m from Level 2 Soil water partition coefficient Kd 7.90E+01 l/kg 2.0 5.51E-01 1.45E+02

Plume thickness in aquifer at source Sy 2.00E+00 m from Level 2 2.3 5.11E-01 1.34E+02

Bulk density of aquifer materials r 1.80E+00 g/cm3   Dispersivity based on Xu & Eckstein (1995) 2.5 4.75E-01 1.25E+02

Effective porosity of aquifer n 3.00E-01 fraction Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 2.8 4.41E-01 1.16E+02

Hydraulic gradient "i" 9.15E-01 fraction from Level 2 (adjusted) User defined values for dispersivity 3.0 4.09E-01 1.07E+02

0 Hydraulic conductivity of saturated aquifer K 8.64E-02 m/d from Level 2 3.3 3.80E-01 9.96E+01

Distance to compliance point x 5.00E+00 m Enter value Calc value Xu & Eckstein 3.5 3.52E-01 9.24E+01
Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 5.00E-01 3.50E-01 m 3.8 3.27E-01 8.58E+01
Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 5.00E-02 3.50E-02 m 4.0 3.04E-01 7.96E+01

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 5.00E-03 3.50E-03 m 4.3 2.82E-01 7.39E+01

Parameters values determined from options Note values of dispersivity must be > 0 4.5 2.62E-01 6.86E+01

Partition coefficient Kd 7.90E+01 l/kg see options 4.8 2.43E-01 6.37E+01
Longitudinal dispersivity ax 0.500 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)2.414 ; az = ax/10, ay = ax/100 are assumed 5.0 2.25E-01 5.91E+01

Transverse dispersivity az 0.050 m see options
Vertical dispersivity ay 0.005 m see options

Parameter values should be checked against Level 1 and 2
Note

Calculated Parameters Variable

Groundwater flow velocity v 2.63E-01 m/d
Retardation factor Rf 4.75E+02 fraction Ogata Banks

Decay rate used l 1.90E-04 d-1 Domenico - Steady state Note if contaminant is not subject to first order degradation, then set half life as 9.9E+99.
Hydraulic gradient used in aquifer flow down-gradient "i" 9.15E-01 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 5.54E-04 m/d
Ratio of Compliance Point to Source Concentration CED/C0 2.25E-01 fraction

Attenuation factor (CO/CED) AF 4.44E+00 fraction
Calculated soil leachate concentration Co 2.65E+02 mg/l Site being assessed: Wexham

Remedial Targets Completed by: Helen McDonnell
Level 3 Remedial Target  4.04E-01 mg/l For comparison with measured pore water concentration. Date: #######

Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration. Version: x.xx
3.20E+01 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 5 m assumes Level 1 Remedial Target calculated from soil-water
partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 2.25E-01 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.
The recommended value for time when calculating the remedial target is 9.9E+99

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals
TPH aromatic C16-21

This worksheet should be used if pollutant transport and 
degradation is best described by a first order reaction.  If 
degradation is best desribed by an electron limited 
degradation such as oxidation by O2, NO3, SO4 etc than an 
alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 
with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 
position compared to the source concentration. The calculations assume 
plume disperses from the top of the aquifer. An alternative solution assuming 
the centre of the plume is located at the mid-depth of the aquifer is presented 
in the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 
based on the distance to the receptor or compliance located down hydraulic gradient of the 
source Three solution methods are included, the preferred option is Ogata Banks.By setting 
a long travel time (e.g. 9E99) it will give the steady state solution, which should always be 
used when calculating remedial targets.

Ogata Banks

Dispersivities 10%, 1%, 0.1% of pathway length

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay)

Soil concentration as mg/kg
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