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Executive Summary 

Proposed Development 

A residential development is proposed.  

Investigation 

A ground investigation was undertaken by Geotechnical Engineering Ltd during 2017 and this has 

been supplemented by investigation works undertaken by Enzygo Geoenvironmental during April 

2019.  

Ground Conditions 

Ground conditions comprise 3m of Made Ground and soft, locally firm clay over medium dense sand 

and gravel. Groundwater was encountered at depths of between 2.06m and 2.72m bgl. 

Contamination 

Contamination was identified and remediation is proposed comprising cover soils to soft landscape 

areas and limited removal. 

Foundations 

Piled foundations or ground improvement using vibro granular columns are recommended. 

Pavement Design 

An equilibrium CBR value of 15% is considered appropriate with removal of localised soft spots 

following proof rolling. Soils are considered to be frost susceptible. 

Soakaway drainage is not considered feasible due to the variability of the soils. 

Buried Concrete 

It is considered that Class AC-2 conditions of Special Digest 1 can be used. 

Gas and Radon 

Gas protective measures should be installed to selected buildings. 
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1.0 INTRODUCTION 

Background  

1.1 Enzygo Limited has been commissioned to prepare a Geo-Environmental Report for a 

proposed residential development at Former Cox & Wyman Site, Cardiff Road, Reading, RG1 

8EX.  

Proposed Development  

1.2 The proposed development is shown on the Proposed Site Plan 24325-A/PP-P10-01 

prepared by Barton Willmore, which has been incorporated in to Drawing 

CRM.1265.013.GE.D.001. 

Objectives  

1.3 The objectives of the study are to:   

• Obtain desk study information and review existing site investigation report pertaining 

to the proposed development.  Copies of the desk study information and report are 

included within Appendix A;  

• Undertake a targeted ground investigation for the proposed development; 

• Assess the implications of any potential environmental risks, liabilities and 

development constraints associated with the site in relation to the future use of the 

site and in relation to off-site receptors; and 

• Provide a factual and interpretative report relating to the desk study and site 

investigations. Provide a revised conceptual model and recommendations on any 

potential development issues and mitigation measures, where appropriate. 

• Provide a remediation strategy, where appropriate; and 

• Provide geotechnical recommendations in relation to pavement construction. 

Risk Classification 

1.4 Enzygo has utilised the available information, together with our experience to assess the 

likely risks to development from land quality issues.  Definitions of the risk terms used are 

provided on the following table. 
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Risk Description 

Negligible No contamination risk has been identified which is likely to affect development.  

Low 
No significant contaminated land risks have been encountered affecting development 

and a low risk that remediation will be required.  

Low-Moderate 

There are unlikely to be significant contaminated land issue associated with the site 

which will adversely affect its re-development.  However, minor or localised 

contamination may be present requiring remediation.  Remediation should be possible 

under a discovery strategy and with a call out service. 

Moderate 

Some potential contaminated land risks have been encountered or identified which 

may affect re- development. The risks identified are unlikely to affect the entire site or 

preclude development.    Remediation is considered feasible as part of the development 

process and no further investigation is considered necessary. 

Moderate-High 

Some potentially significant contaminated land risks have been identified at the 

property that requires remediation. It is recommended that a separate remedial 

methodology is prepared supported by a site-specific risk assessment 

High 

Significant potential contaminated land risks have been identified and remediation is 

required supported by further intrusive ground investigation, risk assessment and 

remedial design. 

 

1.5 Where adverse risks from ground instability are identified these are discussed within the 

report. 
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2.0 SITE SETTING 

 Site Description  

Item Description 

Site Address Former Cox & Wyman Site, Cardiff Road, Reading, RG1 8EX. 

National Grid Reference 470940,174108 

Approximate Area 1.4 Ha 

Current Site Description 

2.1 The following site description has been compiled from the site inspection of the proposed 

development site undertaken by an experienced environmental consultant, together with 

current maps and aerial photographs. 

2.2 The site currently comprises a warehouse building consisting of masonry construction with 

cement bound asbestos cladding above and with a cement bound asbestos roof. Access to 

the building is via roller doors leading to Cardiff Road to the south. 

2.3 The building occupies almost all of the site and Is used for storage of film props. The building 

was noted to have a solid floor slab and no evidence of spillage or leakage was noted. 

2.4 An area of hardstanding is present to the east of the building using for storage and vehicle 

parking. A sub-station located within a brick built structure within the south eastern corner 

of the site. No evidence of any leakage or spillage was noted. 

2.5 A landscape buffer strip is present along the eastern site boundary separated from Addison 

Road to the east by a brick wall.  The landscape strip is vegetated with trees and bushes. 

2.6 No significant evidence of contamination was noted on or adjacent to the site. 

Surrounding Area 

2.7 Land uses surrounding the hotel site are summarised as follows: 

Direction Land Use 

South  Cardiff Road with residential use beyond. 

East Addison Road with residential use beyond. 

West  Meadow Road with residential and light commercial use beyond. 

North Milford Road with commercial use beyond. 
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3.0 SITE HISTORY 

3.1 A review of historical Ordnance Survey maps and information pertinent to the site of the 

proposed extension and within a 250m radius is summarised below:   

Potentially Contaminative Historical Land Use 

Map Edition Site Surrounding Area 

1877 
Field with 2 drainage ditches on 

site. 
Cardiff Road 0m S.  Fields 0m N, W & W. Malthouse 

150m E. 

1900 No significant change. No significant change. 

1912 Print Works 

Milford Road 0m W with residential development 
beyond. Meadow Road 0m N. Addison Road 0m E with 

residential development beyond. Residential 
development 10m S. Railway line with cutting 40m S. 

Timber yard 150m SE. Pond 90m W. 

1931 No significant change. 
Commercial building 10m N & 100m W. Engine shed 

200m SW. Pond no longer shown. 

1936 No significant change. No significant change. 

1956 No significant change. 
Works 10m N. Coal Yard 100m W. Timber yard now fire 

station. Malthouse now residential development.  

1969 Printing works enlarged. 
Engineering works 20m NW. Chemical works 100m NE. 

Depot 150m W. Engine shed no longer shown. 

1984 Works. Works and warehouse 20m N. 

1994 No significant change. Residential development 10m SE & 10m W. 

2002 No significant change. No significant change. 

2010 No significant change. No significant change. 

2014 No significant change. No significant change. 

3.2 There is a potential risk of contamination associated with the former printing works and 

works building on site.  Given the age this is considered a low risk. 

3.3 Industrial uses near to the site are considered to be too far from the site top pose a 

significant risk. 

3.4 No other significant risks are identified. 
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4.0 ENVIRONMENTAL SETTING 

  Ground Conditions 

4.1 The British Geological Survey (BGS) indicates that the site is underlain by the following 

geological sequence: 

Geological Unit Type Not Applicable Aquifer Classification 

Drift  Langley Silt Member.  Clay and Silt.  Unproductive. 

Solid. Lewes Nodular Chalk. Chalk. Principal. 

 

4.2  No Made Ground is identified on the site.   

4.2 No landslips are identified on site.   

4.4 Records of background soil chemistry for the site show no exceedances above GAC values 

for residential use. 

4.5 BGS borehole records on site confirm ground conditions as comprising 1.2m of Made 

Ground over gravels and Chalk. 

  Groundwater 

4.6 The recorded permeability of the drift geology is very low to low consistent with silt and clay. 

The recorded permeability of the solid geology is very high consistent with fracture flow 

within structured Chalk. Chalk weathers near surface to a lower permeability matrix 

dominant material. 

4.7 The Ground Sure Report indicates the site is not located within a Source Protection. 

4.8 There are four groundwater abstraction licenses pertaining to an abstraction well on site 

licenses for process, cooling and potable water supply.  These abstraction licenses are 

associated with the former printing works and will no longer be active following site re-

development.   

4.9 There are two other abstraction well within 500m of the site licenced for process water, the 

nearest being 271m west and not considered a significant receptor.  
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Coal Mining  

4.10 The  Groundsure report has identified that the site is not within an area of potential coal 

mining. 

 Non Coal Mining and Cavities  

4.11 No significant risk from non-coal mining workings are identified. 

4.12 No cavities are identified within 500m of the site. 

 Ground Workings 

4.13 Ground workings identified within 250m of the site are limited to the railway cutting 

identified from historical maps. No new risks are identified. 

 Hydrology 

4.14 There are no surface water courses on site.     

4.15 There are no surface water abstractions within 500m of the site. 

4.16 Environment Agency records show that the site is located partly within a Flood Risk Zone 2.    

 Radon Risk Potential  

4.17 The Groundsure GeoInsight Report indicates that the site is not situated within a Radon 

Affected Area and that Radon protective measures are not necessary. 

Natural Hazards Finding 

4.18 BGS information presented within the Groundsure report identified the following ground 

conditions: 

Hazard Risk Designation (Groundsure) 

Coal Mining None identified. 

Collapsible Ground Very Low. 

Compressible Ground Negligible. 

Ground Dissolution Very Low. 

Landslide Very Low. 

Running Sand Negligible. 

Swelling / Shrinking Clay Very Low. 
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4.19 There are no significant geotechnical risks. 

 Sensitive Land Uses 

4.20 The site is currently a commercial building of low sensitivity. 

4.21 English Heritage identifies no historical features on the site. 

 Environmental Sensitivity 

4.22 Overall the site is currently considered to be of low/moderate environmental sensitivity due 

to the following: 

• The underlying stratum is classified as an Unproductive Aquifer; 

• There are no surface water course on or adjacent to the site; 

• The site is not located within a source protection zone; 

• There is a groundwater abstraction well on site but this is likely to be 

decommissioned during site development works as it is associated with the former 

printing works. 

4.23 The proposed end use of the site is for a residential development.  As such future sensitivity, 

will be high for end users. 

 Industrial Land Uses 

4.24 Current industrial features within 250m of the site include the current works and substation.  

Industrial features off-site comprise light industrial and commercial uses which are  not 

considered to pose any significant risk to the proposed development. 

4.25 The Groundsure Report indicates that there are no current fuel stations within 250m of the 

site.  An obsolete fuel station is identified on site but there is no evidence of this from 

historical maps and it is dismissed as an error.  An obsolete fuel station is identified 130m 

west which is not considered a significant risk based on distance. 

4.26 Records indicate no high-pressure underground oil or gas pipelines within 250m of the site.   

4.27 No new risks are identified from the register of industrial land uses. 
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Regulatory Database 

4.28 The following information has been obtained from a commercially available environmental 

database. 

Environmental Permits, Incidents and 

Registers 

0 -250m 250-500m 
Details 

Site determined as contaminated land  
0 1 

PAH contamination in compost from 

ash 428m SW.  Not considered a risk. 

Authorised industrial processes  
0 2 

Organic chemicals 350m W and not 

considered a risk. 

Registered radioactive substances 0 0 Not applicable. 

Enforcements, prohibitions or 

prosecutions 
0 0 Not applicable. 

Pollution Incidents 0 10 

Nearest is Category 4 (No Impact) 

from oils 301m E.  Not considered a 

risk. No other risks identified. 

Consents issued under the Planning 

(Hazardous Substances) Act 1990 
0 0 Not Applicable. 

Control of Major Accident Hazard 

(COMAH)/ Notification of Installations 

Handling Hazardous Substances 

(NIHHS) sites  

0 0 Not Applicable. 

Records of Licensed Discharge 

Consents 
2 7 

Trade effluent discharges.  Nearest is 

183m S and not considered a risk. 

 

4.29 No significant risks are identified from the regulatory data base. 

 Landfill Sites and Waste Treatment Sites  

4.31 There are no current or historic landfills identified within 250m of the site.  

4.32 Waste facilities within 250m of the site are limited to a historic scrap yard 58m north and 

refuse yard 140m south. Neither are considered significant risks. 

4.33 No new risks are identified. 



 

    

 Page 9                                              Cardiff Road, Reading, RG1 8EX. 
           May 2019 

5.0 PREVIOUS INVESTIGATION 

General 

5.1 A ground investigation was undertaken by Geotechnical Engineering Ltd and a copy of the 

report, dated July 2017 is included in Appendix A. 

 Ground Investigation 

5.2 The ground investigation was undertaken between 24th April and 4th May 2017 based on 

findings of a desk study previously undertaken by Geotechnical Engineering Ltd.  A copy of 

the desk study has not been provided.  

5.3 The ground investigation comprised five boreholes (BH01 to BH05) advanced using dynamic 

sampling methods with  rotary cored follow on. Eight window sampler holes (WS01 to Ws08) 

were also advanced across the site. 

5.4 Soil samples were collected for chemical and geotechnical testing. 

5.5 Installations were placed within selected holes across the site to allow groundwater and 

ground gas monitoring to be undertaken during return visits.  

Ground and Groundwater Conditions 

5.6 Ground conditions encountered generally comprised Made Ground to depths of between 

1.4m and 2.9m below ground level (bgl) consisting of tarmac and concrete over brown 

gravelly sand and clay with fragments of brick, ash, concrete, glass and metal. 

5.7 Natural soils were noted to comprise brown soft and firm sandy clay consistent with Langley 

Silt Member over medium dense brown sand and flit gravel consistent with Kempton Park 

Gravels. 

5.8 Chalk was encountered at depths of between 7.25m and 7.7m bgl consisting of structureless 

Chalk (Dm and Dc) becoming structured chalk with depth.   

5.9 Groundwater was encountered as seepages at depths of between 3.09m and 4.0m bgl whilst 

advancing boreholes. Monitoring identified groundwater depths of between 2.06m and 

2.72m bgl. 
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Contamination 

5.10 No visual or olfactory evidence of contamination was noted and no significant putrescible 

material was encountered. 

5.11 Chemical testing of Made Ground identified elevated concentrations of Lead, Mercury, PAH, 

TPH and Asbestos. The screening value used for Mercury was elemental Mercury, which is 

not considered appropriate and the value recorded falls below the current GAC values. 

5.12 Chemical results from a groundwater sample were compared with EQS and Drinking Water 

Standards.  This identified elevated concentrations of Mercury only. 

5.13 No exceedance of human health or controlled water limits were identified for chlorinated 

solvents. 

5.14 Ground gas monitoring identified elevated Carbon Dioxide from Borehole WS01 only.  No 

other elevated ground gas and no flow was recorded. 

5.15 A remediation strategy was recommended along with use of ground gas protection 

measures to Characteristic Situation 2.  

Geotechnical Assessment 

5.16 Based on depth of Made Ground and presence of soft clays to depths of 3m across the site 

piled foundations were recommended with suspended ground floor slabs. 

5.17 It was recommended that buried concrete be designed to AC2 conditions based on soluble 

sulphate, pH and mobile groundwater conditions. 
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6.0 SUPPLEMENTARY INVESTIGATION 

 General 

6.1 The supplementary ground investigation was undertaken on 11th April 2019 comprising five 

window sampler boreholes (WS101 to WS103, WS105 and WS106) including installations 

within each borehole. 

6.2 Locations of exploratory holes advanced by Enzygo Geoenvironmental Limited are presented 

on Drawing CRM.1265.013.GE.D.001 overlain with the proposed layout.  

6.3 Exploratory holes were located to target proposed garden areas and also provide gas 

monitoring positions around Window Sampler Hole WS1 where elevated Carbon Dioxide was 

previously recorded. 

6.4 Representative soil samples were collected for chemical and geotechnical testing. Soil 

samples destined for chemical analysis were collected in appropriate containers provided by 

the analytical laboratory. Samples were stored in cool boxes prior to dispatch to the 

laboratory for analysis.  All samples were collected using appropriate sampling equipment 

that was cleaned at each sampling location. 

6.5 Generally samples were collected from Made Ground, which may contain potential 

inclusions of contaminating materials and also materials displaying evidence of potential 

contamination. 

6.6 In the absence of any evidence of contamination samples were collected near surface as this 

material is more likely to be contaminated by surface spillages and also will potentially be in 

contact with future residents. 

Ground Gas 

6.7 Return visits were undertaken to monitor standpipes for groundwater and ground gas.  

Installations were placed within boreholes.   

Laboratory Testing  

6.8 Samples for geotechnical testing were sent to the laboratories of I2, which is UKAS 

accredited, for the following analysis: 

• Laboratory California Bearing Ratio (CBR); 
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• Atterberg Limits Determinations; and  

6.9 Samples for chemical analysis were sent to the laboratories of I2 who are UKAS and MCERTS 

accredited.  Samples were tested for the CLEA metal suite, pH, sulphate, cyanide, phenols, 

speciated Polycyclic Aromatic Hydrocarbons (PAH), organic carbon, banded Total Petroleum 

Hydrocarbon (TPH) and asbestos screen. Two stage WAC tests were also undertaken to 

assist with waste classification. 

6.10 Chemical analysis was determined based on findings of the desk study and previous 

investigation works. 
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7.0 GROUND AND GROUNDWATER CONDITIONS 

 Summary of Ground and Groundwater Conditions  

7.1 Ground conditions from both the current and previous investigations are summarised below: 

Strata Summary Description Thickness (m) 

Made Ground . Tarmac and concrete over brown gravelly sand and clay 
with fragments of brick, ash, concrete, glass and metal. 

1.4 to 2.9 

Langley Silt. Soft and firm brown sandy clay 0 to 1.9 

Kempton Park Gravels Deposits. 
Medium dense brown sand and flit gravel. 4.4 to 5.4 

Lewes Nodular Chalk 

Geotechnical Engineering only). 

White structureless Chalk (Dm and Dc) becoming 
structured chalk with depth. 

>12.6 

   

Groundwater. Seepages (Geotechnical Engineering only). 1.5m to 3.1m bgl. 

7.2 Ground conditions encountered during both the earlier investigation by Geotechnical 

Engineering Ltd and by Enzygo Geoenvironmental Ltd are similar. Details of the ground and 

groundwater conditions encountered are summarised below: 

 Made Ground 

7.3 Made Ground encountered across the site and noted to comprise tarmac or concrete 

hardstanding over brown gravelly sand and clay with fragments of brick, ash, concrete, glass 

and metal. 

Langley Silt 

7.4 The Langley Silt Member was encountered below Made Ground in most of the exploratory 

holes and was noted to comprise soft and firm brown sandy clay. Where the Langley Silt 

Member was absent it was replaced with deeper Made Ground. 

Kempton Park Gravels  

7.5 The Kempton Park Gravels were encountered at depths of between 2.6m and 3.4m bgl 

across the site and were noted to comprise medium dense brown sand and flit gravel. 
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Lewes Nodular Chalk  

7.6 The Lewes Nodular Chalk Formation was only encountered in the deeper boreholes 

advanced by Geotechnical Engineering Ltd and were encountered at depths of between 

7.25m and 7.7m bgl. The Lewes Nodular Chalk was noted to comprise white structureless 

Chalk (Dm and Dc) becoming structured chalk with depth. 

Visual and Olfactory Evidence of Contamination  

7.7 No visual or olfactory evidence of contamination was encountered during either of the 

ground investigations. 

 Groundwater 

7.8 Groundwater was only encountered by Geotechnical Engineering Ltd at depths of between 

2.06m and 2.72m bgl.  Results of the monitoring undertaken by Enzygo Geoenvironmental 

Ltd are summarised below: 

Exploratory 
Hole 

Depth m(bgl) 

17.4.19 24.4.19 1.5.19 8.5.19   

WS101 2.71 2.75 Dry Dry   

WS102 2.24 2.55 2.52 2.42   

WS103 2.21 2.24 2.54 2.10   

WS105 Dry Dry Dry 2.35   

WS106 Dry Dry Dry Dry   

Ground Gas 

7.9 Results of the ground gas was monitored undertaken by Enzygo Geoenvironmental Ltd 

during return visits is summarised on the table below: 
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Exploratory 
Hole 

Atmos 
pressure 

(Mb) 

Flow 
(l/hr) 

CH4 CO2 O2 

Concentrati
on (%) 

GSV 
 (l/hr) 

Concentration 
(%) 

GSV 
(l/hr) 

Concentration 
(%) 

17.4.19 

WS101 1015 (S) <0.10 <0.10 <0.0001 2.2 <0.0021 18.8 

WS102 1015 (S) <0.10 <0.10 <0.0001 12.7 <0.0127 6.1 

WS103 1015 (S) <0.10 <0.10 <0.0001 2.7 <0.0027 18.5 

WS105 1015 (S) <0.10 <0.10 <0.0001 0.4 <0.0023 20.1 

WS106 1015 (S) <0.10 <0.10 <0.0001 0.7 <0.0015 20.6 

24.4.19 

WS101 988 (F) <0.10 <0.10 <0.0001 2.2 <0.0022 19.7 

WS102 988 (F) <0.10 <0.10 <0.0001 15.3 <0.0153 4.9 

WS103 988 (F) <0.10 <0.10 <0.0001 3.9 <0.0039 18.1 

WS105 988 (F) <0.10 <0.10 <0.0001 0.9 <0.0009 20.1 

WS106 988 (F) <0.10 <0.10 <0.0001 0.7 <0.0007 20.8 

1.5.19 

WS101 1015 (R) <0.10 <0.10 <0.0001 2.2 <0.0022 18.5 

WS102 1015 (R) <0.10 <0.10 <0.0001 15.7 <0.0157 3.5 

WS103 1015 (R) <0.10 <0.10 <0.0001 2.3 <0.0023 18.5 

WS105 1015 (R) <0.10 <0.10 <0.0001 0.6 <0.0006 20.5 

WS106 1015 (R) <0.10 <0.10 <0.0001 0.8 <0.0008 20.2 

8.5.19 

WS101 988 (F) <0.10 <0.10 <0.0001 2.2 <0.0022 18.9 

WS102 988 (F) <0.10 <0.10 <0.0001 14.7 <0.0147 4.6 

WS103 988 (F) <0.10 <0.10 <0.0001 0.3 <0.0003 20.5 

WS105 988 (F) <0.10 <0.10 <0.0001 0.5 <0.0005 21.1 

WS106 988 (F) <0.10 <0.10 <0.0001 0.9 <0.0009 20.4 

15.5.19 

WS101 1023 (S) <0.10 <0.10 <0.0001 2.3 <0.0023 19.0 

WS102 1023 (S) <0.10 <0.10 <0.0001 12.3 <0.0127 7.7 

WS103 1023 (S) <0.10 <0.10 <0.0001 2.5 <0.0025 17.9 

WS105 1023 (S) <0.10 <0.10 <0.0001 1.1 <0.0011 20.3 

WS106 1023 (S) <0.10 <0.10 <0.0001 0.6 <0.0006 20.7 

23.5.19 

WS101 1012 (R) <0.10 <0.10 <0.0001 2.1 <0.0021 18.3 

WS102 1012 (R) <0.10 <0.10 <0.0001 15.4 <0.0154 4.3 

WS103 1012 (R) <0.10 <0.10 <0.0001 0.2 <0.0002 20.3 

WS105 1012 (R) <0.10 <0.10 <0.0001 0.3 <0.0003 20.4 

WS106 1012 (R) <0.10 <0.10 <0.0001 0.8 <0.0008 20.1 
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8.0 CONTAMINATION ASSESSMENT 

 General 

8.1 An assessment of contamination data from the current investigation and previous 

investigation by Geotechnical Engineering Limited has been undertaken.   Based on the 

contamination a revised Conceptual Model has been prepared, which is presented later in 

this section. Where significant risks are identified remedial measures are recommended. A 

remediation strategy, where appropriate, is provided within Section 9.  

 Human Health 

8.2 Assessment of the risks to human health has been undertaken by comparing the soil quality 

data with reference values obtained from the Contaminated Land Exposure Assessment 

(CLEA), Soil Guideline Values (SGV) and General Acceptance Criteria (GAC) published by 

LQM/CIEH. The LQM/CIEH S4ULs values are used and summary tables of the reference 

values are included in Appendix C.  

8.3 The proposed development has been incorporated on to Drawings CRM.1265.013.GE.D.001 

and will comprise a residential apartment block within the north western area of the site 

with communal landscaping. Residential houses with domestic gardens are proposed within 

the east and south of the site with associated hardstanding, access roads, car parking and 

communal landscape areas. 

8.4 Based on the proposed end use of the site the GAC values for residential use with plant up-

take are used as an initial screening criteria.  Within the area of the proposed communal 

landscaping and apartment block values for residential use with-out plant up-take are used. 

8.5 Results of the laboratory testing undertaken by Enzygo Geoenvironmental Ltd are included 

in  Appendix C and results from the investigation by Geotechnical Engineering Limited are 

included in Appendix A. The soil quality analysis from the two investigations shows 

exceedances of the relevant GAC values in the following samples: 
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.Exploratory 

Hole 
Determinant 

Concentration (mg/kg  

Soil 
Residential GAC 

With plant up-take Without plant up-take 

WS103 @0.3m 

Benzo(b)Flouranthene 8.5 2.6 3.9 

Benzo(a)Pyrene 7.0 2.2 3.2 

Dibenzo(ah)Anthracene 1.4 0.24 0.31 

WS105 @0.3m Dibenzo(ah)Anthracene 0.33 0.24 0.31 

WS01@0.2m 

Benzo(b)Flouranthene 30 2.6 3.9 

Benzo(a)Pyrene 25 2.2 3.2 

Dibenzo(ah)Anthracene 8.1 0.24 0.31 

WS08@0.4m Lead 1700 200 310 

WS01@0.2m Lead 220 200 310 

WS01@0.6m Lead 730 200 310 

WS01@0.2m 
TPH Aromatic C16-C21 360 260 1900 

TPH Aromatic C21-C35 1900 1100 1900 

WS02@0.5m 

Benzo(b)Flouranthene 6.1 2.6 3.9 

Benzo(a)Pyrene 5.7 2.2 3.2 

Dibenzo(ah)Anthracene 0.72 0.24 0.31 

WS04@1.0m Lead 320 200 310 

WS05@1.5m 

Benzo(b)Flouranthene 8.1 2.6 3.9 

Benzo(a)Pyrene 12 2.2 3.2 

Dibenzo(ah)Anthracene 1.6 0.24 0.31 

WS06@0.4m Dibenzo(ah)Anthracene 1.6 0.24 0.31 

WS05@1.5m Lead 220 200 310 

WS06@0.4m Lead 1900 200 310 

WS07@0.4m Lead 660 200 310 

BH02A@0.2m 

Benzo(b)Flouranthene 7.3 2.6 3.9 

Benzo(a)Pyrene 7.7 2.2 3.2 

Dibenzo(ah)Anthracene 1.2 0.24 0.31 

BH02A@0.8m 
Benzo(b)Flouranthene 2.8 2.6 3.9 

Dibenzo(ah)Anthracene 0.33 0.24 0.31 

BH02A@0.2m Lead 350 200 310 

BH02A@0.8m Lead 260 200 310 

BH03@2.5m Lead 680 200 310 

BH01@0.5m Lead 260 200 310 

WS106@0.3m Asbestos <0.0001% Absent Absent 

BH104A@0.1m Asbestos 0.022% Absent Absent 

WS08@0.4m Asbestos <0.1% Absent Absent 

WS01@0.2m Asbestos <0.1% Absent Absent 

WS02@0.1m Asbestos <0.1% Absent Absent 

WS02@0.5m Asbestos <0.1% Absent Absent 

8.6 The appropriate GAC pertaining to the proposed use of the land use are shown in red. 

Mercury concentrations have been compared with GAC values for organic mercury which is 

consistent with the sites historical use. 
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Controlled Waters Assessment 

Introduction 

8.7 The site-specific risk assessment has been completed with the principal objectives being to 

determine which of the following are required: 

• No remedial action, that is, the level of contamination does not or is not likely to 

cause pollution of groundwater. 

• Remedial action to protect an identified groundwater receptor, based on the risk 

based targets generated. 

• Further analysis and data collection to quantify the degree of risk to the receptor. 

Baseline Conditions  

8.8 Ground investigations confirmed the ground conditions as comprising variable thicknesses of 

Made Ground over Langley Silt, Kempton Park Gravel Formation and the Chalk.   

8.9 The findings of the site investigation identified groundwater level to be approximately 2.0m 

below ground level.  Then groundwater is located within the Kempton Park Gravel.  

Monitoring wells installed within the chalk identified groundwater levels within the chalk to 

be similar to those identified within the monitoring wells installed within the Kempton Park 

Gravel.  Perched groundwater conditions were encountered within the Langley Silt and 

Kempton Park Gravel.  The hydrostatic head of the groundwater appears to indicate the 

groundwater flow direction within the chalk is towards the south east. 

8.10 Within the groundwater samples from the Kempton Park Gravel exceedance of the UK 

Drinking Water Standards and the Environmental Quality Standard (fresh water) for 

mercury.  In the groundwater samples from the chalk concentrations of chlorinated solvents 

(Cis-1,2-Dichloroethene, 1,1-dichloroethane, Trichloroethene, Chlorobenzene, and 1,3-

dichlorobenzene) were also identified.  However all concentrations were less than the Tier 1 

GA that were adopted.  Within the soils, concentrations of Total Mercury were generally less 

than 3.0mg/kg.  Furthermore WAC tests show that the Mercury is not leachable. No 

chlorinated solvent concentration were identified at levels above the laboratory reporting 

limits. 
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Conceptual Site Model (CSM) 

8.11 In order to evaluate risk a site-specific Conceptual Site Model (CSM) is used to define 

significant risks requiring further assessment and where appropriate, remediation. The CSM 

is a simplified qualitative representation of ground conditions, pollutant source(s), pathways, 

pollutant linkages with associated uncertainties.  

8.12 The CSM in the context of Hydrogeological Risk Assessment “must identify the crucial factors 

influencing groundwater flow and contaminant transport; whether the observed behaviour 

appears to be predictable; and whether mathematical approximations can be used to 

describe its behaviour” (Environment Agency, 2001, Guide to good practice for the 

development of conceptual models and the selection and application of mathematical 

models of contaminant transport in the subsurface. National Groundwater and 

Contaminated Land Centre Report NC/99/38/2). 

8.13 The CSM identifies that the residual un-quantified risk at the site is from mercury 

groundwater resources. As detailed in the Geotechnical Engineering report the presence of 

the chlorinated solvents may pose a risk to the quality of the aquifer beyond the boundaries 

of the site. This DQRA therefore specifically targets the risk from Mercury, Cis-1,2-

dichloroethene, 1,1-Dichloroethane, Trichloroethene, and 1,3-dichlorobenzene (source) 

through lateral migration (pathway) to a suitable groundwater compliance point (receptor). 

As no EQS and UK DWS have been determined for Chlorobenzene no further assessment has 

been made for this determinant.  These are discussed below: 

• Source for the Mercury is considered to be the made ground.  The source of the Cis-

1,2-dichloroethene, 1,1-Dichloroethane, Trichloroethene, and 1,3-dichlorobenzene is 

considered to be the dissolved concentrations identified beneath the site.   

• The receptors for this site have been identified as groundwater resources that are 

located on-site and off-site for Mercury and off-site for the chlorinated solvents.  

Groundwater receptors being the Secondary A Aquifer of the Kempton Park Gravel 

and the Principal Aquifer of the Chalk.  It is likely that the groundwater within the 

superficial deposits are in hydraulic continuity with the River Thames located to the 

north.   

• For the assessment of the risk from the leaching of CoC from the made ground, the 

depth to groundwater of 2.0m, with an adopted for the compliance point to allow 
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for dilution and degradation.  For the aquifers within the superficial deposits and the 

Chalk, a compliance point of 20m has been adopted as a reasonable receptor point.   

8.14 In terms of the CSM the source pathway receptor mechanism is for groundwater infiltrating 

through the Made Ground may potentially mobilise the mercury.  The water then percolates 

downward through the Made Ground to the top of the aquifer contained within the 

Kempton Park Gravel.  The Langley Silt beneath the site will act as a partial barrier to 

downward migration.  However the thickness is limited and occasional not present.  In 

regards to the chlorinated solvents, migration will occur downwards and laterally within the 

chalk aquifer. 

Parameters 

8.15 The key parameters considered within this risk assessment are summarised in the table 

below:  

Input Parameter Value Source of parameter value 

Length of contaminant source 
in direction of groundwater 
flow 

20m Assumed value for source as no clear 
source zone defined but site data. 

Saturated aquifer thickness 50m Estimated value for the base of the 
Chalk aquifer 

Hydraulic conductivity in which 
dilution occurs 

0.0016 m/d Consim inputs for middle chalk vertical 

Hydraulic gradient of water 
table 

0.0017 Based on site specific dates from 
monitoring   

Distance to compliance point 
from source area 

20m Assumed distance. 

Width of contaminant source 
perpendicular to groundwater 
flow 

20m Assumed value for source as no clear 
source zone defined but site data. 

Fraction of organic carbon (foc) 0.0001 Tyrical value for chalk 

8.16 Values of effective porosity (n), air filled porosity and water filled porosity have been 

calculated using the Porosity calculator.  These values are based on bulk densities obtained 

as part of the geotechnical site investigation. 
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8.17 Values for organic carbon co-efficient (Koc) and for Henry’s Law constant (H) are taken from 

setting contained in the RBCA model and other recognised sources.  Half-lives for the 

chlorinated solvents Nobel Morgan The Effect of Contaminants Concentration on Potential 

Natural Attenuation R&D Technical Report P2-228/TR, EA 2002 and Howard, Boethling, 

Jarvis, Meylan, Michalenko, Handbook of Environmental Degradation Rates 1991. For all 

degradation rates, the worst case values have been adopted. 

8.18 Values for infiltration were calculated from an average annual rainfall for Reading Gauging 

Station on the River Thames contained in CEH Hydrological Data UK, Hydrometric Register 

and Statistics 1996 - 2000.  Value is based on annual rainfall, less average run-off for the area 

and 20% evapotranspiration. 

8.19 For the target concentrations for the CoC, UK or WHO Drinking Water Standards have been 

adopted.  Where these are not avaible Environmental Quality Standards for freshwater have 

been adopted. 

Modelling 

8.20 The site-specific risk assessment has been completed using the Environment Agency P20 

Hydrogeological Risk Assessment Model for Contaminated Land (Version 3.2). The model has 

been used to back calculate suitable risk based remedial targets for soils on site which do not 

pose a significant risk to controlled waters. 

8.21 The print-outs from the P20 risk assessments for the chlorinated solvents the Tier 3 (Soil) 

and Tier 3 (Groundwater) are presented in Appendix D. The Tier 3 results are considered 

representative and therefore used as the risk based remedial target values. Print outs are 

included in Appendix D. 

 Results 

8.23 Remedial target concentrations for each model tier are included in Appendix C.  None of the 

concentrations measured in groundwater, other than Mercury exceed the risk based 

remedial target values and therefore no groundwater remediation is considered necessary. 

8.24 The sample of groundwater which recorded a minor exceedance of Mercury above Drinking 

Water Standards is from Borehole WS02 with no other exceedance being measured. An 
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elevated concentration of Mercury was noted in a sample of Made Ground in Borehole 

BH01, which is up-gradient of Borehole WS02. 

8.25 As the exceedance in Borehole WS02 is only just above the threshold value and is within the 

Drift Deposits and not the Chalk it is recommended that remediation is limited to removal of 

Made Ground around Borehole BH01 to provide environmental betterment. As no Mercury 

was noted above threshold values within the Chalk Aquifer or within any other water 

samples the risk to controlled waters is not considered significant. 

Ground Gas 

8.26 Elevated concentrations of Carbon Dioxide were recorded in Borehole WS01 during the 

investigation by Geotechnical Engineering Limited. No evidence or significant putrescible 

material or nearby landfill has been identified and it is considered that the Carbon Dioxide is 

associated with hydrocarbon degradation associated with TPH identified within Borehole 

WS01. The degradation process occurs slowly which supports the absence of flow. 

8.27 Additional wells installed at the site and monitored by Enzygo Geoenvironmental Limited 

confirmed elevated Carbon Dioxide in Borehole WS102, located close to Borehole WS01.  No 

significant ground gas was measured in any other wells and no flow was measured.  

8.28 A risk assessment has been undertaken following the guidance given in CIRIA C665.  As no 

flow has been identified the gas flux is less than 0.07l/hr in accordance with CIRIA C665.  

Carbon Dioxide has been recorded above 5% and therefore following guidance in CIRIA C665 

consideration has been given to increasing the Characteristic Situation to CS2. 

8.29 As Carbon Dioxide is heavier that air and therefore there is no viable pathway to enter above 

ground structures it is considered that Characteristic Situation 1 should still apply.  However, 

due to the isolated nature of the Carbon Dioxide exceedance it is proposed that gas 

protection measures are included within ground floor slabs to domestic houses within the 

area of the elevated Carbon Dioxide measured as a precaution. The extent of the properties 

requiring gas protective measures are shown on Drawing CRM.1265.014.GE.D.002.   

8.30 Gas protective measures are to provide a minimum score of 3.5 in accordance with British 

Standards BS8485:2015.  This will include: 

• Use of a jointed gas membrane in place of a DPM, sealed to service entries and the 

cavity tray (Score 2.0); and 

• Ventilated underfloor void (Score 1.5). 
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8.31 Installation of the gas membrane will be in accordance with British Standards BS8485:2015.It 

is recommended that ground gas protective measures are used to structures located around 

Boreholes WS01 and WS102.  Gas protective measures are discussed in Section 9. 

Conceptual Site Model 

8.32 A Conceptual Site Model has been prepared based on the findings of the investigation and 

assessment.  This conceptual site model is presented below: 
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Source Location Exposure Pathway 
Potential 

Receptor 
Probability of Exposure Details 

Human Health 

Asbestos. Made Ground. inhalation. 

Construction 

Workers. 
Low. Management strategy proposed. 

Site users. Low. Remediation proposed. 

PAH, TPH and Lead. Made Ground. 
Ingestion dermal 
and inhalation. 

Construction 

Workers. 
Dismissed. Normal PPE will address potential risks. 

Site users. Low. Remediation proposed. 

Asbestos, metals and 
hydrocarbons. 

Unforeseen 
Contamination 

Ingestion dermal 
and inhalation. 

Construction 
Workers. 

Dismissed. 
Normal construction PPE will address 

risk under CDM. 

Site users. Negligible. Discovery strategy. 

Hydrocarbon and 

metals. 

Migration from off-

site sources. 

Ingestion dermal 

and inhalation. 

Construction 

Workers. 
Dismissed. No significant sources identified. 

Site users. 

Ground Gas. 

Landfills. 
Inhalation & 

Explosive. 

Construction 
Workers. Dismissed. No source identified. 

Site users. 

 Made Ground on 

site. 

Inhalation & 

Explosive. 

Construction 
Workers. 

Dismissed. No confined access anticipated. 

Site users. Very Low. Gas protection to CS2 recommended. 

Groundwater 

Mercury. Made Ground. Vertical Migration. Groundwater. Negligible. Source Removal Recommended. 

Surface Water 

Hydrocarbon and 
metals. 

Potential spillage on 
site. 

Horizontal 
Migration. 

River Network. Dismissed. No receptor. 

Environmental Receptors 

On site contaminants 

Ingestion dermal 

and inhalation. 
Ecology. Dismissed. No sources identified. 

Direct. Archaeology. Dismissed. No sources identified. 

Direct. Geology. Dismissed. None present. 

Phytotoxic. Woodland. Dismissed. No sources identified. 

Phytotoxic. Crops. Dismissed. None present. 

Ingestion dermal 
and inhalation. 

Livestock. Dismissed. No sources identified. 

Building Services 

 site contaminants 

Direct. Historic Buildings. Dismissed. No receptors. 

Direct. Proposed Buildings. Dismissed. No sources identified. 

Permeate into 
pipework. 

Water Pipes. Negligible. 
Requirements of Water Authority to be 

followed. 
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9.0 REMEDIATION AND VALIDATION 

Proposed Development 

9.1 The proposed development is incorporated on to the Remediation Plan presented as 

CRM.1265.013.GE.D.002.  

9.2 The development will comprise a residential apartment block within the north western area 

of the site with communal landscaping Residential houses with domestic gardens are 

proposed within the east and south of the site with associated hardstanding, access roads, 

car parking and communal landscape areas.  

9.3 Extent of the proposed soft landscaping is shown on Drawing 24325-APP-P10-05 prepared 

by Barton Willmore and the extent has been included on Drawing CRM.1265.013.GE.D.002. 

 Proposed Remediation 

9.4 Elevated PAH, TPH, Lead and asbestos has been encountered within Made Ground below the 

site.  It is considered that the use of hardstanding across the majority of the proposed 

development will provide a physical barrier between potential residual contamination and 

end users so breaking the pollutant linkage. 

9.5 Remediation within soft landscape areas is proposed comprising cover soils to break the 

potential pollutant linkage with future site residents.  These cover soils will also act to 

provide a suitable planting medium for future vegetation. Excavation of Made Ground to 

accommodate the cover soils will reduce the potential for leachable contamination to 

impact groundwater and limited source removal is recommended within the south eastern 

corner of the site. 

9.6 Ground gas protection measures are proposed to residential units which are within the area 

of elevated ground gas. 

9.7 Details of remediation works proposed are discussed in the following sections: 

 Soft Landscape Areas  

9.8 Where necessary existing Made Ground will be removed to an appropriate sub-formation 

level based on final site levels. Soil to landscaping areas will be placed above this. The area of 

proposed soft landscaping is shown on the proposed development plan which has been 

incorporated in to Drawing CRM.1265.013.GE.D.002. The drawing shows areas of communal 
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open space and domestic gardens which are coloured in different shades of green to 

differentiate them.  

9.9  Areas of soft landscaping will be covered with clean cover soils which will break any residual 

pollutant linkage. It is proposed that a 600mm thickness of cover soils will be provided for 

the private garden areas and 400mm for the communal gardens and open space areas. A 

geotextile separator (Terram 1000 or similar) will be placed at the base of the cover soils and 

above the sub-formation. Where appropriate cover soil thicknesses will be increased to 

accommodate deeper planting in accordance with the requirements of the Landscape 

Architect. 

9.10 These cover soils will need to be confirmed as clean and pass the chemical requirements 

given below. These are based on the GAC values for residential use with plant uptake within 

domestic garden areas and GAC values for residential use without plant uptake in areas of 

communal open space.  

9.11 The works would involve the following: 

• Excavation to sub-formation level, as required;  

• Additional excavations may be undertaken to accommodate tree planting pits as 

required by the landscape architect; 

• Inspection of the exposed sub-formation to validate that areas of unforeseen 

contamination are not present; 

• Placement of a geotextile no dig barrier which will also act as a separator between the 

topsoil/subsoil to prevent mixing with underlying sub-formation.  It is proposed that the 

geotextile will comprise Terram 1000 or similar material.  This will be placed across the 

formation and wrapped around the sides and base of any tree planting pits; 

• The geotextile will be placed and overlapped in accordance with the supplier’s 

requirements; 

• Imported cover soils will be placed across the soft landscape areas, taking care not to 

damage the geotextile. 

9.12 It is proposed that the cover soils are placed on to the geotextile and that care is taken to 

prevent damage to the geotextile. 

9.13 The cover soils will comprise at least 150mm of imported Topsoil, certified in accordance 

with the landscape architects requirements. 
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Specification of Cover Soi ls  

9.14  Topsoil is to tested to confirm that it meets the GAC values included in Appendix C.   

Imported Topsoil is to be inspected by the Contractor who will ensure that it is free from any 

foreign matter, including but not limited to: 

• Fragments and roots of aggressive weeds; 

• Sticks and straws, 

• Sub-soil; 

• Fragments of brick, concrete, glass, wire, timber, large lumps of clay or vegetation. 

9.15 Imported soils showing evidence of foreign inclusions will be rejected.  If foreign material is 

encountered once the Topsoil has been placed these will be removed by the Contractor. 

9.16 Where compost is to be added to imported soils this shall meet the requirements of PAS 100 

and shall comprise sanitized and stabilised compost. Peat or peat products are not to be 

used without prior approval of the Landscape Architect. 

9.17 Subsoil will comprise clean natural soils which meet the GAC values identified above.  In 

addition, the Subsoil shall be free from any foreign matter, including but not limited to: 

• Fragments and roots of aggressive weeds; 

• Sticks and straws, 

• Fragments of brick, concrete, glass, wire, or vegetation. 

9.18 Topsoil certificate will be obtained from each supplier of Topsoil to confirm that it meets the 

requirements of the landscape architect and also the remedial requirements identified 

above.  

Methodology For Handling of Cover Soils  

9.19 Importation, stockpiling and placement of cover soils will be in accordance with appropriate 

British Standards requirements. 

9.20 Topsoil is not to be stockpiled on site unless absolutely necessary in order to minimise 

multiple handling. 

9.21 Topsoil and Subsoil are not to be mixed.  Furthermore, care must be taken to prevent 

contamination of the Topsoil or Subsoil with stones, hard-core, rubbish or materials from 

demolition works. 
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9.22 Topsoil is not to be handled during driest conditions possible and is not to be handled during 

or after heavy rainfall or when wetter than the plastic limit.  

9.23 Plant used for the placement and spreading of Topsoil and also Subsoil is to be selected 

based on minimising disturbance, trafficking and compaction.  In order to retain a friable 

texture Topsoil is not to be compacted but shall be gently firmed. 

9.24 Topsoil is to be tipped and graded to approximate levels in one operation with minimum of 

trafficking by plant.   

Verification of Cover Soils 

9.25 Given the proposed plan and the landscaping requirements across the site it is 

recommended that the thickness of the imported materials together with the geotextile 

separator is verified. The proposed locations are shown on Drawing 

CRM.1265.013.GE.D.002. 

9.26 The density and location of validation pits is based on guidance prepared by NHBC in 

consultation with the Environment Agency. 

9.27 Verification will comprise the excavation of hand pits within the soft landscaping area to 

confirm the thickness of cover soils and the presence of a geotextile separator. This will be 

undertaken by an experienced Environmental Consultant and will involve: 

• Excavation of pits by hand, locations of which are shown on Drawing 

CRM.1265.013.GE.D.001.  The number of pits and samples is based on current NHBC 

guidance, which was developed in conjunction with the Environment Agency; 

• Measure the thickness of the cover soils; and 

• Photograph each pit with a measuring tape of staff used to show the thickness of the 

cover soils. 

9.28  Soil samples will be collected from each pit from within the cover soils in appropriate 

containers provided by the analytical laboratory. Samples will be stored in cool boxes prior 

to dispatch to the laboratory for analysis.  All samples will be collected using appropriate 

sampling equipment that is cleaned at each sampling location. 

9.29 Samples will be analysed at a laboratories Ltd which is UKAS and MCERTS accredited.  

Samples were tested for the CLEA metal suite, pH, sulphate, cyanide, phenols, speciated 
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Polycyclic Aromatic Hydrocarbons (PAH), organic carbon, Speciated Total Petroleum 

Hydrocarbon (TPH) and asbestos screen. 

9.30 Should soils fail the GAC values included within Appendix C these will be excavated and 

discarded off-site.  Additional testing will be undertaken around the excavation to confirm 

that the adjacent soils are clean.  Fresh soils will be imported and used to re-construct the 

cover soils. 

 Gas Protective Measures 

9.31  Due to the presence of elevated carbon dioxide it is recommended that gas protection 

measures are included within ground floor slabs to domestic houses within the area of the 

elevated Carbon Dioxide measured. The extent of the properties requiring gas protective 

measures are shown on Drawing CRM.1265.014.GE.D.002.  Gas protective measures are to 

provide a minimum score of 3.5 in accordance with British Standards BS8485:2015.  This will 

include: 

• Use of a jointed gas membrane in place of a DPM, sealed to service entries and the 

cavity tray; and 

• Ventilated underfloor void. 

9.32 Installation of the gas membrane will be in accordance with British Standards BS8485:2015. 

9.33 Details of the floor slab construction, ventilated void and gas membrane which the client is 

intending to use are included in the Drawing Section of this report.  These gas protective 

measures are designed to achieve a minimum score of 3.5. 

Utilities 

9.34 Results of the chemical analysis will be provided to the water authority and any 

requirements in relation to protecting potable waste supply pipes will be incorporated into 

the scheme. It is anticipated that barrier pipes will be used. 

Unforeseen Contamination 

9.35 No specific hotspot removal is identified as being required based on the controlled water risk 

assessment undertaken.  If future hotspots are identified as part of the discovery strategy 

during development the risk based remedial targets provided in Appendix C will be used to 

assess need for remediation. 
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9.36 If unforeseen contamination is encountered during construction works such as localised 

spillage outside the areas investigated an Environmental Consultant will be available on a 

‘call out’ basis to undertake an assessment of risk.  If ‘unforeseen contamination’ is 

encountered the discovery strategy will be to remove the source as it is likely to be very 

limited in extent and the Local Planning Authority advised. 

Mercury 

9.37 An area of elevated Mercury was noted within Borehole BH01, which is considered may be 

causing a slight exceedance above Drinking Water Standards in shallow groundwater within 

Borehole WS02.  In order to provide environmental betterment it is recommended that the 

Made Ground adjacent to Borehole BH01 is removed.   

9.38 The area around Borehole BH01 is located within a proposed garden area and so 

remediation works will involve locally deepening the excavation from 600mm, to 

accommodate the cover soils, to 1.2m. 

9.39 The additional area of excavation is show on Drawing CRM.1265.013.GE.D.002.  

Asbestos Management Strategy 

9.40 Asbestos fibres were identified which will be address using encapsulation methods discussed 

above. 

9.41 To protect construction worker’s measures should to be incorporated in to the Contractors 

Construction Stage Health and Safety Plan as required under the Construction Design and 

Management (CDM) Regulations and the Contractors Asbestos Management Plan to 

mitigate risk to construction works.  Measures may include: 

• Designing temporary works to minimise disturbance of the Back-fill material; 

• Separating material and disposal of soils containing asbestos; 

• Wetting down during excavation; 

• Sheeting of stockpiles where asbestos is suspected; 

• Testing of soils and off-site disposal of any soils found or suspected of containing 

asbestos; 

• Preventing access to the construction site by members of the public;  

• Use of good hygiene measures, including washing down of plant; and 
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• Use of appropriate PPE, including face masks. 

 Verification Report 

9.42  A remediation verification report will be prepared based on the inspections which will 

include: 

• Details of the cover soils placed, including photographs; 

• Removal of Made Ground around Borehole BH01; 

• Chemical results from the cover soil validation; 

• The site observations and notes of any agreed changes to the remedial 

methodology; 

• Any areas of un-known contamination encountered and the remedial measures 

undertaken; 

• Details of gas membrane installations, including photographs; 

• Waste disposal notes where appropriate. 

• Confirmation that the works observed complied with the remedial methodology. 

• Details of site won materials re-used on site together with the results of any 

chemical analysis. 
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10.0 GEOTECHNICAL ASSESSMENT 

 General 

10.1 A geotechnical assessment has been provided by Geotechnical Engineering Limited, which is 

included in Appendix A.  

10.2 Enzygo Geoenvironmental have undertaken an assessment of the data, together with 

additional information obtained from the supplementary investigation and prepared an up-

dated assessment. 

10.3 The up-dated assessment is provided below: 

 Ground Conditions 

10.4 Ground conditions comprise 3m of Made ground and soft, locally firm clay over medium 

dense sand and gravel. Groundwater was encountered at depths of between 2.06m and 

2.72m bgl.  

 Site Preparation 

10.5 The site should be cleared and any vegetation below areas of proposed development 

stripped in accordance with Series 200 of the Specification for Highway Works.  Works 

should include: 

• Careful demolition of the existing structure to avoid potential release of asbestos fibres; 

• Grubbing out existing foundations; 

• Removal of hardstanding; 

• Removal of any unforeseen contamination encountered, in accordance with Section 9; 

and 

• Placement of cover soils to soft landscape areas. 

 Foundations   

10.6 It is considered that conventional strip foundations are not suitable given the depth of Made 

Ground and soft clays below the site. 

10.7 It is recommended that piled foundations are used set in-to the underlying medium dense 

Kempton Park Gravels. It is possible that vibro-granular columns may be a more cost 
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effective option, which typically provide a bearing capacity of between 100kN/m2 and 

150kN/m2.  

10.8 Given the presence of soft clays underlying the Made Ground it is possible that there may 

not be sufficient lateral support to the granular columns.  It is therefore recommended that 

the use of vibro granular columns at this site is discussed with a specialist contractor who 

will be able to confirm their viability and bearing capacity. It may also be necessary to extend 

the gas protection membrane if vibro granular columns are used. 

10.9  Modified Plasticity Index values confirm that the Made Ground is Non-Plastic in accordance 

with Chapter 4.2 of NHBC. Langley Silt has Moderate Shrinkage potential. 

Ground Floor Slab 

10.10 Based on the depth of Made Ground it is considered that suspended floor slabs should be 

used. The use of ground gas protection measures are discussed in Section 9. 

Waste Classification 

10.11  Two-part WAC tests were undertaken for the proposed development which show 

exceedances of leachable concentrations above the inert threshold values. Similarly, TOC, 

TPH and PAH were recorded above the inert classification. It is likely that Made Ground will 

be classified as Stable Non-Reactive Hazardous waste. 

10.12  The Waste Management paper 3 requires the landfill to make an appropriate assessment of 

the waste classification. As such final assessment will be undertaken by the receiving landfill 

based on the requirements of their permit.   

 Pavement Construction 

10.13 An assessment of the likely California Bearing Ratio (CBR) has been assessed from the 

following sources: 

• Laboratory CBR tests undertaken on soaked samples recompacted to mimic proof rolling; 

• Assessment using undrained shear strength values; 

• Description of the materials encountered in the exploratory holes; and 

• Guidance given in HD25/94 and 73/06. 
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10.14 Based on the assessment it is considered that a design CBR of 15% may be used. The sub-

formation should be proof rolled and any areas of loose or soft materials should be removed 

and replaced with sub-base or capping to a depth consistent with a CBR of 2%. This should 

address localised softer materials encountered. 

10.17 Soils are considered to be frost susceptible.  

Buried Concrete 

10.18 Results of the sulphate testing undertaken by Geotechnical Engineering Ltd indicate that 

buried concrete can be deigned to Class AC2.  
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GEOTECHNICAL ENGINEERING LIMITED

Version No. 2
For the attention of Martin McDowell/Dave Owen Page No. 1 of 18

Date of Issue 21/07/2017

PROJECT/SITE Cox & Wyman Building, Cardiff Road, Reading Samples received 16/05/2017
GEL REPORT NUMBER 32933 Schedule received 16/05/2017
Your ref/PO: 0 Testing commenced 19/05/2017
Test report refers to Schedule 1 Status Final

QUANTITY ACCREDITED
TEST

BS EN ISO 17892 1: 2014:5. Water Content 6 YES
15 YES
6 YES

BS EN ISO 17892 4: 2016: 5.2, Particle Size Distribution Wet Sieve 6 YES
BS EN ISO 17892 4: 2016: 5.4, Particle Size Distribution Pipette 6 YES
ISRM: Suggested Methods: 2007 Editon: Uniaxial Compressive Strength of Rock 2 YES
ISRM: Suggested Methods 2007 Edition: Point Load Strength Test 16 NO
BRE SD1 Reduced Suite: pH, Sulphate water and acid soluble, sulphur (Subcontracted) 10 YES

Remarks Approved Signatories:
This report may not be partially reproduced without written S Robinson (Client Manager) W Jones (Technical Support)

permission from this laboratory. J Hanson (Director) N Parry (Director)

Doc TR01                Rev No. 19                 Revision date 10/03/17               DC:JH

Geotechnical Engineering Ltd www.geoeng.co.uk
Centurion House geotech@geoeng.co.uk
Olympus Park, Quedgeley TEL: 01452 527743
Gloucester GL2 4NF Fax: 01452 729314

Registered number: 00700739 Payments: Geotechnical Engineering Limited
VAT Number: 682 5857 89 Sort code: 30 15 99 Bank account: 00072116

BS1377: Part 2: 1990:4.2 4.4&5.2 5.4, Liquid & Plastic Limits
BS1377: Part 2: 1990:3.3, Saturation Moisture Content

TEST REPORT

SUMMARY OF RESULTS ATTACHED
TEST METHOD & DESCRIPTION



Geotechnical Engineering Limited
SATURATION MOISTURE CONTENT OF CHALK
BS.1377 : PART 2 : 1990 : 3.3

CLIENT

SITE

borehole
/trial pit no./type depth

no. (m) (m)
(%) (%)

BH01 29C 14.20 14.80 27.00 1.99 1.57 27 42

BH01 33C 17.20 18.20 27.50 1.98 1.56 27 42

BH01 35C 18.70 18.80 26.10 2.01 1.59 26 41

BH02 32L 9.70 11.70 25.30 2.02 1.61 25 40

BH02 42C 14.20 15.00 26.40 2.00 1.58 26 41

BH02 48C 18.70 20.10 23.90 2.04 1.65 24 39

BH03 28L 9.30 10.70 24.40 2.03 1.63 24 39

BH03 31L 10.80 11.50 24.60 1.96 1.57 27 42

BH03 45C 18.30 18.80 19.40 2.11 1.77 19 34

BH04B 19L 11.20 12.40 27.20 1.99 1.56 27 42

BH04B 27C 17.20 18.60 25.30 2.02 1.61 25 40

BH04B 29C 18.70 19.65 23.50 2.04 1.66 23 39

BH05 23L 11.20 12.00 24.00 2.03 1.64 24 39

BH05 29C 14.20 15.00 25.50 2.02 1.61 25 40

BH05 31C 15.70 16.70 25.80 2.02 1.60 25 41

general remarks
natural moisture content determined in accordance with BS1377 : Part 2 : 1990 : 3.2 (unless specified)
# denotes sample tested is smaller than that which is recommended in accordance with BS1377

test method CHECKED
immersion in water (test 3.3)

THAMES PROPERTIES LIMITED

COX & WYMAN BUILDING, CARDIFF ROAD, READING

sample specimen 
depth

natural 
moisture 
content

bulk 
density 

(Mg/m3)

dry 
density 

(Mg/m3)

saturation 
moisture 
content

porosity 
(%) description and remarks

Off white CHALK 

Off white CHALK #

Off white CHALK #

Off white CHALK #

Off white CHALK 

Off white CHALK 

Off white CHALK #

Off white CHALK #

Off white CHALK 

Off white CHALK #

Off white CHALK #

Off white CHALK #

Off white CHALK #

Off white CHALK #

Off white CHALK 

 

 

 

 

CONTRACT

32933 SR



Geotechnical Engineering Limited

LIQUID AND PLASTIC LIMITS
BS.1377 : PART 2 : 1990 : 4 and 5

CLIENT

SITE

borehole liquid   
li i

plastic 
li i

plasticity 
i d/trial pit no./type depth limit limit index

no. (m) (m) (%) (%) (%)
(%) (%)

BH01 8D 1.70 1.70 26.8 AXE 0 49 19 30

BH02 7D 1.70 1.70 27.7 BXE 18 45 22 23

BH02 11D 2.40 2.40 22.2 BXE 8 39 17 22

BH04B 5D 2.20 2.20 15.7 BYE 53 30 16 14

BH05 5D 2.00 2.00 23.9 BXE 8 41 18 23

BH05 8D 2.50 2.50 12.4 BXE 20 38 16 22

general remarks
natural water content determined in accordance with BS EN ISO 17892 - 1 : 2014 (unless specified)
NP denotes non plastic
# denotes sample tested is smaller than that which is recommended in accordance with BS1377 or BS EN ISO 17892

specimen preparation test method CHECKED
A - as received D - oven dried (60oC) X - cone penetrometer (test 4.3)
B - washed on 0.425mm sieve E - oven dried (105oC) Y - cone penetrometer (test 4.4)
C - air dried F - not known Z - casagrande apparatus (test 4.5)

THAMES PROPERTIES LIMITED

COX & WYMAN BUILDING, CARDIFF ROAD, READING

sample specimen 
depth

natural 
water 

content

specimen 
preparation 

and test 
method

fraction 
>0.425 

mm description and remarks

Orangish brown slightly sandy silty CLAY

Brown slightly sandy slightly gravelly CLAY 

Light brown slightly sandy slightly gravelly 
CLAY

Orangish brown slightly gravelly clayey SAND

Brown slightly sandy slightly gravelly CLAY

Greyish brown slightly sandy slightly gravelly 
CLAY

CONTRACT

32933 SR



Geotechnical Engineering Limited
ATTERBERG LINE PLOT

CLIENT

SITE

THAMES PROPERTIES LIMITED

COX & WYMAN BUILDING, CARDIFF ROAD, READING

BH/TP No. depth (m) LL PL PI remarks

BH01 1.70 49 19 30

BH02 1.70 45 22 23

BH02 2.40 39 17 22

BH04B 2.20 30 16 14

BH05 2.00 41 18 23

BH05 2.50 38 16 22

CONTRACT CHECKED

32933 SR
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Geotechnical Engineering Limited
PARTICLE SIZE DISTRIBUTION
BS EN ISO 17892 - 4 : 2016 : 5

SITE

SPECIMEN BASE (m)

test method

5.2 - sieving

5.3 - sedimentation by hydrometer

5.4 - sedimentation by pipette

remarks

CLIENT THAMES PROPERTIES LIMITED BH/TP No. BH01

COX & WYMAN BUILDING, CARDIFF ROAD, READING SAMPLE No./TYPE 13L

SAMPLE DEPTH (m) 3.20
DESCRIPTION Light brown slightly silty sandy GRAVEL with a medium cobble 

content SPECIMEN TOP (m) 3.20

4.20

soil type % fraction BS test sieve 
(mm) % passing BS test sieve 

(mm) % passing BS test sieve 
(μm) % finer

CLAY 0
SILT 1 150 100 5 25 20 1
SILT & CLAY 1
SAND 13 75 94 2 15 6 0
GRAVEL 79
COBBLE & BOULDER 6 63 94 1.18 12 2 0

test method(s) 5.2# & 5.4
50 94 0.63 10

37.5 89 0.425 8

20 69 0.2 4

10 40 0.15 4

6.3 28 0.063 1

CONTRACT CHECKED
# denotes sample tested is smaller than that which is recommended in accordance with BS EN 17892

32933 SR
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Geotechnical Engineering Limited
PARTICLE SIZE DISTRIBUTION
BS EN ISO 17892 - 4 : 2016 : 5

SITE

SPECIMEN BASE (m)

test method

5.2 - sieving

5.3 - sedimentation by hydrometer

5.4 - sedimentation by pipette

remarks

CLIENT THAMES PROPERTIES LIMITED BH/TP No. BH01

COX & WYMAN BUILDING, CARDIFF ROAD, READING SAMPLE No./TYPE 17L

SAMPLE DEPTH (m) 5.20
DESCRIPTION Light brown slightly silty very sandy GRAVEL 

SPECIMEN TOP (m) 6.00

6.70

soil type % fraction BS test sieve 
(mm) % passing BS test sieve 

(mm) % passing BS test sieve 
(μm) % finer

CLAY 1
SILT 2 150 5 36 20 2
SILT & CLAY 3
SAND 21 75 2 24 6 2
GRAVEL 76
COBBLE & BOULDER 0 63 1.18 19 2 1

test method(s) 5.2# & 5.4
50 100 0.63 15

37.5 93 0.425 12

20 78 0.2 6

10 55 0.15 5

6.3 42 0.063 3

CONTRACT CHECKED
# denotes sample tested is smaller than that which is recommended in accordance with BS EN 17892

32933 SR
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Geotechnical Engineering Limited
PARTICLE SIZE DISTRIBUTION
BS EN ISO 17892 - 4 : 2016 : 5

SITE

SPECIMEN BASE (m)

test method

5.2 - sieving

5.3 - sedimentation by hydrometer

5.4 - sedimentation by pipette

remarks

CLIENT THAMES PROPERTIES LIMITED BH/TP No. BH02

COX & WYMAN BUILDING, CARDIFF ROAD, READING SAMPLE No./TYPE 18L

SAMPLE DEPTH (m) 4.20
DESCRIPTION Light brown slightly silty very sandy GRAVEL 

SPECIMEN TOP (m) 4.30

5.00

soil type % fraction BS test sieve 
(mm) % passing BS test sieve 

(mm) % passing BS test sieve 
(μm) % finer

CLAY 1
SILT 2 150 5 48 20 1
SILT & CLAY 2
SAND 31 75 2 33 6 1
GRAVEL 67
COBBLE & BOULDER 0 63 1.18 26 2 1

test method(s) 5.2# & 5.4
50 0.63 18

37.5 100 0.425 13

20 86 0.2 5

10 66 0.15 4

6.3 53 0.063 2

CONTRACT CHECKED
# denotes sample tested is smaller than that which is recommended in accordance with BS EN 17892

32933 SR
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Geotechnical Engineering Limited
PARTICLE SIZE DISTRIBUTION
BS EN ISO 17892 - 4 : 2016 : 5

SITE

SPECIMEN BASE (m)

test method

5.2 - sieving

5.3 - sedimentation by hydrometer

5.4 - sedimentation by pipette

remarks

CLIENT THAMES PROPERTIES LIMITED BH/TP No. BH03

COX & WYMAN BUILDING, CARDIFF ROAD, READING SAMPLE No./TYPE 17L

SAMPLE DEPTH (m) 4.20
DESCRIPTION Light brown slightly silty very sandy GRAVEL 

SPECIMEN TOP (m) 4.20

5.20

soil type % fraction BS test sieve 
(mm) % passing BS test sieve 

(mm) % passing BS test sieve 
(μm) % finer

CLAY 1
SILT 2 150 5 50 20 1
SILT & CLAY 2
SAND 38 75 2 40 6 1
GRAVEL 60
COBBLE & BOULDER 0 63 1.18 36 2 1

test method(s) 5.2# & 5.4
50 0.63 32

37.5 100 0.425 28

20 88 0.2 7

10 65 0.15 5

6.3 53 0.063 2

CONTRACT CHECKED
# denotes sample tested is smaller than that which is recommended in accordance with BS EN 17892

32933 SR
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Geotechnical Engineering Limited
PARTICLE SIZE DISTRIBUTION
BS EN ISO 17892 - 4 : 2016 : 5

SITE

SPECIMEN BASE (m)

test method

5.2 - sieving

5.3 - sedimentation by hydrometer

5.4 - sedimentation by pipette

remarks

CLIENT THAMES PROPERTIES LIMITED BH/TP No. BH04B

COX & WYMAN BUILDING, CARDIFF ROAD, READING SAMPLE No./TYPE 8L

SAMPLE DEPTH (m) 3.20
DESCRIPTION Light brown slightly silty very sandy GRAVEL 

SPECIMEN TOP (m) 3.40

4.00

soil type % fraction BS test sieve 
(mm) % passing BS test sieve 

(mm) % passing BS test sieve 
(μm) % finer

CLAY 1
SILT 1 150 5 50 20 1
SILT & CLAY 2
SAND 39 75 2 41 6 1
GRAVEL 59
COBBLE & BOULDER 0 63 1.18 38 2 1

test method(s) 5.2# & 5.4
50 100 0.63 34

37.5 98 0.425 29

20 84 0.2 9

10 66 0.15 4

6.3 54 0.063 2

CONTRACT CHECKED
# denotes sample tested is smaller than that which is recommended in accordance with BS EN 17892

32933 SR
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Geotechnical Engineering Limited
PARTICLE SIZE DISTRIBUTION
BS EN ISO 17892 - 4 : 2016 : 5

SITE

SPECIMEN BASE (m)

test method

5.2 - sieving

5.3 - sedimentation by hydrometer

5.4 - sedimentation by pipette

remarks

CLIENT THAMES PROPERTIES LIMITED BH/TP No. BH05

COX & WYMAN BUILDING, CARDIFF ROAD, READING SAMPLE No./TYPE 10L

SAMPLE DEPTH (m) 3.20
DESCRIPTION Light brown slightly silty very sandy GRAVEL 

SPECIMEN TOP (m) 3.40

4.00

soil type % fraction BS test sieve 
(mm) % passing BS test sieve 

(mm) % passing BS test sieve 
(μm) % finer

CLAY 1
SILT 3 150 5 50 20 2
SILT & CLAY 4
SAND 38 75 2 42 6 2
GRAVEL 58
COBBLE & BOULDER 0 63 1.18 39 2 1

test method(s) 5.2# & 5.4
50 100 0.63 35

37.5 98 0.425 30

20 87 0.2 11

10 64 0.15 8

6.3 53 0.063 4

CONTRACT CHECKED
# denotes sample tested is smaller than that which is recommended in accordance with BS EN 17892

32933 SR
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Geotechnical Engineering Limited
UNIAXIAL COMPRESSIVE STRENGTH OF ROCK
I.S.R.M. Suggested Methods :  2007 Edition

CLIENT

SITE

borehole
/trial pit no./type depth

no. (m) (m) (mm) (mm) (%) (Mg/m3) (kN/min) (min:sec) (MPa)

BH02 46C 17.20 18.70 86.9 176.9 2.04 22.8 2.03 4 03:38 2.65

BH02 48C 18.70 18.74 102.4 194.4 1.90 24.6 1.31 10 00:49 0.98

general remarks
sample obtained from vertically drilled core (unless specified), test machine - ELE 1500
coding: moisture condition sample storage failure mode

N - natural moisture content U - not wrapped Ax - axial cleavage
F - fully saturated F - wrapped in cling film/foil Ca - cataclasis CHECKED
S - soaked W - waxed Sh - shear
P - air/partially dried G - contained in sealed Geoline Ex - explosive

Ot - other

THAMES PROPERTIES LIMITED

COX & WYMAN BUILDING, CARDIFF ROAD, READING

sample specimen 
depth

diameter 
D 

height    
H H/D

moisture 
content

bulk 
density

loading 
rate

time to 
failure

UCS

description, codes and remarks

Off white CHALK , P, Ax. Sample 
H/D ratio falls outside of ISRM 
specification 
Off white CHALK , P, Ax. Sample 
H/D ratio falls outside of ISRM 
specification 

32933 SR
CONTRACT



Geotechnical Engineering Limited
POINT LOAD STRENGTH TEST
I.S.R.M. Suggested Methods :  2007 Edition

CLIENT

SITE

borehole Is Is(50)
/trial pit 

no. (m) W L D P De (MPa) (MPa)

(mm) (mm) (mm) (kN) (mm)

BH01 10.93 I U P 95 103 65 0.74 88.67 0.09 1.29 0.12

BH01 16.20 D Y P 60 90 0.03 90.00 0.00 1.30 0.00

BH01 16.20 A X P 90 65 0.74 86.30 0.10 1.28 0.13

BH01 19.90 I U P 90 110 90 0.44 101.55 0.04 1.38 0.06

BH02 14.10 I U P 65 90 70 0.44 76.11 0.08 1.21 0.09

BH02 17.10 D Y P 60 90 0.32 90.00 0.04 1.30 0.05

BH02 17.10 A X P 90 60 0.21 82.92 0.03 1.26 0.04

BH02 19.60 I U P 80 90 70 0.78 84.44 0.11 1.27 0.14

BH03 15.70 D Y P 40 90 0.63 90.00 0.08 1.30 0.10

BH03 15.70 A X P 90 45 0.72 71.81 0.14 1.18 0.16

BH03 17.20 D Y P 45 90 0.83 90.00 0.10 1.30 0.13

BH03 17.20 A X P 90 50 1.02 75.69 0.18 1.21 0.21

BH03 19.40 D Y P 40 90 0.97 90.00 0.12 1.30 0.16

BH03 19.40 A X P 90 35 0.57 63.33 0.14 1.11 0.16

BH04B 15.55 I U P 90 120 70 0.70 89.56 0.09 1.30 0.11

BH04B 17.90 I U P 90 90 70 0.57 89.56 0.07 1.30 0.09

BH04B 19.45 D Y P 65 90 0.95 90.00 0.12 1.30 0.15

BH04B 19.45 A X P 90 65 0.77 86.30 0.10 1.28 0.13

BH05 11.20 I U P 90 90 80 0.68 95.75 0.07 1.34 0.10

general remarks
tests carried out in accordance with I.S.R.M.(2007): Suggested Methods for Determining Point Load Strength.

test type test orientation relative to discontinuities moisture condition CHECKED
A - axial X - perpendicular U - unknown N - natural moisture content
D - diametral Y - parallel P - partially air dried
I - irregular lump Z - oblique S - soaked

THAMES PROPERTIES LIMITED

COX & WYMAN BUILDING, CARDIFF ROAD, READING

sample 
depth

test 
type

test 
orien-
tation

moisture 
condi-tion

width   length   platen 
sep.     

failure 
load 

equiv. 
diam.

size 
factor

description and remarks

Off white CHALK

Off white CHALK

Off white CHALK

Off white CHALK

Off white CHALK

Off white CHALK

Off white CHALK

Off white CHALK

Off white CHALK

Off white CHALK

Off white CHALK

Off white CHALK

Off white CHALK

Off white CHALK

32933 SR
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Geotechnical Engineering Limited
POINT LOAD STRENGTH TEST
I.S.R.M. Suggested Methods :  2007 Edition

CLIENT

SITE

borehole Is Is(50)
/trial pit 

no. (m) W L D P De (MPa) (MPa)

(mm) (mm) (mm) (kN) (mm)

BH05 16.70 I U P 85 70 65 0.68 83.87 0.10 1.26 0.12

BH05 18.45 I U P 90 90 90 0.58 101.55 0.06 1.38 0.08

BH05 19.90 D Y P 50 90 0.50 90.00 0.06 1.30 0.08

BH05 19.90 A X P 90 50 0.80 75.69 0.14 1.21 0.17

general remarks
tests carried out in accordance with I.S.R.M.(2007): Suggested Methods for Determining Point Load Strength.

test type test orientation relative to discontinuities moisture condition CHECKED
A - axial X - perpendicular U - unknown N - natural moisture content
D - diametral Y - parallel P - partially air dried
I - irregular lump Z - oblique S - soaked

THAMES PROPERTIES LIMITED

COX & WYMAN BUILDING, CARDIFF ROAD, READING

sample 
depth

test 
type

test 
orien-
tation

moisture 
condi-tion

width   length   platen 
sep.     

failure 
load 

equiv. 
diam.

size 
factor

description and remarks

Off white CHALK

Off white CHALK

Off white CHALK

Off white CHALK

32933 SR
CONTRACT
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Test Methods

SOP Title Parameters included Method summary
2010 pH Value of Soils pH pH Meter

2030
Moisture and Stone Content of 
Soils(Requirement of 
MCERTS)

Moisture content
Determination of moisture content of soil as a 
percentage of its as received mass obtained at 
<37°C.

2120 Water Soluble Boron, Sulphate, 
Magnesium & Chromium Boron; Sulphate; Magnesium; Chromium Aqueous extraction / ICP-OES

2175 Total Sulphur in Soils Total Sulphur
Determined by high temperature combustion 
under oxygen, using an Eltra elemental 
analyser.

2430 Total Sulphate in soils Total Sulphate Acid digestion followed by determination of 
sulphate in extract by ICP-OES.

Page 4 of 5



Report Information

Key
U UKAS accredited
M MCERTS and UKAS accredited
N Unaccredited
S This analysis has been subcontracted to a UKAS accredited laboratory that is accredited for this analysis

SN This analysis has been subcontracted to a UKAS accredited laboratory that is not accredited for this analysis
T This analysis has been subcontracted to an unaccredited laboratory

I/S Insufficient Sample
U/S Unsuitable Sample
N/E not evaluated

< "less than"
> "greater than"

Comments or interpretations are beyond the scope of UKAS accreditation
The results relate only to the items tested
Uncertainty of measurement for the determinands tested are available upon request 
None of the results in this report have been recovery corrected
All results are expressed on a dry weight basis
The following tests were analysed on samples as received and the results subsequently corrected to a dry 
weight basis TPH, BTEX, VOCs, SVOCs, PCBs, Phenols
For all other tests the samples were dried at < 37°C prior to analysis
All Asbestos testing is performed at the indicated laboratory 
Issue numbers are sequential starting with 1 all subsequent reports are incremented by 1

Sample Deviation Codes
A - Date of sampling not supplied
B - Sample age exceeds stability time (sampling to extraction)
C - Sample not received in appropriate containers
D - Broken Container
E - Insufficient Sample

Sample Retention and Disposal
All soil samples will be retained for a period of 45 days from the date of receipt
All water samples will be retained for 14 days from the date of receipt
Charges may apply to extended sample storage

If you require extended retention of samples, please email your requirements to: 
customerservices@chemtest.co.uk
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APPENDIX B – EXPLORATORY HOLE RECORDS 



MADE GROUND: Re-inforced concrete.

MADE GROUND: Light grey gravelly slightly silty sandy subangular and
subrounded fine to coarse flint GRAVEL.

MADE GROUND: Dark grey slightly ashy slightly gravelly SILT with rare fine to
coarse gravel sized fragments of glass. Gravel is subangular and subrounded
fine to coarse of flint, brick and ash.

MADE GROUND: Dark grey slightly ashy slightly sandy SILT.

MADE GROUND: Soft orangish brown and mottled grey and yellowish brown
slightly sandy silty CLAY.

Firm orangish brown and mottled reddish brown locally gravelly CLAY. Gravel is
subangular and subrounded fine to coarse of flint.

Firm orangish brown slightly sandy very gravelly CLAY. Gravel is subangular and
subrounded fine to coarse of flint.

Orangish brown gravelly fine to coarse SAND. Gravel is subangular and
subrounded fine to coarse of flint.

Borehole completed at 3.00m.
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Window sample borehole advanced from groundlevel to 3.0 m bgl. No services encountered. No groundwater encountered. 50 monitoring well installed upon
completion.

Co-Ordinates
Former Cox & Wyman Site, Cardiff Road, Reading.
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MADE GROUND: Re-inforced concrete.

MADE GROUND: Brown reddish brown and slightly silty sandy subangular and
subrounded fine to coarse brick, concrete, chalk and flint GRAVEL.

MADE GROUND: Dark grey slightly ashy sandy subangular and subrounded fine
to coarse brick, concrete, chalk and flint GRAVEL with rare fine to coarse gravel
sized glass fragments.

MADE GROUND: Soft orangish brown slightly sandy gravelly CLAY. Gravel is
subangular and subrounded fine to coarse of flint.

MADE GROUND: Firm dark grey slightly gravelly CLAY. Gravel is subangular
and subrounded fine to coarse brick and ash.

MADE GROUND: Firm orangish brown and mottled reddish brown rarely mottled
black silty CLAY.

Firm orangish brown and bluish grey locally slightly sandy gravelly CLAY. Gravel
is subangular fine flint.

Borehole completed at 3.00m.
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Window sample borehole advanced from groundlevel to 3.0 m bgl. No services encountered. No groundwater encountered. 50 mm monitoring well installed upon
completion.

Co-Ordinates
Former Cox & Wyman Site, Cardiff Road, Reading.
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MADE GROUND: Brown slightly silty sandy subangular and subrounded fine to
coarse brick and concrete GRAVEL.

MADE GROUND: Brown slightly clayey sandy subangular and subrounded fine
to coarse brick and concrete with rare rounded flint GRAVEL.

MADE GROUND: Firm brown gravelly CLAY. Gravel is subangular and
subrounded fine to coarse brick and concrete.

MADE GROUND: Firm brown mottled reddish brown rarely mottled black silty
CLAY.

Firm orangish brown slightly silty sandy CLAY.

Yellowish brown slightly silty sandy subangular and subrounded fine to coarse
flint GRAVEL.

Borehole completed at 3.00m.
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Window sample borehole advanced from groundlevel to 3.0 m bgl. No services encountered. No groundwater encountered. 50 mm monitoring well installed upon
completion.
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Former Cox & Wyman Site, Cardiff Road, Reading.
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MADE GROUND: Re-inforced concrete.

MADE GROUND: Light yellowish brown gravelly SAND with rare fine to coarse
gravel sized glass fragments. Gravel is subangular to subrounded fine to coarse
of flint.

MADE GROUND: Brown slightly sandy gravelly SILT with rare fine to coarse
gravel sized fragments of glass. Gravel is subangular and subrounded fine to
coarse flint, brick and ash.

MADE GROUND: Firm brown mottled reddish brown rarely mottled black silty
CLAY.

Orangish brown slightly clayey sandy subangular and subrounded fine to coarse
flint GRAVEL.

Orangish brown slightly silty sandy subangular and subrounded fine to coarse
flint GRAVEL.

Borehole completed at 3.00m.
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Window sample borehole advanced from groundlevel to 3.0 m bgl. No services encountered. No groundwater encountered. 50 mm monitoring well installed upon
completion.

Co-Ordinates
Former Cox & Wyman Site, Cardiff Road, Reading.
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MADE GROUND: Re-inforced concrete.

MADE GROUND: Orangish brown very gravelly fine to coarse SAND. Gravel is
subangular and tabular fine to coarse concrete and brick with rare slate.

Note: Borehole refused on brick structure.

Borehole completed at 1.00m.
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Window sample borehole advanced from groundlevel to 1.0 m bgl. No services encountered. No groundwater encountered. Backfilled with arisings upon completion.
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APPENDIX C – LABORATORY TESTING AND GAC VALUES 



Steve Rhodes

t: 01923 225404
f: 01923 237404

e: steve.rhodes@enzygo.com                                                    e:

Project / Site name: Samples received on: 12/04/2019

Your job number: CRM.1265.013 Samples instructed on: 12/04/2019

Your order number: Analysis completed by: 23/04/2019

Report Issue Number: 1 Report issued on: 23/04/2019

Samples Analysed:

Signed:

Head of Customer Services
For & on behalf of i2 Analytical Ltd.

Standard Geotechnical, Asbestos and Chemical Testing Laboratory located at: ul. Pionierów 39, 41 -711 Ruda Śląska, Poland.

Accredited tests are defined within the report, opinions and interpretations expressed herein are outside the scope of accreditation.

Standard sample disposal times, unless otherwise agreed with the laboratory, are : soils - 4 weeks from reporting
leachates - 2 weeks from reporting
waters - 2 weeks from reporting
asbestos - 6 months from reporting

Excel copies of reports are only valid when accompanied by this PDF certificate.

reception@i2analytical.com

Rexona Rahman

6 soil samples

Carfiff Rd Reading

Enzygo Geoenvironmental Ltd
The Byre
Woodend Lane
Cromhall
Gloucestershire
GL12 8AA

i2 Analytical Ltd.
7 Woodshots Meadow,
Croxley Green                               
Business Park,
Watford, 
Herts, 
WD18 8YS

Analytical Report Number : 19-37305

This certificate should not be reproduced, except in full, without the express permission of the laboratory. 

The results included within the report are representative of the samples submitted for analysis.

Iss No 19-37305-1 Carfiff Rd Reading CRM.1265.013

Page 1 of 8



Analytical Report Number: 19-37305

Project / Site name: Carfiff Rd Reading

Lab Sample Number 1200180 1200181 1200182 1200183 1200184
Sample Reference WS101 WS102 WS103 WS105 WS106
Sample Number None Supplied None Supplied None Supplied None Supplied None Supplied
Depth (m) 0.40 0.40 0.30 0.30 0.30

Date Sampled 11/04/2019 11/04/2019 11/04/2019 11/04/2019 11/04/2019
Time Taken None Supplied None Supplied None Supplied None Supplied None Supplied

Analytical Parameter 

(Soil Analysis)

U
n

its

L
im

it o
f 

d
e

te
c
tio

n

A
c
c
re

d
ita

tio
n

 

S
ta

tu
s

Stone Content % 0.1 NONE < 0.1 34 < 0.1 21 < 0.1
Moisture Content % N/A NONE 13 8.5 10 3.1 9.0
Total mass of sample received kg 0.001 NONE 1.3 1.2 1.2 1.5 1.2

Asbestos in Soil Screen / Identification Name Type N/A ISO 17025 - - - - Chrysotile

Asbestos in Soil Type N/A ISO 17025 Not-detected Not-detected Not-detected Not-detected Detected
Asbestos Quantification (Stage 2) % 0.001 ISO 17025 - - - - < 0.001
Asbestos Quantification Total % 0.001 ISO 17025 - - - - < 0.001

General Inorganics

pH - Automated pH Units N/A MCERTS 8.6 8.5 8.3 11.5 9.4
Total Organic Carbon (TOC) % 0.1 MCERTS 3.6 0.5 1.2 0.3 0.2

Speciated PAHs

Naphthalene mg/kg 0.05 MCERTS 0.25 < 0.05 < 0.05 0.38 < 0.05
Acenaphthylene mg/kg 0.05 MCERTS < 0.05 < 0.05 0.45 < 0.05 < 0.05
Acenaphthene mg/kg 0.05 MCERTS < 0.05 < 0.05 0.50 0.34 < 0.05
Fluorene mg/kg 0.05 MCERTS < 0.05 < 0.05 0.53 0.43 < 0.05
Phenanthrene mg/kg 0.05 MCERTS 0.78 1.1 3.6 4.6 0.75
Anthracene mg/kg 0.05 MCERTS 0.25 0.30 2.2 1.4 0.22
Fluoranthene mg/kg 0.05 MCERTS 1.1 2.2 13 5.8 1.4
Pyrene mg/kg 0.05 MCERTS 1.1 2.1 12 4.9 1.2
Benzo(a)anthracene mg/kg 0.05 MCERTS 0.75 0.98 7.4 2.3 0.58
Chrysene mg/kg 0.05 MCERTS 1.1 1.3 5.7 1.8 0.46
Benzo(b)fluoranthene mg/kg 0.05 MCERTS 1.2 1.4 8.5 2.0 0.50
Benzo(k)fluoranthene mg/kg 0.05 MCERTS 0.48 0.68 3.3 0.65 0.22
Benzo(a)pyrene mg/kg 0.05 MCERTS 0.99 1.2 7.0 1.6 0.39
Indeno(1,2,3-cd)pyrene mg/kg 0.05 MCERTS 0.63 0.68 4.3 1.1 0.26
Dibenz(a,h)anthracene mg/kg 0.05 MCERTS < 0.05 0.18 1.4 0.33 < 0.05
Benzo(ghi)perylene mg/kg 0.05 MCERTS 0.82 0.86 5.1 1.2 0.34

Total PAH

Speciated Total EPA-16 PAHs mg/kg 0.8 MCERTS 9.33 13.0 75.7 28.8 6.27

Heavy Metals / Metalloids

Arsenic (aqua regia extractable) mg/kg 1 MCERTS 14 14 22 18 13
Boron (water soluble) mg/kg 0.2 MCERTS 5.9 2.7 1.1 1.9 1.7
Cadmium (aqua regia extractable) mg/kg 0.2 MCERTS < 0.2 0.4 0.6 < 0.2 < 0.2
Chromium (hexavalent) mg/kg 4 MCERTS < 4.0 < 4.0 < 4.0 < 4.0 < 4.0
Chromium (aqua regia extractable) mg/kg 1 MCERTS 190 14 23 19 8.8
Copper (aqua regia extractable) mg/kg 1 MCERTS 380 42 180 230 15
Lead (aqua regia extractable) mg/kg 1 MCERTS 7100 680 1100 110 200
Mercury (aqua regia extractable) mg/kg 0.3 MCERTS 1.3 0.7 1.8 < 0.3 1.0
Nickel (aqua regia extractable) mg/kg 1 MCERTS 21 17 22 19 10
Selenium (aqua regia extractable) mg/kg 1 MCERTS < 1.0 < 1.0 < 1.0 < 1.0 < 1.0
Zinc (aqua regia extractable) mg/kg 1 MCERTS 120 130 400 99 40

This certificate should not be reproduced, except in full, without the express permission of the laboratory. 

The results included within the report are representative of the samples submitted for analysis.
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Analytical Report Number: 19-37305

Project / Site name: Carfiff Rd Reading

Lab Sample Number 1200180 1200181 1200182 1200183 1200184
Sample Reference WS101 WS102 WS103 WS105 WS106
Sample Number None Supplied None Supplied None Supplied None Supplied None Supplied
Depth (m) 0.40 0.40 0.30 0.30 0.30

Date Sampled 11/04/2019 11/04/2019 11/04/2019 11/04/2019 11/04/2019
Time Taken None Supplied None Supplied None Supplied None Supplied None Supplied

Analytical Parameter 

(Soil Analysis)
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Monoaromatics & Oxygenates

Benzene ug/kg 1 MCERTS < 1.0 < 1.0 < 1.0 < 1.0 < 1.0
Toluene µg/kg 1 MCERTS < 1.0 < 1.0 < 1.0 < 1.0 < 1.0
Ethylbenzene µg/kg 1 MCERTS < 1.0 < 1.0 < 1.0 < 1.0 < 1.0
p & m-xylene µg/kg 1 MCERTS < 1.0 < 1.0 < 1.0 < 1.0 < 1.0
o-xylene µg/kg 1 MCERTS < 1.0 < 1.0 < 1.0 < 1.0 < 1.0
MTBE (Methyl Tertiary Butyl Ether) µg/kg 1 MCERTS < 1.0 < 1.0 < 1.0 < 1.0 < 1.0

Petroleum Hydrocarbons

TPH-CWG - Aliphatic >EC5 - EC6 mg/kg 0.001 MCERTS < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
TPH-CWG - Aliphatic >EC6 - EC8 mg/kg 0.001 MCERTS < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
TPH-CWG - Aliphatic >EC8 - EC10 mg/kg 0.001 MCERTS < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
TPH-CWG - Aliphatic >EC10 - EC12 mg/kg 1 MCERTS < 1.0 < 1.0 < 1.0 < 1.0 < 1.0
TPH-CWG - Aliphatic >EC12 - EC16 mg/kg 2 MCERTS 13 < 2.0 < 2.0 < 2.0 < 2.0
TPH-CWG - Aliphatic >EC16 - EC21 mg/kg 8 MCERTS 26 < 8.0 < 8.0 < 8.0 < 8.0
TPH-CWG - Aliphatic >EC21 - EC35 mg/kg 8 MCERTS 150 < 8.0 < 8.0 < 8.0 < 8.0
TPH-CWG - Aliphatic > EC35 - EC44 mg/kg 8.4 NONE - - - - -

TPH-CWG - Aliphatic (EC5 - EC35) mg/kg 10 MCERTS 190 < 10 < 10 < 10 < 10
TPH-CWG - Aliphatic (EC5 - EC44) mg/kg 10 NONE - - - - -

TPH-CWG - Aromatic >EC5 - EC7 mg/kg 0.001 MCERTS < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
TPH-CWG - Aromatic >EC7 - EC8 mg/kg 0.001 MCERTS < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
TPH-CWG - Aromatic >EC8 - EC10 mg/kg 0.001 MCERTS < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
TPH-CWG - Aromatic >EC10 - EC12 mg/kg 1 MCERTS < 1.0 < 1.0 < 1.0 < 1.0 < 1.0
TPH-CWG - Aromatic >EC12 - EC16 mg/kg 2 MCERTS < 2.0 < 2.0 15 < 2.0 < 2.0
TPH-CWG - Aromatic >EC16 - EC21 mg/kg 10 MCERTS < 10 < 10 100 31 < 10
TPH-CWG - Aromatic >EC21 - EC35 mg/kg 10 MCERTS < 10 < 10 230 42 17
TPH-CWG - Aromatic > EC35 - EC44 mg/kg 8.4 NONE - - - - -

TPH-CWG - Aromatic (EC5 - EC35) mg/kg 10 MCERTS < 10 < 10 350 73 26
TPH-CWG - Aromatic (EC5 - EC44) mg/kg 10 NONE - - - - -

TPH (>C5 - C7) mg/kg 1 MCERTS - - - - -
TPH (>C7 - C8) mg/kg 1 MCERTS - - - - -
TPH (C8 - C10) mg/kg 0.1 MCERTS - - - - -
TPH (C10 - C12) mg/kg 2 MCERTS - - - - -
TPH (C12 - C16) mg/kg 4 MCERTS - - - - -
TPH (C16 - C21) mg/kg 1 MCERTS - - - - -
TPH (C21 - C35) mg/kg 1 MCERTS - - - - -
TPH (C35 - C44) mg/kg 10 NONE - - - - -
TPH Total C5 - C44 mg/kg 10 NONE - - - - -

This certificate should not be reproduced, except in full, without the express permission of the laboratory. 

The results included within the report are representative of the samples submitted for analysis.
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Analytical Report Number: 19-37305

Project / Site name: Carfiff Rd Reading

Lab Sample Number

Sample Reference

Sample Number

Depth (m)

Date Sampled

Time Taken

Analytical Parameter 

(Soil Analysis)
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Stone Content % 0.1 NONE

Moisture Content % N/A NONE

Total mass of sample received kg 0.001 NONE

Asbestos in Soil Screen / Identification Name Type N/A ISO 17025

Asbestos in Soil Type N/A ISO 17025

Asbestos Quantification (Stage 2) % 0.001 ISO 17025

Asbestos Quantification Total % 0.001 ISO 17025

General Inorganics

pH - Automated pH Units N/A MCERTS

Total Organic Carbon (TOC) % 0.1 MCERTS

Speciated PAHs

Naphthalene mg/kg 0.05 MCERTS

Acenaphthylene mg/kg 0.05 MCERTS

Acenaphthene mg/kg 0.05 MCERTS

Fluorene mg/kg 0.05 MCERTS

Phenanthrene mg/kg 0.05 MCERTS

Anthracene mg/kg 0.05 MCERTS

Fluoranthene mg/kg 0.05 MCERTS

Pyrene mg/kg 0.05 MCERTS

Benzo(a)anthracene mg/kg 0.05 MCERTS

Chrysene mg/kg 0.05 MCERTS

Benzo(b)fluoranthene mg/kg 0.05 MCERTS

Benzo(k)fluoranthene mg/kg 0.05 MCERTS

Benzo(a)pyrene mg/kg 0.05 MCERTS

Indeno(1,2,3-cd)pyrene mg/kg 0.05 MCERTS

Dibenz(a,h)anthracene mg/kg 0.05 MCERTS

Benzo(ghi)perylene mg/kg 0.05 MCERTS

Total PAH

Speciated Total EPA-16 PAHs mg/kg 0.8 MCERTS

Heavy Metals / Metalloids

Arsenic (aqua regia extractable) mg/kg 1 MCERTS

Boron (water soluble) mg/kg 0.2 MCERTS

Cadmium (aqua regia extractable) mg/kg 0.2 MCERTS

Chromium (hexavalent) mg/kg 4 MCERTS

Chromium (aqua regia extractable) mg/kg 1 MCERTS

Copper (aqua regia extractable) mg/kg 1 MCERTS

Lead (aqua regia extractable) mg/kg 1 MCERTS

Mercury (aqua regia extractable) mg/kg 0.3 MCERTS

Nickel (aqua regia extractable) mg/kg 1 MCERTS

Selenium (aqua regia extractable) mg/kg 1 MCERTS

Zinc (aqua regia extractable) mg/kg 1 MCERTS

1200481
WS106

None Supplied
1.00

11/04/2019
None Supplied

< 0.1
16
1.1

-

Not-detected
-
-

7.0
8.1

0.58
< 0.05
< 0.05
< 0.05

1.4
0.32
1.8
1.6
0.85
1.3
1.2
0.55
0.77
0.68

< 0.05
0.82

11.8

14
12
0.2

< 4.0
13
43
80
0.8
22
1.1
120

This certificate should not be reproduced, except in full, without the express permission of the laboratory. 

The results included within the report are representative of the samples submitted for analysis.
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Analytical Report Number: 19-37305

Project / Site name: Carfiff Rd Reading

Lab Sample Number

Sample Reference

Sample Number

Depth (m)

Date Sampled

Time Taken

Analytical Parameter 

(Soil Analysis)

U
n

its

L
im

it o
f 

d
e

te
c
tio

n

A
c
c
re

d
ita

tio
n

 

S
ta

tu
s

Monoaromatics & Oxygenates

Benzene ug/kg 1 MCERTS

Toluene µg/kg 1 MCERTS

Ethylbenzene µg/kg 1 MCERTS

p & m-xylene µg/kg 1 MCERTS

o-xylene µg/kg 1 MCERTS

MTBE (Methyl Tertiary Butyl Ether) µg/kg 1 MCERTS

Petroleum Hydrocarbons

TPH-CWG - Aliphatic >EC5 - EC6 mg/kg 0.001 MCERTS

TPH-CWG - Aliphatic >EC6 - EC8 mg/kg 0.001 MCERTS

TPH-CWG - Aliphatic >EC8 - EC10 mg/kg 0.001 MCERTS

TPH-CWG - Aliphatic >EC10 - EC12 mg/kg 1 MCERTS

TPH-CWG - Aliphatic >EC12 - EC16 mg/kg 2 MCERTS

TPH-CWG - Aliphatic >EC16 - EC21 mg/kg 8 MCERTS

TPH-CWG - Aliphatic >EC21 - EC35 mg/kg 8 MCERTS
TPH-CWG - Aliphatic > EC35 - EC44 mg/kg 8.4 NONE

TPH-CWG - Aliphatic (EC5 - EC35) mg/kg 10 MCERTS

TPH-CWG - Aliphatic (EC5 - EC44) mg/kg 10 NONE

TPH-CWG - Aromatic >EC5 - EC7 mg/kg 0.001 MCERTS

TPH-CWG - Aromatic >EC7 - EC8 mg/kg 0.001 MCERTS

TPH-CWG - Aromatic >EC8 - EC10 mg/kg 0.001 MCERTS

TPH-CWG - Aromatic >EC10 - EC12 mg/kg 1 MCERTS

TPH-CWG - Aromatic >EC12 - EC16 mg/kg 2 MCERTS

TPH-CWG - Aromatic >EC16 - EC21 mg/kg 10 MCERTS

TPH-CWG - Aromatic >EC21 - EC35 mg/kg 10 MCERTS
TPH-CWG - Aromatic > EC35 - EC44 mg/kg 8.4 NONE

TPH-CWG - Aromatic (EC5 - EC35) mg/kg 10 MCERTS

TPH-CWG - Aromatic (EC5 - EC44) mg/kg 10 NONE

TPH (>C5 - C7) mg/kg 1 MCERTS

TPH (>C7 - C8) mg/kg 1 MCERTS

TPH (C8 - C10) mg/kg 0.1 MCERTS

TPH (C10 - C12) mg/kg 2 MCERTS

TPH (C12 - C16) mg/kg 4 MCERTS

TPH (C16 - C21) mg/kg 1 MCERTS

TPH (C21 - C35) mg/kg 1 MCERTS
TPH (C35 - C44) mg/kg 10 NONE

TPH Total C5 - C44 mg/kg 10 NONE

1200481
WS106

None Supplied
1.00

11/04/2019
None Supplied

-
-
-
-
-
-

< 0.001
< 0.001
< 0.001
< 1.0
< 2.0
< 8.0
< 8.0
< 8.4

< 10
< 10

< 0.001
< 0.001
< 0.001
< 1.0
< 2.0

12
12

< 8.4

24
24

< 1.0
< 1.0
< 0.1
< 2.0
< 4.0

12
12

< 10
24

This certificate should not be reproduced, except in full, without the express permission of the laboratory. 

The results included within the report are representative of the samples submitted for analysis.
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19-37305

Carfiff Rd Reading

Methods:

Qualitative Analysis  

Sample 

Number
Sample ID

Sample 

Depth 

(m)

Sample 

Weight 

(g)

Asbestos Containing 

Material Types 

Detected (ACM)

PLM Results

Asbestos by hand 

picking/weighing 

(%)

Total % 

Asbestos in 

Sample

1200184 WS106 0.30 148 Loose Fibres Chrysotile < 0.001 < 0.001

The analysis was carried out using our documented in-house method A006 based on HSE Contract Research Report No: 83/1996: Development 
and Validation of an analytical method to determine the amount of asbestos in soils and loose aggregates (Davies et al, 1996) and HSG 248. 
Our method includes initial examination of the entire representative sample, then fractionation and detailed analysis of each fraction, with 
quantification by hand picking and weighing.

The limit of detection (reporting limit) of this method is 0.001 %.

The method has been validated using samples of at least 100 g, results for samples smaller than this should be interpreted with caution.

Opinions and interpretations expressed herein are outside the scope of UKAS accreditation. 

Analytical Report Number: 

Project / Site name: 

Your Order No: 

Certificate of Analysis - Asbestos Quantification

The samples were analysed qualitatively for asbestos by polarising light and dispersion staining as described by the Health and Safety 
Executive in HSG 248. 

Quantitative Analysis

Both Qualitative and Quantitative Analyses are UKAS accredited.

This certificate should not be reproduced, except in full, without the express permission of the laboratory. 

The results included within the report are representative of the samples submitted for analysis.
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Analytical Report Number : 19-37305

Project / Site name: Carfiff Rd Reading

Lab Sample 

Number

Sample 

Reference

Sample 

Number
Depth (m) Sample Description *

1200180 WS101 None Supplied 0.40 Brown loam and clay with gravel.
1200181 WS102 None Supplied 0.40 Brown clay and gravel with stones and chalk.
1200182 WS103 None Supplied 0.30 Brown loam and clay with gravel and rubble.
1200183 WS105 None Supplied 0.30 Beige sand with gravel and stones.
1200184 WS106 None Supplied 0.30 Light brown sand with rubble and gravel.
1200481 WS106 None Supplied 1.00 Brown clay and sand with gravel.

* These descriptions are only intended to act as a cross check if sample identities are questioned. The major constituent of the sample is intended to act with respect to MCERTS validation. 
The laboratory is accredited for sand, clay and loam (MCERTS) soil types. Data for unaccredited types of solid should be interpreted with care. 

Stone content of a sample is calculated as the % weight of the stones not passing a  10 mm sieve. Results are not corrected for stone content.

This certificate should not be reproduced, except in full, without the express permission of the laboratory. 

The results included within the report are representative of the samples submitted for analysis.
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Analytical Report Number : 19-37305

Project / Site name: Carfiff Rd Reading

Water matrix abbreviations: Surface Water (SW) Potable Water (PW) Ground Water (GW) Process Water (PrW)

Analytical Test Name Analytical Method Description Analytical Method Reference
Method 

number

Wet / Dry 

Analysis

Accreditation 

Status

Asbestos identification in soil Asbestos Identification with the use of polarised 
light microscopy in conjunction with disperion 
staining techniques.

In house method based on HSG 248 A001-PL D ISO 17025

Asbestos Quantification - Gravimetric Asbestos quantification by gravimetric method - in 
house method based on references.

HSE Report No: 83/1996, HSG 248, HSG 
264 & SCA Blue Book (draft).

A006-PL D ISO 17025

Boron, water soluble, in soil Determination of water soluble boron in soil by hot 
water extract followed by ICP-OES.

In-house method based on Second Site 
Properties version 3

L038-PL D MCERTS

BTEX and MTBE in soil   
(Monoaromatics)

Determination of BTEX in soil by headspace GC-MS. In-house method based on USEPA8260 L073B-PL W MCERTS

D.O. for Gravimetric Quant if 
Screen/ID positive

Dependent option  for Gravimetric Quant if 
Screen/ID positive scheduled.

In house asbestos methods A001 & A006. A006-PL D NONE

Hexavalent chromium in soil Determination of hexavalent chromium in soil by 
extraction in water then by acidification, addition of 
1,5 diphenylcarbazide followed by colorimetry.

In-house method L080-PL W MCERTS

Metals in soil by ICP-OES Determination of metals in soil by aqua-regia 
digestion followed by ICP-OES.

In-house method based on MEWAM 2006  
Methods for the Determination of Metals in 
Soil.

L038-PL D MCERTS

Moisture Content Moisture content, determined gravimetrically. In-house method based on BS1377 Part 2, 
1990, Chemical and Electrochemical Tests

L019-UK/PL W NONE

pH in soil (automated) Determination of pH in soil by addition of water 
followed by automated electrometric measurement.

In-house method based on BS1377 Part 3, 
1990, Chemical and Electrochemical Tests

L099-PL D MCERTS

Speciated EPA-16 PAHs in soil Determination of PAH compounds in soil by 
extraction in dichloromethane and hexane followed 
by GC-MS with the use of surrogate and internal 
standards.

In-house method based on USEPA 8270 L064-PL D MCERTS

Stones content of soil Standard preparation for all samples unless 
otherwise detailed. Gravimetric determination of 
stone > 10 mm as %  dry weight.

In-house method based on British Standard 
Methods and MCERTS requirements.

L019-UK/PL D NONE

Total organic carbon (Automated) in 
soil

Determination of organic matter in soil by oxidising 
with potassium dichromate followed by titration 
with iron (II) sulphate.

In-house method based on BS1377 Part 3, 
1990, Chemical and Electrochemical Tests""

L009-PL D MCERTS

TPH in (Soil) Determination of TPH bands by HS-GC-MS/GC-FID In-house method, TPH with carbon banding 
and silica gel split/cleanup.

L076-PL D NONE

TPHCWG (Soil) Determination of hexane extractable hydrocarbons 
in soil by GC-MS/GC-FID.

In-house method with silica gel split/clean 
up.

L088/76-PL W MCERTS

For method numbers ending in 'UK' analysis have been carried out in our laboratory in the United Kingdom.

For method numbers ending in 'PL' analysis have been carried out in our laboratory in Poland.

Soil analytical results are expressed on a dry weight basis.  Where analysis is carried out on as-received the results obtained are multiplied by a moisture 

correction factor that is determined gravimetrically using the moisture content which is carried out at a maximum of 30oC.

This certificate should not be reproduced, except in full, without the express permission of the laboratory. 

The results included within the report are representative of the samples submitted for analysis.
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Steve Rhodes

t: 01923 225404
f: 01923 237404

e: steve.rhodes@enzygo.com                                                    e:

Project / Site name: Samples received on: 12/04/2019

Your job number: CRM.1265.013 Samples instructed on: 01/05/2019

Your order number: Analysis completed by: 08/05/2019

Report Issue Number: 1 Report issued on: 08/05/2019

Samples Analysed:

Signed:

Assistant Quality/Reporting Manager
For & on behalf of i2 Analytical Ltd.

Standard Geotechnical, Asbestos and Chemical Testing Laboratory located at: ul. Pionierów 39, 41 -711 Ruda Śląska, Poland.

Accredited tests are defined within the report, opinions and interpretations expressed herein are outside the scope of accreditation.

Standard sample disposal times, unless otherwise agreed with the laboratory, are : soils - 4 weeks from reporting
leachates - 2 weeks from reporting
waters - 2 weeks from reporting
asbestos - 6 months from reporting

Excel copies of reports are only valid when accompanied by this PDF certificate.

Enzygo Geoenvironmental Ltd
The Byre
Woodend Lane
Cromhall
Gloucestershire
GL12 8AA

i2 Analytical Ltd.
7 Woodshots Meadow,
Croxley Green                               
Business Park,
Watford, 
Herts, 
WD18 8YS

Analytical Report Number : 19-39409

reception@i2analytical.com

Zina Abdul Razzak

Any assessments of compliance with specifications are based on actual analytical results with no contribution from uncertainty of 
measurement. Application of uncertainty of measurement would provide a range within which the true result lies. An estimate of 
measurement uncertainty can be provided on request.

2 wac multi samples

Carfiff Rd Reading

This certificate should not be reproduced, except in full, without the express permission of the laboratory. 

The results included within the report are representative of the samples submitted for analysis.
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i2 Analytical
7 Woodshots Meadow   Telephone: 01923 225404
Croxley Green Business Park             Fax: 01923 237404
Watford, WD18 8YS                email:reception@i2analytical.com

Report No: 

Client:

Location

Sampling Date

Sample ID

Depth (m)

Solid Waste Analysis

TOC (%)** 1.6 3% 5% 6%

Loss on Ignition (%) ** 4.2 -- -- 10%

BTEX (µg/kg) ** < 10 6000 -- --
Sum of PCBs (mg/kg) ** < 0.30 1 -- --

Mineral Oil (mg/kg) # 150 500 -- --

Total PAH (WAC-17) (mg/kg)   20 100 -- --

pH (units)** 7.7 -- >6 --

Acid Neutralisation Capacity (mol / kg) 9.9 -- To be evaluated To be evaluated

Arsenic * < 0.010 < 0.010 0.055 0.5 2 25

Barium * 0.093 0.028 0.34 20 100 300

Cadmium * < 0.0005 < 0.0005 < 0.0020 0.04 1 5

Chromium * 0.31 0.43 4.2 0.5 10 70

Copper * 0.012 0.011 0.11 2 50 100

Mercury * < 0.0015 < 0.0015 < 0.010 0.01 0.2 2

Molybdenum * 0.019 0.0060 0.072 0.5 10 30

Nickel * 0.0017 < 0.0010 < 0.0050 0.4 10 40

Lead * < 0.0050 0.0078 0.074 0.5 10 50

Antimony * < 0.0050 < 0.0050 < 0.020 0.06 0.7 5

Selenium * < 0.010 < 0.010 < 0.040 0.1 0.5 7

Zinc * 0.0023 0.0030 0.029 4 50 200

Chloride * 7.4 < 4.0 19 800 4000 25000

Fluoride 0.53 0.41 4.2 10 150 500

Sulphate * 750 61 1200 1000 20000 50000

TDS* 740 120 1800 4000 60000 100000

Phenol Index (Monohydric Phenols) * < 0.13 < 0.13 < 0.50 1 - -

Leach Test Information

Stone Content (%) < 0.1 0

Sample Mass (kg) 1.2

Dry Matter (%) 90

Moisture (%) 10

Stage 1

Volume Eluate L2 (litres) 0.33

Filtered Eluate VE1 (litres) 0.16

DOC 11 800 100067 500

mg/l mg/l

Eluate Analysis 

(BS EN 12457 - 3 preparation utilising end over end leaching 
procedure)

2:1 8:1 Cumulative 10:1

Stable Non-
reactive

HAZARDOUS
waste in non-

hazardous
Landfill

Limit values for compliance leaching test

Inert Waste
Landfill

Hazardous
Waste Landfill

11/04/2019

19-39409

ENZYGOGEO

WS101+02+03 Combined

0.30-0.40

1212095

Waste Acceptance Criteria Analytical Results

Landfill Waste Acceptance Criteria

Carfiff Rd Reading

Lab Reference (Sample Number)
Limits

mg/kg
using BS EN 12457-3 at L/S 10 l/kg (mg/kg)

Landfill WAC analysis (specifically leaching test results) must not be used for hazardous waste classification purposes as defined by the Waste (England and Wales) Regulations 2011 (as 
amended) and EA Guidance WM3.

This analysis is only applicable for landfill acceptance criteria (The Environmental Permitting (England and Wales) Regulations) and does not give any indication as to whether a waste may be 
hazardous or non-hazardous.

Stated limits are for guidance only and i2 cannot be held responsible for any discrepancies with current legislation

*=  UKAS accredited (liquid eluate analysis only)

** = MCERTS accredited

6.2

Results are expressed on a dry weight basis, after correction for moisture content where applicable.

This certificate should not be reproduced, except in full, without the express permission of the laboratory. 

The results included within the report are representative of the samples submitted for analysis.
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i2 Analytical
7 Woodshots Meadow   Telephone: 01923 225404
Croxley Green Business Park             Fax: 01923 237404
Watford, WD18 8YS                email:reception@i2analytical.com

Report No: 

Client:

Location

Sampling Date

Sample ID

Depth (m)

Solid Waste Analysis

TOC (%)** 4.2 3% 5% 6%

Loss on Ignition (%) ** 13 -- -- 10%

BTEX (µg/kg) ** < 10 6000 -- --
Sum of PCBs (mg/kg) ** < 0.30 1 -- --

Mineral Oil (mg/kg) # < 10 500 -- --

Total PAH (WAC-17) (mg/kg)   43 100 -- --

pH (units)** 8.1 -- >6 --

Acid Neutralisation Capacity (mol / kg) 7.6 -- To be evaluated To be evaluated

Arsenic * < 0.010 0.010 0.095 0.5 2 25

Barium * 0.026 0.015 0.17 20 100 300

Cadmium * < 0.0005 < 0.0005 < 0.0020 0.04 1 5

Chromium * 0.12 0.020 0.35 0.5 10 70

Copper * 0.036 0.017 0.20 2 50 100

Mercury * < 0.0015 < 0.0015 < 0.010 0.01 0.2 2

Molybdenum * 0.049 0.0098 0.16 0.5 10 30

Nickel * 0.0027 0.0012 0.014 0.4 10 40

Lead * < 0.0050 < 0.0050 < 0.020 0.5 10 50

Antimony * < 0.0050 < 0.0050 < 0.020 0.06 0.7 5

Selenium * < 0.010 < 0.010 < 0.040 0.1 0.5 7

Zinc * 0.0014 0.0073 0.064 4 50 200

Chloride * 11 < 4.0 30 800 4000 25000

Fluoride 0.45 0.41 4.1 10 150 500

Sulphate * 990 110 2500 1000 20000 50000

TDS* 990 200 3200 4000 60000 100000

Phenol Index (Monhydric Phenols) * < 0.13 < 0.13 < 0.50 1 - -

Leach Test Information

Stone Content (%) < 0.1 0

Sample Mass (kg) 1.0

Dry Matter (%) 91

Moisture (%) 9.0

Stage 1

Volume Eluate L2 (litres) 0.33

Filtered Eluate VE1 (litres) 0.27

800 1000500

Waste Acceptance Criteria Analytical Results
19-39409

Carfiff Rd Reading

ENZYGOGEO

mg/kg

1116

Limit values for compliance leaching test

using BS EN 12457-3 at L/S 10 l/kg (mg/kg)
mg/l

11/04/2019

Inert Waste
Landfill

Stable Non-
reactive

HAZARDOUS
waste in non-

hazardous
Landfill

Hazardous
Waste Landfill

WS105+6 Combined

0.30-0.30

DOC 120

mg/l

Results are expressed on a dry weight basis, after correction for moisture content where applicable.

Stated limits are for guidance only and i2 cannot be held responsible for any discrepencies with current legislation

Cumulative 10:1

*=  UKAS accredited (liquid eluate analysis only)

** = MCERTS accrediited

Eluate Analysis 

(BS EN 12457 - 3 preparation utilising end over end leaching 
procedure)

2:1 8:1

Landfill WAC analysis (specifically leaching test results) must not be used for hazardous waste classification purposes as defined by the Waste (England and Wales) Regulations 2011 (as 
amended) and EA Guidance WM3.

This analysis is only applicable for landfill acceptance criteria (The Environmental Permitting (England and Wales) Regulations) and does not give any indication as to whether a waste may be 
hazardous or non-hazardous.

Lab Reference (Sample Number) 1212096
Landfill Waste Acceptance Criteria

Limits

This certificate should not be reproduced, except in full, without the express permission of the laboratory. 

The results included within the report are representative of the samples submitted for analysis.

Iss No 19-39409-1 Carfiff Rd Reading CRM.1265.013
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Analytical Report Number : 19-39409

Project / Site name: Carfiff Rd Reading

Lab Sample 

Number

Sample 

Reference

Sample 

Number
Depth (m) Sample Description *

1212095 WS101+02+03 Combined 0.30-0.40 Brown loam and sand with gravel and vegetation.
1212096 WS105+6 Combined 0.30-0.30 Brown loam and sand with gravel and vegetation.

* These descriptions are only intended to act as a cross check if sample identities are questioned. The major constituent of the sample is intended to act with respect to MCERTS validation. 
The laboratory is accredited for sand, clay and loam (MCERTS) soil types. Data for unaccredited types of solid should be interpreted with care. 

Stone content of a sample is calculated as the % weight of the stones not passing a  10 mm sieve. Results are not corrected for stone content.

This certificate should not be reproduced, except in full, without the express permission of the laboratory. 

The results included within the report are representative of the samples submitted for analysis.

Iss No 19-39409-1 Carfiff Rd Reading CRM.1265.013
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Analytical Report Number : 19-39409

Project / Site name: Carfiff Rd Reading

Water matrix abbreviations: Surface Water (SW) Potable Water (PW) Ground Water (GW) Process Water (PrW)

Analytical Test Name Analytical Method Description Analytical Method Reference
Method 

number

Wet / Dry 

Analysis

Accreditation 

Status

Acid neutralisation capacity of soil Determination of acid neutralisation capacity by 
addition of acid or alkali followed by electronic 
probe.

In-house method based on Guidance an 
Sampling and Testing of Wastes to Meet 
Landfill Waste Acceptance

L046-PL W NONE

BTEX (Sum of BTEX compounds) in 
soil

Determination of BTEX in soil by headspace GC-MS. 
Individual components MCERTS accredited

In-house method based on USEPA8260 L073B-PL W MCERTS

Chloride in WAC leachate (BS EN 
12457-3 Prep)

Determination of Chloride colorimetrically  by 
discrete analyser.

In house based on MEWAM Method ISBN 
0117516260.

L082-PL W ISO 17025

DOC in WAC leachate (BS EN 12457-3 
Prep)

Determination of dissolved organic carbon in 
leachate by TOC/DOC NDIR analyser.

In-house method based on Standard 
Methods for the Examination of Water and 
Waste Water, 21st Ed.

L037-PL W NONE

Fluoride in WAC leachate (BS EN 
12457-3 Prep)

Determination of fluoride in leachate by 1:1ratio 
with a buffer solution followed by Ion Selective 
Electrode.

In-house method based on Standard 
Methods for the Examination of Water and 
Waste Water, 21st Ed.

L033-PL W ISO 17025

Loss on ignition of soil @ 450oC Determination of loss on ignition in soil by 
gravimetrically with the sample being ignited in a 
muffle furnace.

In-house method based on BS1377 Part 3, 
1990, Chemical and Electrochemical Tests

L047-PL D MCERTS

Metals in WAC leachate (BS EN 12457-
3 Prep)

Determination of metals in leachate by acidification 
followed by ICP-OES.

In-house method based on Standard 
Methods for the Examination of Water and 
Waste Water, 21st Ed.

L039-PL W ISO 17025

Mineral Oil in Soil C10 - C40 Determination of dichloromethane/hexane 
extractable hydrocarbons in soil by GC-MS.

In-house method based on USEPA 8270 L076-PL D NONE

Moisture Content Moisture content, determined gravimetrically. In-house method based on BS1377 Part 2, 
1990, Chemical and Electrochemical Tests

L019-UK/PL W NONE

PCB's by GC-MS in soil Determination of PCB by extraction with acetone 
and hexane followed by GC-MS.

In-house method based on USEPA 8082 L027-PL D MCERTS

pH in soil Determination of pH in soil by addition of water 
followed by electrometric measurement.

In-house method based on BS1377 Part 3, 
1990, Chemical and Electrochemical Tests

L005-PL W MCERTS

Phenol Index in WAC leachate (BS EN 
12457-3 Prep)

Determination of monohydric phenols in leachate by 
continuous flow analyser.

In-house method based on Examination of 
Water and Wastewater 20th Edition:  
Clesceri, Greenberg & Eaton (skalar)

L080-PL W ISO 17025

Speciated WAC-17 PAHs in soil Determination of PAH compounds in soil by 
extraction in dichloromethane and hexane followed 
by GC-MS with the use of surrogate and internal 
standards.

In-house method based on USEPA 8270. 
MCERTS accredited except Coronene.

L064-PL D MCERTS

Stones content of soil Standard preparation for all samples unless 
otherwise detailed. Gravimetric determination of 
stone > 10 mm as %  dry weight.

In-house method based on British Standard 
Methods and MCERTS requirements.

L019-UK/PL D NONE

Sulphate in WAC leachate (BS EN 
12457-3 Prep)

Determination of sulphate in leachate by 
acidification followed by ICP-OES.

In-house method based on Standard 
Methods for the Examination of Water and 
Waste Water, 21st Ed.

L039-PL W ISO 17025

TDS in WAC leachate (BS EN 12457-3 
Prep)

Determination of total dissolved solids in leachate 
by electrometric measurement.

In-house method based on Standard 
Methods for the Examination of Water and 
Waste Water, 21st Ed.

L031-PL W NONE

Total organic carbon in soil Determination of organic matter in soil by oxidising 
with potassium dichromate followed by titration 
with iron (II) sulphate.

In-house method based on BS1377 Part 3, 
1990, Chemical and Electrochemical Tests

L023-PL D MCERTS

This certificate should not be reproduced, except in full, without the express permission of the laboratory. 

The results included within the report are representative of the samples submitted for analysis.

Iss No 19-39409-1 Carfiff Rd Reading CRM.1265.013
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Analytical Report Number : 19-39409

Project / Site name: Carfiff Rd Reading

Water matrix abbreviations: Surface Water (SW) Potable Water (PW) Ground Water (GW) Process Water (PrW)

Analytical Test Name Analytical Method Description Analytical Method Reference
Method 

number

Wet / Dry 

Analysis

Accreditation 

Status

For method numbers ending in 'UK' analysis have been carried out in our laboratory in the United Kingdom.

For method numbers ending in 'PL' analysis have been carried out in our laboratory in Poland.

Soil analytical results are expressed on a dry weight basis.  Where analysis is carried out on as-received the results obtained are multiplied by a moisture 

correction factor that is determined gravimetrically using the moisture content which is carried out at a maximum of 30oC.

This certificate should not be reproduced, except in full, without the express permission of the laboratory. 

The results included within the report are representative of the samples submitted for analysis.

Iss No 19-39409-1 Carfiff Rd Reading CRM.1265.013
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TEST CERTIFICATE

Liquid and Plastic Limits

Tested in Accordance with: BS 1377-2: 1990: Clause 4.4 and 5

Client: Client Reference:

Client Address: Job Number:

Date Sampled:

Date Received:

Contact: Date Tested:

Site Name: Sampled By:

Site Address:

Test Results:

Laboratory Reference: Depth Top [m]:

Hole No.: Depth Base [m]:

Sample Reference: Sample Type:

Soil Description:

Sample Preparation:

Legend, based on BS 5930:2015 Code of practice for site investigations

Plasticity Liquid Limit

C Clay L Low below 35

M Silt I Medium 35 to 50

H High 50 to 70

V Very high 70 to 90

E Extremely high exceeding 90

Organic O append to classification for organic material ( eg CHO )

Note: Moisture Content by BS 1377-2: 1990: Caluse 3.2

Remarks:

Approved: Dariusz Piotrowski Signed: Darren Berrill

PL Geotechnical Laboratory Manager Geotechnical General Manager

Date Reported: for and on behalf of i2 Analytical Ltd GF 232.5

Enzygo Geoenvironmental Ltd CRM.1265.013

The Byre, Woodend Lane, 

Cromhall, Gloucestershire, 

GL12 8AA

19-37448

11/04/2019

12/04/2019

Steve Rhodes 18/04/2019

Cardiff Road, Reading Not Given

Not Given

1201057 0.50

WS102 Not Given

Not Given B

Reddish brown gravelly very clayey SAND

Tested after washing to remove >425um

As Received Moisture 

Content [%]

Liquid Limit

[%]

Plastic Limit

[%]

Plasticity Index

[%]

% Passing 425µm 

BS Test Sieve

14 30 18 12 43

piotrowskid berrilld

25/04/2019
"Opinions and interpretations expressed here in are outside of the scope of the UKAS Accreditation. 

This report may not be reproduced other than in full without the prior written approval of the issuing laboratory. 

The results included within the report are representative of the samples submitted for analysis.

The analysis was carried out at i2 Analytical Limited, ul. Pionierow 39, 41-711 Ruda Slaska, Poland."            

                  

"Any assessment of compliance with specifications based the analytical results in a report take in to account no contribution from uncertainty of 

measurement. Application of uncertainty of measurement would provide a range within which the true result lies. An estimate of measurement 

uncertainty can be provided on request."
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TEST CERTIFICATE

Liquid and Plastic Limits

Tested in Accordance with: BS 1377-2: 1990: Clause 4.4 and 5

Client: Client Reference:

Client Address: Job Number:

Date Sampled:

Date Received:

Contact: Date Tested:

Site Name: Sampled By:

Site Address:

Test Results:

Laboratory Reference: Depth Top [m]:

Hole No.: Depth Base [m]:

Sample Reference: Sample Type:

Soil Description:

Sample Preparation:

Legend, based on BS 5930:2015 Code of practice for site investigations

Plasticity Liquid Limit

C Clay L Low below 35

M Silt I Medium 35 to 50

H High 50 to 70

V Very high 70 to 90

E Extremely high exceeding 90

Organic O append to classification for organic material ( eg CHO )

Note: Moisture Content by BS 1377-2: 1990: Caluse 3.2

Remarks:

Approved: Dariusz Piotrowski Signed: Darren Berrill

PL Geotechnical Laboratory Manager Geotechnical General Manager

Date Reported: for and on behalf of i2 Analytical Ltd GF 232.5

Enzygo Geoenvironmental Ltd CRM.1265.013

The Byre, Woodend Lane, 

Cromhall, Gloucestershire, 

GL12 8AA

19-37448

11/04/2019

12/04/2019

Steve Rhodes 18/04/2019

Cardiff Road, Reading Not Given

Not Given

1201059 0.50

WS105 Not Given

Not Given B

Grey very sandy very clayey GRAVEL

Tested after washing to remove >425um

As Received Moisture 

Content [%]

Liquid Limit

[%]

Plastic Limit

[%]

Plasticity Index

[%]

% Passing 425µm 

BS Test Sieve

6.0 33 21 12 29

piotrowskid berrilld

25/04/2019
"Opinions and interpretations expressed here in are outside of the scope of the UKAS Accreditation. 

This report may not be reproduced other than in full without the prior written approval of the issuing laboratory. 

The results included within the report are representative of the samples submitted for analysis.

The analysis was carried out at i2 Analytical Limited, ul. Pionierow 39, 41-711 Ruda Slaska, Poland."            

                  

"Any assessment of compliance with specifications based the analytical results in a report take in to account no contribution from uncertainty of 

measurement. Application of uncertainty of measurement would provide a range within which the true result lies. An estimate of measurement 

uncertainty can be provided on request."
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SUMMARY REPORT

Summary of Classification Test Results

Tested in Accordance with:

Client: Client Reference:

Client Address: Job Number:

Date Sampled:

Date Received:

Contact: Date Tested:

Site Name: Sampled By:

Site Address:

Test results

m m % % % % % % Mg/m3 Mg/m3 Mg/m3 %

0.50
Not 

Given
B 14 43 30 18 12

0.50
Not 

Given
B 6.0 29 33 21 12

Note: # Non accredited; NP - Non plastic

Comments:

Approved: Dariusz Piotrowski Signed: Darren Berrill

PL Geotechnical Laboratory Manager Geotechnical General Manager

Date Reported: for and on behalf of i2 Analytical Ltd GF 234.7

Enzygo Geoenvironmental Ltd MC by BS 1377-2: 1990: Clause 3.2; WC by BS EN 17892-1: 2014; Atterberg 

by BS 1377-2: 1990: Clause 4.3, Clause 4.4 and 5; PD by BS 1377-2: 1990: 

Clause 8.2 

CRM.1265.013

The Byre, Woodend Lane, 

Cromhall, Gloucestershire, 

GL12 8AA

19-37448

11/04/2019

12/04/2019

Steve Rhodes 18/04/2019

Cardiff Road, Reading Not Given

Not Given

Laboratory

 Reference

Hole 

No.

Sample

Description

Reference

Depth 

Top

Depth 

Base
Type

% 

Passing 

425um

LLRemarks
MC

To
ta

l 

P
o

ro
si

ty
#

PL PD

1201057 WS102 Not Given Reddish brown gravelly very clayey SAND Atterberg 1 Point

WC

Atterberg Density

PI bulk dry

1201059 WS105 Not Given Grey very sandy very clayey GRAVEL Atterberg 1 Point

piotrowskid berrilld

25/04/2019

"Opinions and interpretations expressed herein are outside of the scope of the UKAS Accreditation.

This report may not be reproduced other than in full without the prior written approval of the issuing laboratory. 

The results included within the report are representative of the samples submitted for analysis. 

The analysis was carried out at i2 Analytical Limited, ul. Pionierow 39, 41-711 Ruda Slaska, Poland."

"Any assessment of compliance with specifications based the analytical results in a report take in to account no contribution from uncertainty of measurement. Application of uncertainty of 

measurement would provide a range within which the true result lies. An estimate of measurement uncertainty can be provided on request."
Page 1 of 1



TEST CERTIFICATE

California Bearing Ratio Top Only

Tested in Accordance with: BS 1377-4: 1990: Clause 7
Client: Client Reference:

Client Address: Job Number:

Date Sampled:

Date Received:

Contact: Date Tested:

Site Name: Sampled By:

Site Address:

Test Results:

Laboratory Reference: Depth Top [m]:

Hole No.: Depth Base [m]:

Sample Reference: Sample Type:

Sample Description:

Specimen Preparation:

Condition Soaking details

Details Period of soaking days

Time to surface days

Amount of swell recorded mm

Material retained on 20mm sieve removed % Dry density after soaking Mg/m3

Initial Specimen details Bulk density Mg/m3 Surcharge applied kg

Dry density Mg/m3 kPa

Moisture content %

Results

TOP

Remarks:

Approved: Dariusz Piotrowski Signed: Darren Berrill

PL Geotechnical Laboratory Manager Geotechnical General Manager

Date Reported: for and on behalf of i2 Analytical Ltd GF 277.4

Enzygo Geoenvironmental Ltd CRM.1265.013

The Byre, Woodend Lane, 

Cromhall, Gloucestershire, 

GL12 8AA

19-37448

11/04/2019

12/04/2019

Steve Rhodes 23/04/2019

Cardiff Road, Reading Not Given

Not Given

1201056 0.50

WS101 Not Given

Not Given B

Greyish brown gravelly SAND

Remoulded Not soaked

Recompacted with specified standard effort using 2.5kg rammer

13

2.00 16

1.76 9.7

14

CBR Values,  % Moisture 

Content
2.5mm 5mm Highest Average

 Test/ Specimen 

specific remarks: 

%

No 32.0 34.0 34.0 N/A 14

Curve 

correction 

applied

piotrowskid berrilld

25/04/2019
"Opinions and interpretations expressed herein are outside of the scope of the UKAS Accreditation. 

This report may not be reproduced other than in full without the prior written approval of the issuing laboratory. 

The results included within the report are representative of the samples submitted for analysis.

The analysis was carried out at i2 Analytical Limited, ul. Pionierow 39, 41-711 Ruda Slaska, Poland."

"Any assessment of compliance with specifications based the analytical results in a report take in to account no contribution from uncertainty of 

measurement. Application of uncertainty of measurement would provide a range within which the true result lies. An estimate of measurement 

uncertainty can be provided on request."
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TEST CERTIFICATE

California Bearing Ratio Top Only

Tested in Accordance with: BS 1377-4: 1990: Clause 7
Client: Client Reference:

Client Address: Job Number:

Date Sampled:

Date Received:

Contact: Date Tested:

Site Name: Sampled By:

Site Address:

Test Results:

Laboratory Reference: Depth Top [m]:

Hole No.: Depth Base [m]:

Sample Reference: Sample Type:

Sample Description:

Specimen Preparation:

Condition Soaking details

Details Period of soaking days

Time to surface days

Amount of swell recorded mm

Material retained on 20mm sieve removed % Dry density after soaking Mg/m3

Initial Specimen details Bulk density Mg/m3 Surcharge applied kg

Dry density Mg/m3 kPa

Moisture content %

Results

TOP

Remarks:

Approved: Dariusz Piotrowski Signed: Darren Berrill

PL Geotechnical Laboratory Manager Geotechnical General Manager

Date Reported: for and on behalf of i2 Analytical Ltd GF 277.4

Enzygo Geoenvironmental Ltd CRM.1265.013

The Byre, Woodend Lane, 

Cromhall, Gloucestershire, 

GL12 8AA

19-37448

11/04/2019

12/04/2019

Steve Rhodes 23/04/2019

Cardiff Road, Reading Not Given

Not Given

1201057 0.50

WS102 Not Given

Not Given B

Reddish brown gravelly very clayey SAND

Remoulded Not soaked

Recompacted with specified standard effort using 2.5kg rammer

10

2.12 16

1.88 9.7

13

CBR Values,  % Moisture 

Content
2.5mm 5mm Highest Average

 Test/ Specimen 

specific remarks: 

%

No 16.0 29.0 29.0 N/A 12

Curve 

correction 

applied

piotrowskid berrilld

25/04/2019
"Opinions and interpretations expressed herein are outside of the scope of the UKAS Accreditation. 

This report may not be reproduced other than in full without the prior written approval of the issuing laboratory. 

The results included within the report are representative of the samples submitted for analysis.

The analysis was carried out at i2 Analytical Limited, ul. Pionierow 39, 41-711 Ruda Slaska, Poland."

"Any assessment of compliance with specifications based the analytical results in a report take in to account no contribution from uncertainty of 

measurement. Application of uncertainty of measurement would provide a range within which the true result lies. An estimate of measurement 

uncertainty can be provided on request."
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TEST CERTIFICATE

California Bearing Ratio Top Only

Tested in Accordance with: BS 1377-4: 1990: Clause 7
Client: Client Reference:

Client Address: Job Number:

Date Sampled:

Date Received:

Contact: Date Tested:

Site Name: Sampled By:

Site Address:

Test Results:

Laboratory Reference: Depth Top [m]:

Hole No.: Depth Base [m]:

Sample Reference: Sample Type:

Sample Description:

Specimen Preparation:

Condition Soaking details

Details Period of soaking days

Time to surface days

Amount of swell recorded mm

Material retained on 20mm sieve removed % Dry density after soaking Mg/m3

Initial Specimen details Bulk density Mg/m3 Surcharge applied kg

Dry density Mg/m3 kPa

Moisture content %

Results

TOP

Remarks:

Approved: Dariusz Piotrowski Signed: Darren Berrill

PL Geotechnical Laboratory Manager Geotechnical General Manager

Date Reported: for and on behalf of i2 Analytical Ltd GF 277.4

Enzygo Geoenvironmental Ltd CRM.1265.013

The Byre, Woodend Lane, 

Cromhall, Gloucestershire, 

GL12 8AA

19-37448

11/04/2019

12/04/2019

Steve Rhodes 23/04/2019

Cardiff Road, Reading Not Given

Not Given

1201058 0.50

WS103 Not Given

Not Given B

Brown clayey very gravelly SAND

Remoulded Not soaked

Recompacted with specified standard effort using 2.5kg rammer

12

2.09 16

1.81 9.7

15

CBR Values,  % Moisture 

Content
2.5mm 5mm Highest Average

 Test/ Specimen 

specific remarks: 

%

No 2.4 3.5 3.5 N/A 16

Curve 

correction 

applied

piotrowskid berrilld

25/04/2019
"Opinions and interpretations expressed herein are outside of the scope of the UKAS Accreditation. 

This report may not be reproduced other than in full without the prior written approval of the issuing laboratory. 

The results included within the report are representative of the samples submitted for analysis.

The analysis was carried out at i2 Analytical Limited, ul. Pionierow 39, 41-711 Ruda Slaska, Poland."

"Any assessment of compliance with specifications based the analytical results in a report take in to account no contribution from uncertainty of 

measurement. Application of uncertainty of measurement would provide a range within which the true result lies. An estimate of measurement 

uncertainty can be provided on request."
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TEST CERTIFICATE

California Bearing Ratio Top Only

Tested in Accordance with: BS 1377-4: 1990: Clause 7
Client: Client Reference:

Client Address: Job Number:

Date Sampled:

Date Received:

Contact: Date Tested:

Site Name: Sampled By:

Site Address:

Test Results:

Laboratory Reference: Depth Top [m]:

Hole No.: Depth Base [m]:

Sample Reference: Sample Type:

Sample Description:

Specimen Preparation:

Condition Soaking details

Details Period of soaking days

Time to surface days

Amount of swell recorded mm

Material retained on 20mm sieve removed % Dry density after soaking Mg/m3

Initial Specimen details Bulk density Mg/m3 Surcharge applied kg

Dry density Mg/m3 kPa

Moisture content %

Results

TOP

Remarks:

Approved: Dariusz Piotrowski Signed: Darren Berrill

PL Geotechnical Laboratory Manager Geotechnical General Manager

Date Reported: for and on behalf of i2 Analytical Ltd GF 277.4

Enzygo Geoenvironmental Ltd CRM.1265.013

The Byre, Woodend Lane, 

Cromhall, Gloucestershire, 

GL12 8AA

19-37448

11/04/2019

12/04/2019

Steve Rhodes 23/04/2019

Cardiff Road, Reading Not Given

Not Given

1201060 0.50

WS106 Not Given

Not Given B

Yellowish brown clayey very gravelly SAND

Remoulded Not soaked

Recompacted with specified standard effort using 2.5kg rammer

37

2.05 16

1.77 9.7

16

CBR Values,  % Moisture 

Content
2.5mm 5mm Highest Average

 Test carried out with > 25 % retained on 20mm as per 

clause 7.2.1.2 

 Test/ Specimen 

specific remarks: 

%

No 27.0 43.0 43.0 N/A 15

Curve 

correction 

applied

piotrowskid berrilld

25/04/2019
"Opinions and interpretations expressed herein are outside of the scope of the UKAS Accreditation. 

This report may not be reproduced other than in full without the prior written approval of the issuing laboratory. 

The results included within the report are representative of the samples submitted for analysis.

The analysis was carried out at i2 Analytical Limited, ul. Pionierow 39, 41-711 Ruda Slaska, Poland."

"Any assessment of compliance with specifications based the analytical results in a report take in to account no contribution from uncertainty of 

measurement. Application of uncertainty of measurement would provide a range within which the true result lies. An estimate of measurement 

uncertainty can be provided on request."
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Human He alth Assessment Reference Values   

Determinant 
Units GAC Value Residential 

With Plant Uptake Without Plant Uptake 

Arsenic mg/kg 37 40 

Cadmium mg/kg 11 85 

Chromium mg/kg 910 910 

Chromium VI mg/kg 6 6 

Lead mg/kg 200 310 

Mercury mg/kg 40 56 

Nickel mg/kg 130 180 

Selenium mg/kg 250 430 

Copper mg/kg 2400 7100 

Zinc mg/kg 3700 40000 

Cyanide mg/kg 791 800 

 

SOM % 1 2.5 6 1 2.5 6 

Phenol mg/kg 280 550 1100 750 1300 2300 

Napthalene mg/kg 2.3 5.6 13 2.3 5.6 13 

Acenaphtylene mg/kg 170 420 920 2900 4600 6000 

Acenaphthene mg/kg 210 510 1100 3000 4700 6000 

Flourene mg/kg 170 400 860 2800 3800 4500 

Phenanthrene mg/kg 95 220 440 1300 1500 1500 

Anthracene mg/kg 2400 5400 11000 31000 35000 37000 

Fluoranthene mg/kg 280 560 890 1500 1600 1600 

Pyrene mg/kg 620 1200 2000 3700 3800 3800 

Benzo(a)Anthracene mg/kg 7.2 11 13 11 14 15 

Chrysene mg/kg 15 22 27 30 31 32 

Benzo(b)Flouranthene mg/kg 2.6 3.3 3.7 3.9 4.0 4.0 

Benzo(k)Flouranthene mg/kg 77 93 100 110 110 110 

Benzo(a)Pyrene mg/kg 2.2 2.7 3.0 3.2 3.2 3.2 

Indeno(123-cd)Pyrene mg/kg 27 36 41 45 46 46 

Dibenzo(a,h)Anthracene mg/kg 0.24 0.28 0.3 0.31 0.32 0.32 

Benzo(ghi)Perylene mg/kg 320 340 350 360 360 360 

 

TPH C5-C6 Aliphatic mg/kg 42 78 160 42 78 160 

TPH C6-C8 Aliphatic mg/kg 100 230 530 100 230 530 

TPH C8-C10 Aliphatic mg/kg 27 65 150 27 65 150 

TPH C10-C12 Aliphatic mg/kg 130 330 760 130 330 770 

TPH C12-C16 Aliphatic mg/kg 1100 2400 4300 1100 2400 4400 

TPH C16-C35 Aliphatic mg/kg 65000 92000 110000 65000 92000 110000 

TPH C35-C44 Aliphatic mg/kg 65000 92000 110000 65000 92000 110000 

 

TPH C5-C7 Aromatic mg/kg 70 140 300 370 690 1400 

TPH C7-C8 Aromatic mg/kg 130 290 660 860 1800 3900 

TPH C8-C10 Aromatic mg/kg 34 83 190 47 110 270 

TPH C10-C12 Aromatic mg/kg 74 180 380 250 590 1200 

TPH C12-C16 Aromatic mg/kg 140 330 660 1800 2300 2500 

TPH C16-C21 Aromatic mg/kg 260 540 930 1900 1900 1900 

TPH C21-C35 Aromatic mg/kg 1100 1500 1700 1900 1900 1900 

TPH C35-C44 Aromatic mg/kg 1100 1500 1700 1900 1900 1900 

 

Benzene mg/kg 0.087 0.17 0.37 0.38 0.70 1.4 

Toluene mg/kg 130 290 660 880 1900 3900 

Ethylebenzene mg/kg 47 110 260 83 190 440 

Xylene mg/kg 56 130 310 79 180 430 

C o p y r i g h t  L a n d  Q u a l i t y  M a n a g e m e n t  L t d  r e p r o d u c e d  w i t h  p e r m i s s i o n  P u b l i c a t i o n  N o  S 4 U L 3 2 5 0 .  A l l  r i g h t s  r e s e r v e d .  
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Determinant 
Units GAC Value  

Residential POS Commercial 

Arsenic mg/kg 79 640 

Cadmium mg/kg 120 190 

Chromium mg/kg 1500 8600 

Chromium VI mg/kg 7.7 33 

Lead mg/kg 630 2330 

Mercury mg/kg 120 1100 

Nickel mg/kg 230 980 

Selenium mg/kg 1100 12000 

Copper mg/kg 12000 68000 

Zinc mg/kg 81000 730000 

Cyanide mg/kg N/A 16200 

 

SOM % 1 2.5 6 1 2.5 6 

Phenol mg/kg 760 1500 3200 760 1500 3200 

Napthalene mg/kg 4900 4900 4900 190 460 1100 

Acenaphtylene mg/kg 15000 15000 15000 83000 97000 100000 

Acenaphthene mg/kg 15000 15000 15000 84000 97000 100000 

Flourene mg/kg 9900 9900 9900 63000 68000 71000 

Phenanthrene mg/kg 3100 3100 3100 22000 22000 23000 

Anthracene mg/kg 74000 74000 74000 520000 540000 540000 

Fluoranthene mg/kg 3100 3100 3100 23000 23000 23000 

Pyrene mg/kg 7400 7400 7400 54000 54000 54000 

Benzo(a)Anthracene mg/kg 29 29 29 170 170 180 

Chrysene mg/kg 57 57 57 350 350 350 

Benzo(b)Flouranthene mg/kg 7.1 7.2 7.2 44 44 45 

Benzo(k)Flouranthene mg/kg 190 190 190 1200 1200 1200 

Benzo(a)Pyrene mg/kg 5.7 5.7 5.7 35 35 36 

Indeno(123-cd)Pyrene mg/kg 82 82 82 500 510 510 

Dibenzo(a,h)Anthracene mg/kg 0.57 0.57 0.58 3.5 3.6 3.6 

Benzo(ghi)Perylene mg/kg 640 640 640 3900 4000 4000 

 

TPH C5-C6 Aliphatic mg/kg 570000 590000 600000 3200 5900 12000 

TPH C6-C8 Aliphatic mg/kg 600000 610000 620000 7800 17000 40000 

TPH C8-C10 Aliphatic mg/kg 13000 13000 13000 2000 4800 11000 

TPH C10-C12 Aliphatic mg/kg 13000 13000 13000 9700 23000 47000 

TPH C12-C16 Aliphatic mg/kg 13000 13000 13000 59000 82000 90000 

TPH C16-C35 Aliphatic mg/kg 250000 250000 250000 1600000 1700000 1800000 

TPH C35-C44 Aliphatic mg/kg 250000 250000 250000 1600000 1700000 1800000 

 

TPH C5-C7 Aromatic mg/kg 56000 56000 56000 26000 46000 86000 

TPH C7-C8 Aromatic mg/kg 56000 56000 56000 56000 110000 180000 

TPH C8-C10 Aromatic mg/kg 5000 5000 5000 3500 8100 17000 

TPH C10-C12 Aromatic mg/kg 5000 5000 5000 16000 28000 34000 

TPH C12-C16 Aromatic mg/kg 5100 5100 5000 36000 37000 38000 

TPH C16-C21 Aromatic mg/kg 3800 3800 3800 28000 28000 28000 

TPH C21-C35 Aromatic mg/kg 3800 3800 3800 28000 28000 28000 

TPH C35-C44 Aromatic mg/kg 3800 3800 3800 28000 28000 28000 

 

Benzene mg/kg 72 72 73 27 47 90 

Toluene mg/kg 56000 56000 56000 56000 110000 180000 

Ethylebenzene mg/kg 24000 24000 25000 5700 13000 27000 

Xylene mg/kg 41000 42000 43000 5900 14000 30000 

C o p y r i g h t  L a n d  Q u a l i t y  M a n a g e m e n t  L t d  r e p r o d u c e d  w i t h  p e r m i s s i o n  P u b l i c a t i o n  N o  S 4 U L 3 2 5 0 .  A l l  r i g h t s  r e s e r v e d  
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Determinant 
Units GAC Value  

Park POS Allotments 

Arsenic mg/kg 170 43 

Cadmium mg/kg 532 1.9 

Chromium mg/kg 33000 18000 

Chromium VI mg/kg 220 1.8 

Lead mg/kg 1300 80 

Mercury mg/kg 240 19 

Nickel mg/kg 800 53 

Selenium mg/kg 1800 88 

Copper mg/kg 44000 520 

Zinc mg/kg 170000 620 

Cyanide mg/kg   

 

SOM % 1 2.5 6 1 2.5 6 

Phenol mg/kg 760 1500 3200 66 140 280 

Napthalene mg/kg 1200 1900 3000 4.1 10 24 

Acenaphtylene mg/kg 29000 30000 30000 28 69 160 

Acenaphthene mg/kg 29000 30000 30000 34 85 200 

Flourene mg/kg 20000 20000 20000 27 67 160 

Phenanthrene mg/kg 6200 6200 6300 15 38 90 

Anthracene mg/kg 150000 150000 150000 380 950 2200 

Fluoranthene mg/kg 6300 6300 6400 52 130 290 

Pyrene mg/kg 15000 15000 15000 110 270 620 

Benzo(a)Anthracene mg/kg 49 56 62 2.9 6.5 13 

Chrysene mg/kg 93 110 120 4.1 9.4 19 

Benzo(b)Flouranthene mg/kg 13 15 16 0.99 2.1 3.9 

Benzo(k)Flouranthene mg/kg 370 410 440 37 75 130 

Benzo(a)Pyrene mg/kg 11 12 13 0.97 2.0 3.5 

Indeno(123-cd)Pyrene mg/kg 150 170 180 9.5 21 39 

Dibenzo(a,h)Anthracene mg/kg 1.1 1.3 1.4 0.14 0.27 0.43 

Benzo(ghi)Perylene mg/kg 1400 1500 1600 290 470 640 

 

TPH C5-C6 Aliphatic mg/kg 95000 130000 180000 730 1700 3900 

TPH C6-C8 Aliphatic mg/kg 150000 220000 320000 2300 5600 13000 

TPH C8-C10 Aliphatic mg/kg 14000 18000 21000 320 770 1700 

TPH C10-C12 Aliphatic mg/kg 21000 23000 24000 2200 4400 7300 

TPH C12-C16 Aliphatic mg/kg 25000 25000 26000 11000 13000 13000 

TPH C16-C35 Aliphatic mg/kg 450000 480000 490000 260000 270000 270000 

TPH C35-C44 Aliphatic mg/kg 450000 480000 490000 260000 270000 270000 

 

TPH C5-C7 Aromatic mg/kg 76000 84000 92000 13 27 57 

TPH C7-C8 Aromatic mg/kg 87000 95000 100000 22 51 120 

TPH C8-C10 Aromatic mg/kg 7200 8500 9300 8.6 21 51 

TPH C10-C12 Aromatic mg/kg 9200 9700 10000 13 31 74 

TPH C12-C16 Aromatic mg/kg 10000 10000 10000 23 57 130 

TPH C16-C21 Aromatic mg/kg 7600 7700 7800 46 110 260 

TPH C21-C35 Aromatic mg/kg 7800 7800 7900 370 820 1600 

TPH C35-C44 Aromatic mg/kg 7800 7800 7900 370 820 1600 

 

Benzene mg/kg 90 100 110 0.017 0.034 0.075 

Toluene mg/kg 87000 95000 100000 22 51 120 

Ethylebenzene mg/kg 17000 22000 27000 16 39 91 

Xylene mg/kg 17000 23000 31000 28 67 160 

C o p y r i g h t  L a n d  Q u a l i t y  M a n a g e m e n t  L t d  r e p r o d u c e d  w i t h  p e r m i s s i o n  P u b l i c a t i o n  N o  S 4 U L 3 2 5 0 .  A l l  r i g h t s  r e s e r v e d  
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Control led Waters  Assessment Reference Values  

Contaminant 
Remedial Target  

Within Soils (mg/kg) Within Groundwater (mg/l) 

Trichloroethane 26.5 2.01 E58 

Cis 1,2 Dichloroethane 4.35 4.35 E32 

1,3 Chlorobenzene 6.98 E5 8.17 E101 

1,1 Dichloroethane 2.1 E3 4.28 E84 
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APPENDIX D – P20 SHEETS 



First released: 2006. Version 3.2: January 2013

Details to be completed for each assessment

Site Name:

Site Address:

Completed by:

Date: 10-May-19 Version: 1

Contaminant 1,1, Dichloroethane

Target Concentration (CT) 0.03 mg/l Origin of CT:

Data carried forward from an earlier worksheet are identified by a light green background

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological 

calculations.

Hydrogeological risk assessment for land contamination

WHO

PDM

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination ( 

Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and 

policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.

All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

Remedial Targets Worksheet , Release 3.2

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3 

Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are calculated 

as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations). 

Site details entered on this page are automatically copied to Level 1, 2 and 3  Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely 

responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or 

performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet 

will be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

Cardiff Road

Reading

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Environment Agency Publication 20, Remedial Targets worksheet v3.1
10/05/2019, 15:54

P20 version 3.2 1 1 DCAIntroduction



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 0.03 mg/l from Level 1

Dilution Factor DF 1.04E+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 0.00E+00 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 1.00E-04 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 5.70E+01 l/kg 0 1.0E+00 3.77E-02

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 1.0 4.28E-01 1.61E-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 2.0 1.93E-01 7.26E-03

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 3.0 9.43E-02 3.56E-03

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 4.0 4.82E-02 1.82E-03

Soil concentration as mg/kg Enter soil  concentration Co 0.01 mg/kg Acid dissociation constant pKa 0.00E+00 5.0 2.53E-02 9.55E-04

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 5.00E+02 days Nobel Morgan The Effect of Contaminants Concentration on Potential Natural Attenuation R&D Technical Report P2-228/TR, EA 2002Fraction of organic carbon in aquifer foc 0.00E+00 fraction 6.0 1.35E-02 5.10E-04

Calculated decay rate l 1.39E-03 days
-1

calculated 7.0 7.30E-03 2.75E-04

Width of plume in aquifer at source Sz 1.00E+01 m from Level 2 Soil water partition coefficient Kd 5.70E-03 l/kg 8.0 3.98E-03 1.50E-04

Plume thickness in aquifer at source Sy 5.00E+01 m from Level 2 9.0 2.19E-03 8.24E-05

Bulk density of aquifer materials r 1.60E+00 g/cm
3

site date Dispersivity based on Xu & Eckstein (1995) 10.0 1.21E-03 4.55E-05

Effective porosity of aquifer n 4.24E-01 fraction porosity cal Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 11.0 6.70E-04 2.53E-05

Hydraulic gradient "i" 5.76E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 12.0 3.73E-04 1.41E-05

0 Hydraulic conductivity of saturated aquifer K 1.58E-03 m/d from Level 2 13.0 2.08E-04 7.86E-06

Distance to compliance point x 2.00E+01 m Estimated Depth to water table Enter value Calc value Xu & Eckstein 14.0 1.17E-04 4.41E-06

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 2.00E+01 2.00E+00 1.57E+00 m 15.0 6.56E-05 2.47E-06

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 1.00E+01 2.00E-01 1.57E-01 m 16.0 3.69E-05 1.39E-06

Time since pollutant entered groundwater t 9.90E+99 days time variant options only Vertical dispersivity ay 1.00E+00 2.00E-02 1.57E-02 m 17.0 2.08E-05 7.85E-07

Parameters values determined from options Note values of dispersivity must be > 0 18.0 1.18E-05 4.44E-07

Partition coefficient Kd 5.70E-03 l/kg see options 19.0 6.65E-06 2.51E-07

Longitudinal dispersivity ax 20.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)
2.414 

; az = ax/10, ay = ax/100 are assumed 20.0 3.77E-06 1.42E-07

Transverse dispersivity az 10.000 m see options

Vertical dispersivity ay 1.000 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.15E-04 m/d

Retardation factor Rf 1.02E+00 fraction Ogata Banks

Decay rate used l 1.36E-03 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" 5.76E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 2.10E-04 m/d

Ratio of Compliance Point to Source Concentration CED/C0 3.77E-06 fraction

Attenuation factor (CO/CED) AF 2.65E+05 fraction

Calculated soil leachate concentration Co 3.91E-02 mg/l Site being assessed: Cardiff Road

Remedial Targets Completed by: PDM

Level 3 Remedial Target  8.25E+03 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: 1

2.11E+03 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 20 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 3.77E-06 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 dissolved pollutants only

Soil concentration as mg/kg

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

1,1, Dichloroethane

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

User defined values for dispersivity
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R&D Publication 20 Remedial Targets Worksheet, Release 3.2 0 User specified value for partition coefficient

1 Calculate for non-polar organic chemicals

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

Input Parameters (using pull down menu) Variable Value Unit Source Select Method for deriving Partition Co-efficient (using pull down menu)

Calculated concentrations for 

Contaminant from Level 1 distance-concentration graph

Target Concentration CT 3.00E-02 mg/l from Level 1 Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg  Ogata Banks

Entry for non-polar organic chemicals (option) From calculation sheet

Select analytical solution (click on brown cell below, then on pull-down menu) Fraction of organic carbon in aquifer foc 1.00E-04 fraction Distance Concentration

Equations in HRA publication Organic carbon partition coefficient Koc
5.70E+01

l/kg mg/l

0 Entry for ionic organic chemicals (option) 0 9.4E-03

Simulate vertical dispersion in 1 directionApproach for simulating vertical dispersion:  Sorption coefficient for related species Koc,n 0.00E+00 l/kg 1.0 4.63E-07

Simulate vertical dispersion in 2 directions 2 Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 2.0 2.28E-11

Select nature of decay rate (click on brown cell below, then on pull-down menu) pH value pH 0.00E+00 3.0 1.12E-15

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  acid dissociation constant pKa 0.00E+00 4.0 5.53E-20

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay)Source of parameter value Fraction of organic carbon in aquifer foc 0.00E+00 fraction 5.0 2.72E-24

Initial contaminant concentration in groundwater at plume core C0 9.40E-03 mg/l Site data 6.0 1.34E-28

Half life for degradation of contaminant in water t1/2 5.00E+02 days Nobel Morgan The Effect of Contaminants Concentration on Potential Natural Attenuation R&D Technical Report P2-228/TR, EA 2002lSoil water partition coefficient Kd 5.70E-03 l/kg 7.0 6.60E-33

Calculated decay rate l 1.39E-03 days
-1

8.0 3.25E-37

Width of plume in aquifer at source (perpendicular to flow) Sz 2.00E+01 m Estimated from site data 9.0 1.60E-41

Plume thickness at source Sy 4.00E+01 m calculated from soil Dispersivity based on Xu & Eckstein (1995)0 10.0 7.87E-46

Saturated aquifer thickness da 5.00E+01 m Estimated from site data Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length1 11.0 3.88E-50

Bulk density of aquifer materials r 1.60E+00 g/cm
3

Site data User defined values for dispersivity2 12.0 1.91E-54

Effective porosity of aquifer n 4.24E-01 fraction porocity calc 13.0 9.40E-59

Hydraulic gradient i 1.80E-03 fraction Site data Enter value Calc value Xu & Eckstein m 14.0 4.63E-63

Hydraulic conductivity of aquifer K 1.58E-03 m/d  Consim imputs for middle chalk vertical Longitudinal dispersivity ax 2.00E+01 2.00E+00 1.57E+00 m Note 15.0 2.28E-67

Distance to compliance point x 2.00E+01 m Downgradient site boundary Transverse dispersivity az 1.00E+01 2.00E-01 1.57E-01 m 16.0 1.12E-71

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Vertical dispersivity ay 5.00E+01 2.00E-02 1.57E-02 17.0 5.53E-76

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Note values of dispersivity must be > 0 18.0 2.72E-80

0 Time since pollutant entered groundwater t 9.90E+99 days time variant options only For calculated value, assumes ax = 0.1 *x, az = 0.01 * x, ay = 0.001 * x 19.0 1.34E-84

Parameters values determined from options Xu & Eckstein (1995) report ax = 0.83(log10x)
2.414 

; az = ax/10, ay = ax/100 are assumed 20.0 6.59E-89

Partition coefficient Kd 5.70E-03 l/kg see options

Longitudinal dispersivity ax 2.00E+00 m see options The measured groundwater concentration should be compared 

Transverse dispersivity az 2.00E-01 m see options with the Level 3 remedial target to determine the need for further action.

Vertical dispersivity ay 2.00E-02 m see options Ogata Banks 1 Note if contaminant is not subject to first order degradation, then set half life as 9.0E+99.

0 Domenico - Steady stateDomenico - Steady state 0

Calculated Parameters Variable 1 Ogata BanksDomenico - Time Variant 0

Groundwater flow velocity v 6.71E-06 m/d

Retardation factor Rf 1.02E+00 fraction

Decay rate used l 1.36E-03 d
-1

Rate of contaminant flow due to retardation u 6.57E-06 m/d

Contaminant concentration at distance x, assuming one-way vertical dispersion CED 6.59E-89 mg/l

Attenuation factor (one way vertical dispersion, CO/CED) AF 1.43E+86 Site being assessed: Cardiff Road

Completed by: PDM

4.28E+84 Date: #######

Remedial Targets #REF! Version: 1

Remedial Target 4.28E+84 mg/l For comparison with measured groundwater concentration.

Ogata Banks

Distance to compliance point 20 m

Concentration of contaminant at compliance point CED/C0 6.59E-89 mg/l Ogata Banks

after 9.9E+99 days

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.

Calculate for non-polar organic chemicals

Note graph assumes plume disperses vertically in one direction only. 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 groundwater, 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.

Simulate vertical dispersion in 1 direction

1,1, Dichloroethane

Ogata Banks

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

Apply degradation rate to dissolved pollutants only

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

By setting a long travel time it will give the steady state solution, which should be used to 

calculate remedial targets.
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First released: 2006. Version 3.2: January 2013

Details to be completed for each assessment

Site Name:

Site Address:

Completed by:

Date: 10-May-19 Version: 1

Contaminant 1 3 Dichlorobenzene

Target Concentration (CT) 1 mg/l Origin of CT:

Data carried forward from an earlier worksheet are identified by a light green background

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological 

calculations.

Hydrogeological risk assessment for land contamination

WHO value of 1000µg/l for 

PDM

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination ( 

Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and 

policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.

All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

Remedial Targets Worksheet , Release 3.2

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3 

Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are calculated 

as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations). 

Site details entered on this page are automatically copied to Level 1, 2 and 3  Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely 

responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or 

performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet 

will be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

Cardiff Road

Reading

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Environment Agency Publication 20, Remedial Targets worksheet v3.1
10/05/2019, 15:53
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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 1 mg/l from Level 1

Dilution Factor DF 1.04E+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 0.00E+00 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 1.00E-04 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 8.51E+02 l/kg 0 1.0E+00 2.88E-02

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 1.0 3.87E-01 1.11E-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 2.0 1.57E-01 4.53E-03

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 3.0 6.96E-02 2.00E-03

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 4.0 3.22E-02 9.26E-04

Soil concentration as mg/kg Enter soil  concentration Co 0.01 mg/kg Acid dissociation constant pKa 0.00E+00 5.0 1.53E-02 4.39E-04

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 3.60E+02 days Howard, Boethling Farvis et al Handbook of environmenatl degradationFraction of organic carbon in aquifer foc 0.00E+00 fraction 6.0 7.36E-03 2.12E-04

Calculated decay rate l 1.93E-03 days
-1

calculated 7.0 3.59E-03 1.03E-04

Width of plume in aquifer at source Sz 1.00E+01 m from Level 2 Soil water partition coefficient Kd 8.51E-02 l/kg 8.0 1.77E-03 5.10E-05

Plume thickness in aquifer at source Sy 5.00E+01 m from Level 2 9.0 8.79E-04 2.53E-05

Bulk density of aquifer materials r 1.60E+00 g/cm
3

site date Dispersivity based on Xu & Eckstein (1995) 10.0 4.39E-04 1.26E-05

Effective porosity of aquifer n 4.24E-01 fraction porosity cal Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 11.0 2.20E-04 6.33E-06

Hydraulic gradient "i" 5.76E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 12.0 1.11E-04 3.19E-06

0 Hydraulic conductivity of saturated aquifer K 1.58E-03 m/d from Level 2 13.0 5.59E-05 1.61E-06

Distance to compliance point x 2.00E+01 m Estimated Depth to water table Enter value Calc value Xu & Eckstein 14.0 2.83E-05 8.15E-07

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 2.00E+01 2.00E+00 1.57E+00 m 15.0 1.44E-05 4.14E-07

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 1.00E+01 2.00E-01 1.57E-01 m 16.0 7.30E-06 2.10E-07

Time since pollutant entered groundwater t 9.90E+99 days time variant options only Vertical dispersivity ay 1.00E+00 2.00E-02 1.57E-02 m 17.0 3.72E-06 1.07E-07

Parameters values determined from options Note values of dispersivity must be > 0 18.0 1.90E-06 5.47E-08

Partition coefficient Kd 8.51E-02 l/kg see options 19.0 9.71E-07 2.80E-08

Longitudinal dispersivity ax 20.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)
2.414 

; az = ax/10, ay = ax/100 are assumed 20.0 4.97E-07 1.43E-08

Transverse dispersivity az 10.000 m see options

Vertical dispersivity ay 1.000 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.15E-04 m/d

Retardation factor Rf 1.32E+00 fraction Ogata Banks

Decay rate used l 1.46E-03 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" 5.76E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 1.63E-04 m/d

Ratio of Compliance Point to Source Concentration CED/C0 4.97E-07 fraction

Attenuation factor (CO/CED) AF 2.01E+06 fraction

Calculated soil leachate concentration Co 2.98E-02 mg/l Site being assessed: Cardiff Road

Remedial Targets Completed by: PDM

Level 3 Remedial Target  2.08E+06 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: 1

6.98E+05 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 20 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 4.97E-07 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 dissolved pollutants only

Soil concentration as mg/kg

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

1 3 Dichlorobenzene

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

User defined values for dispersivity
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R&D Publication 20 Remedial Targets Worksheet, Release 3.2 0 User specified value for partition coefficient

1 Calculate for non-polar organic chemicals

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

Input Parameters (using pull down menu) Variable Value Unit Source Select Method for deriving Partition Co-efficient (using pull down menu)

Calculated concentrations for 

Contaminant from Level 1 distance-concentration graph

Target Concentration CT 1.00E+00 mg/l from Level 1 Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg  Ogata Banks

Entry for non-polar organic chemicals (option) From calculation sheet

Select analytical solution (click on brown cell below, then on pull-down menu) Fraction of organic carbon in aquifer foc 1.00E-04 fraction Distance Concentration

Equations in HRA publication Organic carbon partition coefficient Koc
8.51E+02

l/kg mg/l

0 Entry for ionic organic chemicals (option) 0 9.4E-03

Simulate vertical dispersion in 1 directionApproach for simulating vertical dispersion:  Sorption coefficient for related species Koc,n 0.00E+00 l/kg 1.0 7.54E-08

Simulate vertical dispersion in 2 directions 2 Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 2.0 6.05E-13

Select nature of decay rate (click on brown cell below, then on pull-down menu) pH value pH 0.00E+00 3.0 4.86E-18

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  acid dissociation constant pKa 0.00E+00 4.0 3.90E-23

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay)Source of parameter value Fraction of organic carbon in aquifer foc 0.00E+00 fraction 5.0 3.13E-28

Initial contaminant concentration in groundwater at plume core C0 9.40E-03 mg/l Site data 6.0 2.51E-33

Half life for degradation of contaminant in water t1/2 3.60E+02 days Nobel Morgan The Effect of Contaminants Concentration on Potential Natural Attenuation R&D Technical Report P2-228/TR, EA 2002lSoil water partition coefficient Kd 8.51E-02 l/kg 7.0 2.01E-38

Calculated decay rate l 1.93E-03 days
-1

8.0 1.62E-43

Width of plume in aquifer at source (perpendicular to flow) Sz 2.00E+01 m Estimated from site data 9.0 1.30E-48

Plume thickness at source Sy 4.00E+01 m calculated from soil Dispersivity based on Xu & Eckstein (1995)0 10.0 1.04E-53

Saturated aquifer thickness da 5.00E+01 m Estimated from site data Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length1 11.0 8.35E-59

Bulk density of aquifer materials r 1.60E+00 g/cm
3

Site data User defined values for dispersivity2 12.0 6.70E-64

Effective porosity of aquifer n 4.24E-01 fraction porocity calc 13.0 5.37E-69

Hydraulic gradient i 1.80E-03 fraction Site data Enter value Calc value Xu & Eckstein m 14.0 4.31E-74

Hydraulic conductivity of aquifer K 1.58E-03 m/d  Consim imputs for middle chalk vertical Longitudinal dispersivity ax 2.00E+01 2.00E+00 1.57E+00 m Note 15.0 3.46E-79

Distance to compliance point x 2.00E+01 m Downgradient site boundary Transverse dispersivity az 1.00E+01 2.00E-01 1.57E-01 m 16.0 2.78E-84

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Vertical dispersivity ay 5.00E+01 2.00E-02 1.57E-02 17.0 2.23E-89

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Note values of dispersivity must be > 0 18.0 1.79E-94

0 Time since pollutant entered groundwater t 9.90E+99 days time variant options only For calculated value, assumes ax = 0.1 *x, az = 0.01 * x, ay = 0.001 * x 19.0 1.43E-99

Parameters values determined from options Xu & Eckstein (1995) report ax = 0.83(log10x)
2.414 

; az = ax/10, ay = ax/100 are assumed 20.0 1.15E-104

Partition coefficient Kd 8.51E-02 l/kg see options

Longitudinal dispersivity ax 2.00E+00 m see options The measured groundwater concentration should be compared 

Transverse dispersivity az 2.00E-01 m see options with the Level 3 remedial target to determine the need for further action.

Vertical dispersivity ay 2.00E-02 m see options Ogata Banks 1 Note if contaminant is not subject to first order degradation, then set half life as 9.0E+99.

0 Domenico - Steady stateDomenico - Steady state 0

Calculated Parameters Variable 1 Ogata BanksDomenico - Time Variant 0

Groundwater flow velocity v 6.71E-06 m/d

Retardation factor Rf 1.32E+00 fraction

Decay rate used l 1.46E-03 d
-1

Rate of contaminant flow due to retardation u 5.08E-06 m/d

Contaminant concentration at distance x, assuming one-way vertical dispersion CED 1.15E-104 mg/l

Attenuation factor (one way vertical dispersion, CO/CED) AF 8.17E+101 Site being assessed: Cardiff Road

Completed by: PDM

8.17E+101 Date: #######

Remedial Targets #REF! Version: 1

Remedial Target 8.17E+101 mg/l For comparison with measured groundwater concentration.

Ogata Banks

Distance to compliance point 20 m

Concentration of contaminant at compliance point CED/C0 1.15E-104 mg/l Ogata Banks

after 9.9E+99 days

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.

Calculate for non-polar organic chemicals

Note graph assumes plume disperses vertically in one direction only. 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 groundwater, 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.

Simulate vertical dispersion in 1 direction

1 3 Dichlorobenzene

Ogata Banks

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

Apply degradation rate to dissolved pollutants only

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

By setting a long travel time it will give the steady state solution, which should be used to 

calculate remedial targets.
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First released: 2006. Version 3.2: January 2013

Details to be completed for each assessment

Site Name:

Site Address:

Completed by:

Date: 10-May-19 Version: 1

Contaminant Cis 1,1 Dichloroethene

Target Concentration (CT) 0.05 mg/l Origin of CT:

Data carried forward from an earlier worksheet are identified by a light green background

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological 

calculations.

Hydrogeological risk assessment for land contamination

EQS (freshwater) and WHO Drinking Water

PDM

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination ( 

Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and 

policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.

All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

Remedial Targets Worksheet , Release 3.2

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3 

Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are calculated 

as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations). 

Site details entered on this page are automatically copied to Level 1, 2 and 3  Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely 

responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or 

performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet 

will be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

Cardiff Road

Reading

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Environment Agency Publication 20, Remedial Targets worksheet v3.1
10/05/2019, 15:57
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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 0.05 mg/l from Level 1

Dilution Factor DF 1.04E+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 0.00E+00 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 1.00E-04 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 5.70E+01 l/kg 0 1.0E+00 3.74E-02

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 1.0 5.98E-01 2.24E-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 2.0 3.76E-01 1.41E-02

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 3.0 2.58E-01 9.65E-03

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 4.0 1.84E-01 6.90E-03

Soil concentration as mg/kg Enter soil  concentration Co 0.01 mg/kg Acid dissociation constant pKa 0.00E+00 5.0 1.35E-01 5.06E-03

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 3.00E+03 days Nobel Morgan The Effect of Contaminants Concentration on Potential Natural Attenuation R&D Technical Report P2-228/TR, EA 2002Fraction of organic carbon in aquifer foc 0.00E+00 fraction 6.0 1.01E-01 3.78E-03

Calculated decay rate l 2.31E-04 days
-1

calculated 7.0 7.63E-02 2.85E-03

Width of plume in aquifer at source Sz 1.00E+01 m from Level 2 Soil water partition coefficient Kd 5.70E-03 l/kg 8.0 5.81E-02 2.18E-03

Plume thickness in aquifer at source Sy 5.00E+01 m from Level 2 9.0 4.46E-02 1.67E-03

Bulk density of aquifer materials r 1.60E+00 g/cm
3

site date Dispersivity based on Xu & Eckstein (1995) 10.0 3.45E-02 1.29E-03

Effective porosity of aquifer n 4.24E-01 fraction porosity cal Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 11.0 2.67E-02 1.00E-03

Hydraulic gradient "i" 5.76E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 12.0 2.08E-02 7.80E-04

0 Hydraulic conductivity of saturated aquifer K 1.58E-03 m/d from Level 2 13.0 1.63E-02 6.09E-04

Distance to compliance point x 2.00E+01 m Estimated Depth to water table Enter value Calc value Xu & Eckstein 14.0 1.27E-02 4.77E-04

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 2.00E+01 2.00E+00 1.57E+00 m 15.0 1.00E-02 3.75E-04

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 1.00E+01 2.00E-01 1.57E-01 m 16.0 7.88E-03 2.95E-04

Time since pollutant entered groundwater t 9.90E+99 days time variant options only Vertical dispersivity ay 1.00E+00 2.00E-02 1.57E-02 m 17.0 6.21E-03 2.33E-04

Parameters values determined from options Note values of dispersivity must be > 0 18.0 4.91E-03 1.84E-04

Partition coefficient Kd 5.70E-03 l/kg see options 19.0 3.88E-03 1.45E-04

Longitudinal dispersivity ax 20.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)
2.414 

; az = ax/10, ay = ax/100 are assumed 20.0 3.07E-03 1.15E-04

Transverse dispersivity az 10.000 m see options

Vertical dispersivity ay 1.000 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.15E-04 m/d

Retardation factor Rf 1.02E+00 fraction Ogata Banks

Decay rate used l 2.26E-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" 5.76E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 2.10E-04 m/d

Ratio of Compliance Point to Source Concentration CED/C0 3.07E-03 fraction

Attenuation factor (CO/CED) AF 3.25E+02 fraction

Calculated soil leachate concentration Co 3.88E-02 mg/l Site being assessed: Cardiff Road

Remedial Targets Completed by: PDM

Level 3 Remedial Target  1.69E+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: 1

4.35E+00 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 20 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 3.07E-03 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 dissolved pollutants only

Soil concentration as mg/kg

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Cis 1,1 Dichloroethene

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

User defined values for dispersivity
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R&D Publication 20 Remedial Targets Worksheet, Release 3.2 0 User specified value for partition coefficient

1 Calculate for non-polar organic chemicals

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

Input Parameters (using pull down menu) Variable Value Unit Source Select Method for deriving Partition Co-efficient (using pull down menu)

Calculated concentrations for 

Contaminant from Level 1 distance-concentration graph

Target Concentration CT 5.00E-02 mg/l from Level 1 Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg  Ogata Banks

Entry for non-polar organic chemicals (option) From calculation sheet

Select analytical solution (click on brown cell below, then on pull-down menu) Fraction of organic carbon in aquifer foc 1.00E-04 fraction Distance Concentration

Equations in HRA publication Organic carbon partition coefficient Koc
5.70E+01

l/kg mg/l

0 Entry for ionic organic chemicals (option) 0 5.7E-03

Simulate vertical dispersion in 1 directionApproach for simulating vertical dispersion:  Sorption coefficient for related species Koc,n 0.00E+00 l/kg 1.0 1.14E-04

Simulate vertical dispersion in 2 directions 2 Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 2.0 2.30E-06

Select nature of decay rate (click on brown cell below, then on pull-down menu) pH value pH 0.00E+00 3.0 4.62E-08

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  acid dissociation constant pKa 0.00E+00 4.0 9.28E-10

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay)Source of parameter value Fraction of organic carbon in aquifer foc 0.00E+00 fraction 5.0 1.86E-11

Initial contaminant concentration in groundwater at plume core C0 5.70E-03 mg/l Site data 6.0 3.74E-13

Half life for degradation of contaminant in water t1/2 3.00E+03 days Nobel Morgan The Effect of Contaminants Concentration on Potential Natural Attenuation R&D Technical Report P2-228/TR, EA 2002lSoil water partition coefficient Kd 5.70E-03 l/kg 7.0 7.52E-15

Calculated decay rate l 2.31E-04 days
-1

8.0 1.51E-16

Width of plume in aquifer at source (perpendicular to flow) Sz 2.00E+01 m Estimated from site data 9.0 3.03E-18

Plume thickness at source Sy 4.00E+01 m calculated from soil Dispersivity based on Xu & Eckstein (1995)0 10.0 6.10E-20

Saturated aquifer thickness da 5.00E+01 m Estimated from site data Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length1 11.0 1.22E-21

Bulk density of aquifer materials r 1.60E+00 g/cm
3

Site data User defined values for dispersivity2 12.0 2.46E-23

Effective porosity of aquifer n 4.24E-01 fraction porocity calc 13.0 4.94E-25

Hydraulic gradient i 1.80E-03 fraction Site data Enter value Calc value Xu & Eckstein m 14.0 9.93E-27

Hydraulic conductivity of aquifer K 1.58E-03 m/d  Consim imputs for middle chalk vertical Longitudinal dispersivity ax 2.00E+01 2.00E+00 1.57E+00 m Note 15.0 1.99E-28

Distance to compliance point x 2.00E+01 m Downgradient site boundary Transverse dispersivity az 1.00E+01 2.00E-01 1.57E-01 m 16.0 4.00E-30

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Vertical dispersivity ay 3.00E+01 2.00E-02 1.57E-02 17.0 8.04E-32

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Note values of dispersivity must be > 0 18.0 1.62E-33

0 Time since pollutant entered groundwater t 9.90E+99 days time variant options only For calculated value, assumes ax = 0.1 *x, az = 0.01 * x, ay = 0.001 * x 19.0 3.25E-35

Parameters values determined from options Xu & Eckstein (1995) report ax = 0.83(log10x)
2.414 

; az = ax/10, ay = ax/100 are assumed 20.0 6.52E-37

Partition coefficient Kd 5.70E-03 l/kg see options

Longitudinal dispersivity ax 2.00E+00 m see options The measured groundwater concentration should be compared 

Transverse dispersivity az 2.00E-01 m see options with the Level 3 remedial target to determine the need for further action.

Vertical dispersivity ay 2.00E-02 m see options Ogata Banks 1 Note if contaminant is not subject to first order degradation, then set half life as 9.0E+99.

0 Domenico - Steady stateDomenico - Steady state 0

Calculated Parameters Variable 1 Ogata BanksDomenico - Time Variant 0

Groundwater flow velocity v 6.71E-06 m/d

Retardation factor Rf 1.02E+00 fraction

Decay rate used l 2.26E-04 d
-1

Rate of contaminant flow due to retardation u 6.57E-06 m/d

Contaminant concentration at distance x, assuming one-way vertical dispersion CED 6.52E-37 mg/l

Attenuation factor (one way vertical dispersion, CO/CED) AF 8.75E+33 Site being assessed: Cardiff Road

Completed by: PDM

4.37E+32 Date: #######

Remedial Targets #REF! Version: 1

Remedial Target 4.37E+32 mg/l For comparison with measured groundwater concentration.

Ogata Banks

Distance to compliance point 20 m

Concentration of contaminant at compliance point CED/C0 6.52E-37 mg/l Ogata Banks

after 9.9E+99 days

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.

Calculate for non-polar organic chemicals

Note graph assumes plume disperses vertically in one direction only. 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 groundwater, 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.

Simulate vertical dispersion in 1 direction

Cis 1,1 Dichloroethene

Ogata Banks

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

Apply degradation rate to dissolved pollutants only

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

By setting a long travel time it will give the steady state solution, which should be used to 

calculate remedial targets.
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First released: 2006. Version 3.2: January 2013

Details to be completed for each assessment

Site Name:

Site Address:

Completed by:

Date: 10-May-19 Version: 1

Contaminant Trichloroethene

Target Concentration (CT) 0.01 mg/l Origin of CT:

Data carried forward from an earlier worksheet are identified by a light green background

The spreadsheet also includes a porosity calculation worksheet, a soil impact calculation worksheet and a worksheet that performs some simple hydrogeological 

calculations.

Hydrogeological risk assessment for land contamination

EQS (freshwater) and UK DWS

PDM

This worksheet has been produced in combination with the document 'Remedial Targets Methodology: Hydrogeological risk assessment for land contamination ( 

Environment Agency 2006).

Users of this worksheet should always refer to the User Manual to the Remedial Targets Methodology and to relevant guidance on UK legislation and 

policy, in order to understand how this procedure should be applied in an appropriate context.

© Environment Agency, 2006. (Produced by the Environment Agency's Science Group)

The calculation of equations in this worksheet has been independently checked by Entec (UK) Ltd on behalf of the Environment Agency.

All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

Remedial Targets Worksheet , Release 3.2

This worksheet can be used to determine remedial targets for soils (Worksheets Level 1 Soil, Level 2 and Level 3 Soil) or to determine remedial targets for groundwater (Level 3 

Groundwater). For Level 3, parameter values must be entered separately dependent on whether the assessment is for soil or groundwater. For soil, remedial targets are calculated 

as either mg/kg (for comparision with soil measurements) or mg/l (for comparison with leaching tests or pore water concentrations). 

Site details entered on this page are automatically copied to Level 1, 2 and 3  Worksheets.

Worksheet options are identified by brown background and employ a pull-down menus. Data entry are identified as blue background.

Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely 

responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or 

performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet 

will be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

Cardiff Road

Reading

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

Environment Agency Publication 20, Remedial Targets worksheet v3.1
10/05/2019, 15:57

P20 version 3.2 TCEIntroduction



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 0.01 mg/l from Level 1

Dilution Factor DF 1.04E+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 0.00E+00 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 1.00E-04 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 1.41E+02 l/kg 0 1.0E+00 3.62E-02

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 1.0 5.05E-01 1.83E-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 2.0 2.68E-01 9.71E-03

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 3.0 1.55E-01 5.61E-03

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 4.0 9.37E-02 3.39E-03

Soil concentration as mg/kg Enter soil  concentration Co 0.01 mg/kg Acid dissociation constant pKa 0.00E+00 5.0 5.81E-02 2.10E-03

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 1.00E+03 days Nobel Morgan The Effect of Contaminants Concentration on Potential Natural Attenuation R&D Technical Report P2-228/TR, EA 2002Fraction of organic carbon in aquifer foc 0.00E+00 fraction 6.0 3.66E-02 1.32E-03

Calculated decay rate l 6.93E-04 days
-1

calculated 7.0 2.33E-02 8.44E-04

Width of plume in aquifer at source Sz 1.00E+01 m from Level 2 Soil water partition coefficient Kd 1.41E-02 l/kg 8.0 1.50E-02 5.44E-04

Plume thickness in aquifer at source Sy 5.00E+01 m from Level 2 9.0 9.74E-03 3.52E-04

Bulk density of aquifer materials r 1.60E+00 g/cm
3

site date Dispersivity based on Xu & Eckstein (1995) 10.0 6.35E-03 2.30E-04

Effective porosity of aquifer n 4.24E-01 fraction porosity cal Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 11.0 4.16E-03 1.51E-04

Hydraulic gradient "i" 5.76E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 12.0 2.74E-03 9.90E-05

0 Hydraulic conductivity of saturated aquifer K 1.58E-03 m/d from Level 2 13.0 1.81E-03 6.53E-05

Distance to compliance point x 2.00E+01 m Estimated Depth to water table Enter value Calc value Xu & Eckstein 14.0 1.19E-03 4.32E-05

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 2.00E+01 2.00E+00 1.57E+00 m 15.0 7.92E-04 2.86E-05

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 1.00E+01 2.00E-01 1.57E-01 m 16.0 5.26E-04 1.90E-05

Time since pollutant entered groundwater t 9.90E+99 days time variant options only Vertical dispersivity ay 1.00E+00 2.00E-02 1.57E-02 m 17.0 3.50E-04 1.27E-05

Parameters values determined from options Note values of dispersivity must be > 0 18.0 2.34E-04 8.45E-06

Partition coefficient Kd 1.41E-02 l/kg see options 19.0 1.56E-04 5.64E-06

Longitudinal dispersivity ax 20.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)
2.414 

; az = ax/10, ay = ax/100 are assumed 20.0 1.04E-04 3.77E-06

Transverse dispersivity az 10.000 m see options

Vertical dispersivity ay 1.000 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.15E-04 m/d

Retardation factor Rf 1.05E+00 fraction Ogata Banks

Decay rate used l 6.58E-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" 5.76E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 2.04E-04 m/d

Ratio of Compliance Point to Source Concentration CED/C0 1.04E-04 fraction

Attenuation factor (CO/CED) AF 9.58E+03 fraction

Calculated soil leachate concentration Co 3.75E-02 mg/l Site being assessed: Cardiff Road

Remedial Targets Completed by: PDM

Level 3 Remedial Target  9.93E+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: 1

2.65E+01 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 20 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 1.04E-04 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 dissolved pollutants only

Soil concentration as mg/kg

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Trichloroethene

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

User defined values for dispersivity
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R&D Publication 20 Remedial Targets Worksheet, Release 3.2 0 User specified value for partition coefficient

1 Calculate for non-polar organic chemicals

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

Input Parameters (using pull down menu) Variable Value Unit Source Select Method for deriving Partition Co-efficient (using pull down menu)

Calculated concentrations for 

Contaminant from Level 1 distance-concentration graph

Target Concentration CT 1.00E-02 mg/l from Level 1 Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg  Ogata Banks

Entry for non-polar organic chemicals (option) From calculation sheet

Select analytical solution (click on brown cell below, then on pull-down menu) Fraction of organic carbon in aquifer foc 1.00E-04 fraction Distance Concentration

Equations in HRA publication Organic carbon partition coefficient Koc
1.41E+02

l/kg mg/l

0 Entry for ionic organic chemicals (option) 0 9.4E-03

Simulate vertical dispersion in 1 directionApproach for simulating vertical dispersion:  Sorption coefficient for related species Koc,n 0.00E+00 l/kg 1.0 9.08E-06

Simulate vertical dispersion in 2 directions 2 Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 2.0 8.77E-09

Select nature of decay rate (click on brown cell below, then on pull-down menu) pH value pH 0.00E+00 3.0 8.47E-12

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  acid dissociation constant pKa 0.00E+00 4.0 8.18E-15

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay)Source of parameter value Fraction of organic carbon in aquifer foc 0.00E+00 fraction 5.0 7.90E-18

Initial contaminant concentration in groundwater at plume core C0 9.40E-03 mg/l Site data 6.0 7.63E-21

Half life for degradation of contaminant in water t1/2 1.00E+03 days Nobel Morgan The Effect of Contaminants Concentration on Potential Natural Attenuation R&D Technical Report P2-228/TR, EA 2002lSoil water partition coefficient Kd 1.41E-02 l/kg 7.0 7.36E-24

Calculated decay rate l 6.93E-04 days
-1

8.0 7.11E-27

Width of plume in aquifer at source (perpendicular to flow) Sz 2.00E+01 m Estimated from site data 9.0 6.87E-30

Plume thickness at source Sy 4.00E+01 m calculated from soil Dispersivity based on Xu & Eckstein (1995)0 10.0 6.63E-33

Saturated aquifer thickness da 5.00E+01 m Estimated from site data Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length1 11.0 6.41E-36

Bulk density of aquifer materials r 1.60E+00 g/cm
3

Site data User defined values for dispersivity2 12.0 6.19E-39

Effective porosity of aquifer n 4.24E-01 fraction porocity calc 13.0 5.97E-42

Hydraulic gradient i 1.80E-03 fraction Site data Enter value Calc value Xu & Eckstein m 14.0 5.77E-45

Hydraulic conductivity of aquifer K 1.58E-03 m/d  Consim imputs for middle chalk vertical Longitudinal dispersivity ax 2.00E+01 2.00E+00 1.57E+00 m Note 15.0 5.57E-48

Distance to compliance point x 2.00E+01 m Downgradient site boundary Transverse dispersivity az 1.00E+01 2.00E-01 1.57E-01 m 16.0 5.38E-51

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Vertical dispersivity ay 5.00E+01 2.00E-02 1.57E-02 17.0 5.20E-54

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Note values of dispersivity must be > 0 18.0 5.02E-57

0 Time since pollutant entered groundwater t 9.90E+99 days time variant options only For calculated value, assumes ax = 0.1 *x, az = 0.01 * x, ay = 0.001 * x 19.0 4.85E-60

Parameters values determined from options Xu & Eckstein (1995) report ax = 0.83(log10x)
2.414 

; az = ax/10, ay = ax/100 are assumed 20.0 4.68E-63

Partition coefficient Kd 1.41E-02 l/kg see options

Longitudinal dispersivity ax 2.00E+00 m see options The measured groundwater concentration should be compared 

Transverse dispersivity az 2.00E-01 m see options with the Level 3 remedial target to determine the need for further action.

Vertical dispersivity ay 2.00E-02 m see options Ogata Banks 1 Note if contaminant is not subject to first order degradation, then set half life as 9.0E+99.

0 Domenico - Steady stateDomenico - Steady state 0

Calculated Parameters Variable 1 Ogata BanksDomenico - Time Variant 0

Groundwater flow velocity v 6.71E-06 m/d

Retardation factor Rf 1.05E+00 fraction

Decay rate used l 6.58E-04 d
-1

Rate of contaminant flow due to retardation u 6.37E-06 m/d

Contaminant concentration at distance x, assuming one-way vertical dispersion CED 4.68E-63 mg/l

Attenuation factor (one way vertical dispersion, CO/CED) AF 2.01E+60 Site being assessed: Cardiff Road

Completed by: PDM

2.01E+58 Date: #######

Remedial Targets #REF! Version: 1

Remedial Target 2.01E+58 mg/l For comparison with measured groundwater concentration.

Ogata Banks

Distance to compliance point 20 m

Concentration of contaminant at compliance point CED/C0 4.68E-63 mg/l Ogata Banks

after 9.9E+99 days

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.

Calculate for non-polar organic chemicals

Note graph assumes plume disperses vertically in one direction only. 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 groundwater, 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.

Simulate vertical dispersion in 1 direction

Trichloroethene

Ogata Banks

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

Apply degradation rate to dissolved pollutants only

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

By setting a long travel time it will give the steady state solution, which should be used to 

calculate remedial targets.
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