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1 INTRODUCTION 

Instructions 

1.1 This report is prepared in accordance with instructions from Dunthorne Parker 

Architects, on behalf of Charly45 Ltd.  This follows a proposal dated 12 July 2017 by 

Wardell Armstrong LLP (WA). 

1.2 The site is the Former Gas Works, Gas Works Road, Reading RG1 3EQ, and is located 

as shown on Figure 1.  The site comprises approximately 0.07 hectares of land 

occupied by two disused buildings and a yard area and is bordered by residential 

buildings to the south and east, offices to the west and the main channel of the River 

Kennet to the north.  There is a river wall along the northern boundary which 

separates the site from the river.  There is another canalised branch of the River 

Kennet (referred to on historic plans as the Kennet and Avon Canal) approximately 

60m to the south of the site.  The site is located approximately 500m east of Reading 

town centre. 

 

Figure 1: Aerial Image Showing Approximate Site Boundary 

 

Reproduced from Landmark Information Group 
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Proposed Site Use 

1.3 It is proposed to redevelop the site for residential use with gardens.  The planning 

application (no. 160378) is for the creation of 20 residential units through the 

extension and conversion of the two existing buildings.  The largest building, in the 

north along the river, will be extended to the west and upwards and will have flats on 

five levels.  One flat is proposed to have a private garden. The ground floor level of the 

larger building (known as the River Kennet Building) will be reduced by up to 0.8m and 

the lowest level will now be used for cycle storage (not habitable dwellings). The 

smaller building, in the southwest of the site (known as Gas Works Road (GWR) 

Building), has an existing basement, although it will not be retained in the proposed 

development.  The existing floors to both buildings have been removed and the 

proposed development includes beam and block floors with an underfloor void.  A 

communal landscaped area is proposed between the two buildings. The single storey 

part of the largest building has been demolished as part of site clearance works. It is 

understood that no further demolition will be taking place. 

 

Purpose of Report 

1.4 This report provides a detailed quantitative risk assessment for soils and groundwater 

at the site.  The report also proposes a remediation scheme for soil contamination at 

the site in order to satisfy planning condition 6 of the planning permission (no. 160378, 

Appendix 1). This report builds on the results of previous site investigations to enable 

assessment of the suitability of the site for residential development.  

1.5 Remediation specification with details of the exact methods to be employed to 

remediate the soils and groundwater will be provided by specialist remediation 

contractor once the proposed remediation scheme has been agreed with the Local 

Authority. 

 

Previous Reports 

1.6 Atkins undertook desk study, site investigation and risk assessment work at the site 

on behalf of the former owners (National Grid Property).  The following reports have 

been provided to WA for information: 

• Factual Desk Study, Atkins, March 2010 (ref. Gas Works Road, Reading, Desk Study 

Factual Rev0).  Referred to below as Atkins (2010a); 

• Environmental Investigation and Assessment, Final Factual Report, Atkins Ltd, 

October 2010 (ref. 5027279/GTG.20100598/Reading_2010/R002rev1) which 
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includes details of a site investigation undertaken at the site in 2010.  Referred to 

below as Atkins (2010b); 

• Updated Controlled Waters Quantitative Risk Assessment, Atkins, May 2013.  

Referred to below as Atkins (2013); 

• Factual Desk Study, Final, Atkins Ltd, January 2014 (ref. 

GTG2000078/Reading/NGG Desk Study/R002v0). Referred to below as Atkins 

(2014). 

1.7 Included as an appendix to the Atkins (2010a) report is a Factual Remediation Report 

by Waterman Environmental dated April 2001 (ref. R/EN997.HB.4.4.1; referred to 

below as Waterman, 2001) which describes remedial works undertaken at the site and 

the wider gas works. 

1.8 WA prepared a Phase 1 Geo-Environmental Desk Study report dated August 2017 (ref. 

LO10488/RPT-001) and a Phase 2 Interpretative Site Investigation Report dated 

December 2017 (ref. LO10488/RPT-002) for the site.  Section 2 of this report 

summarises the site history based on the Phase 1 Geo-Environmental Desk Study 

report. The geological, hydrogeological and hydrological setting of the site are also 

summarised in Section 2 with reference to the recent (2017) site investigation 

described in the Phase 2 Interpretative Site Investigation Report.  However, the 

current report should be read in conjunction with the Phase 1 Geo-Environmental 

Desk Study Report and Phase 2 Interpretative Site Investigation Report. 

1.9 Following receipt of the Phase 2 Interpretative Site Investigation Report, Reading 

Borough Council have confirmed that planning condition 5 (site investigation) and 

planning condition 9 (land gas) of the planning permission (no. 160378) are discharged 

(Appendix 1).  

 

Limitations 

1.10 This report has been prepared for the exclusive benefit of the Client for the purpose 

of providing geo-environmental recommendations for the site. The report contents 

shall only be used in that context. Furthermore, new information, changes in practice 

or new legislation may necessitate revised interpretation of the report after the date 

of its production. 

1.11 Wardell Armstrong has used reasonable skill and care in the design of the site 

investigation work to comply with currently available industry guidance and to meet 

the requirements of the commission. 
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1.12 Whilst reasonable attempts have been made to identify the potential ground related 

constraints, it should be noted that the ground conditions encountered are 

representative only of the areas investigated at the time of investigation and may not 

be representative of the site as a whole. As part of the interpretation process 

reasonable inferences have been drawn between the investigation points, however, 

it should be recognised that ground and groundwater conditions can vary significantly 

both laterally and vertically over time due to changing conditions such as seasonal or 

climatic fluctuations etc. The potential for areas of loose/soft materials, contaminated 

materials and/or other potential problems cannot be completely discounted. 

1.13 The positions of site investigation locations were restricted due to access, in ground 

obstructions, underground utilities and health and safety reasons.  For example, 

boreholes that had been proposed to be undertaken within existing buildings could 

not be safely carried out due to the dilapidated condition of the structures and were 

therefore moved to external areas.  A sixth proposed borehole (BH05) could not be 

undertaken in the east of the site due to access restrictions. Additionally trial pits were 

restricted to hand dug excavations due to access into the building and its dilapidated 

condition.  
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2 BACKGROUND  

Site History 

2.1 From the late 1800’s the site formed part of larger gas works. Gas works buildings and 

equipment are recorded on historic maps in the north and west of site include pump 

room, boiler room, chimney, engine room and scrubbers. Tracks were shown to run 

across the middle of the site from west to east. Parts of workshop buildings and 

another chimney were located in the southwest corner of the site and part of a 

purifying house in northwest corner of the site.  The larger gas works surrounded the 

site on the west, south and east sides (further details are provided in the Phase 1 Geo-

Environmental Desk Study). 

2.2 It is understood that part of the site, and larger areas of the wider gasworks, was 

remediated in 2000 by Waterman.  Remedial works generally involved the excavation 

and offsite disposal of contaminated material (details are provided in Waterman, 

2001).  Records indicate that a total of 136 tonnes of contaminated material was 

excavated from the site and wider gas works and disposed of offsite.  Treatment of 

groundwater was not undertaken as part of the remediation of the wider gasworks 

site, although groundwater that was pumped from excavations and from a below 

ground gasholder was removed from site during the works.   

2.3 At the current site the extent of the remediation works in 2000 was restricted and two 

of the five validation samples collected reportedly recorded elevated concentrations 

of polycyclic aromatic hydrocarbon (PAHs) and ammonium.  Both samples were from 

the base of the excavation. 

2.4 Atkins (2013) report that some areas of the wider gasworks, specifically the area to 

the west of the site (the Prudential development), may have been redeveloped 

without the requirement for “groundwater remediation or protection from the current 

site contamination”. 

 

Geology 

Made Ground 

2.5 Made ground was present in all locations during the 2017 site investigation and 

ranged in thickness between 1.5m and 3.9m, with an average thickness of 2.15m.  The 

full depth of made ground was not proved in all of the trial pit locations. The maximum 
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depth of made ground was encountered in BH01 in the northwest of the site, where 

it was present to 3.9mbgl.  The made ground is generally described as soft to very soft 

dark grey/brown mottled black slightly sandy gravelly clay/slightly gravelly sandy silt 

with brick, concrete and rare flint, glass fragments and wood, and grey/brown sandy 

subangular and subrounded brick, sandstone and concrete coarse gravel/cobbles. 

2.6 Where the made ground comprised a cohesive material (i.e. clay/silt) it was often 

described as being stained black and having a faint/strong hydrocarbon odour.  

2.7 The description of the made ground encountered during the recent site investigation 

was similar to that encountered during the 2010 site investigation. 

 

Superficial Deposits 

2.8 Published geological mapping indicates that the site is underlain by natural superficial 

deposits comprising alluvium with a “basal gravel” which generally comprises sand 

and gravel.  In the Kennet Valley the basal gravel is underlain by Quaternary River 

Terrace Deposits which are also described as sand and gravel.  The site investigations 

undertaken at the site have not distinguished between the basal gravel and the River 

Terrace Deposits.  The recent (2017) site investigation encountered alluvium in all 

boreholes at the site generally comprising clay and silt overlying sands and gravels.  

The clay and silt (shallow alluvium) ranged in thickness between 0m and 3.05m, with 

the average thickness being 1.7m.  Clay and silt was absent under thick made ground 

at BH01 in the northwest of the site and was thickest in BH04B in the centre of the site 

(to 4.95m bgl).  The clay and silt was generally described as soft to firm greenish grey 

mottled black silty clay/clayey silt with shell fragments and rare shells, gravelly/sandy 

in places.  The clay and silt was noted to have a strong or faint hydrocarbon odour in 

all borehole locations and in some places was stained black.   

2.9 The sand and gravel ranged in thickness between 2.20m and 3.95m thick, with the 

average thickness being 3.10m.  The sands and gravels were generally described as 

medium dense to dense grey clayey sandy angular to rounded fine to coarse flint 

gravel, and medium dense to very dense grey slightly gravelly fine to coarse sand.  The 

sands and gravels were noted to have a strong or faint hydrocarbon odour in all 

locations except BH04B.  In BH03C a sheen and brown hydrocarbon staining was 

observed in the sand.  The maximum depth of the sand and gravel was 7.8m bgl in 

BH04B in the centre of the site. 
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Bedrock Strata 

2.10 Published mapping indicates the Seaford Chalk Formation and Newhaven Chalk 

Formation (undifferentiated) underlies the superficial deposits.  Chalk was 

encountered underlying the sands and gravels of the alluvium in all borehole locations.  

The Chalk was described as structureless chalk composed of white/light brown slightly 

gravelly sandy silt.  The minimum depth it was encountered was 6.1 bgl in BH01 and 

the maximum depth was at 7.8mbgl in BH04B.  The full depth of the Chalk was not 

proven. 

 

Hydrogeology 

Superficial Aquifer 

2.11 The Environment Agency classifies the superficial deposits (shallow alluvium and sand 

and gravel) as a Secondary A Aquifer.  Secondary A aquifers are generally fractured or 

potentially fractured formations and do not have a high primary permeability.  

Although not producing large quantities of water for abstraction, they are important 

for local supplies and may supply base flow to rivers. 

2.12 Four monitoring boreholes were installed within the alluvium during the 2017 site 

investigation.  The boreholes are screened across both the shallow alluvium and the 

sand and gravel and record groundwater elevations between 35.97mAOD and 

36.24mAOD (November 2017 to January 2018 monitoring rounds).  Flow in the 

alluvium is to the north and east towards the main channel of the River Kennet which 

is adjacent to the northern boundary of the site.  This direction is towards the River 

Kennet and also follows its downstream flow (towards the east), which suggests that 

the groundwater on site may potentially be in hydraulic continuity with the river.  

However, the river wall present along the northern boundary of the site may inhibit 

to a degree the continuity of groundwater at the site with the Rive Kennet. 

2.13 Data from falling head tests undertaken in 2012 by Atkins indicated a variable 

hydraulic conductivity in the alluvium of between 1.0E-09 and 6.9E-09m/s, and in the 

made ground of 1.7E-09m/s. 



CHARLY45 LIMITED 
FORMER GAS WORKS, GAS WORKS ROAD, READING 
DETAILED QUANTITATIVE RISK ASSESSMENT AND 
REMEDIATION STRATEGY REPORT  

 

 

LO10488/RPT003 
23 February 2018 

FINAL Page 8 

  

 

Bedrock Aquifer 

2.14 The Environment Agency classifies the solid strata (Chalk) as a Principal Aquifer and 

the site lies within Source Protection Zone (SPZ) III (Total Catchment) for a major public 

groundwater supply approximately 2km to the south of the site.  Principal aquifers are 

highly permeable formations usually with a known or probable presence of significant 

fracturing. They are usually highly productive, strategic reserves able to support large 

abstractions, public water supply and river base flow. 

2.15 At the site, one groundwater monitoring borehole has been installed within the Chalk 

and the December 2017 and January 2018 monitoring rounds recorded groundwater 

elevations between 35.86mAOD and 36.14mAOD.  Hydrogeological mapping for the 

area indicates that groundwater flow in the Chalk in the Reading area is generally to 

the east (Institute of Geological Sciences, 1978) although it is influenced by the River 

Thames and groundwater abstractions.   

 

Hydraulic Continuity  

2.16 Borehole BH04B includes a dual installation with groundwater levels recorded in both 

the made ground and the alluvium (screened across both the shallow alluvium and 

the sand and gravel).  Results from the recent groundwater monitoring (December 

2017 and January 2018) at borehole BH04B suggest that the water in the made ground 

is likely to be perched.   

2.17 Borehole BH06A includes a dual installation with groundwater levels recorded in both 

the alluvium (screened across both the shallow alluvium and the sand and gravel) and 

the Chalk.  December 2017 and January 2018 monitoring results for borehole BH06A 

indicate that the groundwater levels in the alluvium are approximately 0.06 - 0.11m 

higher than the Chalk suggesting that the Chalk aquifer may not be in direct hydraulic 

continuity with the superficial aquifer. 

 

Groundwater Abstractions 

2.18 There are two active groundwater abstraction licences within 1km of the site.  The 

closest is approximately 358m east of the site and is operated by M J Gleeson Group 

Plc which is licensed to abstract an undefined volume of groundwater per year for 
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pump and treat pollution remediation purposes.  There is no information regarding 

the aquifer from which groundwater is abstracted; it could be from the shallow 

superficial aquifer or from the underlying Chalk.  This abstraction is not considered to 

be a sensitive receptor in terms of the controlled waters assessment as it is used for 

remediation purposes.   

2.19 The other groundwater abstraction is approximately 650m to the south of the site and 

is operated by Royal Berkshire Hospital.  The licence is for 127,750m3 per year for 

drinking, cooking, sanitary and washing purposes.  A BGS borehole (ref. SU77SW653) 

located at Royal Berkshire Hospital is recorded to be 83m deep and within the Chalk 

aquifer.  This abstraction licence is therefore likely to relate to an abstraction from the 

Chalk.  

2.20 The site lies within SPZ III for a major public groundwater supply approximately 2km 

to the south of the site. This supply is operated by the University of Reading and is 

licensed for the abstraction of groundwater from boreholes in the Chalk. 

 

Hydrology 

2.21 The nearest surface watercourse is the River Kennet, the main channel of which is 

adjacent to the northern boundary of the site.    There is another canalised branch of 

the River Kennet (referred to on historic plans as the Kennet and Avon Canal) 

approximately 60m to the south of the site.  The River Kennet flows to the east-

northeast towards the River Thames, the confluence of the two rivers is approximately 

800m downstream of the site.  

2.22 There are two surface water abstraction licences within 1km of the site.  The closest 

is approximately 750m north (NGR: 472072 174185) and is operated by The Reading 

Sustainability Centre, which is licensed to abstract an undefined amount of surface 

water per year for “other environmental improvements: transfer between sources” 

purposes.  The abstraction is from the River Thames upstream of the confluence with 

the River Kennet.  The other abstraction is from a lake/pond approximately 200m 

southwest of the site. 
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3 CONCEPTUAL SITE MODEL  

3.1 Environment Agency guidance (‘Model Procedures for the Management for Land 

Contamination – Contamination Land Report (CLR) 11) provides advice on the 

approach for the assessment of contamination on a site. This approach includes the 

production of a conceptual site model depicting the environmental processes that 

occur on and in the vicinity of the site and identifying the potential pollution linkages. 

The assessment of the significance of these pollution linkages can then be carried out 

through the risk assessment process. 

3.2 The conceptual site model and the assessment of the associated risks is based upon 

the identification of the possible sources of contamination (“the sources”), the 

identification of who or what may be affected by the contaminants (“the receptors”) 

and the possible pathways by which contaminants may migrate to one or more of the 

receptors (“the pathways”).   

3.3 The results from the WA site investigation and risk assessments have been used to 

assess the significance of these potential pollution linkages and identify the necessary 

remediation/risk management actions to be undertaken. The conceptual site model, 

as presented in the Phase 2 Interpretative Site Investigation Report, is shown in  

Table 1.  

 

Table 1: Revised Conceptual Site Model 

Issue Summary 

Risk Category 

Humans 
Property/ 

Environment 

Contamination Potential: 

Present site use 
Disused former social club and governor 

house with yard area 
Low Moderate 

Past site use Gas works High High 

Impact to site from past 

and present adjacent land 

uses 

Past: surrounding gas works 

Present: offices, commercial, 

residential 

High High 

Mining history 
Historical shallow chalk/lime workings 

off site. No evidence on site. 
Low Low 

Emissions, pollution 

incidents, discharges etc. 

One revoked discharge consent 44m 

from site 
Low Low 
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Table 1: Revised Conceptual Site Model 

Issue Summary 

Risk Category 

Humans 
Property/ 

Environment 

Asbestos 

Asbestos containing material (ACM) has 

tentatively been identified in the 

building. No ACM detected in made 

ground during site investigation but 

may still be encountered during site 

works. 

Low/ 

Moderate 

Low/ 

Moderate 

Ground gas 

Presence of made ground and organic 

materials in natural superficial deposits 

may give rise to ground gas  

Moderate Moderate 

Waste management 
No waste management facilities within 

500m of the site 

 

Low 

 

Low 

Past remediation 

Contamination identified on site in the 

past and remediated on a statutory 

basis.  Site may still be contaminated in 

terms of proposed residential use with 

gardens. 

High High 

Environmental Sensitivity: 

Geology 

Made ground overlying shallow alluvium 

(clay and silt) and sand and gravel which 

in turn overlies Chalk 

n/a n/a 

Groundwater vulnerability 

This site is situated on a Secondary A 

aquifer which overlies a Principal aquifer. 

The closest active groundwater 

abstraction licence is 358m east. Site is 

within a SPZ III for a public water supply 

2km to south. 

Moderate High 

Surface water vulnerability 

The main channel of the River Kennet is 

adjacent to the northern boundary of 

the site.  The nearest graded surface 

watercourse is a reach of the River 

Kennet, 284m north of site. The closest 

surface water abstraction licence is 

750m north. 

Low Moderate 

Geological constraints: 

Made ground / superficials 

/ solid geology 

Made ground up to 3.9m proved at site 

(>5m recorded in 2010 investigation).  

Alluvium not indicated to contain peat 

layers. 

Low 
Low/ 

Moderate 
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Table 1: Revised Conceptual Site Model 

Issue Summary 

Risk Category 

Humans 
Property/ 

Environment 

Mining setting 
Historical shallow chalk/lime workings 

off site 
Low Low 

Risks relating to other constraints (miscellaneous): 

Services 

Pipework encountered during 

remediation in west of site. Pipework 

associated with governor building likely.  

Low Moderate 

Flooding 

Majority of site does not lie within a 

designated floodplain. The southern 

and northern edges of the site lie within 

Flood Zone 2 and 3 respectively. There 

is a very low chance of surface water 

flooding at the site. There is the 

potential for groundwater flooding to 

occur at the site. 

Low 
Low/ 

Moderate 

Buried obstructions 

Buried concrete encountered during 

remediation in west of site and during 

recent site investigation. 

Low 
Low/ 

Moderate  

Unexploded ordnance 
Site is within a low risk area for 

encountering unexploded ordnance. 
Low Low 

Liability Issues: 

Risk of liability with past 

use of site. 
Gas works High High 

Risk of liability with current 

use of site 

Disused former social club and governor 

house with yard area 
Low 

Low/ 

Moderate 

Risk of liability for 

proposed use of site 
Residential Low Low 

Overall Risk for Site: Moderate to High 

 

3.4 The Phase 2 Interpretative Site Investigation Report identified the need for detailed 

quantitative risk assessment (DQRA) for human health and controlled waters.  The 

source-pathway-receptor pollution linkages for human health and controlled water 

receptors are described in more detail in Sections 4 and 5, respectively.   
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4 DETAILED QUANTITATIVE RISK ASSESSMENT – HUMAN HEALTH 

Introduction 

4.1 The Phase 2 Interpretative Site Investigation Report assessed the results of 

geochemical testing against published assessment criteria for residential land.  The 

initial assessment identified Contaminants of Concern (COC) that exceeded the 

generic screening values and required further detailed quantitative risk assessment 

(DQRA) which are summarised in Table 2. 

 

Table 2: Summary of Contaminants of Concern Identified in Soils 

Contaminant of Concern Made ground Natural 

Chromium ✓ ✓ 

Lead ✓  

Mercury ✓  

TPHs 

Aromatics EC10-EC12 ✓ ✓ 

Aromatics EC12-EC16 ✓ ✓ 

Aromatics EC16-EC21 ✓ ✓ 

Aromatics EC21-EC35 ✓ ✓ 

Benzo(a)anthracene ✓ ✓ 

Benzo(a)pyrene 
✓ ✓ 

Benzo(b)fluoranthene ✓ ✓ 

Benzo(k)fluoranthene ✓ ✓ 

Chrysene ✓ ✓ 

Dibenzo(ah)anthracene ✓ ✓ 

Fluoranthene ✓ ✓ 

Indeno(1,2,3-cd)pyrene 
✓ ✓ 

Naphthalene ✓ ✓ 

Phenanthrene ✓ ✓ 

Notes 

✓ Contaminant of concern identified from initial soils (human health) assessment at concentrations above generic screening 

criteria 

 

 

Conceptual Site Model – Human Health 

4.2 The conceptual site model, in terms of human health is summarised in Table 3.  The 

main receptors are future occupiers and site workers.    
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Table 3: Potential Pollutant Linkages for Human Health 

Potential 

Pollutant 

Linkage (PPL) 

Source Pathway Receptor 

PPL HH1 Contaminated soils 

Direct soil and indoor dust ingestion; skin 

contact with soils; consumption of 

homegrown produce; consumption of soil 

adhering to homegrown produce; and indoor 

dust and inhalation of indoor and outdoor 

dust and vapours 

Future occupiers and site 

works 

PPL HH2 

Contaminated soils and 

organic materials in 

superficial deposits across 

the site (ground gas) 

Gas migration 

Future occupiers and site 

works 

 

4.3 The following considers potential pollutant linkage PPL HH1.  Section 6 (Ground Gas 

Assessment) considers pollutant linkage PPL HH2.   

4.4 It is proposed to redevelop the site for residential use with at least one of the 

properties having access to a private garden.  The planning application (no. 160378) is 

for the creation of 20 residential units through the extension and conversion of the 

two existing buildings (the former social club and governor house).  The largest 

building will be extended to the west and upwards and will have flats on five levels.  

One flat is proposed to have a private garden.  The ground floor level of the larger 

building will be reduced by up to 0.8m and the lowest level will now be used for cycle 

storage (not habitable dwellings). The smaller building has an existing basement, 

although it will not be retained in the proposed development and will be partially 

backfilled.  A communal landscaped area is proposed between the two buildings. The 

single storey part of the larger building has been demolished as part of site clearance 

works. It is understood that no further demolition will be taking place.  

4.5 Asbestos identification analysis undertaken on 22 samples taken from across the site 

did not record the presence of any asbestos containing material (ACM).   Due to the 

nature of made ground encountered (demolition type material) and the historical uses 

of the site, the potential for asbestos to be present elsewhere on the site cannot be 

completely discounted.  If unexpected or suspicious material is encountered during 

the redevelopment work, it is recommended that additional testing is undertaken. 

4.6 It is understood that ACM has tentatively been identified in the fabric of the buildings 

that are to be retained on site.  The management and / or potential risk of these 

materials (if present) is beyond the scope of this report which has only considered 

potential for asbestos fibres / ACM within the ground. 
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4.7 The assessment focuses on future occupiers of the site.  During the construction 

works, there is a potential for site workers to come into contact with contaminated 

soils/waters. It will be necessary to adopt appropriate health and safety measures, 

including for the risks of gas in confined spaces, to mitigate the risks posed to 

construction workers. It is recommended that appropriate risk assessments are 

undertaken to identify safe working procedures and that these measures are included 

with the health and safety file and are passed to any future maintenance workers. 

4.8 During the construction works, there is a potential for adjacent site users to be 

affected by contaminated dust. It will be necessary for the groundworks contractor to 

implement appropriate control measures to address this risk and these measures 

should be detailed in the Construction Environmental Management Plan to be 

produced by the contractors. 

 

DQRA Methodology – Human Health 

4.9 The Contaminated Land Exposure Assessment (CLEA) model v1.07 has been used to 

undertake DQRA to look at risk to human health through chronic exposure to potential 

contamination in soils.  The CLEA model has been used in conjunction with alterations 

recommended by the Chartered Institute of Environmental Health/Land Quality 

Management (CIEH/LQM) Suitable for Use Levels (S4UL) publication to derive Site 

Specific Assessment Criteria (SSAC) for a residential end use.   

 

Input Parameters 

4.10 The critical receptor for a residential end use is a young female child and exposure 

duration is six years.  As the proposed development includes a private garden 

consumption of homegrown produce and soil adhering to homegrown produce are 

considered as well as the following exposure pathways: direct soil and indoor dust 

ingestion; skin contact with soils; and indoor dust and inhalation of indoor and 

outdoor dust and vapours.    

4.11 The buildings on site will be repurposed commercial buildings (a former governor 

house and social club).  The former social club will be part four, five and six storeys 

and the former governor house will be three storeys, with each storey 2.7m high.  The 

standard commercial “Office (pre-1970)” building type has been used to calculate the 

SSAC.  The footprint of the buildings (approximately 250m2 for the former social club 

and 100m2 for the former governor house) is lower than the default value of 424m2 
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for the “Office (pre-1970)” building type so the assessment will be conservative in this 

regard.  The default dust loading factor for the “Office (pre-1970)” building type 

(100µg/m3) has been updated to reflect the residential end use, the recommended 

50µg/m3 for residential end use has been used. 

4.12 The made ground is generally described as being a matrix of slightly sandy gravelly 

clay or slightly gravelly sandy silt with brick, concrete and rare flint, glass fragments 

and wood, and brick, sandstone and concrete coarse gravel/cobbles.  The superficial 

deposits underlying the made ground are clay and silt.  Visual and olfactory evidence 

of hydrocarbon contamination was generally associated with cohesive material (i.e. 

clay/silt).   The silty clay soil type has been used to calculate the SSAC. 

4.13 Soil organic matter (SOM) results reported by Atkins (2010) were variable. During the 

2017 site investigation three made ground and one alluvium sample identified as 

“clean” based on volatile organic compound (VOC) results were tested for Total 

Organic Carbon (TOC).  Test results for TOC were converted to SOM and indicate an 

average SOM of 1.9% for the made ground materials. 

 

Results 

4.14 The results of this assessment are included in Appendix 2 and summarised in Table 4 

together with the maximum concentration from the soil contamination testing results 

from the 2017 site investigation.  Also included is the maximum concentration 

recorded from the combined 2017 and 2010 site investigation data.   Where the 

maximum concentration exceeds a calculated SSAC it has been highlighted in bold for 

ease of reference.  Either further DQRA or mitigation will be required where 

concentrations are above derived SSAC. 

 

Table 4: Summary of SSAC and Soil Contamination Test Results 

Contaminant of Concern Units SSAC Maximum Concentration (see Appendix 5 of 

Interpretative Site Investigation Report) 

Made Ground 

(2017 data) 

Made Ground 

(2010 and 2017 

data) 

Natural 

Materials (2017 

data) 

Chromium mg/kg 6.05 22 24 17 

Lead mg/kg 200a 330 1800 n/ab 

Mercury mg/kg 4.45 1.9 3 n/ab 

Aromatics >EC10-EC12 mg/kg 156 180 180 350 

Aromatics >EC12-EC16 mg/kg 272 600 600 1200 

Aromatics >EC16-EC21 mg/kg 463 1,200 2,400 2600 
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Table 4: Summary of SSAC and Soil Contamination Test Results 

Contaminant of Concern Units SSAC Maximum Concentration (see Appendix 5 of 

Interpretative Site Investigation Report) 

Made Ground 

(2017 data) 

Made Ground 

(2010 and 2017 

data) 

Natural 

Materials (2017 

data) 

Aromatics >EC21-EC35 mg/kg 1,410 1,500 7,800 2900 

Benzo(a)anthracene mg/kg 11.4 180 180 190 

Benzo(a)pyrene mg/kg 2.64 90 90 70 

Benzo(b)fluoranthene mg/kg 3.18 140 260 140 

Benzo(k)fluoranthene mg/kg 90.0 140 150 130 

Chrysene mg/kg 20.6 140 150 130 

Dibenzo(a,h)anthracene mg/kg 0.28 24 24 13 

Fluoranthene mg/kg 483 340 490 460 

Indeno(1,2,3-cd)pyrene mg/kg 34.5 81 120 52 

Naphthalene mg/kg 58.8 150 150 490 

Phenanthrene mg/kg 181 300 300 680 

Notes: 

a. Published C4SL for residential with home grown produce end use (CL:AIRE, 2014) 

b. No natural materials exceeded screening values so statistical analysis not undertaken. 

 

4.15 The results from the CLEA model indicate that the critical pathways (i.e. those 

pathways with the highest contributions to the total exposure) are dominated by 

direct ingestion and consumption of homegrown vegetables (Appendix 2).  The critical 

pathways for lead are also direct ingestion and consumption of homegrown 

vegetables (CL:AIRE, 2014).  Section 7 considers remediation options in detail. To 

support the options appraisal, further DQRA has been undertaken.  

4.16 A clean cover pathway break, with imported clean soil used in all landscaped areas of 

the site and the single private garden, could be used to effectively sever the identified 

direct contact / ingestion and homegrown vegetables pathways.  Details of the 

proposed clean cover pathway break are included in Section 7. 

4.17 Additional SSAC have been produced for this clean cover scenario which consider the 

inhalation of vapours inside the proposed flats and outdoors only (referred to below 

as “SSAC (Indoor and Outdoor Inhalation Pathways)”).   Placement of clean cover 

break will effectively sever the identified contamination linkages between future 

residents and non-volatile contamination (i.e. chromium and lead) and therefore SSAC 

have not been calculated for these COC.   

4.18 The results of this assessment are included in Appendix 3 and summarised in Table 5 

together with the maximum concentration from the soil contamination testing results 

from the 2017 site investigation.  Also included is the maximum concentration from 
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the combined 2017 and 2010 site investigation data.  Where the maximum 

concentration exceeds a calculated SSAC (Indoor and Outdoor Inhalation Pathways) it 

has been highlighted in bold for ease of reference.  With the exception of naphthalene, 

the maximum concentration is below the calculated SSAC (Indoor and Outdoor 

Inhalation Pathways) for all COC.  Therefore, this assessment demonstrates that 

provision of a suitable clean cover pathway break will effectively sever the identified 

pollutant linkage with all of the COC except naphthalene.  Either additional mitigation 

of further DQRA will be necessary to address risk posed by naphthalene. 

 

Table 5: Summary of SSAC for Indoor and Outdoor Inhalation Pathways and Soil 
Contamination Test Results 

Contaminant of Concern Units SSAC 

(Indoor 

and 

Outdoor 

Inhalation 

Pathways) 

Maximum Concentration (see Appendix 5 of 

Interpretative Site Investigation Report) 

Made Ground 

(2017 data) 

Made Ground 

(2010 and 2017 

data) 

Natural 

Materials (2017 

data) 

Chromium mg/kg n/ab 22 24 17 

Lead mg/kg n/ab 330 1800 n/aa 

Mercury mg/kg 10.4 1.9 3 n/aa 

Aromatics >EC10-EC12 mg/kg 11,400 180 180 350 

Aromatics >EC12-EC16 mg/kg 82,500 600 600 1200 

Aromatics >EC16-EC21 mg/kg 562,000 1200 2400 2600 

Aromatics >EC21-EC35 mg/kg 26,600,000 1500 7800 2900 

Benzo(a)anthracene mg/kg 469 180 180 190 

Benzo(a)pyrene mg/kg 829 90 90 70 

Benzo(b)fluoranthene mg/kg 883 140 260 140 

Benzo(k)fluoranthene mg/kg 30,500 140 150 130 

Chrysene mg/kg 3,650 140 150 130 

Dibenzo(a,h)anthracene mg/kg 72.4 24 24 13 

Fluoranthene mg/kg 521,000 340 490 460 

Indeno(1,2,3-cd)pyrene mg/kg 8,910 81 120 52 

Naphthalene mg/kg 58.9 150 150 490 

Phenanthrene mg/kg 78,400 300 300 680 

Notes: 

a. No natural materials exceeded screening values so statistical analysis not undertaken. 

b. Clean cover would effectively sever the pollutant linkages for chromium and lead. 

 

4.19 Naphthalene has been recorded at the site in excess of the calculated SSAC (Indoor 

and Outdoor Inhalation Pathways) with the critical pathway being indoor inhalation.  

Two samples exceed the calculated SSAC (Indoor and Outdoor Inhalation Pathways) 

of 59mg/kg: 
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• BH01 3.6-3.7mbgl (made ground) – 150mg/kg; and 

• BH03C 3.5-3.6mbgl (natural sand and gravel) – 490mg/kg. 

4.20 Further DQRA to assess the level of risk presented by the elevated levels of 

naphthalene identified at the site above the SSAC (Indoor and Outdoor Inhalation 

Pathways) calculated using the CLEA model has therefore been undertaken.  The 

Johnson and Ettinger model used within the CLEA model is considered overly 

conservative for assessment of vapour intrusion into buildings were no basements will 

be constructed in the dwellings.  The indoor inhalation and outdoor inhalation 

pathways have therefore been assessed separately. 

4.21 Vapour flow from the ground into the building is modelled by Johnson and Ettinger 

through a pressure bearing slab and the retaining wall of the basement.  Johnson and 

Ettinger use a pressure driven soil gas flow equation that models the effect of a 

basement constructed below ground level that is common in the United States.  While 

this approach may yield a conservative estimate of vapour flow into a dwelling in many 

circumstances it is considered overly conservative for modelling situations were no 

basements will be constructed in the dwellings. 

4.22 The ground floor level of the River Kennet Building will be reduced by up to 0.8m and 

the lowest level will now be used for cycle storage (not habitable dwellings). The GWR 

Building has an existing basement, although it will not be retained in the proposed 

development.  The existing floors have been removed from both buildings and the 

proposed development includes beam and block floors with a ventilated sub-floor 

void.  The potential for inhalation of vapours in indoor air has therefore been assessed 

utilising the Wilson Modular Approach (WMA) with reference to Wilson (2008). 

4.23 In order to model the potential flow of vapour from the residual naphthalene 

contamination at the site to future dwellings site specific data regarding the soils and 

groundwater contamination as well as assumptions as to how a floor slab may be 

constructed have been used.  The purpose of this exercise is to use reasonable 

assumptions to assess the potential need for a vapour barrier where a ventilated sub-

floor void is incorporated into the design. 

4.24 Physio-chemical data for naphthalene has been obtained from Environment Agency 

(2008).  Building and soil parameters used in the modelling have been adopted from 

the CLEA model.  The equations used to estimate vapour transfer from the source zone 

to indoor air are presented in full in Appendix 4 as a worked example with justification 



CHARLY45 LIMITED 
FORMER GAS WORKS, GAS WORKS ROAD, READING 
DETAILED QUANTITATIVE RISK ASSESSMENT AND 
REMEDIATION STRATEGY REPORT  

 

 

LO10488/RPT003 
23 February 2018 

FINAL Page 20 

  

of each of the parameters used within the equations together with worksheets for the 

COC (naphthalene).  Table 6 below is a summary of the results of the modelling. 

Table 6: Summary of WMA Modelling Results (Appendix 4) 

Contaminant of Concern Maximum 

Concentration (mg/kg) 

Inhalation Health 

Criteria Value – HCVinh 

(µg/m3) 

Worst Case Calculated 

Indoor Equilibrium 

Vapour Concentration –

Cbuilding (µg/m3) 

Naphthalene 490 2.87 0.007 

 

4.25 The further DQRA undertaken using the WMA indicates that maximum concentration 

of naphthalene recorded at the site is calculated to produce an equilibrium indoor air 

concentration below the relevant inhalation health criteria value.  The WMA 

assessment has been undertaken on the basis that there is a minimum 150mm 

ventilated sub-floor void.  If the foundation type varies from this assumption, the 

requirement for vapour protection measures will need to be reassessed to ensure that 

the assumptions used in the conceptual site model are appropriate to the alternative 

foundation type. 

4.26 The outdoor inhalation pathway has been assessed using the CLEA model.   The 

additional SSAC produced is referred to below as “SSAC (Outdoor Inhalation 

Pathway)”).  The results of this assessment are included in Appendix 5 and 

summarised in Table 7 together with the statistical analysis of the soil contamination 

testing results from the 2017 site investigation.  Also included are the statistical 

analysis which combines the 2017 and 2010 site investigation data.  The maximum 

concentration from the statistical analysis is below the calculated SSAC (Outdoor 

Inhalation Pathway). 

 

Table 7: Summary of SSAC Outdoor Inhalation Pathway and Soil Contamination 
Test Results 

Contaminant of Concern Units SSAC 

(Outdoor 

Inhalation 

Pathway) 

Maximum Concentration from Statistical Analysis 

(see Appendix 5 of Interpretative Site Investigation 

Report) 

Made Ground 

(2017 data) 

Made Ground 

(2010 and 2017 

data) 

Natural 

Materials (2017 

data) 

Naphthalene mg/kg 131,161 150 150 490 
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4.26 A clean cover pathway break, with imported clean soil used in all landscaped areas of 

the site and the single private garden, could be used to effectively sever the identified 

direct contact / ingestion and homegrown vegetables pathways.  Details of the 

proposed clean cover pathway break are included in Section 7. The outdoor inhalation 

pathway has been assessed using the CLEA model and the indoor inhalation pathway 

has been assessed using the WMA. The assessment indicates that the inhalation 

pathways do not require any additional remediation measures based on the proposed 

building design. 

 

 

  



CHARLY45 LIMITED 
FORMER GAS WORKS, GAS WORKS ROAD, READING 
DETAILED QUANTITATIVE RISK ASSESSMENT AND 
REMEDIATION STRATEGY REPORT  

 

 

LO10488/RPT003 
23 February 2018 

FINAL Page 22 

  

5 DETAILED QUANTITATIVE RISK ASSESSMENT – CONTROLLED WATERS 

Introduction 

5.1 The Phase 2 Interpretative Site Investigation Report assessed the results of 

geochemical testing against published assessment criteria for groundwater and 

surface water.  The initial assessment identified Contaminants of Concern (COC) that 

exceeded the conservative screening values and required further DQRA are 

summarised in Table 8. 

 

Table 8: Summary of Contaminants of Concern Identified in Groundwater and 
Surface Water 

Contaminant of 

Concern 

Groundwater  Surface Water 

Made 

Ground 

(perched) 

Shallow 

alluvium and 

sand and gravel 

Chalk Upstream Downstream 

Chromium    ✓  

Mercury  ✓    

Ammonium ✓ ✓ ✓   

Total cyanide ✓ ✓ ✓1 ✓2 ✓2 

Sulphur/ Sulphide ✓1 ✓1 ✓1 ✓2 ✓2 

Benzene  ✓    

TPHs ✓ ✓ ✓ ✓2 ✓2 

Acenaphthene ✓ ✓    

Anthracene ✓ ✓    

Benzo(a)pyrene ✓1 ✓1 ✓1   

Benzo(b)fluoranthene ✓ ✓    

Benzo(k)fluoranthene ✓ ✓    

Fluoranthene ✓ ✓ ✓ ✓2 ✓2 

Indeno(1,2,3-

cd)pyrene 
✓1 ✓1 ✓1 ✓2 ✓2 

Naphthalene  ✓    

Notes 

✓ Contaminant of concern identified from initial groundwater and/or surface water assessment at concentrations above 

Level 2 water quality criteria 

1 Limit of detection higher than screening value for groundwater 

2 Limit of detection higher than screening value for surface water 

 

Conceptual Site Model – Controlled Waters 

5.2 The conceptual site model, in terms of controlled waters (surface water and 

groundwater) is summarised in Table 9.  The main receptors are considered to be the 

River Kennet and the groundwater abstraction from the Chalk aquifer.  Whilst the 

superficial deposits (shallow alluvium and sand and gravel) are classified as a 

Secondary A aquifer, there are no recorded groundwater abstractions from the 
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superficial aquifer in the vicinity of the site (with the possible exception of an 

abstraction for pump and treat pollution remediation purposes).  Groundwater in the 

superficial aquifer is therefore not considered separately as a receptor as part of the 

DQRA.    

 

Table 9: Potential Pollutant Linkages for Controlled Waters 

Potential 

Pollutant 

Linkage (PPL) 

Source Pathway Receptor 

PPL CW1 
Contaminated 

soils 

Leaching of soils and vertical migration of COC from the 

unsaturated soils into the underlying groundwater within 

the superficial aquifer (shallow alluvium and sands and 

gravels) and transport to the River Kennet 

River Kennet 

PPL CW2 
Contaminated 

soils 

Leaching of soils and vertical migration of COC from the 

unsaturated soils into the underlying groundwater within 

the superficial aquifer (shallow alluvium and sands and 

gravels), further migration in to the underlying Chalk 

aquifer and transport to the groundwater abstraction 

Groundwater 

abstraction 

from the 

Chalk aquifer 

associated 

with the SPZ 

III 

PPL CW3 

Contaminated 

groundwater 

in the made 

ground and 

superficial 

aquifer 

Migration of dissolved COC within groundwater in the 

superficial aquifer (shallow alluvium and sands and 

gravels) and transport to the River Kennet 

River Kennet 

PPL CW4 

Contaminated 

groundwater 

in the made 

ground and 

superficial 

aquifer 

Vertical migration of dissolved COC within groundwater in 

in the superficial aquifer (shallow alluvium and sands and 

gravels) into the underlying Chalk aquifer and transport to 

the groundwater abstraction 

Groundwater 

abstraction 

from the 

Chalk aquifer 

associated 

with the SPZ 

III 

 

5.3 Leaching of soils and vertical migration of COC from the unsaturated soils into the 

underlying groundwater within the superficial aquifer (PPL CW1) is considered in the 

DQRA with the River Kennet considered as the key receptor due to the proximity to 

the site (adjacent to the site boundary).  Further migration from the superficial aquifer 

into the underlying Chalk aquifer (PPL CW2) would result in additional dilution and 

therefore any remedial targets derived for the assessment of PPL CW1 would be 

conservative with respect to PPL CW2. 

5.4 Whilst it is acknowledged that groundwater beneath the site has already been 

impacted by offsite contamination, it is considered that the most pragmatic approach 
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is to assess the potential for contamination to migrate from the primary source (i.e. 

contaminated soils) to the key receptor (the River Kennet, adjacent to the site 

boundary).  The DQRA has not therefore been undertaken for the migration of 

dissolved COC within groundwater (i.e. potential pollutant linkages PPL CW3 and PPL 

CW4).  This approach is considered appropriate as there has been no remediation of 

the adjacent properties which have reportedly been redeveloped without the need 

for remediation protective of controlled waters despite reportedly being grossly 

contaminated (see Section 2).  It will ensure that any remedial targets derived will be 

protective of the surrounding environment without creating a situation that requires 

clean-up of material that is not having a significant impact on the environment.   

 

DQRA Methodology – Controlled Waters 

5.5 The Environment Agency Remedial Targets Worksheet Version 3.2 was utilised to 

assess the risk to Controlled Waters from contamination in soils and derive remedial 

targets.  The methodology is based on a phased approach to risk assessment with four 

levels of assessment.  The assessment levels for contaminated soils consider: 

• Level 1 – ‘pore water’ concentrations; 

• Level 2 – effects of attenuation processes in the soil and unsaturated zones and 

predicts the effects of dilution by groundwater flow below the site; 

• Level 3 – effects of attenuation processes between the site and a downgradient 

receptor; 

• Level 4 – dilution in a receiving watercourse or abstraction. 

5.6 A remedial target is derived at each level, in general the target becomes less stringent 

as the assessment level increases as additional processes such as dilution and 

attenuation are taken into account. 

5.7 The Environment Agency consider Level 4 to represent a special case and any level 4 

assessment must demonstrate that:  

• Any impact on groundwater does not jeopardise future use of the resource; and 

• The cost of remediation is disproportionate in relation to the improvement of 

groundwater or surface water quality. 

5.8 Assessment levels 1, 2 and 3 have been used to derive remedial targets for soils 

affected by the COC at the site.  The assessment models the effects of attenuation, 
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dilution, dispersion and degradation of contamination between the source and the 

down-gradient receptor. 

5.9 The Remedial Targets Worksheet assumes a single groundwater unit and models 

groundwater flow to a down hydraulic gradient compliance point.  This is considered 

appropriate for modelling potential pollutant linkage PPL CW1. 

 

Input Parameters 

5.10 Input parameters for the soil and aquifer have been sourced from available site 

investigation data and from default literature values from the following sources: 

• 2010 site investigation data including results of falling head tests; 

• 2017 site investigation data including results of laboratory analysis and 

groundwater level monitoring; 

• Updated technical background to the CLEA model (Environment Agency, 2009a);  

• ConSim manual; and 

• Hydrogeology: Principles and Practice (Hiscock, 2005). 

5.11 Justification for the soil and aquifer parameters is provide in Appendix 6. 

5.12 Physical properties for individual chemicals (Henry's Law constants, soil water 

partition coefficients and organic carbon partition coefficients) have been sourced 

from from the following sources: 

• Atkins (2013); 

• LQM/CIEH (2015);  

• Petroleum Hydrocarbons in Groundwater: Supplementary Guidance for 

Hydrogeological Risk Assessment (Environment Agency, 2009b); and 

• Physical-Chemical Properties and Environmental Fate for Organic Chemicals 

(Mackay, 2006). 

5.13 Justification for the chemical parameters is provide in Appendix 6. 

 

Results 

5.14 The Remedial Targets Worksheets are included in Appendix 7 and the results 

summarised in Table 10. 
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Table 10: Summary of Controlled Waters Remedial Targets 

Determinand Level 1 Soils 

SSAC 

(mg/kg) 

Level 2 Soils SSAC 

(mg/kg) 

Level 3 Soils SSAC 

(mg/kg) 

Number of 

Samples 

Exceeding 

Level 3 Soils 

SSAC 

Mercury 4.42E-01 6.88E-01 6.94E-01 1 

Ammonium 3.32E+01 5.18E+01 5.18E+01 4 

Cyanide (Total) 1.00E+00 1.06E+00 1.06E+00 5 

Benzene 1.16E-02 1.56E+00 1.56E+00 0 

Aliphatics >C12-C16 5.91E+02 9.21E+02 9.95E+02 0 

Aliphatics >C16-C21 6.33E+04 9.87E+04 2.20E+07 0 

Aliphatics >C21-C35 6.33E+04 9.87E+04 2.20E+07 0 

Aromatics >EC5-EC7 1.16E-02 1.80E-02 2.15E+02 0 

Aromatics >EC7-EC8 2.66E-02 4.14E-02 3.64E+43 0 

Aromatics >EC8-EC10 1.79E-01 2.78E-01 1.86E+32 0 

Aromatics >EC10-EC12 2.80E-01 4.37E-01 2.09E+49 0 

Aromatics >EC12-EC16 5.55E-01 8.66E-01 8.02E+79 0 

Aromatics >EC16-EC21 1.56E+00 2.43E+00 2.20E+28 0 

Benzo(a)pyrene 2.41E-04 3.76E-04 1.98E+176 0 

Benzo(b)fluoranthene 1.96E-04 3.05E-04 2.94E+147 0 

Benzo(k)fluoranthene 2.77E-04 4.31E-04 4.54E+91 0 

Fluoranthene 1.26E-03 1.97E-03 2.29E+70 0 

Indeno(1,2,3-cd)pyrene 1.63E-04 2.54E-04 2.53E+28 0 

Naphthalene 1.50E-02 2.34E-02 2.34E-02 0 

Acenaphthene 4.45E-01 6.94E-01 1.03E+54 0 

Anthracene 6.23E-03 9.70E-03 6.59E+36 0 

 

5.15 The results of the controlled waters DQRA indicate that only mercury, ammonium and 

cyanide are present in soils at the site at concentrations that may represent a potential 

risk to identified receptors.  However, the risk assessment undertaken is considered 

to be conservative for the site.  The DQRA undertaken indicates that the majority of 

the COCs identified do not pose a significant risk to the identified controlled water 

receptor (i.e. the River Kennet adjacent to the site). 

5.16 The risk assessment undertaken uses conservative input parameters and assumes 

steady state conditions are reached between soils, groundwater in the superficial 

Secondary A aquifer and the hypothetical borehole at the site boundary adjacent to 

the River Kennet.  The assessment undertaken stops at Level 3 and does not allow for 

any dilution within the receiving water body.  According to data in the UK Hydrometric 

Register, the Q95 flow in the River Kennet in the vicinity of the site (Kennet Theale 

Gauging Station) is 3.76m3/s.  By comparison with the quantity of water estimated to 

flow from the site, calculated using Darcy’s Law, the dilution offered by the River 
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Kennet adjacent to the site would be circa 13,000,000 times (Appendix 7).  Dilution of 

only 0.00008% of that offered by the River Kennet in low flow conditions would be 

required to indicate that none of the COC included in the risk assessment represent a 

significant risk to the water quality of the river. 

5.17 The risk assessments undertaken do not include reference to the river wall which runs 

along the entire length of the site adjacent to the river which will act to further restrict 

flow of groundwater from the site to the river.  Additionally, as discussed in Section 2, 

redevelopment of the neighbouring sites which have also been developed on the 

former gasworks, have not included any remediation of groundwater, despite there 

being gross contamination of groundwater recorded during site investigations.  It is 

therefore considered the that the low levels of COCs which the conservative DQRA 

have highlighted are not a significant risk to identified controlled water receptors and 

that no further mitigation is required. 

5.18 Considering that neighbouring sites already developed with known gross 

contamination in the groundwater have not been remediated, it is considered 

disproportionate to undertake remediation of soils at the site to Level 3 remedial 

targets.  Instead, a strategy of betterment should be included in the remediation and 

redevelopment of the site.  The redevelopment of the site will include provision of 

new drainage systems in association with areas of hardstanding that will reduce 

infiltration to the ground.  Infiltration could be further reduced by incorporating a low 

permeability layer within soft landscaped areas which would help to significantly 

reduce the potential mobilisation of residual contamination in the soils to the 

underlying groundwater in the superficial Secondary A aquifer and River Kennet 

beyond. 
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6 GROUND GAS ASSESSMENT 

6.1 The conceptual site model for human health (Table 3) identified a potential pollutant 

linkage for ground gas to future occupiers and site workers (PPL HH2).  This section 

considers this potential pollutant linkage. 

6.2 Guidance within CIRIA 665 “Assessing risks posed by hazardous ground gases to 

buildings” (2007) is used to calculate a Gas Screening Value (GSV) and generate a 

Characteristic Situation (CS) for the site.  CS1 represents a very low risk and CS6 

represents a very high risk from ground gas. 

6.3 CIRIA 665 also provides some guidance on gas protection measures for each CS.  

Design of gas protection is also covered within BS8485:2015 “Code of practice for the 

design of protective measures for methane and carbon dioxide ground gases for new 

buildings”.  Where the end use is residential the NHBC published guidance (traffic light 

system) can also be used as an alternative provided the construction of the buildings 

proposed is compliant with their guidance. 

6.4 Ground gas monitoring was undertaken at the site by a technician from GE Ltd to 

provide an assessment of the ground gas regime at the site. Since the issue of the 

Phase 2 Interpretative Site Investigation Report in December 2017 additional gas 

monitoring visits have been carried out. The following updates the gas monitoring 

results and their interpretation to include the additional data.  

6.5 Monitoring visits were carried out on four occasions for BH01, on 27 November 2017, 

4 and 12 December 2017, and 18 January 2018.  Monitoring was carried out on four 

occasions at BH02, BH03C and BH06A on 4 and 12 December 2017, and 4 and 18 

January 2018.  Monitoring was carried out on four occasions at BH04B on 7 and 12 

December 2017, and 4 and 18 January 2018. WS001 was monitored on four occasions 

on 4 and 18 December 2017, and 4 and 18 January 2018. WS005 was monitored on 

three occasions on 4 December 2017, and 4 and 18 January 2018. The results are 

included in Appendix 8. A summary of monitoring results is shown in Table 11.  
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Table 11: Summary of Ground Gas Monitoring Results 

Borehole 

Response 

Zone, 

m bgl 

Evidence of 

contamination 

No. of 

monitoring 

rounds 

Methane, 

% 

Carbon 

dioxide, 

% 

Oxygen, 

% 

Flow 

rate, 

l/h1 

Water 

level, 

m bgl 

Range of 

atmospheric 

pressure 

during 

monitoring 

round,  

mb 

BH01 

0.9-4.0 

Made 

ground 

Yes 4 0-9.3 0-4.6 0.1-19.9 <0.1 
1.49-

1.67 
975-1031 

BH02 
3.6-6.8 

Alluvium 
Yes 4 0 0-0.8 

18.8-

20.3 
<0.1 

1.53-

1.76 
978-1029 

BH03C 
2.6-6.8 

Alluvium 
Yes 4 0 0-0.4 

18.6-

20.3 
<0.1-3.3 

1.55-

1.79 
976-1029 

BH04B 

0.8-2.0 

Made 

ground 

Yes 4 0-1.4 0-2.0 17.8-20 <0.1 
1.02-

1.31 
979-1003 

2.9-7.1 

Alluvium 
Yes 4 0 0-0.2 

19.5-

20.3 
<0.1 

1.73-

1.97 
979-998 

BH06A 

2.9-6.1 

Alluvium 
Yes 4 0 0-0.1 20-20.4 <0.1 

1.72-

1.95 
978-1029 

7.6-9.15 

Chalk 
Yes 4 0 0-0.4 

19.6-

20.4 
<0.1 

1.78-

2.06 
978-1029 

WS001 

3.5-4.0 

Made 

ground 

Yes 4 0 0-0.4 
19.6-

20.3 
<0.1 

1.08-

1.40 
988-1024 

WS005 
3.5-4.5 

Alluvium 
Yes 3 0 0-0.3 

19.9-

20.4 
<0.1 

1.72-

1.96 
988-1029 

Notes 

1 Where a flow rate of 0l/hr was recorded on site the limit of detection of gas monitor has been assumed as 0.1l/hr 

 

6.6 In order to pose a risk to the end users of the site, the recorded concentrations of 

carbon dioxide and methane would need to migrate from the ground and accumulate 

in confined spaces within the development. A maximum gas flow of 3.3l/h has been 

assumed as a worst case.  

6.7 In order to assess the potential risk posed by the recorded gas volumes at the site, as 

an initial screen, the methodology presented within CIRIA Report C665 “Assessing risk 

posed by hazardous ground gasses to buildings 2007” has been used.  

 

6.8 BS8485 and CIRIA C665 requires the calculation of a Gas Screening Value (GSV) (Litres 

of gas per hour) using the formula below: 
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• Borehole flow rate (l/h) x gas concentration (%) = GSV (l/hr) 

6.9 This calculation has been carried out for methane and carbon dioxide using the highest 

recorded concentration, therefore adapting the worst case volume.  

 Methane  GSV = 9.3%/100% x 3.3l/h = 0.307 l/hr 

Carbon Dioxide  GSV = 4.6%/100% x 3.3l/h = 0.152 l/hr 

 

6.10 CIRIA C665 have produced two models for qualitative analysis depending upon 

building type: NHBC’s “Situation B – Low rise housing with a ventilated under floor 

void (min 150mm)” and the modified Wilson and Card Classification system “for all 

development types except situation B”. Given the proposed development at the site, 

the Wilson and Card Classification Scheme is considered the most appropriate system 

for this site. The comparison of the calculated GSV with the classification tables show 

the site lies within Characterisation Situation 2 (CS2). This characteristic situation is 

typical of made ground, and will require low level gas protection measures. The 

composition and arrangement of the gas protection measures would be subject to 

detailed design by the foundation engineers and separate approval by the Local 

Authority.  

 
7 DEVELOPMENT OF REMEDIATION STRATEGY 

7.1 There are two main legislative drivers to dealing with contaminated land that are 

relevant to the proposed development at the site: Part 2A and the National Planning 

Policy Framework.  Both are discussed in the context of the proposed development in 

the following text. 

7.2 Contaminated land is defined within Part 2A of the Environmental Protection Act 

1990. The Part 2A statutory guidance was revised in April 2012. The overarching 

objectives of the Government’s policy on contaminated land and the Part 2A regime 

are: 

a) To identify and remove unacceptable risks to human health and the environment. 

b) To seek and ensure that contaminated land is made suitable for its current use. 

c) To ensure that the burdens faced by individuals, companies and society as a whole 

are proportionate, manageable and compatible with the principles of sustainable 

development. 

7.3 The Environmental Protection Act 1990 introduced the concept of pollutant linkages 

(i.e. Contaminant-Pathway-Receptor) whereby: 

Contaminant – a source or potential source of contamination. 
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Pathway – is one or more routes or means by which or through which a receptor is 

being exposed to or affected by a contaminant or could be exposed or affected. 

Receptor – a living organism, a group of living organisms, an ecological system or a 

piece of property that is being or could be harmed by the contaminant or controlled 

waters which are being or could be polluted by a contaminant. 

7.4 In order for contamination to pose a problem at a site all three components of the 

pollutant linkage must exist.  The definition of contaminated land in accordance with 

the new statutory guidance within Section 78A (2) is in Paragraph 4.2, states: 

‘’contaminated land is any land which appears to the local authority in whose area it 

is situated to be in such conditions, by reason of substances in, on or under the land 

that: 

a) Significant harm is being caused or there is significant possibility of such harm 

being caused, or 

b) Significant pollution of controlled waters is being or there is significant possibility 

of such pollution being caused.’’ 

7.5 The National Planning Policy Framework (NPPF) 2012 comments on contaminated 

land with respect to the Planning Regime.  The 12 core planning principles of the NPPF 

are set out in Paragraph 17 relevant extracts of which include the following statements 

that relate to the site and the proposed development: 

• “contribute to conserving and enhancing the natural environment and reducing 

pollution.  Allocation of land for development should prefer land of lesser 

environmental value, where consistent with other policies in the Framework; 

• encourage the effective use of land by reusing land that has been previously 

developed (brownfield land), provided that it is not of high environmental value.” 

7.6 Additional extracts from the NPPF that are considered particularly relevant to ground 

conditions and contamination at the site and the proposed development are: 

• Paragraph 109 - “The Planning System should contribute to and enhance the 

natural and local environment by: 

o protecting and enhancing valued landscapes, geological conservation 

interests and soils;  

o preventing both new and existing development from contributing to or 

being put at unacceptable risk from, or being adversely affected by 
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unacceptable levels of soil, air, water or noise pollution or land instability; 

and 

o remediating and mitigating despoiled, degraded, derelict, contaminated 

and unstable land, where appropriate.”; 

• Paragraph 120 - “To prevent unacceptable risk from pollution and land 

instability, planning policies and decisions should ensure that new development 

is appropriate for its location.  The effects (including cumulative effects) of 

pollution on health, the natural environment or general amenity, and the 

potential sensitivity of the area or proposed development to adverse effects 

from pollution, should be taken into account.  Where a site is affected by 

contamination or land stability issues, responsibility for securing a safe 

development rests with the developer and/or landowner.”; and 

• Paragraph 121 - “Planning policies and decisions should also ensure that: 

o the site is suitable for its new use taking account of ground conditions and 

land instability, including from natural hazards or former activities such as 

mining, pollution arising from previous uses and any proposals for 

mitigation including land remediation or impacts on the natural 

environment arising from that remediation; and 

o after remediation, as a minimum, land should not be capable of being 

determined as contaminated land under Part IIA of the Environmental 

Protection Act 1990.” 

7.7 The assessments undertaken to date (Sections 4, 5 and 6) identify a number of 

constraints to development at the site. These are addressed in the Remediation 

Strategy in Section 8. This strategy builds on the conceptual site model (CSM) 

developed for the site, the DQRA assessments for human health and controlled 

waters, and the ground gas risk assessment undertaken.  

7.8 Each of these potential constraints is summarised in Table 12 and considered further 

together with an appraisal of the best available options to mitigate the identified 

pollutant linkage relative to the proposed development.   
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Table 12: Potential Pollutant Linkages  

Potential 

Pollutant 

Linkage 

(PPL) 

Source Pathway Receptor Comments 

PPL HH1 

Chromium, lead, mercury, 

aromatics (>EC10-EC12, 

>EC12-EC16, >EC16-EC21, 

>EC21-EC35), 

benzo(a)anthracene, 

benzo(a)pyrene, 

benzo(b)fluoranthene, 

benzo(k)fluoranthene, 

chrysene, 

dibenzo(a,h)anthracene, 

fluoranthene, indeno(1,2,3-

cd)pyrene, naphthalene 

Direct soil and 

indoor dust 

ingestion; skin 

contact with soils; 

consumption of 

homegrown 

produce; 

consumption of soil 

adhering to 

homegrown 

produce; and indoor 

dust and inhalation 

of indoor and 

outdoor dust and 

vapours 

Future 

occupiers 

and site 

works 

DQRA indicates that 

risk from the identified 

COC is from direct 

contact / ingestion 

pathways only 

(including 

consumption of 

homegrown produce) 

and that additional 

measures to address 

vapour inhalation are 

not necessary 

PPL HH2 

Organic material in the 

ground or methane/carbon 

dioxide 

Gas migration 

Future 

occupiers 

and site 

works 

Gas risk assessment 

has identified a low 

risk to the proposed 

development from gas 

risk that will require 

mitigation 

PPL CW1 

Mercury, ammonium, 

cyanide, benzene, aliphatics 

(>C12-C16, >C16-C21, >C21-

C35), aromatics (>EC5-EC7, 

>EC7-EC8, >EC8-EC10, >EC10-

EC12, >EC12-EC16, >EC16-

EC21), benzo(a)pyrene, 

benzo(b)fluoranthene, 

benzo(k)fluoranthene, 

fluoranthene, indeno(1,2,3-

cd)pyrene, naphthalene, 

acenaphthene, anthracene 

Leaching of soils and 

vertical migration of 

COC from the 

unsaturated soils 

into the underlying 

groundwater within 

the superficial 

aquifer (shallow 

alluvium and sands 

and gravels) and 

transport to the 

River Kennet 

River Kennet DQRA indicates that 

there is only a 

potential for leaching 

of mercury, 

ammonium and 

cyanide from soils.  

Mitigation in the form 

of betterment is 

recommended 

PPL CW2 

Mercury, ammonium, 

cyanide, benzene, aliphatics 

(>C12-C16, >C16-C21, >C21-

C35), aromatics (>EC5-EC7, 

>EC7-EC8, >EC8-EC10, >EC10-

EC12, >EC12-EC16, >EC16-

EC21), benzo(a)pyrene, 

benzo(b)fluoranthene, 

benzo(k)fluoranthene, 

fluoranthene, indeno(1,2,3-

cd)pyrene, naphthalene, 

acenaphthene, anthracene 

Leaching of soils and 

vertical migration of 

COC from the 

unsaturated soils 

into the underlying 

groundwater within 

the superficial 

aquifer (shallow 

alluvium and sands 

and gravels), further 

migration in to the 

underlying Chalk 

Groundwater 

abstraction 

from the 

Chalk aquifer 

associated 

with the SPZ 

III 
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Table 12: Potential Pollutant Linkages  

Potential 

Pollutant 

Linkage 

(PPL) 

Source Pathway Receptor Comments 

aquifer and 

transport to the 

groundwater 

abstraction 

PPL CW3 

Mercury, ammonium, 

cyanide, benzene, aliphatics 

(>C12-C16, >C16-C21, >C21-

C35), aromatics (>EC5-EC7, 

>EC7-EC8, >EC8-EC10, >EC10-

EC12, >EC12-EC16, >EC16-

EC21), benzo(a)pyrene, 

benzo(b)fluoranthene, 

benzo(k)fluoranthene, 

fluoranthene, indeno(1,2,3-

cd)pyrene, naphthalene, 

acenaphthene, anthracene 

Migration of 

dissolved COC within 

groundwater in the 

superficial aquifer 

(shallow alluvium 

and sands and 

gravels) and 

transport to the 

River Kennet 

River Kennet Groundwater is 

understood not to 

have been remediated 

on adjacent sites also 

developed on the 

former gas works 

despite evidence of 

gross contamination.  

Therefore, 

remediation of 

groundwater is 

considered to be 

disproportionate for 

this site and is not 

considered furter  

PPL CW4 

Mercury, ammonium, 

cyanide, benzene, aliphatics 

(>C12-C16, >C16-C21, >C21-

C35), aromatics (>EC5-EC7, 

>EC7-EC8, >EC8-EC10, >EC10-

EC12, >EC12-EC16, >EC16-

EC21), benzo(a)pyrene, 

benzo(b)fluoranthene, 

benzo(k)fluoranthene, 

fluoranthene, indeno(1,2,3-

cd)pyrene, naphthalene, 

acenaphthene, anthracene 

Vertical migration of 

dissolved COC within 

groundwater in in 

the superficial 

aquifer (shallow 

alluvium and sands 

and gravels) into the 

underlying Chalk 

aquifer and 

transport to the 

groundwater 

abstraction 

Groundwater 

abstraction 

from the 

Chalk aquifer 

associated 

with the SPZ 

III 

 

Pollutant linkages identified as potentially significant in Table 12 must all be addressed 

in order for remediation of the site to be considered effective. However, the 

significance of these contaminant linkages should be reviewed if further information 

comes to light. 
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8 REMEDIATION OPTIONS APPRAISAL 

8.1 Based on the results of desk study research and intrusive investigations listed in 

Section 1, along with the results of an investigation undertaken in 2017 a conceptual 

site model was developed and appropriate risk assessments have been undertaken 

with regards to identifying the most appropriate remediation strategy to deal with the 

soils contamination identified at the site. 

8.2 In order to develop the Remediation Strategy for the site an options appraisal has been 

undertaken to review the various remedial techniques that may be applicable to the 

site and the proposed development. The various options available for consideration 

are classified into six categories of remedial methods as follows: 

• Civil engineering methods; 

• Biological treatment methods; 

• Chemical treatment methods; 

• Physical treatment methods; 

• Stabilisation and solidification treatment methods; and / or 

• Thermal treatment methods. 

 

Civil engineering methods 

8.3 Civil engineering methods use conventional civil engineering techniques by either 

removing the source or modifying contaminant pathways. Civil engineering methods 

include: 

• Excavation 

This involves the excavation of contaminated materials which can then be 

disposed of to a suitably licensed facility or re-disposed on site. However, the 

Landfill Directive sets out to limit landfilling of waste to a minimum as defined 

by EC legislation and can preclude the bulk landfilling of contaminated soils 

(depending on contaminant concentration) unless there is no other option.  Even 

if landfilling is considered appropriate, pre-treatment would also be necessary.  

Overall, bulk excavation and landfilling alone are not considered practical, cost 

effective or the best available option.  The site has limited access, the current 

building footprints are being retained and the size of the site means any 

excavation operations would be constrained.  However, it is recognised that 

during construction works small unexpected areas of contamination may be 
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encountered and may need to be dealt with via excavation and disposal 

methods.   

 

• Cover systems 

This involves the placement of an uncontaminated material over the surface of 

the contaminated materials therefore breaking the pathway between the 

source and the site end-users and effectively mitigating against risks to end users 

from chromium, lead, mercury, TPH (aromatics >EC10-EC12, >EC12-EC16, 

>EC16-EC21, >EC21-EC35) and PAH (benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, 

dibenzo(a,h)anthracene, fluoranthene, indeno(1,2,3-cd)pyrene, naphthalene) 

contamination within the soils.  The cover system would comprise low 

permeability materials to reduce infiltration at the site providing additional 

protection to groundwater.  However, the current river wall which is to be 

retained in the proposed development will act as a barrier and provide a level of 

protection to the adjacent River Kennet. 

 

• In ground barriers 

These physically isolate a contaminated mass of ground from surrounding media 

by the placement of barriers at the top, base and / or sides of the contamination. 

Vertical barriers can be installed by placing physical structures vertically into the 

ground. These may include sheet-piling, installation of bentonite walls (with or 

without membranes) or by grouting.  This method is not considered appropriate 

at the site as no discrete area of gross contamination has been identified. 

 

Biological Treatment Methods 

8.4 Biological treatment methods use the natural physiological processes of micro-

organisms such as bacteria and fungi to transform, fix, or immobilise contaminants. 

Biological remediation is potentially applicable to a wide range of organic 

contaminants and matrix types. Aerobic and anaerobic processes can be employed. 

Both ex-situ and in situ techniques are available. As biological methods rely on the 

activities of living organisms to be effective, they must have optimal process 
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conditions in terms of temperature, oxygen concentrations, nutrient balance, pH etc, 

Effectiveness can be inhibited by the presence of certain contaminants such as metals 

and pesticides. Treatment methods include: 

 

• Biopiles, landfarming, windrow turning; 

These are ex-situ techniques where solid phase contamination is treated 

biologically above ground in layers or piles of varying thicknesses. Biological 

activity can be stimulated by aeration and the addition of minerals, nutrients 

and moisture.  This method is not considered appropriate for the site due to the 

lack of working areas that would be required.  

 

• Bioventing and biosparging; 

These are in situ treatments where oxygen is delivered to contaminated 

unsaturated soils by forced air movement by either extraction (bioventing) or 

injection of air (biosparging) to increase flow and oxygen concentrations in order 

to optimise biodegradation of aerobically degradable compounds.  This method 

is not suitable at the site due to the types of contaminants determined by the 

DQRA to represent a potential risk that requires mitigation. 

 

• Bioinjection and bioaugmentation 

This involves the introduction of materials through a series of injection wells / 

boreholes which will either enhance the conditions within the media to 

encourage the growth of the natural microbial community which will break 

down the contaminants via respiration or adjust the redox conditions suitable 

for the growth of specific organisms. There are a number of patented 

compounds available such as oxygen release compound (ORCTM) and hydrogen 

release compounds (HRCTM). These are injected into the ground in liquid form 

and ORC enhances aerobic conditions suited to degradation of compounds such 

as TPH and BTEX. Bioaugementation is in addition to chemical injection and 

involves the microbial injection of specific micro-organisms to target specific 

contaminants. These are generally only applicable below the water table and are 

therefore not considered appropriate to treat identified contamination in soils 

at the site. This method is not suitable at the site due to the types of 
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contaminants determined by the DQRA to represent a potential risk that 

requires mitigation. 

 

• Monitored natural attenuation 

This is the effect of naturally occurring physical, chemical and biological 

processes or any combination of these processes to reduce the load, 

concentration, flux or toxicity of polluting substances in groundwater. For this to 

be effective the rate at which these processes occur must be sufficient to 

prevent polluting substances impacting on identified receptors and to minimise 

expansion of contaminant plumes into unpolluted groundwater. Monitored 

natural attenuation (MNA) requires sufficient evidence to be collected to 

demonstrate that attenuation processes are occurring at a rate that protects the 

wider environment. This is particularly effective for treating groundwater 

plumes containing BTEX, phenols, PAH’s (such as naphthalene) and petroleum 

hydrocarbons. This method is not considered appropriate at the site due to 

background concentrations of contaminants associated with the historic wider 

gas works site and the redevelopment of these areas without the need for 

remediation protective of controlled water.  The proximity of the River Kennet 

adjacent to the northern boundary of the site, which is the identified receptor, 

also makes use of MNA difficult at the site.  However, it may be suitable as part 

of remediation and validation works. 

 

Chemical Treatment Methods 

8.5 These involve chemical reactions that destroy or alter contaminants by the addition 

of reagents. Theoretically a wide range of contaminants are treatable since chemical 

processes can be formulated to address particular contaminants. There are a number 

of chemical processes that can be used including: 

 

• Chemical oxidation; 

Chemicals introduced into soil/groundwater to encourage redox reaction to 

convert hazardous contaminants to non-hazardous or less toxic compounds that 

are more stable, less mobile or inert. This in situ method has the advantage of a 

short treatment period however the chemical reagents, intermediates and by-

products may have public health and environmental implications. Furthermore, 



CHARLY45 LIMITED 
FORMER GAS WORKS, GAS WORKS ROAD, READING 
DETAILED QUANTITATIVE RISK ASSESSMENT AND 
REMEDIATION STRATEGY REPORT  

 

 

LO10488/RPT003 
23 February 2018 

FINAL Page 39 

  

the effectiveness of the remediation will depend upon good contact between 

the reagents and contaminants.  This method could be used in conjunction with 

excavation in the event of encountering unexpected areas of contamination. 

 

• Soil flushing; 

This involves flooding a zone of contamination with an appropriate solution to 

remove the contaminant from the soil. The contaminants are mobilised by a 

number of mechanisms including formation of emulsions or reacting chemically 

with the flushing solution. The contaminant bearing fluid is then collected and 

brought to the surface for disposal, recirculation or on-site treatment and 

reinjection. This method is potentially suitable to treat the capillary fringe just 

above the groundwater where high concentrations of contaminants are often 

found.  This method is not considered suitable for the site. 

 

Physical Treatment Methods 

8.6 These methods involve the separation of contaminated and uncontaminated material 

by exploiting differences in physical properties to enable separation to occur. Physical 

treatment methods include: 

 

• Soil vapour extraction 

This is an in situ method used to treat the unsaturated zone and applies a vacuum 

to the soil to induce a controlled flow of air and remove volatile and some semi-

volatile organic contaminants from the soil. The volatiles may then be released to 

the atmosphere or may require further treatment to eliminate possible harm to 

the public and environment. However, this will not remove heavy oils, tars or 

metals and may therefore need to be employed alongside other methods. This 

method is not considered appropriate for the site due to the constraints caused 

by the existing buildings and types of contaminants determined by the DQRA to 

represent a potential risk that requires mitigation. 

 

• Groundwater Pump and Treat 

This involves the collection of groundwater via abstraction wells utilising 

submersible pumps or alternatively groundwater can be diverted into a 
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collection lagoon system on site. Either way the water is pumped and treated 

through a treatment plant on site. Free phase product can be removed through 

a series of oil/water separation systems and dissolved contaminants can be 

removed from the water using filtration media or by chemical methods. The 

treated water could then be disposed of either to sewer or re-infiltrated into 

the ground.  This method is not considered appropriate at the site due to 

background concentrations of contaminants associated with the historic wider 

gas works site and the redevelopment of these areas without need for 

remediation protective of controlled water.  However, it may be practical for 

treatment of perched / shallow groundwater if encountered within 

excavations.  

 

Stabilisation / Solidification Methods 

8.7 These methods operate by solidifying contaminated soils and converting the 

contaminants to a less mobile form reducing the potential for leachate formation. 

Both ex-situ and in situ treatments are available; the former requiring a processing 

area for mixing plus an area for curing before re-use or replacement of stabilised 

material. The latter requires the cement to be injected into the ground and mixed with 

the soil using hollow stem rotary augers.   

  

Thermal Treatment Methods 

8.8 These utilise heat to physically separate organic contamination from a soil matrix, the 

separated contamination is then disposed of and a cleaned soil or reduced volume of 

waste material is left. Thermal treatments are likely to be very expensive hence may 

not be appropriate for this reason. A number of thermal treatment methods are 

available including: 

 

• Thermal desorption  

This involves the application of heat to excavated wastes to volatilise organic 

contaminants and water. This therefore separates the organic contaminants out 

from waste using heat and the vapours are collected then oxidized, converting 

the contaminants to a less toxic form. 
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• Steam / heat injection 

Steam can be injected via a series of wells into either the unsaturated or 

saturated zone to enhance the release of organic contaminants from the soil 

matrix by decreasing viscosity and accelerating volatilisation. The heat from the 

steam can destroy and volatilise organic chemicals which may otherwise remain 

recalcitrant. This method could potentially treat a wide variety of organic 

constituents although the breakdown of certain contaminants may produce 

more noxious daughter products so the chemistry of the area under treatment 

would need to be known in detail.  

 

8.9 A summary of options is presented in Table 13, however it is likely that a combination 

of processes may be necessary to remediate the soils and groundwater at the site. 
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Table 13: Remediation Options 

Remediation 
Technology 

Technical Considerations for the Site Practical Considerations 
Assessment of Potential 

Suitability 

Excavation and 
Disposal to Landfill 

Waste will require classification for off-site disposal and be 
hazardous waste which will incur costs to dispose of to 
landfill which are likely to be high. 

Can potentially result in large numbers of vehicle 
movements on/off site to haul the materials to 
landfill. Few suitable landfills currently available. 

May be suitable for 
areas of unexpected 
contamination, but 
unlikely to be useful for 
addressing general 
contamination due to 
access restrictions, costs 
and sustainability issues.   

Cover systems 

Material needs to be chemically suitable and relatively stable 
with regards to leachate productions. Will not treat existing 
contamination but may reduce impact of residual 
contamination on site.  

Well established method of providing remediation. 
Engineered cap can also provide enhanced 
geotechnical characteristics. 

Likely to be suitable to 
break the human health 
pathways 

Biopiles, windrows Can be suitable for volatile contaminants within soils. 
Excavation requirements limits the depth to which 
soils can be treated practically and requires space on 
site. 

This method is not 
considered appropriate 
at the site due to the 
lack of working area that 
would be required. 

Bioinjection / 
bioaugmentation 

Can be suitable for contamination at depth that can be 
biodegraded. 

Installation of appropriately located injection wells 
means the extent of any plume needs to be fully 
delineated. 

Potentially suitable for 
deeper soils and 
groundwater but only 
suitable for organics and 
expensive. 

Monitored 
Natural 
Attenuation 

Suitable for long term monitoring and verification of 
remediation. 

Access to monitoring wells needs to be maintained 
over potentially long periods of time. 

Probably suitable as part 
of verification / 
validation works. 

Chemical oxidation Suitable for contaminants that can be oxidized but not 
generally suitable for free product.  

Only small site area required for equipment but may 
require multiple applications.  

Potentially suitable for 
soils and used in 
conjunction with 
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Table 13: Remediation Options 

Remediation 
Technology 

Technical Considerations for the Site Practical Considerations 
Assessment of Potential 

Suitability 

excavations where 
unexpected areas of 
contamination are 
encountered. 

Multi-phase 
vacuum extraction 
/ Soil vapour 
extraction 

Generally suitable for more volatile compounds but can be 
coupled with soil vapour extraction to treat soils above the 
capillary fringe. Suited to granular soils. Less volatile 
fractions could be difficult to treat. 

Explosion hazards must be addressed. This method is not 
considered suitable for 
the site due to the 
constraints caused by 
existing buildings. 

Groundwater 
pump and treat 

Unlikely to remediate dissolved phase to appropriate 
concentrations.  Pumped water would require discharge to 
sewer or recycled on site after treatment. 

Can require prolonged operation and is sometimes 
subject to rebound. 

This method is not 
considered appropriate 
at the site due to 
background 
concentrations of 
contaminants associated 
with the historic wider 
gas works site and the 
redevelopment of these 
areas without need for 
remediation protective 
of controlled water.  
However, it could be 
useful for treating 
perched / shallow 
groundwater 
encountered in 
excavations. 

In Situ Thermal 
Treatment 

Could potentially be viable for the contamination present. Very unlikely to be financially viable given the 
volumes of material to be treated and the likely cost 
of treatment. 

Unlikely to be suitable 
due to financial reasons. 
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9 REMEDIATION STRATEGY 

Setting Remedial Targets 

9.1 In order to provide assurance that the remediation works have been undertaken to a 

standard that is acceptable to Regulators and that will provide a site that is suitable 

for the proposed development it is necessary to derive and set remedial targets that 

can be applied to the works at the site.  The remedial targets can be used to determine 

where materials at the site require treatment/mitigation as well as for validation 

proposes. 

9.2 The options appraisal indicates that a number of methods will in all likelihood need to 

be employed to mitigate the risk to the identified receptors (site users and the River 

Kennet).  

9.3 It is generally accepted that the minimum required level of remediation is to remove 

free product (where identified).  Observations during the site investigations works 

included hydrocarbon stained soils with strong hydrocarbon odour though no free 

product has been identified by either the site investigations or subsequent 

monitoring.   

9.4 It is considered appropriate to set the remedial target for TPH at the SSACs defined in 

Table 10. 

 

Remediation Strategy  

9.5 The following main works elements will be required in order to remediate the site for 

redevelopment: 

• Where applicable careful removal of buried floor slabs (including the floor slabs 

to buildings to be retained), areas of concrete hardstanding and substructures; 

• Processing by crushing with appropriate management controls of suitable 

materials generated from the removal of floor slabs etc. to a 6F1 / 6F2 grade 

aggregate for reuse during reinstatement and in the future development at the 

site; 

• Additional testing of materials beneath the former slab areas etc., as necessary, 

that exhibit olfactory or visual evidence of contamination; 

• Establishment of appropriate environmental monitoring; 

• Site controls and safe working procedures to limit release of contaminated dust 

that could include asbestos fibres during earthworks and minimise the risk to 

site workers and the wider public; 



CHARLY45 LIMITED 
FORMER GAS WORKS, GAS WORKS ROAD, READING 
DETAILED QUANTITATIVE RISK ASSESSMENT AND 
REMEDIATION STRATEGY REPORT  

 

 

LO10488/RPT003 
22 February 2018 

DRAFT Page 45 

  

• Pumping out and treatment of any perched water within excavations required 

to remove sub-structures and / or contamination;  

• Monitoring of existing boreholes during remediation works; 

• Placement of a clean cover pathway break incorporating a low permeability 

layer to reduce infiltration in areas of landscaping and gardens. 

• Installation of gas protection measures within the building footprint; 

• Instigation of a watching brief to identify areas of previously unidentified 

contamination. 

9.6 Details of the exact methods employed to remediate the soils will be provided in a 

remediation specification to be supplied by the remediation contractor. The 

contractor will be responsible for undertaking environmental monitoring throughout 

the works.  Appropriate method statements and risk assessments for all potentially 

hazardous activities will be prepared by the contractor as necessary prior to 

undertaking works at the site.  These method statements and risk assessments will 

detail procedures to be put in place to control the potential release of asbestos fibres 

during earthworks.  It is considered likely that measures including use of appropriate 

PPE, good hygiene practices together with damping down of haul roads, temporary 

stockpiles and excavations within made ground will be required.  As necessary, 

working methods will be adapted so that issues relating to dust or noise including 

statutory nuisance are minimised in accordance with good industry practice. 

9.7 If as yet unidentified soils are encountered during the remedial works that are 

suspected of being grossly impacted, these materials will either be removed and 

treated as grossly impacted or tested so that they can be classified for appropriate re-

use on the site. 

9.8 Where identified, soils grossly impacted with TPH will be excavated under the 

supervision of a suitably experienced environmental engineer.  Impacted soils will be 

excavated until the contamination has been removed based on visual / olfactory 

evidence which can be aided by the use of a PID (Photo-Ionisation Detector).  

Validation samples will then be collected to illustrate that the remedial targets have 

been achieved. 

9.9 Treatments of excavations created where area of unexpected contamination may be 

encountered could include the application of chemical oxidation compounds. 

9.10 If earthworks are required to reprofile the site, these will be carried out in accordance 

with the CL:AIRE The Definition of Waste: Development Industry Code of Practice and 

will require a Materials Management Plan (MMP).  This will be prepared (if necessary) 
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by the contractor and audited by a Qualified Person as required prior to submission to 

the EA. 

9.11 It will be necessary to reinstate all excavations completed as part of remediation 

works together with other voids created by the removal of sub-structures, 

obstructions etc. by backfilling works.  Secondary aggregate, produced from the 

crushing of concrete, together with uncontaminated soils from reprofiling could be 

used for reinstatement of excavations and voids.  Clean cohesive materials sourced 

from the reclamation works or from an off site source, will be used to construct a low 

permeability layer in the clean cover pathway break required in landscaped and 

garden areas to reduce future infiltration. Records of this work will be maintained for 

final verification purposes. 

9.12 Records will need to be maintained for all of the environmental monitoring activities 

undertaken throughout the works.   

9.13 Upon completion of the remediation works a validation report will be produced for 

the approval of the regulators.   
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Appendix 1  Planning permission and discharge of conditions 5 and 9 
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Dunthorne Parker Architects 

Unit 22 The Artworks 

Elephant Road 

London 

SE17 1AY 

Giorgio Framalicco 

Head of Planning, Development 

& Regulatory Services 

 

Civic Offices, Bridge Street, 

Reading, RG1 2LU 

 

 0118 9373787 

 

Our Ref: 172304 

 

Your Ref: PP-06623031 
 

Direct :  
 

e-mail: Jonathan.Markwell@reading.gov.uk  

 

8 February 2018 

 

 

Your contact is: Mr Jonathan Markwell, Planning  

 

Dear Dunthorne Parker Architects, 

 

TOWN AND COUNTRY PLANNING ACT 1990 

 

Application Reference: 172304 

Application type: Approval of Conditions      

Address: Former Gas Works Buildings Gas Works Road Reading   

Proposal: Partial discharge of condition 4 (Construction Method Statement) and discharge of 

conditions 5 (Contaminated Land) & 9 (Land Gas) of planning permission 160378.   

 

I refer to the above application to partially discharge the remaining element of condition 4 

(Construction Method Statement) and the discharge of conditions 5 (Contaminated Land) & 9 (Land 

Gas) of planning permission 160378 and respond as follows:  

 

Condition 4  

 

The construction method statement details, as shown on the following:  

 

Construction Method Statement Rev A by DPA, as received 06/02/18  

208 – Parking Plan, as received 06/02/18  

are approved pursuant to condition 4.  

 

In conjunction with approval of details 171160 (Construction Method Statement details for initial 

demolition works only) granted on 21/09/17 it is confirmed that condition 4 is now discharged in full.  

 

Condition 5  

 

The Senior Environmental Health Officer has commented as follows: A site investigation satisfying the 

requirements of the condition has been carried out. Elevated levels of chromium, lead, mercury, PAHs 

and TPHs associated with the former use of the site have been identified, it will therefore be 

mailto:Jonathan.Markwell@reading.gov.uk


 

 

necessary for a DQRA to be carried out and a remediation scheme to be submitted. I can recommend 

discharge of condition 5.  

 

Accordingly the contaminated land details, as shown in the following document:  

 

Phase 2 Interpretative Site Investigation Report by Wardell Armstrong, Ref RPT002 V1.0, dated 

December 2017, as received 20/12/17  

 

are approved pursuant to condition 5.  

 

Condition 9  

 

The Senior Environmental Health Officer has commented as follows: A land gas investigation has been 

carried out. It has identified elevated levels of methane which result in the site being considered 

characteristic situation 2. The details of how the development will be protected to this level must 

now be submitted. I can recommend that condition 9 is discharged.  

 

Accordingly the land gas details, as shown in the following document:  

 

Phase 2 Interpretative Site Investigation Report by Wardell Armstrong, Ref RPT002 V1.0, dated 

December 2017, as received 20/12/17  

 

are approved pursuant to condition 9.  

 

 

The above conditions, where a submission is required and has been provided, shall have been 

considered to have been discharged, providing that the development is undertaken in accordance with 

the approved details.  

2 

Please note that it is the responsibility of the developer to ensure that all relevant conditions are 

complied with during the construction and/or subsequent use of the development. 

  

Should you wish to discuss this matter further, please contact me by email or the direct line as above. 

 

 

Yours sincerely 

 
Jonathan Markwell 

 

Mr Jonathan Markwell 
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Apply Top 2 Approach to Produce Group

Assessment Criterion (mg kg-1) Ratio of ADE to HCV 50% rule?

oral inhalation combined oral inhalation combined Oral Inhal

1 Chromiium (VI) (S4UL) 1.04E+01 6.05E+00 NR 0.51 1.00 NR NR Yes No No 0 0 0 0 0 0
2 Mercury-elemental (S4UL) NR 4.45E+00 NR NR 1.00 NR 8.61E+00 (vap) No No No 0 0 0 0 0 0
3 Aromatic EC >10-12 (S4UL) 1.57E+02 1.13E+04 1.56E+02 0.99 0.01 1.00 7.27E+02 (sol) Yes Yes No 0 0 0 0 0 0
4 Aromatic EC >12-16 (S4UL) 2.72E+02 7.89E+04 2.72E+02 1.00 0.00 1.00 3.37E+02 (sol) Yes Yes No 0 0 0 0 0 0
5 Aromatic EC >16-21 (S4UL) 4.63E+02 NR NR 1.00 NR NR 1.07E+02 (vap) Yes No No 0 0 0 0 0 0

6 Aromatic EC >21-35 (S4UL) 1.41E+03 NR NR 1.00 NR NR 9.66E+00 (sol) Yes No No 0 0 0 0 0 0

7 Benzo(a)anthracene (S4UL) 1.34E+01 7.60E+01 1.14E+01 0.85 0.15 1.00 3.42E+00 (sol) No No No 0 0 0 0 0 0

8 Benzo(a)pyrene (S4UL) 3.10E+00 1.78E+01 2.64E+00 0.85 0.15 1.00 1.82E+00 (vap) No No No 0 0 0 0 0 0
9 Benzo(b)fluoranthene (S4UL) 3.71E+00 2.24E+01 3.18E+00 0.86 0.14 1.00 2.43E+00 (sol) No No No 0 0 0 0 0 0
10 Benzo(k)fluoranthene (S4UL) 1.06E+02 5.93E+02 9.01E+01 0.85 0.15 1.00 1.37E+00 (sol) No No No 0 0 0 0 0 0
11 Chrysene (S4UL) 2.34E+01 1.73E+02 2.06E+01 0.88 0.12 1.00 8.80E-01 (vap) No No No 0 0 0 0 0 0
12 Dibenzo(ah)anthracene (S4UL) 3.34E-01 1.77E+00 2.81E-01 0.84 0.16 1.00 7.86E-03 (vap) No No No 0 0 0 0 0 0
13 Fluoranthene (S4UL) 4.84E+02 3.08E+05 4.83E+02 1.00 0.00 1.00 3.79E+01 (vap) No No No 0 0 0 0 0 0
14 Indeno(123-cd)pyrene (S4UL) 4.00E+01 2.53E+02 3.45E+01 0.86 0.14 1.00 1.23E-01 (vap) No No No 0 0 0 0 0 0
15 Naphthalene (S4UL) 5.32E+01 5.88E+01 NR 1.00 0.91 NR 1.53E+02 (sol) No No No 0 0 0 0 0 0
16 Phenanthrene (S4UL) 1.82E+02 7.10E+04 1.82E+02 1.00 0.00 1.00 7.20E+01 (sol) No No No 0 0 0 0 0 0
17
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Soil Distribution Media Concentrations

% % % % mg kg-1 mg m-3 mg kg-1 mg m-3 mg m-3 mg m-3 mg m-3 mg m-3 mg kg-1 FW mg kg-1 FW mg kg-1 FW mg kg-1 FW mg kg-1 FW mg kg-1 FW

1 Chromiium (VI) (S4UL) 97.0 3.0 0.0 100.0 6.05E+00 NR 3.02E+00 2.57E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.21E-03 6.05E-04 6.05E-04 5.44E-01 1.81E-03 5.44E-01

2 Mercury-elemental (S4UL) 99.7 0.3 0.0 100.0 4.45E+00 3.09E+00 2.22E+00 1.89E-09 0.00E+00 3.84E-05 5.26E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

3 Aromatic EC >10-12 (S4UL) 98.1 1.8 0.0 100.0 1.56E+02 3.80E+02 7.81E+01 6.65E-08 0.00E+00 6.31E-04 4.06E-05 0.00E+00 3.05E+01 4.12E+01 1.18E+01 0.00E+00 0.00E+00 5.74E+00

4 Aromatic EC >12-16 (S4UL) 99.1 0.9 0.0 100.0 2.72E+02 5.84E+01 1.36E+02 1.16E-07 0.00E+00 1.51E-04 2.74E-05 0.00E+00 2.94E+01 4.03E+01 1.52E+01 0.00E+00 0.00E+00 3.22E+00

5 Aromatic EC >16-21 (S4UL) 99.7 0.3 0.0 100.0 4.63E+02 1.96E+00 2.32E+02 1.97E-07 0.00E+00 1.81E-05 2.01E-05 0.00E+00 1.70E+01 2.66E+01 1.59E+01 0.00E+00 0.00E+00 8.36E-01

6 Aromatic EC >21-35 (S4UL) 100.0 0.0 0.0 100.0 1.41E+03 2.40E-02 7.06E+02 6.01E-07 0.00E+00 3.13E-07 2.00E-05 0.00E+00 2.45E+00 9.58E+00 1.43E+01 0.00E+00 0.00E+00 2.18E-02

7 Benzo(a)anthracene (S4UL) 99.9 0.1 0.0 100.0 1.14E+01 4.00E-04 5.70E+00 4.85E-09 0.00E+00 5.03E-08 1.27E-07 0.00E+00 3.37E-02 1.25E-01 8.68E-02 0.00E+00 0.00E+00 3.19E-04

8 Benzo(a)pyrene (S4UL) 100.0 0.0 0.0 100.0 2.64E+00 3.11E-06 1.32E+00 1.12E-09 0.00E+00 4.50E-10 2.24E-08 0.00E+00 3.30E-03 1.76E-02 1.25E-02 0.00E+00 0.00E+00 2.07E-05

9 Benzo(b)fluoranthene (S4UL) 100.0 0.0 0.0 100.0 3.18E+00 5.37E-06 1.59E+00 1.35E-09 0.00E+00 7.51E-10 2.98E-08 0.00E+00 5.62E-03 2.60E-02 1.79E-02 0.00E+00 0.00E+00 4.10E-05

10 Benzo(k)fluoranthene (S4UL) 100.0 0.0 0.0 100.0 9.01E+01 9.13E-05 4.50E+01 3.83E-08 0.00E+00 1.32E-08 7.09E-07 0.00E+00 8.74E-02 5.22E-01 3.70E-01 0.00E+00 0.00E+00 4.83E-04

11 Chrysene (S4UL) 99.9 0.1 0.0 100.0 2.06E+01 1.03E-04 1.03E+01 8.78E-09 0.00E+00 1.37E-08 2.72E-07 0.00E+00 1.05E-01 3.19E-01 2.09E-01 0.00E+00 0.00E+00 1.31E-03

12 Dibenzo(ah)anthracene (S4UL) 100.0 0.0 0.0 100.0 2.81E-01 7.02E-07 1.40E-01 1.20E-10 0.00E+00 9.22E-11 1.91E-09 0.00E+00 1.80E-04 1.29E-03 8.79E-04 0.00E+00 0.00E+00 8.24E-07

13 Fluoranthene (S4UL) 99.7 0.3 0.0 100.0 4.83E+02 1.44E-01 2.42E+02 2.06E-07 0.00E+00 1.73E-05 1.16E-05 0.00E+00 1.21E+01 2.21E+01 1.17E+01 0.00E+00 0.00E+00 3.72E-01

14 Indeno(123-cd)pyrene (S4UL) 99.9 0.1 0.0 100.0 3.45E+01 7.01E-05 1.73E+01 1.47E-08 0.00E+00 9.75E-09 3.49E-07 0.00E+00 8.44E-02 3.39E-01 2.22E-01 0.00E+00 0.00E+00 7.30E-04

15 Naphthalene (S4UL) 93.2 6.8 0.0 100.0 5.32E+01 4.39E+01 2.66E+01 2.27E-08 0.00E+00 9.61E-04 9.47E-06 0.00E+00 2.70E+01 3.92E+01 9.58E+00 0.00E+00 0.00E+00 1.22E+01

16 Phenanthrene (S4UL) 99.2 0.8 0.0 100.0 1.82E+02 4.04E-01 9.09E+01 7.74E-08 0.00E+00 4.41E-05 8.14E-06 0.00E+00 1.81E+01 2.57E+01 9.14E+00 0.00E+00 0.00E+00 1.44E+00
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Soil Distribution Media Concentrations

% % % % mg kg-1 mg m-3 mg kg-1 mg m-3 mg m-3 mg m-3 mg m-3 mg m-3 mg kg-1 FW mg kg-1 FW mg kg-1 FW mg kg-1 FW mg kg-1 FW mg kg-1 FW
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Average Daily Exposure (mg kg-1 bw day-1) Distribution by Pathway (%)

1 Chromiium (VI) (S4UL) 4.49E-05 2.59E-04 0.00E+00 1.00E-07 0.00E+00 3.77E-04 0.00E+00 0.00 0.00 0.00 100.00 0.00 0.00 0.00 0.00

2 Mercury-elemental (S4UL) 3.30E-05 3.80E-07 0.00E+00 7.35E-08 2.50E-05 0.00E+00 1.58E-06 54.97 0.63 0.00 0.12 41.62 0.03 0.00 2.63

3 Aromatic EC >10-12 (S4UL) 1.16E-03 1.87E-02 5.16E-05 2.58E-06 4.11E-04 5.62E+95 6.06E+95 2.85 46.01 0.13 0.01 1.01 0.00 48.98 1.02

4 Aromatic EC >12-16 (S4UL) 2.02E-03 1.79E-02 9.00E-05 4.50E-06 9.91E-05 5.62E+95 6.06E+95 5.02 44.49 0.22 0.01 0.24 0.00 49.74 0.26

5 Aromatic EC >16-21 (S4UL) 3.44E-03 1.14E-02 1.53E-04 7.66E-06 1.24E-05 5.62E+95 0.00E+00 11.45 37.97 0.51 0.03 0.04 0.00 50.00 0.00

6 Aromatic EC >21-35 (S4UL) 1.05E-02 4.04E-03 4.67E-04 2.33E-05 7.96E-07 5.62E+95 0.00E+00 34.90 13.47 1.56 0.08 0.00 0.00 50.00 0.00

7 Benzo(a)anthracene (S4UL) 8.45E-05 4.24E-05 4.90E-06 1.88E-07 3.64E-08 3.38E-06 6.67E-07 64.03 32.09 3.71 0.14 0.02 0.00 0.00 0.00

8 Benzo(a)pyrene (S4UL) 1.96E-05 5.68E-06 1.13E-06 4.36E-08 9.56E-10 6.19E-06 3.64E-07 74.07 21.47 4.29 0.17 0.00 0.00 0.00 0.00

9 Benzo(b)fluoranthene (S4UL) 2.36E-05 8.49E-06 1.37E-06 5.26E-08 1.37E-09 6.19E-06 7.88E-07 70.44 25.32 4.08 0.16 0.00 0.00 0.00 0.00

10 Benzo(k)fluoranthene (S4UL) 6.68E-04 1.67E-04 3.87E-05 1.49E-06 2.96E-08 5.06E-06 4.24E-07 76.33 19.07 4.42 0.17 0.00 0.00 0.00 0.00

11 Chrysene (S4UL) 1.53E-04 1.11E-04 8.86E-06 3.41E-07 1.70E-08 6.19E-06 1.03E-06 55.94 40.68 3.24 0.12 0.00 0.00 0.00 0.00

12 Dibenzo(ah)anthracene (S4UL) 2.08E-06 4.05E-07 1.21E-07 4.64E-09 1.16E-10 2.25E-06 2.00E-06 79.70 15.49 4.62 0.18 0.00 0.00 0.00 0.00

13 Fluoranthene (S4UL) 3.59E-03 8.67E-03 2.08E-04 7.99E-06 1.16E-05 1.97E-05 5.09E-06 28.67 69.31 1.66 0.06 0.09 0.00 0.16 0.04

14 Indeno(123-cd)pyrene (S4UL) 2.56E-04 1.12E-04 1.48E-05 5.70E-07 1.66E-08 5.63E-06 5.46E-07 66.81 29.17 3.87 0.15 0.00 0.00 0.00 0.00

15 Naphthalene (S4UL) 3.95E-04 1.92E-02 2.29E-05 8.80E-07 6.24E-04 3.94E-04 1.70E-04 1.97 95.94 0.11 0.00 0.00 0.00 1.97 0.00

16 Phenanthrene (S4UL) 1.35E-03 1.10E-02 7.81E-05 3.00E-06 2.89E-05 8.66E-05 3.14E-05 10.76 87.42 0.62 0.02 0.23 0.00 0.69 0.25
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Average Daily Exposure (mg kg-1 bw day-1) Distribution by Pathway (%)
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1 Chromiium (VI) (S4UL) TDI 0.9 ID 0.0001 6.7 NR NR NR NR NR NR 0 0.5 1 1 1

2 Mercury-elemental (S4UL) NR 0 TDI 0.06 0 0.026 1.17E-01 6.34E-06 2.00E-09 4.16 0.62 0 0.5 1 1 1

3 Aromatic EC >10-12 (S4UL) TDI 40 TDI 60 9.99E+99 9.99E+99 7.22E-02 1.00E-05 1.00E-09 3.4 3.93 0.1 0.5 10 1 1

4 Aromatic EC >12-16 (S4UL) TDI 40 TDI 60 9.99E+99 9.99E+99 1.26E-02 1.00E-05 1.00E-09 3.7 4.29 0.1 0.5 10 1 1

5 Aromatic EC >16-21 (S4UL) TDI 30 NR 0 9.99E+99 0 6.95E-04 1.00E-05 1.00E-09 4.15 4.82 0.1 0.5 10 1 1

6 Aromatic EC >21-35 (S4UL) TDI 30 NR 0 9.99E+99 0 2.48E-05 1.00E-05 1.00E-09 5.1 5.95 0.1 0.5 10 1 1

7 Benzo(a)anthracene (S4UL) ID 0.155 ID 0.0015 0.06 0.011 3.16E-05 4.60E-06 3.80E-10 4.89 5.91 0.13 0.5 1 1 1

8 Benzo(a)pyrene (S4UL) ID 0.031 ID 0.0003 0.11 0.006 1.76E-06 4.38E-06 3.67E-10 5.11 6.18 0.13 0.5 1 1 1

9 Benzo(b)fluoranthene (S4UL) ID 0.039 ID 0.00038 0.11 0.013 2.05E-06 4.36E-06 3.62E-10 5.02 6.08 0.13 0.5 1 1 1

10 Benzo(k)fluoranthene (S4UL) ID 1.03 ID 0.01 0.09 0.007 1.74E-06 4.36E-06 3.62E-10 5.17 6.26 0.13 0.5 1 1 1

11 Chrysene (S4UL) ID 0.31 ID 0.003 0.11 0.017 3.18E-06 4.57E-06 3.77E-10 4.74 5.73 0.13 0.5 1 1 1

12 Dibenzo(ah)anthracene (S4UL) ID 0.0031 ID 0.00003 0.04 0.033 5.40E-06 4.08E-06 3.40E-10 5.27 6.38 0.13 0.5 1 1 1

13 Fluoranthene (S4UL) TDI 12.5 TDI 12.5 0.35 0.084 6.29E-05 5.01E-06 4.11E-10 4.26 5.13 0.13 0.5 1 1 1

14 Indeno(123-cd)pyrene (S4UL) ID 0.443 ID 0.0043 0.1 0.009 2.05E-06 4.17E-06 3.51E-10 4.94 5.97 0.13 0.5 1 1 1

15 Naphthalene (S4UL) TDI 20 TDI 0.86 7 2.8 6.62E-03 6.52E-06 5.16E-10 2.81 3.34 0.13 0.5 1 1 1

16 Phenanthrene (S4UL) TDI 12.5 TDI 12.5 1.54 0.518 1.43E-04 5.34E-06 4.32E-10 3.74 4.5 0.13 0.5 1 1 1

17

18

19

20

S
ub

-s
ur

fa
ce

 s
oi

l t
o

 in
do

or
 a

ir 
co

rr
e

ct
io

n 
fa

ct
or

 
(d

im
en

si
on

le
ss

)

R
e

la
tiv

e
 b

io
av

ai
la

bi
lit

y 
vi

a 
du

st
 

in
ha

la
tio

n 
(u

n
itl

es
s)

D
e

rm
al

 A
bs

o
rp

tio
n

 F
ra

ct
io

n 
(d

im
en

si
on

le
ss

)

S
oi

l-t
o-

du
st

 t
ra

ns
p

or
t f

ac
to

r 
   

 

(g
 g

-1
 D

W
)

lo
g 

K
oc

 (
cm

3  g
-1

)

lo
g 

K
ow

 (
di

m
e

ns
io

nl
e

ss
)

C
o

ef
fic

ie
n

t o
f D

iff
u

si
on

 in
 W

a
te

r 

(m
2  s

-1
)

In
ha

la
tio

n
 H

ea
lth

 C
rit

er
ia

 V
a

lu
e

 

(μ
g

 k
g-1

 B
W

 d
a

y-1
)

O
ra

l M
ea

n 
D

ai
ly

 In
ta

ke
   

   
   

   
   

   
 

(μ
g

 d
ay

-1
)

A
ir-

w
at

er
 p

ar
tit

io
n 

co
ef

fic
ie

nt
 

(K
aw

) 
 (

cm
3  c

m
-3

)

C
o

ef
fic

ie
n

t o
f D

iff
u

si
on

 in
 A

ir 

(m
2  s

-1
)

12-Feb-18

O
ra

l H
e

al
th

 C
ri

te
ria

 V
al

u
e 

   
   

(μ
g

 k
g-1

 B
W

 d
a

y-1
)

In
ha

la
tio

n
 M

e
an

 D
a

ily
 I

nt
ak

e 
   

   
   

   
   

   

(μ
g

 d
ay

-1
)

R
e

la
tiv

e
 b

io
av

ai
la

bi
lit

y 
vi

a 
so

il 
in

ge
st

io
n 

(u
ni

tle
ss

)



LO10488_HH_SSAC

CLEA Software Version 1.071 Report generated Page 9 of 11

21

22

23

24

25

26

27

28

29

30

S
ub

-s
ur

fa
ce

 s
oi

l t
o

 in
do

or
 a

ir 
co

rr
e

ct
io

n 
fa

ct
or

 
(d

im
en

si
on

le
ss

)

O
ra

l H
e

al
th

 C
ri

te
ria

 V
al

u
e 

   
   

(μ
g

 k
g-1

 B
W

 d
a

y-1
)

In
ha

la
tio

n
 H

ea
lth

 C
rit

er
ia

 V
a

lu
e

 

(μ
g

 k
g-1

 B
W

 d
a

y-1
)

O
ra

l M
ea

n 
D

ai
ly

 In
ta

ke
   

   
   

   
   

   
 

(μ
g

 d
ay

-1
)

In
ha

la
tio

n
 M

e
an

 D
a

ily
 I

nt
ak

e 
   

   
   

   
   

   

(μ
g

 d
ay

-1
)

A
ir-

w
at

er
 p

ar
tit

io
n 

co
ef

fic
ie

nt
 

(K
aw

) 
 (

cm
3  c

m
-3

)

C
o

ef
fic

ie
n

t o
f D

iff
u

si
on

 in
 A

ir 

(m
2  s

-1
)

12-Feb-18

S
oi

l-t
o-

du
st

 t
ra

ns
p

or
t f

ac
to

r 
   

 

(g
 g

-1
 D

W
)

R
e

la
tiv

e
 b

io
av

ai
la

bi
lit

y 
vi

a 
so

il 
in

ge
st

io
n 

(u
ni

tle
ss

)

R
e

la
tiv

e
 b

io
av

ai
la

bi
lit

y 
vi

a 
du

st
 

in
ha

la
tio

n 
(u

n
itl

es
s)

C
o

ef
fic

ie
n

t o
f D

iff
u

si
on

 in
 W

a
te

r 

(m
2  s

-1
)

lo
g 

K
oc

 (
cm

3  g
-1

)

lo
g 

K
ow

 (
di

m
e

ns
io

nl
e

ss
)

D
e

rm
al

 A
bs

o
rp

tio
n

 F
ra

ct
io

n 
(d

im
en

si
on

le
ss

)



LO10488_HH_SSAC

CLEA Software Version 1.071 Report generated Page 10 of 11

1 Chromiium (VI) (S4UL) 1.80E+01 NR 2.30E+06 0.0002 fw 0.0001 fw 0.0001 fw 0.09 fw 0.0003 fw 0.09 fw

2 Mercury-elemental (S4UL) 1.68E+02 7.03E-02 5.60E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

3 Aromatic EC >10-12 (S4UL) 2.91E+01 3.21E+01 2.45E+01 model model model model model model

4 Aromatic EC >12-16 (S4UL) 5.81E+01 1.14E+00 5.75E+00 model model model model model model

5 Aromatic EC >16-21 (S4UL) 1.64E+02 5.62E-03 6.53E-01 model model model model model model

6 Aromatic EC >21-35 (S4UL) 1.46E+03 1.61E-06 6.61E-03 model model model model model model

7 Benzo(a)anthracene (S4UL) 9.00E+02 1.24E-06 3.80E-03 model model model model model model

8 Benzo(a)pyrene (S4UL) 1.49E+03 2.00E-08 3.80E-03 model model model model model model

9 Benzo(b)fluoranthene (S4UL) 1.21E+03 6.34E-08 2.00E-03 model model model model model model

10 Benzo(k)fluoranthene (S4UL) 1.72E+03 1.64E-08 8.00E-04 model model model model model model

11 Chrysene (S4UL) 6.37E+02 4.52E-08 2.00E-03 model model model model model model

12 Dibenzo(ah)anthracene (S4UL) 2.16E+03 1.66E-10 6.00E-04 model model model model model model

13 Fluoranthene (S4UL) 2.11E+02 1.31E-04 2.30E-01 model model model model model model

14 Indeno(123-cd)pyrene (S4UL) 1.01E+03 2.12E-09 2.00E-04 model model model model model model

15 Naphthalene (S4UL) 7.49E+00 2.31E+00 1.90E+01 model model model model model model

16 Phenanthrene (S4UL) 6.37E+01 2.82E-03 1.12E+00 model model model model model model
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Apply Top 2 Approach to Produce Group

Assessment Criterion (mg kg-1) Ratio of ADE to HCV 50% rule?

oral inhalation combined oral inhalation combined Oral Inhal

1 Chromiium (VI) (S4UL) NR NR NR 0.00 0.00 NR NR Yes No No 0 0 0 0 0 0
2 Mercury-elemental (S4UL) NR 1.04E+01 NR NR 1.00 NR 8.61E+00 (vap) No No No 0 0 0 0 0 0
3 Aromatic EC >10-12 (S4UL) NR 1.14E+04 1.14E+04 0.00 1.00 1.00 7.27E+02 (sol) Yes Yes No 0 0 0 0 0 0
4 Aromatic EC >12-16 (S4UL) NR 8.25E+04 8.25E+04 0.00 1.00 1.00 3.37E+02 (sol) Yes Yes No 0 0 0 0 0 0
5 Aromatic EC >16-21 (S4UL) 5.62E+05 NR NR 1.00 NR NR 1.07E+02 (vap) Yes No No 0 0 0 0 0 0

6 Aromatic EC >21-35 (S4UL) 2.66E+07 NR NR 1.00 NR NR 9.66E+00 (sol) Yes No No 0 0 0 0 0 0

7 Benzo(a)anthracene (S4UL) NR 4.69E+02 4.69E+02 0.00 1.00 1.00 3.42E+00 (sol) No No No 0 0 0 0 0 0

8 Benzo(a)pyrene (S4UL) NR 8.29E+02 8.29E+02 0.00 1.00 1.00 1.82E+00 (vap) No No No 0 0 0 0 0 0
9 Benzo(b)fluoranthene (S4UL) NR 8.83E+02 8.83E+02 0.00 1.00 1.00 2.43E+00 (sol) No No No 0 0 0 0 0 0
10 Benzo(k)fluoranthene (S4UL) NR 3.05E+04 3.05E+04 0.00 1.00 1.00 1.37E+00 (sol) No No No 0 0 0 0 0 0
11 Chrysene (S4UL) NR 3.65E+03 3.65E+03 0.00 1.00 1.00 8.80E-01 (vap) No No No 0 0 0 0 0 0
12 Dibenzo(ah)anthracene (S4UL) NR 7.24E+01 7.24E+01 0.00 1.00 1.00 7.86E-03 (vap) No No No 0 0 0 0 0 0
13 Fluoranthene (S4UL) NR 5.21E+05 5.21E+05 0.00 1.00 1.00 3.79E+01 (vap) No No No 0 0 0 0 0 0
14 Indeno(123-cd)pyrene (S4UL) NR 8.91E+03 8.91E+03 0.00 1.00 1.00 1.23E-01 (vap) No No No 0 0 0 0 0 0
15 Naphthalene (S4UL) NR 5.89E+01 NR 0.00 1.00 NR 1.53E+02 (sol) No No No 0 0 0 0 0 0
16 Phenanthrene (S4UL) NR 7.84E+04 7.84E+04 0.00 1.00 1.00 7.20E+01 (sol) No No No 0 0 0 0 0 0
17
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Apply Top 2 Approach to Produce Group

Assessment Criterion (mg kg-1) Ratio of ADE to HCV 50% rule?

oral inhalation combined oral inhalation combined Oral Inhal
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Soil Distribution Media Concentrations

% % % % mg kg-1 mg m-3 mg kg-1 mg m-3 mg m-3 mg m-3 mg m-3 mg m-3 mg kg-1 FW mg kg-1 FW mg kg-1 FW mg kg-1 FW mg kg-1 FW mg kg-1 FW

1 Chromiium (VI) (S4UL) 0.0 0.0 0.0 0.0 0.00E+00 NR NA NA NA 0.00E+00 0.00E+00 0.00E+00 NA NA NA NA NA NA

2 Mercury-elemental (S4UL) 99.7 0.3 0.0 100.0 1.04E+01 7.23E+00 NA NA NA 8.99E-05 1.23E-06 0.00E+00 NA NA NA NA NA NA

3 Aromatic EC >10-12 (S4UL) 98.1 1.8 0.0 100.0 1.14E+04 2.77E+04 NA NA NA 4.60E-02 2.96E-03 0.00E+00 NA NA NA NA NA NA

4 Aromatic EC >12-16 (S4UL) 99.1 0.9 0.0 100.0 8.25E+04 1.77E+04 NA NA NA 4.58E-02 8.29E-03 0.00E+00 NA NA NA NA NA NA

5 Aromatic EC >16-21 (S4UL) 99.7 0.3 0.0 100.0 5.62E+05 2.38E+03 NA NA NA 2.20E-02 2.44E-02 0.00E+00 NA NA NA NA NA NA

6 Aromatic EC >21-35 (S4UL) 100.0 0.0 0.0 100.0 2.66E+07 4.52E+02 NA NA NA 5.90E-03 3.78E-01 0.00E+00 NA NA NA NA NA NA

7 Benzo(a)anthracene (S4UL) 99.9 0.1 0.0 100.0 4.69E+02 1.65E-02 NA NA NA 2.07E-06 5.23E-06 0.00E+00 NA NA NA NA NA NA

8 Benzo(a)pyrene (S4UL) 100.0 0.0 0.0 100.0 8.29E+02 9.76E-04 NA NA NA 1.41E-07 7.04E-06 0.00E+00 NA NA NA NA NA NA

9 Benzo(b)fluoranthene (S4UL) 100.0 0.0 0.0 100.0 8.83E+02 1.49E-03 NA NA NA 2.08E-07 8.27E-06 0.00E+00 NA NA NA NA NA NA

10 Benzo(k)fluoranthene (S4UL) 100.0 0.0 0.0 100.0 3.05E+04 3.09E-02 NA NA NA 4.47E-06 2.40E-04 0.00E+00 NA NA NA NA NA NA

11 Chrysene (S4UL) 99.9 0.1 0.0 100.0 3.65E+03 1.82E-02 NA NA NA 2.43E-06 4.80E-05 0.00E+00 NA NA NA NA NA NA

12 Dibenzo(ah)anthracene (S4UL) 100.0 0.0 0.0 100.0 7.24E+01 1.81E-04 NA NA NA 2.38E-08 4.92E-07 0.00E+00 NA NA NA NA NA NA

13 Fluoranthene (S4UL) 99.7 0.3 0.0 100.0 5.21E+05 1.55E+02 NA NA NA 1.87E-02 1.25E-02 0.00E+00 NA NA NA NA NA NA

14 Indeno(123-cd)pyrene (S4UL) 99.9 0.1 0.0 100.0 8.91E+03 1.81E-02 NA NA NA 2.52E-06 9.00E-05 0.00E+00 NA NA NA NA NA NA

15 Naphthalene (S4UL) 93.2 6.8 0.0 100.0 5.89E+01 4.85E+01 NA NA NA 1.06E-03 1.05E-05 0.00E+00 NA NA NA NA NA NA

16 Phenanthrene (S4UL) 99.2 0.8 0.0 100.0 7.84E+04 1.74E+02 NA NA NA 1.90E-02 3.51E-03 0.00E+00 NA NA NA NA NA NA
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Soil Distribution Media Concentrations

% % % % mg kg-1 mg m-3 mg kg-1 mg m-3 mg m-3 mg m-3 mg m-3 mg m-3 mg kg-1 FW mg kg-1 FW mg kg-1 FW mg kg-1 FW mg kg-1 FW mg kg-1 FW
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Average Daily Exposure (mg kg-1 bw day-1) Distribution by Pathway (%)

1 Chromiium (VI) (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.77E-04 0.00E+00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 Mercury-elemental (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.84E-05 0.00E+00 1.58E-06 0.00 0.00 0.00 0.00 97.31 0.06 0.00 2.63

3 Aromatic EC >10-12 (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.00E-02 5.62E+95 6.06E+95 0.00 0.00 0.00 0.00 49.85 0.15 0.00 50.00

4 Aromatic EC >12-16 (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.00E-02 5.62E+95 6.06E+95 0.00 0.00 0.00 0.00 49.59 0.41 0.00 50.00

5 Aromatic EC >16-21 (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.50E-02 5.62E+95 0.00E+00 0.00 0.00 0.00 0.00 47.59 2.41 50.00 0.00

6 Aromatic EC >21-35 (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.50E-02 5.62E+95 0.00E+00 0.00 0.00 0.00 0.00 12.76 37.24 50.00 0.00

7 Benzo(a)anthracene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.50E-06 3.38E-06 6.67E-07 0.00 0.00 0.00 0.00 89.68 10.32 0.00 0.00

8 Benzo(a)pyrene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.00E-07 6.19E-06 3.64E-07 0.00 0.00 0.00 0.00 30.58 69.42 0.00 0.00

9 Benzo(b)fluoranthene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.80E-07 6.19E-06 7.88E-07 0.00 0.00 0.00 0.00 35.64 64.36 0.00 0.00

10 Benzo(k)fluoranthene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.00E-05 5.06E-06 4.24E-07 0.00 0.00 0.00 0.00 29.03 70.97 0.00 0.00

11 Chrysene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.00E-06 6.19E-06 1.03E-06 0.00 0.00 0.00 0.00 52.62 47.38 0.00 0.00

12 Dibenzo(ah)anthracene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.00E-08 2.25E-06 2.00E-06 0.00 0.00 0.00 0.00 51.44 48.56 0.00 0.00

13 Fluoranthene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.25E-02 1.97E-05 5.09E-06 0.00 0.00 0.00 0.00 97.00 2.95 0.00 0.04

14 Indeno(123-cd)pyrene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.30E-06 5.63E-06 5.46E-07 0.00 0.00 0.00 0.00 38.04 61.96 0.00 0.00

15 Naphthalene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.90E-04 3.94E-04 1.70E-04 0.00 0.00 0.00 0.00 80.23 0.04 0.00 19.74

16 Phenanthrene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.25E-02 8.66E-05 3.14E-05 0.00 0.00 0.00 0.00 98.92 0.83 0.00 0.25
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Average Daily Exposure (mg kg-1 bw day-1) Distribution by Pathway (%)
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1 Chromiium (VI) (S4UL) TDI 0.9 ID 0.0001 6.7 NR NR NR NR NR NR 0 0.5 1 1 1

2 Mercury-elemental (S4UL) NR 0 TDI 0.06 0 0.026 1.17E-01 6.34E-06 2.00E-09 4.16 0.62 0 0.5 1 1 1

3 Aromatic EC >10-12 (S4UL) TDI 40 TDI 60 9.99E+99 9.99E+99 7.22E-02 1.00E-05 1.00E-09 3.4 3.93 0.1 0.5 10 1 1

4 Aromatic EC >12-16 (S4UL) TDI 40 TDI 60 9.99E+99 9.99E+99 1.26E-02 1.00E-05 1.00E-09 3.7 4.29 0.1 0.5 10 1 1

5 Aromatic EC >16-21 (S4UL) TDI 30 NR 0 9.99E+99 0 6.95E-04 1.00E-05 1.00E-09 4.15 4.82 0.1 0.5 10 1 1

6 Aromatic EC >21-35 (S4UL) TDI 30 NR 0 9.99E+99 0 2.48E-05 1.00E-05 1.00E-09 5.1 5.95 0.1 0.5 10 1 1

7 Benzo(a)anthracene (S4UL) ID 0.155 ID 0.0015 0.06 0.011 3.16E-05 4.60E-06 3.80E-10 4.89 5.91 0.13 0.5 1 1 1

8 Benzo(a)pyrene (S4UL) ID 0.031 ID 0.0003 0.11 0.006 1.76E-06 4.38E-06 3.67E-10 5.11 6.18 0.13 0.5 1 1 1

9 Benzo(b)fluoranthene (S4UL) ID 0.039 ID 0.00038 0.11 0.013 2.05E-06 4.36E-06 3.62E-10 5.02 6.08 0.13 0.5 1 1 1

10 Benzo(k)fluoranthene (S4UL) ID 1.03 ID 0.01 0.09 0.007 1.74E-06 4.36E-06 3.62E-10 5.17 6.26 0.13 0.5 1 1 1

11 Chrysene (S4UL) ID 0.31 ID 0.003 0.11 0.017 3.18E-06 4.57E-06 3.77E-10 4.74 5.73 0.13 0.5 1 1 1

12 Dibenzo(ah)anthracene (S4UL) ID 0.0031 ID 0.00003 0.04 0.033 5.40E-06 4.08E-06 3.40E-10 5.27 6.38 0.13 0.5 1 1 1

13 Fluoranthene (S4UL) TDI 12.5 TDI 12.5 0.35 0.084 6.29E-05 5.01E-06 4.11E-10 4.26 5.13 0.13 0.5 1 1 1

14 Indeno(123-cd)pyrene (S4UL) ID 0.443 ID 0.0043 0.1 0.009 2.05E-06 4.17E-06 3.51E-10 4.94 5.97 0.13 0.5 1 1 1

15 Naphthalene (S4UL) TDI 20 TDI 0.86 7 2.8 6.62E-03 6.52E-06 5.16E-10 2.81 3.34 0.13 0.5 1 1 1

16 Phenanthrene (S4UL) TDI 12.5 TDI 12.5 1.54 0.518 1.43E-04 5.34E-06 4.32E-10 3.74 4.5 0.13 0.5 1 1 1
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1 Chromiium (VI) (S4UL) 1.80E+01 NR 2.30E+06 0.0002 fw 0.0001 fw 0.0001 fw 0.09 fw 0.0003 fw 0.09 fw

2 Mercury-elemental (S4UL) 1.68E+02 7.03E-02 5.60E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

3 Aromatic EC >10-12 (S4UL) 2.91E+01 3.21E+01 2.45E+01 model model model model model model

4 Aromatic EC >12-16 (S4UL) 5.81E+01 1.14E+00 5.75E+00 model model model model model model

5 Aromatic EC >16-21 (S4UL) 1.64E+02 5.62E-03 6.53E-01 model model model model model model

6 Aromatic EC >21-35 (S4UL) 1.46E+03 1.61E-06 6.61E-03 model model model model model model

7 Benzo(a)anthracene (S4UL) 9.00E+02 1.24E-06 3.80E-03 model model model model model model

8 Benzo(a)pyrene (S4UL) 1.49E+03 2.00E-08 3.80E-03 model model model model model model

9 Benzo(b)fluoranthene (S4UL) 1.21E+03 6.34E-08 2.00E-03 model model model model model model

10 Benzo(k)fluoranthene (S4UL) 1.72E+03 1.64E-08 8.00E-04 model model model model model model

11 Chrysene (S4UL) 6.37E+02 4.52E-08 2.00E-03 model model model model model model

12 Dibenzo(ah)anthracene (S4UL) 2.16E+03 1.66E-10 6.00E-04 model model model model model model

13 Fluoranthene (S4UL) 2.11E+02 1.31E-04 2.30E-01 model model model model model model

14 Indeno(123-cd)pyrene (S4UL) 1.01E+03 2.12E-09 2.00E-04 model model model model model model

15 Naphthalene (S4UL) 7.49E+00 2.31E+00 1.90E+01 model model model model model model

16 Phenanthrene (S4UL) 6.37E+01 2.82E-03 1.12E+00 model model model model model model
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Appendix 4  Human Health – Wilson Modular Approach for Inhalation of Vapours in 

Indoor Air 

  



Contaminant:   

HCVinh (ID or TDSI):   0.82 = 2.87
µg/kg-d mg/m3

Calculated Indoor Vapour Concentration from 
Equation 10 below for comparison with HCVinh Cbuilding 7.02E-03 mg/m3

Wilson eq units units units

Source Vapour Concentration in Soil Air from Soil Contamination
(2) Soil Concentration CR 490 mg/kg CR 0.00049 g/g

Soil dry bulk density rb 0.94 g/cm3

Dimensionless Henry's Law constant (or Kaw) H'TS 0.00662 -
Soil air filled porosity Qa 0.12 cm3/cm3

Soil water filled porosity Qw 0.51 cm3/cm3 QT 0.63 cm3/cm3

Octanol-water partition coefficient Koc 645.6542 cm3/g
Soil fraction organic carbon foc 0.019 - Kd 12.26743 cm3/g Csource 2.53E-07 g/cm3

Source Vapour Concentration in Soil Air from Groundwater Contamination
(3) Groundwater concentration Cw 19.1 mg/l Cw 1.91E-08 g/cm3

Dimensionless Henry's Law constant (or Kaw) H'TS 0.00662 - Csource 1.26E-10 g/cm3

Source Vapour Concentration in Soil Air from NAPL
(4) NAPL Mole fraction Xt -

Vapour Pressure P0 2.28E-05 atm
Moelcular Weight MW 128.17 g/mol
Universal Gas Constant R 8.21E-05 m3atm/molK
Soil Temperature T 283.15 K Csource 0.00E+00 g/cm3

Combined Vapour Concentration from Soil, Groundwater and / or NAPL
Sum of Csource calculated individually for soil, 
groundwater and NAPL. Csource 2.53E-07 g/cm3

Diffusive Flow from Ground to Void
(5) Floor Area AB 4.24E+06 cm2

Soil (S), Water (W), NAPL (N) or (C) combined Source Type C -
Vapour concentration at top of soil Cg0 0.00E+00 g/cm3

Diffusion coefficient in air Dair 6.52E-02 cm2/s
Diffusion coefficient in water Dwater 5.16E-06 cm2/s Deff 3.50E-04 cm2/s
Depth to Source L 50 cm E 7.51E-06 g/s

Concentration in Void after Dilution by Fresh Air in Void
(7) Air Exchanges in Void Vex 1/day Texchange #DIV/0! s

Void Height Hvoid 15 cm Qvoid 4782.54 cm3/s
Vapour concentration in outdoor air Ce 0.00E+00 g/cm3

Use Air exchange/day (1) or BS5925 (2) 1 or 2 2 - Cvoid 1.57E-09 g/cm3

Advective Flow from Void (Ground) Through Cracks into Building
(9) Pressure difference DP 4.4 Pa

Intrinsic permeability of floor slab kv 2.00E-07 cm2

Area of cracks in floor slab Acrack 1647.3 cm2

Viscosity of air m 1.80E-05 Pa s
Thickness of floor slab Dcrack 15 cm Qentry 8.43E-09 g/s

Diffusive Flow from Void through slab/barrier into building
Floor Area AB 4.24E+06 cm2

Vapour concentration in building Cb0 g/cm3

Effective Diffusion coefficient for whole slab (barrier) Deff cm2/s
Slab/barrier thickness L cm Qentry #DIV/0! g/s

Concentration in Building after Dilution by Fresh Air in Void (Advective flow - no Barrier)
(10) Air exchange rate in building Bex 1 1/hr

Vapour concentration in outdoor air Ce 0.00E+00 g/cm3

Buiding height H 1020 cm Qbuilding 1.20E+06 cm3/s Cbuilding 7.02E-15 g/cm3

7.02E-03 mg/m3

Concentration in Building after Dilution by Fresh Air in Void (Diffusive Flow - Vapour Barrier)
(10) Air exchange rate in building Bex 1 1/hr

Buiding height H 1020 cm Qbuilding 1.20E+06 cm3/s Cbuilding #DIV/0! g/cm3

#DIV/0! mg/m3

Naphthalene Building Type:   Pre-1970 office

Soil Type:   Silty clay

Input Parameters Calculated Variables Outputs



  
 

 

  

Appendix 5  Human Health – SSAC (Outdoor Inhalation Pathways) 
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Apply Top 2 Approach to Produce Group

Assessment Criterion (mg kg-1) Ratio of ADE to HCV 50% rule?

oral inhalation combined oral inhalation combined Oral Inhal

1 Chromiium (VI) (S4UL) NR NR NR 0.00 0.00 NR NR Yes No No 0 0 0 0 0 0
2 Mercury-elemental (S4UL) NR 1.67E+04 NR NR 1.00 NR 8.61E+00 (vap) No No No 0 0 0 0 0 0
3 Aromatic EC >10-12 (S4UL) NR 3.90E+06 3.90E+06 0.00 1.00 1.00 7.27E+02 (sol) Yes Yes No 0 0 0 0 0 0
4 Aromatic EC >12-16 (S4UL) NR 1.01E+07 1.01E+07 0.00 1.00 1.00 3.37E+02 (sol) Yes Yes No 0 0 0 0 0 0
5 Aromatic EC >16-21 (S4UL) 1.17E+07 NR NR 1.00 NR NR 1.07E+02 (vap) Yes No No 0 0 0 0 0 0

6 Aromatic EC >21-35 (S4UL) 3.57E+07 NR NR 1.00 NR NR 9.66E+00 (sol) Yes No No 0 0 0 0 0 0

7 Benzo(a)anthracene (S4UL) NR 4.55E+03 4.55E+03 0.00 1.00 1.00 3.42E+00 (sol) No No No 0 0 0 0 0 0

8 Benzo(a)pyrene (S4UL) NR 1.19E+03 1.19E+03 0.00 1.00 1.00 1.82E+00 (vap) No No No 0 0 0 0 0 0
9 Benzo(b)fluoranthene (S4UL) NR 1.37E+03 1.37E+03 0.00 1.00 1.00 2.43E+00 (sol) No No No 0 0 0 0 0 0
10 Benzo(k)fluoranthene (S4UL) NR 4.29E+04 4.29E+04 0.00 1.00 1.00 1.37E+00 (sol) No No No 0 0 0 0 0 0
11 Chrysene (S4UL) NR 7.69E+03 7.69E+03 0.00 1.00 1.00 8.80E-01 (vap) No No No 0 0 0 0 0 0
12 Dibenzo(ah)anthracene (S4UL) NR 1.49E+02 1.49E+02 0.00 1.00 1.00 7.86E-03 (vap) No No No 0 0 0 0 0 0
13 Fluoranthene (S4UL) NR 1.76E+07 1.76E+07 0.00 1.00 1.00 3.79E+01 (vap) No No No 0 0 0 0 0 0
14 Indeno(123-cd)pyrene (S4UL) NR 1.44E+04 1.44E+04 0.00 1.00 1.00 1.23E-01 (vap) No No No 0 0 0 0 0 0
15 Naphthalene (S4UL) NR 1.31E+05 NR 0.00 1.00 NR 1.53E+02 (sol) No No No 0 0 0 0 0 0
16 Phenanthrene (S4UL) NR 9.42E+06 9.42E+06 0.00 1.00 1.00 7.20E+01 (sol) No No No 0 0 0 0 0 0
17

18

19

20

R
o

ot
 v

eg
et

ab
le

s

T
u

be
r 

ve
g

et
a

bl
es

H
e

rb
ac

eo
us

 fr
ui

t

S
hr

ub
 fr

u
it

T
re

e 
fr

u
it

T
o

p 
T

w
o

 a
pp

lie
d

?

G
re

en
 v

e
ge

ta
bl

e
s

15-Feb-18

Saturation Limit (mg kg-1)



LO10488_HH_SSAC_O Inhal

CLEA Software Version 1.071 Report generated Page 3 of 11

Apply Top 2 Approach to Produce Group

Assessment Criterion (mg kg-1) Ratio of ADE to HCV 50% rule?

oral inhalation combined oral inhalation combined Oral Inhal
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Soil Distribution Media Concentrations

% % % % mg kg-1 mg m-3 mg kg-1 mg m-3 mg m-3 mg m-3 mg m-3 mg m-3 mg kg-1 FW mg kg-1 FW mg kg-1 FW mg kg-1 FW mg kg-1 FW mg kg-1 FW

1 Chromiium (VI) (S4UL) 0.0 0.0 0.0 0.0 0.00E+00 NR NA NA NA NA 0.00E+00 0.00E+00 NA NA NA NA NA NA

2 Mercury-elemental (S4UL) 99.7 0.3 0.0 100.0 1.67E+04 1.16E+04 NA NA NA NA 1.97E-03 0.00E+00 NA NA NA NA NA NA

3 Aromatic EC >10-12 (S4UL) 98.1 1.8 0.0 100.0 3.90E+06 9.48E+06 NA NA NA NA 1.01E+00 0.00E+00 NA NA NA NA NA NA

4 Aromatic EC >12-16 (S4UL) 99.1 0.9 0.0 100.0 1.01E+07 2.17E+06 NA NA NA NA 1.01E+00 0.00E+00 NA NA NA NA NA NA

5 Aromatic EC >16-21 (S4UL) 99.7 0.3 0.0 100.0 1.17E+07 4.93E+04 NA NA NA NA 5.07E-01 0.00E+00 NA NA NA NA NA NA

6 Aromatic EC >21-35 (S4UL) 100.0 0.0 0.0 100.0 3.57E+07 6.06E+02 NA NA NA NA 5.07E-01 0.00E+00 NA NA NA NA NA NA

7 Benzo(a)anthracene (S4UL) 99.9 0.1 0.0 100.0 4.55E+03 1.59E-01 NA NA NA NA 5.07E-05 0.00E+00 NA NA NA NA NA NA

8 Benzo(a)pyrene (S4UL) 100.0 0.0 0.0 100.0 1.19E+03 1.41E-03 NA NA NA NA 1.01E-05 0.00E+00 NA NA NA NA NA NA

9 Benzo(b)fluoranthene (S4UL) 100.0 0.0 0.0 100.0 1.37E+03 2.32E-03 NA NA NA NA 1.28E-05 0.00E+00 NA NA NA NA NA NA

10 Benzo(k)fluoranthene (S4UL) 100.0 0.0 0.0 100.0 4.29E+04 4.35E-02 NA NA NA NA 3.38E-04 0.00E+00 NA NA NA NA NA NA

11 Chrysene (S4UL) 99.9 0.1 0.0 100.0 7.69E+03 3.83E-02 NA NA NA NA 1.01E-04 0.00E+00 NA NA NA NA NA NA

12 Dibenzo(ah)anthracene (S4UL) 100.0 0.0 0.0 100.0 1.49E+02 3.73E-04 NA NA NA NA 1.01E-06 0.00E+00 NA NA NA NA NA NA

13 Fluoranthene (S4UL) 99.7 0.3 0.0 100.0 1.76E+07 5.24E+03 NA NA NA NA 4.22E-01 0.00E+00 NA NA NA NA NA NA

14 Indeno(123-cd)pyrene (S4UL) 99.9 0.1 0.0 100.0 1.44E+04 2.92E-02 NA NA NA NA 1.45E-04 0.00E+00 NA NA NA NA NA NA

15 Naphthalene (S4UL) 93.2 6.8 0.0 100.0 1.31E+05 1.08E+05 NA NA NA NA 2.33E-02 0.00E+00 NA NA NA NA NA NA

16 Phenanthrene (S4UL) 99.2 0.8 0.0 100.0 9.42E+06 2.09E+04 NA NA NA NA 4.21E-01 0.00E+00 NA NA NA NA NA NA
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Soil Distribution Media Concentrations

% % % % mg kg-1 mg m-3 mg kg-1 mg m-3 mg m-3 mg m-3 mg m-3 mg m-3 mg kg-1 FW mg kg-1 FW mg kg-1 FW mg kg-1 FW mg kg-1 FW mg kg-1 FW
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Average Daily Exposure (mg kg-1 bw day-1) Distribution by Pathway (%)

1 Chromiium (VI) (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.77E-04 0.00E+00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 Mercury-elemental (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.84E-05 0.00E+00 1.58E-06 0.00 0.00 0.00 0.00 0.00 97.37 0.00 2.63

3 Aromatic EC >10-12 (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.00E-02 5.62E+95 6.06E+95 0.00 0.00 0.00 0.00 0.00 50.00 0.00 50.00

4 Aromatic EC >12-16 (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.00E-02 5.62E+95 6.06E+95 0.00 0.00 0.00 0.00 0.00 50.00 0.00 50.00

5 Aromatic EC >16-21 (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.50E-02 5.62E+95 0.00E+00 0.00 0.00 0.00 0.00 0.00 50.00 50.00 0.00

6 Aromatic EC >21-35 (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.50E-02 5.62E+95 0.00E+00 0.00 0.00 0.00 0.00 0.00 50.00 50.00 0.00

7 Benzo(a)anthracene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.50E-06 3.38E-06 6.67E-07 0.00 0.00 0.00 0.00 0.00 100.00 0.00 0.00

8 Benzo(a)pyrene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.00E-07 6.19E-06 3.64E-07 0.00 0.00 0.00 0.00 0.00 100.00 0.00 0.00

9 Benzo(b)fluoranthene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.80E-07 6.19E-06 7.88E-07 0.00 0.00 0.00 0.00 0.00 100.00 0.00 0.00

10 Benzo(k)fluoranthene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.00E-05 5.06E-06 4.24E-07 0.00 0.00 0.00 0.00 0.00 100.00 0.00 0.00

11 Chrysene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.00E-06 6.19E-06 1.03E-06 0.00 0.00 0.00 0.00 0.00 100.00 0.00 0.00

12 Dibenzo(ah)anthracene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.00E-08 2.25E-06 2.00E-06 0.00 0.00 0.00 0.00 0.00 100.00 0.00 0.00

13 Fluoranthene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.25E-02 1.97E-05 5.09E-06 0.00 0.00 0.00 0.00 0.00 99.96 0.00 0.04

14 Indeno(123-cd)pyrene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.30E-06 5.63E-06 5.46E-07 0.00 0.00 0.00 0.00 0.00 100.00 0.00 0.00

15 Naphthalene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.90E-04 3.94E-04 1.70E-04 0.00 0.00 0.00 0.00 0.00 80.26 0.00 19.74

16 Phenanthrene (S4UL) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.25E-02 8.66E-05 3.14E-05 0.00 0.00 0.00 0.00 0.00 99.75 0.00 0.25
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Average Daily Exposure (mg kg-1 bw day-1) Distribution by Pathway (%)
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1 Chromiium (VI) (S4UL) TDI 0.9 ID 0.0001 6.7 NR NR NR NR NR NR 0 0.5 1 1 1

2 Mercury-elemental (S4UL) NR 0 TDI 0.06 0 0.026 1.17E-01 6.34E-06 2.00E-09 4.16 0.62 0 0.5 1 1 1

3 Aromatic EC >10-12 (S4UL) TDI 40 TDI 60 9.99E+99 9.99E+99 7.22E-02 1.00E-05 1.00E-09 3.4 3.93 0.1 0.5 10 1 1

4 Aromatic EC >12-16 (S4UL) TDI 40 TDI 60 9.99E+99 9.99E+99 1.26E-02 1.00E-05 1.00E-09 3.7 4.29 0.1 0.5 10 1 1

5 Aromatic EC >16-21 (S4UL) TDI 30 NR 0 9.99E+99 0 6.95E-04 1.00E-05 1.00E-09 4.15 4.82 0.1 0.5 10 1 1

6 Aromatic EC >21-35 (S4UL) TDI 30 NR 0 9.99E+99 0 2.48E-05 1.00E-05 1.00E-09 5.1 5.95 0.1 0.5 10 1 1

7 Benzo(a)anthracene (S4UL) ID 0.155 ID 0.0015 0.06 0.011 3.16E-05 4.60E-06 3.80E-10 4.89 5.91 0.13 0.5 1 1 1

8 Benzo(a)pyrene (S4UL) ID 0.031 ID 0.0003 0.11 0.006 1.76E-06 4.38E-06 3.67E-10 5.11 6.18 0.13 0.5 1 1 1

9 Benzo(b)fluoranthene (S4UL) ID 0.039 ID 0.00038 0.11 0.013 2.05E-06 4.36E-06 3.62E-10 5.02 6.08 0.13 0.5 1 1 1

10 Benzo(k)fluoranthene (S4UL) ID 1.03 ID 0.01 0.09 0.007 1.74E-06 4.36E-06 3.62E-10 5.17 6.26 0.13 0.5 1 1 1

11 Chrysene (S4UL) ID 0.31 ID 0.003 0.11 0.017 3.18E-06 4.57E-06 3.77E-10 4.74 5.73 0.13 0.5 1 1 1

12 Dibenzo(ah)anthracene (S4UL) ID 0.0031 ID 0.00003 0.04 0.033 5.40E-06 4.08E-06 3.40E-10 5.27 6.38 0.13 0.5 1 1 1

13 Fluoranthene (S4UL) TDI 12.5 TDI 12.5 0.35 0.084 6.29E-05 5.01E-06 4.11E-10 4.26 5.13 0.13 0.5 1 1 1

14 Indeno(123-cd)pyrene (S4UL) ID 0.443 ID 0.0043 0.1 0.009 2.05E-06 4.17E-06 3.51E-10 4.94 5.97 0.13 0.5 1 1 1

15 Naphthalene (S4UL) TDI 20 TDI 0.86 7 2.8 6.62E-03 6.52E-06 5.16E-10 2.81 3.34 0.13 0.5 1 1 1

16 Phenanthrene (S4UL) TDI 12.5 TDI 12.5 1.54 0.518 1.43E-04 5.34E-06 4.32E-10 3.74 4.5 0.13 0.5 1 1 1
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1 Chromiium (VI) (S4UL) 1.80E+01 NR 2.30E+06 0.0002 fw 0.0001 fw 0.0001 fw 0.09 fw 0.0003 fw 0.09 fw

2 Mercury-elemental (S4UL) 1.68E+02 7.03E-02 5.60E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

3 Aromatic EC >10-12 (S4UL) 2.91E+01 3.21E+01 2.45E+01 model model model model model model

4 Aromatic EC >12-16 (S4UL) 5.81E+01 1.14E+00 5.75E+00 model model model model model model

5 Aromatic EC >16-21 (S4UL) 1.64E+02 5.62E-03 6.53E-01 model model model model model model

6 Aromatic EC >21-35 (S4UL) 1.46E+03 1.61E-06 6.61E-03 model model model model model model

7 Benzo(a)anthracene (S4UL) 9.00E+02 1.24E-06 3.80E-03 model model model model model model

8 Benzo(a)pyrene (S4UL) 1.49E+03 2.00E-08 3.80E-03 model model model model model model

9 Benzo(b)fluoranthene (S4UL) 1.21E+03 6.34E-08 2.00E-03 model model model model model model

10 Benzo(k)fluoranthene (S4UL) 1.72E+03 1.64E-08 8.00E-04 model model model model model model

11 Chrysene (S4UL) 6.37E+02 4.52E-08 2.00E-03 model model model model model model

12 Dibenzo(ah)anthracene (S4UL) 2.16E+03 1.66E-10 6.00E-04 model model model model model model

13 Fluoranthene (S4UL) 2.11E+02 1.31E-04 2.30E-01 model model model model model model

14 Indeno(123-cd)pyrene (S4UL) 1.01E+03 2.12E-09 2.00E-04 model model model model model model

15 Naphthalene (S4UL) 7.49E+00 2.31E+00 1.90E+01 model model model model model model

16 Phenanthrene (S4UL) 6.37E+01 2.82E-03 1.12E+00 model model model model model model
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Appendix 6  Controlled Waters – DQRA Input Parameters 

  



Source: Made Ground
Parameter Variable Value Units Data Source

Natural Moisture Content 24 % wt From 2010 SI and 2017 SI. 
Particle Density 2.78 tonnes/m3 Default value
Dry Bulk Density 1.59 tonnes/m3 From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)
Water filled soil porosity qW 0.38 fraction Calculated using porosity calculator
Air filled soil porosity qa 0.05 fraction Calculated using porosity calculator
Bulk density of soil zone material r 0.94 g/cm3 Default value for Silty Clay from Environment Agency (2009)
Infiltration Inf 0.001 m/d Assumed 20% infiltration of average annual effective rainfall (rainfall - MORECS AE) plus 30mm/a leakage from drains
Area of contaminant source A 464 m2 Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked (site plan)
Length of contaminant source in direction of groundwater flow L 29 m From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked (site plan)
Width of contaminant source perpendicular to groundwater flow w 16 m Based on site width (16m) from Atkins (2013) (measured from site plan). Checked (site plan)
Fraction of organic carbon (in soil) foc 0.011 fraction From 2017 SI (average of made ground values)

Potential Pollutant Linkage (PPL): CW1 Shallow Superficial Aquifer
Parameter Variable Value Units Data Source
Saturated aquifer thickness da 5.3 m Calculated from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher
Hydraulic gradient of water table i 0.03 fraction From 12/12/2017 monitoring round
Enter mixing zone thickness Mz 5.4 m Assumed equal to saturated aquifer thickness
Bulk density of aquifer materials r 1.59 g/cm3 Average value for gravely sand (ConSim manaul)
Effective porosity of aquifer n 0.4 fraction Glacial deposits (Hiscock, 2005)
Distance to compliance point x 10 m Nominal 10m (river adjacent to site)
Time since pollutant entered groundwater t 1E+99 days Steady state conditions
Fraction of organic carbon in aquifer foc 4.35E-03 fraction Average value for glacio-fluvial silty sand (Consim manual)
Dispersivities 10%, 1%, 0.1% of pathway length



Parameter
Variable
Units

Mercury 0.00007 EQS Freshwater (The Water Framework Directive 2015)0.117 LQM/CIEH (2015) 6310 USEPA (2005) n/a n/a
Ammonium 0.5 EQS Freshwater (The Water Framework Directive 2015)0 - 66 From Atkins (2013) n/a n/a
Cyanide (Total) 0.001 EQS Freshwater (The Water Framework Directive 2015)0 - 1.00E+03 From Atkins (2013) n/a n/a
Benzene 0.01 EQS Freshwater (The Water Framework Directive 2015)1.16E-01 LQM/CIEH (2015) n/a n/a 6.76E+01 LQM/CIEH (2015)
Aliphatics >C12-C16 0.01 UKDWS for hydrocarbons 1.71E+02 LQM/CIEH (2015) n/a n/a 5.37E+06 LQM/CIEH (2015)
Aliphatics >C16-C21 0.01 UKDWS for hydrocarbons 1.07E+03 LQM/CIEH (2015) n/a n/a 5.75E+08 LQM/CIEH (2015)
Aliphatics >C21-C35 0.01 UKDWS for hydrocarbons 1.07E+03 LQM/CIEH (2015) n/a n/a 5.75E+08 LQM/CIEH (2015)
Aromatics >EC5-EC7 0.01 UKDWS for hydrocarbons 1.16E-01 LQM/CIEH (2015) n/a n/a 6.76E+01 LQM/CIEH (2015)
Aromatics >EC7-EC8 0.01 UKDWS for hydrocarbons 1.15E-01 LQM/CIEH (2015) n/a n/a 2.04E+02 LQM/CIEH (2015)
Aromatics >EC8-EC10 0.01 UKDWS for hydrocarbons 2.53E-01 LQM/CIEH (2015) n/a n/a 1.58E+03 LQM/CIEH (2015)
Aromatics >EC10-EC12 0.01 UKDWS for hydrocarbons 7.22E-02 LQM/CIEH (2015) n/a n/a 2.51E+03 LQM/CIEH (2015)
Aromatics >EC12-EC16 0.01 UKDWS for hydrocarbons 1.26E-02 LQM/CIEH (2015) n/a n/a 5.01E+03 LQM/CIEH (2015)
Aromatics >EC16-EC21 0.01 UKDWS for hydrocarbons 6.95E-04 LQM/CIEH (2015) n/a n/a 1.41E+04 LQM/CIEH (2015)
Benzo(a)pyrene 0.00000017 EQS Freshwater (The Water Framework Directive 2015)1.76E-06 LQM/CIEH (2015) n/a n/a 1.29E+05 LQM/CIEH (2015)
Benzo(b)fluoranthene 0.00000017 Benzo(a)pyrene EQS Freshwater (The Water Framework Directive 2015)2.05E-06 LQM/CIEH (2015) n/a n/a 1.05E+05 LQM/CIEH (2015)
Benzo(k)fluoranthene 0.00000017 Benzo(a)pyrene EQS Freshwater (The Water Framework Directive 2015)1.74E-06 LQM/CIEH (2015) n/a n/a 1.48E+05 LQM/CIEH (2015)
Fluoranthene 0.0000063 EQS Freshwater (The Water Framework Directive 2015)6.29E-05 LQM/CIEH (2015) n/a n/a 1.82E+04 LQM/CIEH (2015)
Indeno(1,2,3-cd)pyrene 0.00000017 Benzo(a)pyrene EQS Freshwater (The Water Framework Directive 2015)2.05E-06 LQM/CIEH (2015) n/a n/a 8.71E+04 LQM/CIEH (2015)
Naphthalene 0.002 EQS Freshwater (The Water Framework Directive 2015)6.62E-03 LQM/CIEH (2015) n/a n/a 6.46E+02 LQM/CIEH (2015)
Acenaphthene 0.017 Freshwater Chronic Screening Value, Region 4 USEPA Ecological Risk Assessment bylletin 30 November 20017.59E-04 LQM/CIEH (2015) n/a n/a 2.34E+03 LQM/CIEH (2015)
Anthracene 0.0001 EQS Freshwater (The Water Framework Directive 2015)1.81E-04 LQM/CIEH (2015) n/a n/a 5.62E+03 LQM/CIEH (2015)

Soil water partition coefficient
Kd

l/kg

Organic carbon partition 
Koc
l/kg

Target concentration
CT

mg/l

Henry's Law constant
H

dimensionless



Parameter
Variable
Units

Mercury
Ammonium
Cyanide (Total)
Benzene
Aliphatics >C12-C16
Aliphatics >C16-C21
Aliphatics >C21-C35
Aromatics >EC5-EC7
Aromatics >EC7-EC8
Aromatics >EC8-EC10
Aromatics >EC10-EC12
Aromatics >EC12-EC16
Aromatics >EC16-EC21
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Fluoranthene
Indeno(1,2,3-cd)pyrene
Naphthalene
Acenaphthene
Anthracene

0.46 From 2017 SI (average of made ground concentrations)
7.6 From 2017 SI (average of made ground concentrations)
1.5 From 2017 SI (average of made ground concentrations)

0.0021 From 2017 SI (average of made ground concentrations)
21 From 2017 SI (average of made ground concentrations)
25 From 2017 SI (average of made ground concentrations)
40 From 2017 SI (average of made ground concentrations)

0.002 From 2017 SI (average of made ground concentrations)
0.001 From 2017 SI (average of made ground concentrations)
0.038 From 2017 SI (average of made ground concentrations)

32 From 2017 SI (average of made ground concentrations)
118 From 2017 SI (average of made ground concentrations)
390 From 2017 SI (average of made ground concentrations)
34 From 2017 SI (average of made ground concentrations)
34 From 2017 SI (average of made ground concentrations)
21 From 2017 SI (average of made ground concentrations)
87 From 2017 SI (average of made ground concentrations)
17 From 2017 SI (average of made ground concentrations)
24 From 2017 SI (average of made ground concentrations)
15 From 2017 SI (average of made ground concentrations)
21 From 2017 SI (average of made ground concentrations)

Enter soil  concentration
Co

mg/kg



Parameter
Variable
Units

Mercury
Ammonium
Cyanide (Total)
Benzene
Aliphatics >C12-C16
Aliphatics >C16-C21
Aliphatics >C21-C35
Aromatics >EC5-EC7
Aromatics >EC7-EC8
Aromatics >EC8-EC10
Aromatics >EC10-EC12
Aromatics >EC12-EC16
Aromatics >EC16-EC21
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Fluoranthene
Indeno(1,2,3-cd)pyrene
Naphthalene
Acenaphthene
Anthracene

1.00E+10
1.00E+10
1.00E+10

720 Mackay (2006)
1.00E+10
1.00E+10
1.00E+10

720 Half-life for benzene Mackay (2006).  Benzene used as indicator compound as per Environment Agency (2009b)
28 Half-life for toluene Mackay (2006).  Toluene used as indicator compound as per Environment Agency (2009b)

360 Half-life for xylene Mackay (2006).  Xylene used as indicator compound as per Environment Agency (2009b)
258 Half-life for naphthalene Mackay (2006).  Naphthalene used as indicator compound as per Environment Agency (2009b)
204 Half-life for acenaphthene Mackay (2006).  Acenaphthene used as indicator compound as per Environment Agency (2009b)

4280 Half-life for benzo(k)fluoranthene Mackay (2006).  Benzo(k)fluoranthene used as indicator compound as per Environment Agency (2009b)
1064 Mackay (2006)
1220 Mackay (2006)
4280 Mackay (2006)
880 Mackay (2006)

4280 Half-life for benzo(k)fluoranthene Mackay (2006).  Benzo(k)fluoranthene used as indicator compound as per Environment Agency (2009b)
258 Mackay (2006)
204 Mackay (2006)
920 Mackay (2006)

Half life for degradation of contaminant in water
t1/2
days



  
 

 

  

Appendix 7  Controlled Waters – Remedial Targets Worksheets 

  



First released: 2006. Version 3.2: January 2013

Details to be completed for each assessment

Site Name:

Site Address:

Completed by:

Date: 12-Feb-18 Version: 1

Contaminant Mercury

Target Concentration (CT) 0.00007 mg/l Origin of CT:

Data carried forward from an earlier worksheet are identified by a light green background

Former Gas Works

Gas Works Road, Reading

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

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 (The Water Framework Directive 2015)

AS

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.

Environment Agency Publication 20, Remedial Targets worksheet v3.1
23/02/2018, 09:20

01_DQRA_PPLCW1_Mercury_v1.xlsxIntroduction



Level 1 - Soil

1  

Contaminant User specified value for partition coefficient 0

Target concentration CT 0.00007 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 1.17E-01 dimensionless LQM/CIEH (2015)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 6.31E+03 l/kg USEPA (2005)

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Organic carbon partition coefficient Koc 0.00E+00 l/kg

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 6.31E+03 l/kg Specified value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 4.42E-01 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.00007 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Mercury

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

User specified value for partition coefficient

 Remedial targets worksheet v3.1 23/02/2018, 09:20

01_DQRA_PPLCW1_Mercury_v1.xlsxLevel1 Soil 



Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.00007 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  1.09E-04 mg/l

or

6.88E-01 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Mercury This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI
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1 User specified value for partition coefficient

0 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 0.00007 mg/l from Level 1

Dilution Factor DF 1.56E+00 from Level 2  

Entry if specify partition coefficient (option) Ogata Banks

Select analytical solution (click on brown cell below, then on pull-down menu) Soil water partition coefficient Kd 6.31E+03 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 0.00E+00 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 0.00E+00 l/kg 0 1.0E+00 4.68E-05

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 1.00E+00 4.67E-05

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 1.0 9.99E-01 4.67E-05

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 9.99E-01 4.67E-05

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 9.98E-01 4.67E-05

Soil concentration as mg/kg Enter soil  concentration Co 0.46 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 9.98E-01 4.67E-05

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 1.00E+10 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 9.98E-01 4.67E-05

Calculated decay rate l 6.93E-11 days
-1

calculated 3.5 9.97E-01 4.66E-05

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 6.31E+03 l/kg 4.0 9.97E-01 4.66E-05

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 9.96E-01 4.66E-05

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 9.96E-01 4.66E-05

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 9.95E-01 4.66E-05

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 9.95E-01 4.65E-05

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 9.95E-01 4.65E-05

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 9.94E-01 4.65E-05

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 9.94E-01 4.65E-05

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 9.93E-01 4.65E-05

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 9.93E-01 4.64E-05

Parameters values determined from options Note values of dispersivity must be > 0 9.0 9.93E-01 4.64E-05

Partition coefficient Kd 6.31E+03 l/kg see options 9.5 9.92E-01 4.64E-05
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 9.92E-01 4.64E-05

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 2.51E+04 fraction Ogata Banks

Decay rate used l 6.93E-11 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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 8.34E-08 m/d

Ratio of Compliance Point to Source Concentration CED/C0 9.92E-01 fraction

Attenuation factor (CO/CED) AF 1.01E+00 fraction

Calculated soil leachate concentration Co 7.29E-05 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  1.10E-04 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

6.94E-01 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 9.92E-01 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Remedial Targets Worksheet , Release 3.2

User specified value for partition coefficient

Mercury

This worksheet should be used if pollutant transport and 

degradation is best described by a first order reaction.  If 

degradation is best desribed by an electron limited 

degradation such as oxidation by O2, NO3, SO4 etc than an 

alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg
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First released: 2006. Version 3.2: January 2013

Details to be completed for each assessment

Site Name:

Site Address:

Completed by:

Date: 12-Feb-18 Version: 1

Contaminant Ammonium

Target Concentration (CT) 0.5 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 (The Water Framework Directive 2015)

AS

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.

Former Gas Works

Gas Works 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
23/02/2018, 09:25
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Level 1 - Soil

1  

Contaminant User specified value for partition coefficient 0

Target concentration CT 0.5 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 0.00E+00 dimensionless

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 6.60E+01 l/kg From Atkins (2013)

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Organic carbon partition coefficient Koc 0.00E+00 l/kg

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 6.60E+01 l/kg Specified value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 3.32E+01 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.5 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Ammonium

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

User specified value for partition coefficient

 Remedial targets worksheet v3.1 23/02/2018, 09:25
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Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.5 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  7.79E-01 mg/l

or

5.18E+01 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Ammonium This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI
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1 User specified value for partition coefficient

0 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 0.5 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 0.00E+00 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 0.00E+00 l/kg 0 1.0E+00 7.34E-02

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 1.00E+00 7.34E-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 1.0 1.00E+00 7.34E-02

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 1.00E+00 7.34E-02

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 1.00E+00 7.34E-02

Soil concentration as mg/kg Enter soil  concentration Co 7.6 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 1.00E+00 7.34E-02

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 1.00E+10 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 1.00E+00 7.34E-02

Calculated decay rate l 6.93E-11 days
-1

calculated 3.5 1.00E+00 7.34E-02

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 5.00E+02 l/kg 4.0 1.00E+00 7.34E-02

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 1.00E+00 7.34E-02

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 1.00E+00 7.34E-02

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 1.00E+00 7.34E-02

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 1.00E+00 7.34E-02

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 1.00E+00 7.34E-02

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 1.00E+00 7.34E-02

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 1.00E+00 7.34E-02

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 9.99E-01 7.34E-02

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 9.99E-01 7.34E-02

Parameters values determined from options Note values of dispersivity must be > 0 9.0 9.99E-01 7.34E-02

Partition coefficient Kd 5.00E+02 l/kg see options 9.5 9.99E-01 7.34E-02
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 9.99E-01 7.34E-02

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 1.99E+03 fraction Ogata Banks

Decay rate used l 6.93E-11 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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 1.05E-06 m/d

Ratio of Compliance Point to Source Concentration CED/C0 9.99E-01 fraction

Attenuation factor (CO/CED) AF 1.00E+00 fraction

Calculated soil leachate concentration Co 1.14E-01 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  7.80E-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

5.18E+01 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 9.99E-01 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg

Remedial Targets Worksheet , Release 3.2

User specified value for partition coefficient

Ammonium

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
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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: 12-Feb-18 Version: 1

Contaminant Cyanide (Total)

Target Concentration (CT) 0.001 mg/l Origin of CT:

Data carried forward from an earlier worksheet are identified by a light green background

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.

Former Gas Works

Gas Works Road, Reading

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

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 (The Water Framework Directive 2015)

AS

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.

Environment Agency Publication 20, Remedial Targets worksheet v3.1
23/02/2018, 09:28
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Level 1 - Soil

1  

Contaminant User specified value for partition coefficient 0

Target concentration CT 0.001 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 0.00E+00 dimensionless

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 1.00E+03 l/kg From Atkins (2013)

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Organic carbon partition coefficient Koc 0.00E+00 l/kg

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 1.00E+03 l/kg Specified value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 1.00E+00 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.001 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Cyanide (Total)

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

User specified value for partition coefficient
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03_DQRA_PPLCW1_Cyanide_v1.xlsxLevel1 Soil 



Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.001 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  1.56E-03 mg/l

or

1.56E+00 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Cyanide (Total) This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI
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1 User specified value for partition coefficient

0 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 0.001 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 0.00E+00 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 0.00E+00 l/kg 0 1.0E+00 9.62E-04

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 1.00E+00 9.62E-04

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 1.0 1.00E+00 9.62E-04

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 1.00E+00 9.62E-04

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 1.00E+00 9.62E-04

Soil concentration as mg/kg Enter soil  concentration Co 1.5 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 1.00E+00 9.62E-04

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 1.00E+10 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 1.00E+00 9.62E-04

Calculated decay rate l 6.93E-11 days
-1

calculated 3.5 1.00E+00 9.62E-04

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 5.00E+02 l/kg 4.0 1.00E+00 9.62E-04

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 1.00E+00 9.62E-04

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 1.00E+00 9.62E-04

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 1.00E+00 9.62E-04

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 1.00E+00 9.62E-04

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 1.00E+00 9.62E-04

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 1.00E+00 9.62E-04

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 1.00E+00 9.62E-04

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 9.99E-01 9.61E-04

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 9.99E-01 9.61E-04

Parameters values determined from options Note values of dispersivity must be > 0 9.0 9.99E-01 9.61E-04

Partition coefficient Kd 5.00E+02 l/kg see options 9.5 9.99E-01 9.61E-04
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 9.99E-01 9.61E-04

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 1.99E+03 fraction Ogata Banks

Decay rate used l 6.93E-11 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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 1.05E-06 m/d

Ratio of Compliance Point to Source Concentration CED/C0 9.99E-01 fraction

Attenuation factor (CO/CED) AF 1.00E+00 fraction

Calculated soil leachate concentration Co 1.50E-03 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  1.56E-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

1.56E+00 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 9.99E-01 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg

Remedial Targets Worksheet , Release 3.2

User specified value for partition coefficient

Cyanide (Total)

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
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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: 12-Feb-18 Version: 0.1

Contaminant Benzene

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 (The Water Framework Directive 2015)

AS

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.

Former Gas Works

Gas Works 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
23/02/2018, 09:28
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Level 1 - Soil

0  

Contaminant User specified value for partition coefficient 1

Target concentration CT 0.01 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 1.16E-01 dimensionless LQM/CIEH (2015)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 1.10E-02 fraction From 2017 SI (average of made ground values)

Organic carbon partition coefficient Koc 6.76E+01 l/kg From 2017 SI (average of made ground values)

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 7.44E-01 l/kg Calculated value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 1.16E-02 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.01 mg/l (for comparison with leachate test results) Version: 0.1

Remedial Targets Worksheet , Release 3.2

Benzene

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

Calculate for non-polar organic chemicals
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Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.01 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  1.56E-02 mg/l

or

1.80E-02 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 0.1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Benzene This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI
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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 0.01 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 1.10E-02 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 6.76E+01 l/kg 0 1.0E+00 1.17E-03

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 6.25E-01 7.29E-04

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 1.0 3.91E-01 4.56E-04

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 2.45E-01 2.85E-04

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 1.53E-01 1.78E-04

Soil concentration as mg/kg Enter soil  concentration Co 0.0021 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 9.57E-02 1.12E-04

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 7.20E+02 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 5.98E-02 6.98E-05

Calculated decay rate l 9.63E-04 days
-1

calculated 3.5 3.74E-02 4.36E-05

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 7.44E-01 l/kg 4.0 2.34E-02 2.73E-05

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 1.46E-02 1.71E-05

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 9.15E-03 1.07E-05

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 5.72E-03 6.67E-06

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 3.58E-03 4.17E-06

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 2.24E-03 2.61E-06

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 1.40E-03 1.63E-06

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 8.75E-04 1.02E-06

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 5.48E-04 6.38E-07

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 3.42E-04 3.99E-07

Parameters values determined from options Note values of dispersivity must be > 0 9.0 2.14E-04 2.50E-07

Partition coefficient Kd 7.44E-01 l/kg see options 9.5 1.34E-04 1.56E-07
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 8.38E-05 9.77E-08

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 3.96E+00 fraction Ogata Banks

Decay rate used l 9.63E-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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 5.29E-04 m/d

Ratio of Compliance Point to Source Concentration CED/C0 8.38E-05 fraction

Attenuation factor (CO/CED) AF 1.19E+04 fraction

Calculated soil leachate concentration Co 1.82E-03 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  1.86E+02 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: 0.1

2.15E+02 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 8.38E-05 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

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Benzene

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
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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: 12-Feb-18 Version: 1

Contaminant Aliphatics >C12-C16

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

UKDWS for hydrocarbons

AS

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.

Former Gas Works

Gas Works 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
23/02/2018, 09:29
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Level 1 - Soil

0  

Contaminant User specified value for partition coefficient 1

Target concentration CT 0.01 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 1.71E+02 dimensionless LQM/CIEH (2015)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 1.10E-02 fraction From 2017 SI (average of made ground values)

Organic carbon partition coefficient Koc 5.37E+06 l/kg LQM/CIEH (2015)

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 5.91E+04 l/kg Calculated value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 5.91E+02 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.01 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Aliphatics >C12-C16

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

Calculate for non-polar organic chemicals

 Remedial targets worksheet v3.1 23/02/2018, 09:29
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Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.01 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  1.56E-02 mg/l

or

9.21E+02 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Aliphatics >C12-C16 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI

 Remedial targets worksheet v3.1 23/02/2018,09:29
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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 0.01 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 1.10E-02 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 5.37E+06 l/kg 0 1.0E+00 2.25E-04

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 9.96E-01 2.24E-04

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 1.0 9.92E-01 2.23E-04

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 9.88E-01 2.22E-04

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 9.85E-01 2.21E-04

Soil concentration as mg/kg Enter soil  concentration Co 20.7 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 9.81E-01 2.20E-04

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 1.00E+10 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 9.77E-01 2.20E-04

Calculated decay rate l 6.93E-11 days
-1

calculated 3.5 9.73E-01 2.19E-04

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 5.91E+04 l/kg 4.0 9.70E-01 2.18E-04

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 9.66E-01 2.17E-04

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 9.62E-01 2.16E-04

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 9.58E-01 2.15E-04

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 9.55E-01 2.15E-04

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 9.51E-01 2.14E-04

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 9.47E-01 2.13E-04

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 9.44E-01 2.12E-04

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 9.40E-01 2.11E-04

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 9.36E-01 2.11E-04

Parameters values determined from options Note values of dispersivity must be > 0 9.0 9.33E-01 2.10E-04

Partition coefficient Kd 5.91E+04 l/kg see options 9.5 9.29E-01 2.09E-04
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 9.26E-01 2.08E-04

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 2.35E+05 fraction Ogata Banks

Decay rate used l 6.93E-11 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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 8.91E-09 m/d

Ratio of Compliance Point to Source Concentration CED/C0 9.26E-01 fraction

Attenuation factor (CO/CED) AF 1.08E+00 fraction

Calculated soil leachate concentration Co 3.50E-04 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  1.68E-02 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

9.95E+02 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 9.26E-01 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Aliphatics >C12-C16

This worksheet should be used if pollutant transport and 

degradation is best described by a first order reaction.  If 

degradation is best desribed by an electron limited 

degradation such as oxidation by O2, NO3, SO4 etc than an 

alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg
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First released: 2006. Version 3.2: January 2013

Details to be completed for each assessment

Site Name:

Site Address:

Completed by:

Date: 12-Feb-18 Version: 1

Contaminant Aliphatics >C16-C21

Target Concentration (CT) 0.01 mg/l Origin of CT:

Data carried forward from an earlier worksheet are identified by a light green background

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.

Former Gas Works

Gas Works Road, Reading

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

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

UKDWS for hydrocarbons

AS

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.

Environment Agency Publication 20, Remedial Targets worksheet v3.1
23/02/2018, 09:32
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Level 1 - Soil

0  

Contaminant User specified value for partition coefficient 1

Target concentration CT 0.01 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 1.07E+03 dimensionless LQM/CIEH (2015)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 1.10E-02 fraction From 2017 SI (average of made ground values)

Organic carbon partition coefficient Koc 5.75E+08 l/kg LQM/CIEH (2015)

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 6.33E+06 l/kg Calculated value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 6.33E+04 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.01 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Aliphatics >C16-C21

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

Calculate for non-polar organic chemicals

 Remedial targets worksheet v3.1 23/02/2018, 09:32
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Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.01 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  1.56E-02 mg/l

or

9.87E+04 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Aliphatics >C16-C21 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI

 Remedial targets worksheet v3.1 23/02/2018,09:32
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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 0.01 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 1.10E-02 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 5.75E+08 l/kg 0 1.0E+00 2.53E-06

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 7.63E-01 1.93E-06

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 1.0 5.82E-01 1.48E-06

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 4.44E-01 1.13E-06

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 3.39E-01 8.59E-07

Soil concentration as mg/kg Enter soil  concentration Co 25 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 2.59E-01 6.55E-07

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 1.00E+10 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 1.97E-01 5.00E-07

Calculated decay rate l 6.93E-11 days
-1

calculated 3.5 1.51E-01 3.82E-07

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 6.33E+06 l/kg 4.0 1.15E-01 2.91E-07

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 8.77E-02 2.22E-07

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 6.69E-02 1.70E-07

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 5.11E-02 1.29E-07

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 3.90E-02 9.87E-08

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 2.97E-02 7.53E-08

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 2.27E-02 5.75E-08

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 1.73E-02 4.39E-08

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 1.32E-02 3.35E-08

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 1.01E-02 2.55E-08

Parameters values determined from options Note values of dispersivity must be > 0 9.0 7.69E-03 1.95E-08

Partition coefficient Kd 6.33E+06 l/kg see options 9.5 5.87E-03 1.49E-08
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 4.48E-03 1.13E-08

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 2.52E+07 fraction Ogata Banks

Decay rate used l 6.93E-11 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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 8.32E-11 m/d

Ratio of Compliance Point to Source Concentration CED/C0 4.48E-03 fraction

Attenuation factor (CO/CED) AF 2.23E+02 fraction

Calculated soil leachate concentration Co 3.95E-06 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  3.48E+00 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

2.20E+07 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 4.48E-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

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Aliphatics >C16-C21

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
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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: 12-Feb-18 Version: 1

Contaminant Aliphatics >C21-C35

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

UKDWS for hydrocarbons

AS

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.

Former Gas Works

Gas Works 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
23/02/2018, 09:32
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Level 1 - Soil

0  

Contaminant User specified value for partition coefficient 1

Target concentration CT 0.01 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 1.07E+03 dimensionless LQM/CIEH (2015)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 1.10E-02 fraction From 2017 SI (average of made ground values)

Organic carbon partition coefficient Koc 5.75E+08 l/kg LQM/CIEH (2015)

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 6.33E+06 l/kg Calculated value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 6.33E+04 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.01 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Aliphatics >C21-C35

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

Calculate for non-polar organic chemicals

 Remedial targets worksheet v3.1 23/02/2018, 09:32
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Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.01 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  1.56E-02 mg/l

or

9.87E+04 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Aliphatics >C21-C35 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI

 Remedial targets worksheet v3.1 23/02/2018,09:32
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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 0.01 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 1.10E-02 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 5.75E+08 l/kg 0 1.0E+00 4.05E-06

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 7.63E-01 3.09E-06

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 1.0 5.82E-01 2.36E-06

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 4.44E-01 1.80E-06

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 3.39E-01 1.37E-06

Soil concentration as mg/kg Enter soil  concentration Co 40 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 2.59E-01 1.05E-06

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 1.00E+10 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 1.97E-01 8.00E-07

Calculated decay rate l 6.93E-11 days
-1

calculated 3.5 1.51E-01 6.11E-07

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 6.33E+06 l/kg 4.0 1.15E-01 4.66E-07

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 8.77E-02 3.56E-07

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 6.69E-02 2.71E-07

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 5.11E-02 2.07E-07

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 3.90E-02 1.58E-07

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 2.97E-02 1.21E-07

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 2.27E-02 9.20E-08

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 1.73E-02 7.02E-08

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 1.32E-02 5.35E-08

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 1.01E-02 4.09E-08

Parameters values determined from options Note values of dispersivity must be > 0 9.0 7.69E-03 3.12E-08

Partition coefficient Kd 6.33E+06 l/kg see options 9.5 5.87E-03 2.38E-08
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 4.48E-03 1.82E-08

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 2.52E+07 fraction Ogata Banks

Decay rate used l 6.93E-11 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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 8.32E-11 m/d

Ratio of Compliance Point to Source Concentration CED/C0 4.48E-03 fraction

Attenuation factor (CO/CED) AF 2.23E+02 fraction

Calculated soil leachate concentration Co 6.32E-06 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  3.48E+00 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

2.20E+07 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 4.48E-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

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Aliphatics >C21-C35

This worksheet should be used if pollutant transport and 

degradation is best described by a first order reaction.  If 

degradation is best desribed by an electron limited 

degradation such as oxidation by O2, NO3, SO4 etc than an 

alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg
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First released: 2006. Version 3.2: January 2013

Details to be completed for each assessment

Site Name:

Site Address:

Completed by:

Date: 12-Feb-18 Version: 1

Contaminant Aromatics >EC5-EC7

Target Concentration (CT) 0.01 mg/l Origin of CT:

Data carried forward from an earlier worksheet are identified by a light green background

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.

Former Gas Works

Gas Works Road, Reading

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

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

UKDWS for hydrocarbons

AS

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.

Environment Agency Publication 20, Remedial Targets worksheet v3.1
23/02/2018, 09:33
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Level 1 - Soil

0  

Contaminant User specified value for partition coefficient 1

Target concentration CT 0.01 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 1.16E-01 dimensionless LQM/CIEH (2015)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 1.10E-02 fraction From 2017 SI (average of made ground values)

Organic carbon partition coefficient Koc 6.76E+01 l/kg LQM/CIEH (2015)

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 7.44E-01 l/kg Calculated value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 1.16E-02 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.01 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Aromatics >EC5-EC7

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

Calculate for non-polar organic chemicals

 Remedial targets worksheet v3.1 23/02/2018, 09:33
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Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.01 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  1.56E-02 mg/l

or

1.80E-02 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Aromatics >EC5-EC7 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infilltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI
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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 0.01 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 1.10E-02 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 6.76E+01 l/kg 0 1.0E+00 1.11E-03

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 6.25E-01 6.95E-04

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 1.0 3.91E-01 4.34E-04

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 2.45E-01 2.72E-04

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 1.53E-01 1.70E-04

Soil concentration as mg/kg Enter soil  concentration Co 0.002 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 9.57E-02 1.06E-04

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 7.20E+02 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 5.98E-02 6.64E-05

Calculated decay rate l 9.63E-04 days
-1

calculated 3.5 3.74E-02 4.16E-05

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 7.44E-01 l/kg 4.0 2.34E-02 2.60E-05

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 1.46E-02 1.63E-05

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 9.15E-03 1.02E-05

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 5.72E-03 6.36E-06

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 3.58E-03 3.98E-06

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 2.24E-03 2.49E-06

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 1.40E-03 1.55E-06

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 8.75E-04 9.72E-07

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 5.48E-04 6.08E-07

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 3.42E-04 3.80E-07

Parameters values determined from options Note values of dispersivity must be > 0 9.0 2.14E-04 2.38E-07

Partition coefficient Kd 7.44E-01 l/kg see options 9.5 1.34E-04 1.49E-07
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 8.38E-05 9.30E-08

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 3.96E+00 fraction Ogata Banks

Decay rate used l 9.63E-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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 5.29E-04 m/d

Ratio of Compliance Point to Source Concentration CED/C0 8.38E-05 fraction

Attenuation factor (CO/CED) AF 1.19E+04 fraction

Calculated soil leachate concentration Co 1.73E-03 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  1.86E+02 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

2.15E+02 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 8.38E-05 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Aromatics >EC5-EC7

This worksheet should be used if pollutant transport and 

degradation is best described by a first order reaction.  If 

degradation is best desribed by an electron limited 

degradation such as oxidation by O2, NO3, SO4 etc than an 

alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg
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First released: 2006. Version 3.2: January 2013

Details to be completed for each assessment

Site Name:

Site Address:

Completed by:

Date: 12-Feb-18 Version: 1

Contaminant Aromatics >EC7-EC8

Target Concentration (CT) 0.01 mg/l Origin of CT:

Data carried forward from an earlier worksheet are identified by a light green background

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.

Former Gas Works

Gas Works Road, Reading

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

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

UKDWS for hydrocarbons

AS

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.

Environment Agency Publication 20, Remedial Targets worksheet v3.1
23/02/2018, 09:34
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Level 1 - Soil

0  

Contaminant User specified value for partition coefficient 1

Target concentration CT 0.01 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 1.15E-01 dimensionless LQM/CIEH (2015)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 1.10E-02 fraction From 2017 SI (average of made ground values)

Organic carbon partition coefficient Koc 2.04E+02 l/kg LQM/CIEH (2015)

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 2.25E+00 l/kg Calculated value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 2.66E-02 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.01 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Aromatics >EC7-EC8

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

Calculate for non-polar organic chemicals

 Remedial targets worksheet v3.1 23/02/2018, 09:34
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Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.01 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  1.56E-02 mg/l

or

4.14E-02 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Aromatics >EC7-EC8 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI

 Remedial targets worksheet v3.1 23/02/2018,09:34
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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 0.01 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 1.10E-02 fraction (No units) mg/l

Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc 2.04E+02 l/kg 0 1.0E+00 2.41E-04

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 5.66E-03 1.37E-06

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 1.0 3.20E-05 7.73E-09

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 1.81E-07 4.38E-11

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 1.03E-09 2.48E-13

Soil concentration as mg/kg Enter soil  concentration Co 0.001 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 5.81E-12 1.40E-15

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 2.80E+01 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 3.29E-14 7.94E-18

Calculated decay rate l 2.48E-02 days
-1

calculated 3.5 1.86E-16 4.49E-20

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 2.25E+00 l/kg 4.0 1.05E-18 2.54E-22

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 5.96E-21 1.44E-24

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 3.38E-23 8.15E-27

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 1.91E-25 4.61E-29

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 1.08E-27 2.61E-31

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 6.12E-30 1.48E-33

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 3.46E-32 8.36E-36

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 1.96E-34 4.73E-38

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 1.11E-36 2.68E-40

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 6.28E-39 1.52E-42

Parameters values determined from options Note values of dispersivity must be > 0 9.0 3.56E-41 8.59E-45

Partition coefficient Kd 2.25E+00 l/kg see options 9.5 2.01E-43 4.86E-47
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 1.14E-45 2.75E-49

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 9.93E+00 fraction Ogata Banks

Decay rate used l 2.48E-02 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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 2.11E-04 m/d

Ratio of Compliance Point to Source Concentration CED/C0 1.14E-45 fraction

Attenuation factor (CO/CED) AF 8.78E+44 fraction

Calculated soil leachate concentration Co 3.76E-04 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  1.37E+43 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

3.64E+43 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 1.14E-45 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Aromatics >EC7-EC8

This worksheet should be used if pollutant transport and 

degradation is best described by a first order reaction.  If 

degradation is best desribed by an electron limited 

degradation such as oxidation by O2, NO3, SO4 etc than an 

alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg
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First released: 2006. Version 3.2: January 2013

Details to be completed for each assessment

Site Name:

Site Address:

Completed by:

Date: 12-Feb-18 Version: 1

Contaminant Aromatics >EC8-EC10

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

UKDWS for hydrocarbons

AS

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.

Former Gas Works

Gas Works 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
23/02/2018, 09:35
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Level 1 - Soil

0  

Contaminant User specified value for partition coefficient 1

Target concentration CT 0.01 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 2.53E-01 dimensionless LQM/CIEH (2015)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 1.10E-02 fraction From 2017 SI (average of made ground values)

Organic carbon partition coefficient Koc 1.58E+03 l/kg LQM/CIEH (2015)

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 1.74E+01 l/kg Calculated value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 1.79E-01 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.01 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Aromatics >EC8-EC10

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

Calculate for non-polar organic chemicals
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Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.01 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  1.56E-02 mg/l

or

2.78E-01 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Aromatics >EC8-EC10 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI
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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 0.01 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 1.10E-02 fraction (No units) mg/l

Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc 1.58E+03 l/kg 0 1.0E+00 1.36E-03

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 2.28E-02 3.11E-05

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 1.0 5.22E-04 7.10E-07

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 1.19E-05 1.62E-08

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 2.72E-07 3.71E-10

Soil concentration as mg/kg Enter soil  concentration Co 0.037857143 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 6.22E-09 8.46E-12

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 3.60E+02 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 1.42E-10 1.93E-13

Calculated decay rate l 1.93E-03 days
-1

calculated 3.5 3.25E-12 4.42E-15

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 1.74E+01 l/kg 4.0 7.42E-14 1.01E-16

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 1.69E-15 2.31E-18

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 3.87E-17 5.27E-20

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 8.84E-19 1.20E-21

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 2.02E-20 2.75E-23

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 4.61E-22 6.28E-25

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 1.05E-23 1.43E-26

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 2.41E-25 3.28E-28

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 5.50E-27 7.48E-30

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 1.26E-28 1.71E-31

Parameters values determined from options Note values of dispersivity must be > 0 9.0 2.87E-30 3.91E-33

Partition coefficient Kd 1.74E+01 l/kg see options 9.5 6.56E-32 8.92E-35
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 1.50E-33 2.04E-36

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 7.03E+01 fraction Ogata Banks

Decay rate used l 1.93E-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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 2.98E-05 m/d

Ratio of Compliance Point to Source Concentration CED/C0 1.50E-33 fraction

Attenuation factor (CO/CED) AF 6.67E+32 fraction

Calculated soil leachate concentration Co 2.12E-03 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  1.04E+31 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

1.86E+32 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 1.50E-33 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

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Aromatics >EC8-EC10

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
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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: 12-Feb-18 Version: 1

Contaminant Aromatics >EC10-EC12

Target Concentration (CT) 0.01 mg/l Origin of CT:

Data carried forward from an earlier worksheet are identified by a light green background

Former Gas Works

Gas Works Road, Reading

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

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

UKDWS for hydrocarbons

AS

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.

Environment Agency Publication 20, Remedial Targets worksheet v3.1
23/02/2018, 09:35
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Level 1 - Soil

0  

Contaminant User specified value for partition coefficient 1

Target concentration CT 0.01 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 7.22E-02 dimensionless LQM/CIEH (2015)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 1.10E-02 fraction From 2017 SI (average of made ground values)

Organic carbon partition coefficient Koc 2.51E+03 l/kg LQM/CIEH (2015)

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 2.76E+01 l/kg Calculated value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 2.80E-01 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.01 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Aromatics >EC10-EC12

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

Calculate for non-polar organic chemicals

 Remedial targets worksheet v3.1 23/02/2018, 09:35
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Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.01 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  1.56E-02 mg/l

or

4.37E-01 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Aromatics >EC10-EC12 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI
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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 0.01 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 1.10E-02 fraction (No units) mg/l

Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc 2.51E+03 l/kg 0 1.0E+00 7.21E-01

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 3.28E-03 2.37E-03

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 1.0 1.08E-05 7.76E-06

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 3.53E-08 2.55E-08

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 1.16E-10 8.36E-11

Soil concentration as mg/kg Enter soil  concentration Co 31.51428571 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 3.80E-13 2.74E-13

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 2.58E+02 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 1.25E-15 9.00E-16

Calculated decay rate l 2.69E-03 days
-1

calculated 3.5 4.09E-18 2.95E-18

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 2.76E+01 l/kg 4.0 1.34E-20 9.68E-21

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 4.41E-23 3.18E-23

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 1.45E-25 1.04E-25

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 4.74E-28 3.42E-28

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 1.56E-30 1.12E-30

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 5.11E-33 3.68E-33

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 1.68E-35 1.21E-35

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 5.50E-38 3.96E-38

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 1.80E-40 1.30E-40

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 5.92E-43 4.27E-43

Parameters values determined from options Note values of dispersivity must be > 0 9.0 1.94E-45 1.40E-45

Partition coefficient Kd 2.76E+01 l/kg see options 9.5 6.37E-48 4.59E-48
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 2.09E-50 1.51E-50

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 1.11E+02 fraction Ogata Banks

Decay rate used l 2.69E-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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 1.89E-05 m/d

Ratio of Compliance Point to Source Concentration CED/C0 2.09E-50 fraction

Attenuation factor (CO/CED) AF 4.78E+49 fraction

Calculated soil leachate concentration Co 1.12E+00 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  7.46E+47 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

2.09E+49 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 2.09E-50 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Aromatics >EC10-EC12

This worksheet should be used if pollutant transport and 

degradation is best described by a first order reaction.  If 

degradation is best desribed by an electron limited 

degradation such as oxidation by O2, NO3, SO4 etc than an 

alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg
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First released: 2006. Version 3.2: January 2013

Details to be completed for each assessment

Site Name:

Site Address:

Completed by:

Date: 12-Feb-18 Version: 1

Contaminant Aromatics >EC12-EC16

Target Concentration (CT) 0.01 mg/l Origin of CT:

Data carried forward from an earlier worksheet are identified by a light green background

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.

Former Gas Works

Gas Works Road, Reading

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

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

UKDWS for hydrocarbons

AS

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.

Environment Agency Publication 20, Remedial Targets worksheet v3.1
23/02/2018, 09:36
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Level 1 - Soil

0  

Contaminant User specified value for partition coefficient 1

Target concentration CT 0.01 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 1.26E-02 dimensionless LQM/CIEH (2015)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 1.10E-02 fraction From 2017 SI (average of made ground values)

Organic carbon partition coefficient Koc 5.01E+03 l/kg LQM/CIEH (2015)

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 5.51E+01 l/kg Calculated value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 5.55E-01 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.01 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Aromatics >EC12-EC16

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

Calculate for non-polar organic chemicals
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Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.01 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  1.56E-02 mg/l

or

8.66E-01 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Aromatics >EC12-EC16 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI
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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 0.01 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 1.10E-02 fraction (No units) mg/l

Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc 5.01E+03 l/kg 0 1.0E+00 1.36E+00

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 1.00E-04 1.37E-04

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 1.0 1.01E-08 1.37E-08

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 1.01E-12 1.38E-12

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 1.02E-16 1.38E-16

Soil concentration as mg/kg Enter soil  concentration Co 118 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 1.02E-20 1.39E-20

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 2.04E+02 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 1.02E-24 1.39E-24

Calculated decay rate l 3.40E-03 days
-1

calculated 3.5 1.03E-28 1.40E-28

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 5.51E+01 l/kg 4.0 1.03E-32 1.41E-32

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 1.04E-36 1.41E-36

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 1.04E-40 1.42E-40

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 1.04E-44 1.42E-44

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 1.05E-48 1.43E-48

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 1.05E-52 1.43E-52

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 1.06E-56 1.44E-56

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 1.06E-60 1.44E-60

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 1.06E-64 1.45E-64

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 1.07E-68 1.46E-68

Parameters values determined from options Note values of dispersivity must be > 0 9.0 1.07E-72 1.46E-72

Partition coefficient Kd 5.51E+01 l/kg see options 9.5 1.08E-76 1.47E-76
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 1.08E-80 1.47E-80

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 2.20E+02 fraction Ogata Banks

Decay rate used l 3.40E-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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 9.51E-06 m/d

Ratio of Compliance Point to Source Concentration CED/C0 1.08E-80 fraction

Attenuation factor (CO/CED) AF 9.26E+79 fraction

Calculated soil leachate concentration Co 2.12E+00 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  1.44E+78 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

8.02E+79 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 1.08E-80 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

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Aromatics >EC12-EC16

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
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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: 12-Feb-18 Version: 1

Contaminant Aromatics >EC16-EC21

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

UKDWS for hydrocarbons

AS

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.

Former Gas Works

Gas Works 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
23/02/2018, 09:36
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Level 1 - Soil

0  

Contaminant User specified value for partition coefficient 1

Target concentration CT 0.01 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 6.95E-04 dimensionless LQM/CIEH (2015)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 1.10E-02 fraction From 2017 SI (average of made ground values)

Organic carbon partition coefficient Koc 1.41E+04 l/kg LQM/CIEH (2015)

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 1.55E+02 l/kg Calculated value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 1.56E+00 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.01 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Aromatics >EC16-EC21

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

Calculate for non-polar organic chemicals

 Remedial targets worksheet v3.1 23/02/2018, 09:36

13_DQRA_PPLCW1_Ar16-21_v1.xlsxLevel1 Soil 



Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.01 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  1.56E-02 mg/l

or

2.43E+00 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Aromatics >EC16-EC21 This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI
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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 0.01 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 1.10E-02 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+04 l/kg 0 1.0E+00 1.61E+00

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 4.00E-02 6.43E-02

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay) Sorption coefficient for related species Koc,n 0.00E+00 l/kg 1.0 1.60E-03 2.57E-03

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 6.40E-05 1.03E-04

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 2.56E-06 4.11E-06

Soil concentration as mg/kg Enter soil  concentration Co 390 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 1.02E-07 1.65E-07

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 4.28E+03 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 4.10E-09 6.59E-09

Calculated decay rate l 1.62E-04 days
-1

calculated 3.5 1.64E-10 2.64E-10

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 1.55E+02 l/kg 4.0 6.56E-12 1.05E-11

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 2.63E-13 4.22E-13

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 1.05E-14 1.69E-14

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 4.20E-16 6.75E-16

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 1.68E-17 2.70E-17

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 6.73E-19 1.08E-18

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 2.69E-20 4.32E-20

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 1.08E-21 1.73E-21

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 4.31E-23 6.92E-23

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 1.72E-24 2.77E-24

Parameters values determined from options Note values of dispersivity must be > 0 9.0 6.89E-26 1.11E-25

Partition coefficient Kd 1.55E+02 l/kg see options 9.5 2.76E-27 4.43E-27
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 1.10E-28 1.77E-28

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 6.19E+02 fraction Ogata Banks

Decay rate used l 1.62E-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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 3.38E-06 m/d

Ratio of Compliance Point to Source Concentration CED/C0 1.10E-28 fraction

Attenuation factor (CO/CED) AF 9.06E+27 fraction

Calculated soil leachate concentration Co 2.50E+00 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  1.41E+26 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

2.20E+28 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 1.10E-28 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Aromatics >EC16-EC21

This worksheet should be used if pollutant transport and 

degradation is best described by a first order reaction.  If 

degradation is best desribed by an electron limited 

degradation such as oxidation by O2, NO3, SO4 etc than an 

alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg

0.0E+00

1.0E-01

2.0E-01

3.0E-01

4.0E-01

5.0E-01

6.0E-01

7.0E-01

8.0E-01

9.0E-01

1.0E+00

0 2 4 6 8 10 12

R
e

la
ti

v
e

 c
o

n
c

e
n

tr
a

ti
o

n
 (

n
o

 u
n

ti
s

)

Distance (m)

 Remedial targets worksheet v3.1
23/02/2018,09:36

13_DQRA_PPLCW1_Ar16-21_v1.xlsx



First released: 2006. Version 3.2: January 2013

Details to be completed for each assessment

Site Name:

Site Address:

Completed by:

Date: 12-Feb-18 Version: 1

Contaminant Benzo(a)pyrene

Target Concentration (CT) 0.00000017 mg/l Origin of CT:

Data carried forward from an earlier worksheet are identified by a light green background

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.

Former Gas Works

Gas Works Road, Reading

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

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 (The Water Framework Directive 2015)

AS

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.

Environment Agency Publication 20, Remedial Targets worksheet v3.1
23/02/2018, 09:37
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Level 1 - Soil

0  

Contaminant User specified value for partition coefficient 1

Target concentration CT 0.00000017 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 1.76E-06 dimensionless LQM/CIEH (2015)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 1.10E-02 fraction From 2017 SI (average of made ground values)

Organic carbon partition coefficient Koc 1.29E+05 l/kg LQM/CIEH (2015)

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 1.42E+03 l/kg Calculated value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 2.41E-04 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.00000017 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Benzo(a)pyrene

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

Calculate for non-polar organic chemicals

 Remedial targets worksheet v3.1 23/02/2018, 09:37
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Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.00000017 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  2.65E-07 mg/l

or

3.76E-04 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Benzo(a)pyrene This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI

 Remedial targets worksheet v3.1 23/02/2018,09:37
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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 0.00000017 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 1.10E-02 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 1.29E+05 l/kg 0 1.0E+00 1.54E-02

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 1.03E-09 1.59E-11

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 1.0 1.07E-18 1.64E-20

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 1.10E-27 1.69E-29

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 1.14E-36 1.75E-38

Soil concentration as mg/kg Enter soil  concentration Co 34 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 1.17E-45 1.81E-47

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 1.06E+03 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 1.21E-54 1.86E-56

Calculated decay rate l 6.51E-04 days
-1

calculated 3.5 1.25E-63 1.92E-65

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 1.42E+03 l/kg 4.0 1.29E-72 1.99E-74

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 1.33E-81 2.05E-83

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 1.38E-90 2.12E-92

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 1.42E-99 2.19E-101

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 1.47E-108 2.26E-110

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 1.51E-117 2.33E-119

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 1.56E-126 2.41E-128

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 1.61E-135 2.49E-137

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 1.67E-144 2.57E-146

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 1.72E-153 2.65E-155

Parameters values determined from options Note values of dispersivity must be > 0 9.0 1.78E-162 2.74E-164

Partition coefficient Kd 1.42E+03 l/kg see options 9.5 1.84E-171 2.82E-173
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 1.89E-180 2.92E-182

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 5.63E+03 fraction Ogata Banks

Decay rate used l 6.51E-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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 3.71E-07 m/d

Ratio of Compliance Point to Source Concentration CED/C0 1.89E-180 fraction

Attenuation factor (CO/CED) AF 5.28E+179 fraction

Calculated soil leachate concentration Co 2.40E-02 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  1.40E+173 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

1.98E+176 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 1.89E-180 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Benzo(a)pyrene

This worksheet should be used if pollutant transport and 

degradation is best described by a first order reaction.  If 

degradation is best desribed by an electron limited 

degradation such as oxidation by O2, NO3, SO4 etc than an 

alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg
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First released: 2006. Version 3.2: January 2013

Details to be completed for each assessment

Site Name:

Site Address:

Completed by:

Date: 12-Feb-18 Version: 1

Contaminant Benzo(b)fluoranthene

Target Concentration (CT) 0.00000017 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

Benzo(a)pyrene EQS Freshwater (The Water Framework Directive 2015)

AS

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.

Former Gas Works

Gas Works 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
23/02/2018, 09:38
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Level 1 - Soil

0  

Contaminant User specified value for partition coefficient 1

Target concentration CT 0.00000017 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 2.05E-06 dimensionless LQM/CIEH (2015)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 1.10E-02 fraction From 2017 SI (average of made ground values)

Organic carbon partition coefficient Koc 1.05E+05 l/kg LQM/CIEH (2015)

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 1.15E+03 l/kg Calculated value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 1.96E-04 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.00000017 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Benzo(b)fluoranthene

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

Calculate for non-polar organic chemicals

 Remedial targets worksheet v3.1 23/02/2018, 09:38
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Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.00000017 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  2.65E-07 mg/l

or

3.05E-04 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Benzo(b)fluoranthene This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI
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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 0.00000017 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 1.10E-02 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 1.05E+05 l/kg 0 1.0E+00 1.89E-02

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 2.82E-08 5.35E-10

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 1.0 7.97E-16 1.51E-17

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 2.25E-23 4.26E-25

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 6.36E-31 1.20E-32

Soil concentration as mg/kg Enter soil  concentration Co 34 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 1.80E-38 3.40E-40

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 1.22E+03 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 5.07E-46 9.60E-48

Calculated decay rate l 5.68E-04 days
-1

calculated 3.5 1.43E-53 2.71E-55

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 1.15E+03 l/kg 4.0 4.04E-61 7.65E-63

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 1.14E-68 2.16E-70

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 3.22E-76 6.10E-78

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 9.10E-84 1.72E-85

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 2.57E-91 4.87E-93

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 7.26E-99 1.37E-100

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 2.05E-106 3.88E-108

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 5.79E-114 1.10E-115

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 1.63E-121 3.09E-123

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 4.61E-129 8.74E-131

Parameters values determined from options Note values of dispersivity must be > 0 9.0 1.30E-136 2.47E-138

Partition coefficient Kd 1.15E+03 l/kg see options 9.5 3.68E-144 6.97E-146
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 1.04E-151 1.97E-153

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 4.58E+03 fraction Ogata Banks

Decay rate used l 5.68E-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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 4.57E-07 m/d

Ratio of Compliance Point to Source Concentration CED/C0 1.04E-151 fraction

Attenuation factor (CO/CED) AF 9.62E+150 fraction

Calculated soil leachate concentration Co 2.95E-02 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  2.55E+144 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

2.94E+147 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 1.04E-151 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

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Benzo(b)fluoranthene

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
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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: 12-Feb-18 Version: 1

Contaminant Benzo(k)fluoranthene

Target Concentration (CT) 0.00000017 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

Benzo(a)pyrene EQS Freshwater (The Water Framework Directive 2015)

AS

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.

Former Gas Works

Gas Works 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
23/02/2018, 12:48
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Level 1 - Soil

0  

Contaminant User specified value for partition coefficient 1

Target concentration CT 0.00000017 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 1.74E-06 dimensionless LQM/CIEH (2015)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 1.10E-02 fraction From 2017 SI (average of made ground values)

Organic carbon partition coefficient Koc 1.48E+05 l/kg LQM/CIEH (2015)

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 1.63E+03 l/kg Calculated value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 2.77E-04 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.00000017 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Benzo(k)fluoranthene

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

Calculate for non-polar organic chemicals

 Remedial targets worksheet v3.1 23/02/2018, 12:48
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Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.00000017 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  2.65E-07 mg/l

or

4.31E-04 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Benzo(k)fluoranthene This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI

 Remedial targets worksheet v3.1 23/02/2018,12:48
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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 0.00000017 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 1.10E-02 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 1.48E+05 l/kg 0 1.0E+00 8.28E-03

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 1.77E-05 1.47E-07

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 1.0 3.15E-10 2.60E-12

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 5.58E-15 4.62E-17

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 9.90E-20 8.19E-22

Soil concentration as mg/kg Enter soil  concentration Co 21 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 1.76E-24 1.45E-26

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 4.28E+03 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 3.11E-29 2.58E-31

Calculated decay rate l 1.62E-04 days
-1

calculated 3.5 5.52E-34 4.57E-36

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 1.63E+03 l/kg 4.0 9.79E-39 8.11E-41

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 1.74E-43 1.44E-45

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 3.08E-48 2.55E-50

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 5.46E-53 4.52E-55

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 9.69E-58 8.02E-60

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 1.72E-62 1.42E-64

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 3.05E-67 2.52E-69

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 5.41E-72 4.48E-74

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 9.59E-77 7.94E-79

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 1.70E-81 1.41E-83

Parameters values determined from options Note values of dispersivity must be > 0 9.0 3.02E-86 2.50E-88

Partition coefficient Kd 1.63E+03 l/kg see options 9.5 5.35E-91 4.43E-93
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 9.49E-96 7.86E-98

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 6.47E+03 fraction Ogata Banks

Decay rate used l 1.62E-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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 3.24E-07 m/d

Ratio of Compliance Point to Source Concentration CED/C0 9.49E-96 fraction

Attenuation factor (CO/CED) AF 1.05E+95 fraction

Calculated soil leachate concentration Co 1.29E-02 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  2.79E+88 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

4.54E+91 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 9.49E-96 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

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Benzo(k)fluoranthene

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

0.0E+00

1.0E-01

2.0E-01

3.0E-01

4.0E-01

5.0E-01

6.0E-01

7.0E-01

8.0E-01

9.0E-01

1.0E+00

0 2 4 6 8 10 12

R
e

la
ti

v
e

 c
o

n
c

e
n

tr
a

ti
o

n
 (

n
o

 u
n

ti
s

)

Distance (m)

 Remedial targets worksheet v3.1
23/02/2018,12:48

16_DQRA_PPLCW1_BkF_v1.xlsx



First released: 2006. Version 3.2: January 2013

Details to be completed for each assessment

Site Name:

Site Address:

Completed by:

Date: 12-Feb-18 Version: 1

Contaminant Fluoranthene

Target Concentration (CT) 0.0000063 mg/l Origin of CT:

Data carried forward from an earlier worksheet are identified by a light green background

Former Gas Works

Gas Works Road, Reading

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

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 (The Water Framework Directive 2015)

AS

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.

Environment Agency Publication 20, Remedial Targets worksheet v3.1
23/02/2018, 09:42
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Level 1 - Soil

0  

Contaminant User specified value for partition coefficient 1

Target concentration CT 0.0000063 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 6.29E-05 dimensionless LQM/CIEH (2015)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 1.10E-02 fraction From 2017 SI (average of made ground values)

Organic carbon partition coefficient Koc 1.82E+04 l/kg LQM/CIEH (2015)

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 2.00E+02 l/kg Calculated value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 1.26E-03 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.0000063 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Fluoranthene

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

Calculate for non-polar organic chemicals
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Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.0000063 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  9.82E-06 mg/l

or

1.97E-03 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Fluoranthene This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI

 Remedial targets worksheet v3.1 23/02/2018,09:42
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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 0.0000063 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 1.10E-02 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 1.82E+04 l/kg 0 1.0E+00 2.78E-01

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 2.22E-04 6.18E-05

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 1.0 4.94E-08 1.37E-08

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 1.10E-11 3.05E-12

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 2.44E-15 6.78E-16

Soil concentration as mg/kg Enter soil  concentration Co 87 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 5.42E-19 1.51E-19

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 8.80E+02 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 1.20E-22 3.35E-23

Calculated decay rate l 7.88E-04 days
-1

calculated 3.5 2.67E-26 7.44E-27

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 2.00E+02 l/kg 4.0 5.94E-30 1.65E-30

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 1.32E-33 3.67E-34

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 2.93E-37 8.16E-38

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 6.52E-41 1.81E-41

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 1.45E-44 4.03E-45

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 3.22E-48 8.95E-49

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 7.15E-52 1.99E-52

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 1.59E-55 4.42E-56

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 3.53E-59 9.82E-60

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 7.84E-63 2.18E-63

Parameters values determined from options Note values of dispersivity must be > 0 9.0 1.74E-66 4.85E-67

Partition coefficient Kd 2.00E+02 l/kg see options 9.5 3.87E-70 1.08E-70
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 8.60E-74 2.39E-74

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 7.97E+02 fraction Ogata Banks

Decay rate used l 7.88E-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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 2.63E-06 m/d

Ratio of Compliance Point to Source Concentration CED/C0 8.60E-74 fraction

Attenuation factor (CO/CED) AF 1.16E+73 fraction

Calculated soil leachate concentration Co 4.34E-01 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  1.14E+68 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

2.29E+70 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 8.60E-74 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Fluoranthene

This worksheet should be used if pollutant transport and 

degradation is best described by a first order reaction.  If 

degradation is best desribed by an electron limited 

degradation such as oxidation by O2, NO3, SO4 etc than an 

alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg
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First released: 2006. Version 3.2: January 2013

Details to be completed for each assessment

Site Name:

Site Address:

Completed by:

Date: 12-Feb-18 Version: 1

Contaminant Indeno(1,2,3-cd)pyrene

Target Concentration (CT) 0.00000017 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

Benzo(a)pyrene EQS Freshwater (The Water Framework Directive 2015)

AS

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.

Former Gas Works

Gas Works 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
23/02/2018, 09:40
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Level 1 - Soil

0  

Contaminant User specified value for partition coefficient 1

Target concentration CT 0.00000017 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 2.05E-06 dimensionless LQM/CIEH (2015)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 1.10E-02 fraction From 2017 SI (average of made ground values)

Organic carbon partition coefficient Koc 8.71E+04 l/kg LQM/CIEH (2015)

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 9.58E+02 l/kg Calculated value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 1.63E-04 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.00000017 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Indeno(1,2,3-cd)pyrene

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

Calculate for non-polar organic chemicals

 Remedial targets worksheet v3.1 23/02/2018, 09:40
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Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.00000017 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  2.65E-07 mg/l

or

2.54E-04 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Indeno(1,2,3-cd)pyrene This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI

 Remedial targets worksheet v3.1 23/02/2018,09:40
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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 0.00000017 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 1.10E-02 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 1.82E+04 l/kg 0 1.0E+00 1.14E-02

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 2.51E-02 2.86E-04

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 1.0 6.31E-04 7.18E-06

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 1.59E-05 1.80E-07

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 3.98E-07 4.53E-09

Soil concentration as mg/kg Enter soil  concentration Co 17 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 1.00E-08 1.14E-10

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 4.28E+03 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 2.51E-10 2.86E-12

Calculated decay rate l 1.62E-04 days
-1

calculated 3.5 6.32E-12 7.19E-14

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 2.00E+02 l/kg 4.0 1.59E-13 1.81E-15

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 3.99E-15 4.54E-17

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 1.00E-16 1.14E-18

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 2.52E-18 2.86E-20

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 6.32E-20 7.19E-22

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 1.59E-21 1.81E-23

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 3.99E-23 4.54E-25

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 1.00E-24 1.14E-26

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 2.52E-26 2.86E-28

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 6.32E-28 7.20E-30

Parameters values determined from options Note values of dispersivity must be > 0 9.0 1.59E-29 1.81E-31

Partition coefficient Kd 2.00E+02 l/kg see options 9.5 3.99E-31 4.54E-33
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 1.00E-32 1.14E-34

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 7.97E+02 fraction Ogata Banks

Decay rate used l 1.62E-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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 2.63E-06 m/d

Ratio of Compliance Point to Source Concentration CED/C0 1.00E-32 fraction

Attenuation factor (CO/CED) AF 9.97E+31 fraction

Calculated soil leachate concentration Co 1.77E-02 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  2.64E+25 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

2.53E+28 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 1.00E-32 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Indeno(1,2,3-cd)pyrene

This worksheet should be used if pollutant transport and 

degradation is best described by a first order reaction.  If 

degradation is best desribed by an electron limited 

degradation such as oxidation by O2, NO3, SO4 etc than an 

alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg
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First released: 2006. Version 3.2: January 2013

Details to be completed for each assessment

Site Name:

Site Address:

Completed by:

Date: 12-Feb-18 Version: 1

Contaminant Naphthalene

Target Concentration (CT) 0.002 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 (The Water Framework Directive 2015)

AS

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.

Former Gas Works

Gas Works 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
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Level 1 - Soil

0  

Contaminant User specified value for partition coefficient 1

Target concentration CT 0.002 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 6.62E-03 dimensionless LQM/CIEH (2015)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 1.10E-02 fraction From 2017 SI (average of made ground values)

Organic carbon partition coefficient Koc 6.46E+02 l/kg LQM/CIEH (2015)

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 7.10E+00 l/kg Calculated value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 1.50E-02 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.002 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Naphthalene

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

Calculate for non-polar organic chemicals

 Remedial targets worksheet v3.1 23/02/2018, 09:40
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Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.002 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  3.12E-03 mg/l

or

2.34E-02 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Naphthalene This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI
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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 0.002 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 1.10E-02 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 6.46E+02 l/kg 0 1.0E+00 2.05E+00

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 5.94E-02 1.22E-01

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay) Sorption coefficient for related species Koc,n 0.00E+00 l/kg 1.0 3.53E-03 7.24E-03

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 2.10E-04 4.30E-04

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 1.25E-05 2.56E-05

Soil concentration as mg/kg Enter soil  concentration Co 24 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 7.40E-07 1.52E-06

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 2.58E+02 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 4.40E-08 9.02E-08

Calculated decay rate l 2.69E-03 days
-1

calculated 3.5 2.61E-09 5.36E-09

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 7.10E+00 l/kg 4.0 1.55E-10 3.18E-10

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 9.22E-12 1.89E-11

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 5.48E-13 1.12E-12

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 3.26E-14 6.68E-14

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 1.93E-15 3.97E-15

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 1.15E-16 2.36E-16

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 6.83E-18 1.40E-17

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 4.06E-19 8.32E-19

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 2.41E-20 4.94E-20

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 1.43E-21 2.94E-21

Parameters values determined from options Note values of dispersivity must be > 0 9.0 8.51E-23 1.75E-22

Partition coefficient Kd 7.10E+00 l/kg see options 9.5 5.06E-24 1.04E-23
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 3.00E-25 6.16E-25

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 2.92E+01 fraction Ogata Banks

Decay rate used l 2.69E-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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 7.16E-05 m/d

Ratio of Compliance Point to Source Concentration CED/C0 3.00E-25 fraction

Attenuation factor (CO/CED) AF 3.33E+24 fraction

Calculated soil leachate concentration Co 3.20E+00 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  1.04E+22 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

7.79E+22 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 3.00E-25 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Naphthalene

This worksheet should be used if pollutant transport and 

degradation is best described by a first order reaction.  If 

degradation is best desribed by an electron limited 

degradation such as oxidation by O2, NO3, SO4 etc than an 

alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg
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First released: 2006. Version 3.2: January 2013

Details to be completed for each assessment

Site Name:

Site Address:

Completed by:

Date: 12-Feb-18 Version: 1

Contaminant Acenaphthene

Target Concentration (CT) 0.017 mg/l Origin of CT:

Data carried forward from an earlier worksheet are identified by a light green background

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.

Former Gas Works

Gas Works Road, Reading

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

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

Freshwater Chronic Screening Value, Region 4 USEPA Ecological Risk Assessment bylletin 30 November 

AS

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.

Environment Agency Publication 20, Remedial Targets worksheet v3.1
23/02/2018, 09:41
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Level 1 - Soil

0  

Contaminant User specified value for partition coefficient 1

Target concentration CT 0.017 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 7.59E-04 dimensionless LQM/CIEH (2015)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 1.10E-02 fraction From 2017 SI (average of made ground values)

Organic carbon partition coefficient Koc 2.34E+03 l/kg LQM/CIEH (2015)

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 2.58E+01 l/kg Calculated value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 4.45E-01 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.017 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Acenaphthene

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

Calculate for non-polar organic chemicals
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Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.017 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  2.65E-02 mg/l

or

6.94E-01 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Acenaphthene This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI
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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 0.017 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 1.10E-02 fraction (No units) mg/l

Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc 2.34E+03 l/kg 0 1.0E+00 3.67E-01

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 1.96E-03 7.19E-04

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 1.0 3.83E-06 1.41E-06

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 7.49E-09 2.75E-09

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 1.46E-11 5.38E-12

Soil concentration as mg/kg Enter soil  concentration Co 15 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 2.87E-14 1.05E-14

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 2.04E+02 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 5.61E-17 2.06E-17

Calculated decay rate l 3.40E-03 days
-1

calculated 3.5 1.10E-19 4.03E-20

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 2.58E+01 l/kg 4.0 2.15E-22 7.88E-23

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 4.20E-25 1.54E-25

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 8.21E-28 3.02E-28

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 1.61E-30 5.90E-31

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 3.14E-33 1.16E-33

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 6.15E-36 2.26E-36

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 1.20E-38 4.42E-39

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 2.35E-41 8.65E-42

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 4.61E-44 1.69E-44

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 9.01E-47 3.31E-47

Parameters values determined from options Note values of dispersivity must be > 0 9.0 1.76E-49 6.48E-50

Partition coefficient Kd 2.58E+01 l/kg see options 9.5 3.45E-52 1.27E-52
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 6.75E-55 2.48E-55

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 1.04E+02 fraction Ogata Banks

Decay rate used l 3.40E-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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 2.02E-05 m/d

Ratio of Compliance Point to Source Concentration CED/C0 6.75E-55 fraction

Attenuation factor (CO/CED) AF 1.48E+54 fraction

Calculated soil leachate concentration Co 5.73E-01 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  3.93E+52 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

1.03E+54 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 6.75E-55 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Acenaphthene

This worksheet should be used if pollutant transport and 

degradation is best described by a first order reaction.  If 

degradation is best desribed by an electron limited 

degradation such as oxidation by O2, NO3, SO4 etc than an 

alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg
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First released: 2006. Version 3.2: January 2013

Details to be completed for each assessment

Site Name:

Site Address:

Completed by:

Date: 12-Feb-18 Version: 1

Contaminant Anthracene

Target Concentration (CT) 0.0001 mg/l Origin of CT:

Data carried forward from an earlier worksheet are identified by a light green background

Former Gas Works

Gas Works Road, Reading

IMPORTANT: To enable MS Excel worksheet, click Tools, Add -Ins, Analysis Tool Pak and Analysis Tool Pak-VBA (to calculate error functions).

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 (The Water Framework Directive 2015)

AS

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.

Environment Agency Publication 20, Remedial Targets worksheet v3.1
23/02/2018, 09:42
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Level 1 - Soil

0  

Contaminant User specified value for partition coefficient 1

Target concentration CT 0.0001 mg/l Calculate for non-polar organic chemicals 0

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Water filled soil porosity qW 3.82E-01 fraction Calculated using porosity calculator

Air filled soil porosity qa 4.65E-02 fraction Calculated using porosity calculator

Bulk density of soil zone material r 9.40E-01 g/cm
3

From Atkins (2013), representative value to gravelly sand. Checked (ConSim manual)

Henry's Law constant H 1.81E-04 dimensionless LQM/CIEH (2015)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg

Entry for non-polar organic chemicals (option)

Fraction of organic carbon (in soil) foc 1.10E-02 fraction From 2017 SI (average of made ground values)

Organic carbon partition coefficient Koc 5.62E+03 l/kg LQM/CIEH (2015)

Entry for ionic organic chemicals (option)

Sorption coefficient for neutral species Koc,n 0.00E+00 l/kg

Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg

pH value pH 0.00E+00 pH units

Acid dissociation constant pKa 0.00E+00

Fraction of organic carbon (in soil) foc 0.00E+00 fraction

Soil water partition coefficient used in Level Assessment Kd 6.19E+01 l/kg Calculated value

Level 1 Remedial Target  Site being assessed: Former Gas Works

Level 1 Remedial Target 6.23E-03 mg/kg (for comparison with soil analyses) Completed by: AS

or Date: 12-Feb-18

0.0001 mg/l (for comparison with leachate test results) Version: 1

Remedial Targets Worksheet , Release 3.2

Anthracene

This sheet calculates the Level 1 remedial target for soils(mg/kg) based on a 

selected target concentration and theoretical calculation of soil water partitioning. 

Three options are included for determining the partition coefficient.

The measured soil concentration as mg/kg should be compared with the Level 1 

remedial target to determine the need for further action.

Select the method of calculating the soil water 

Partition Co-efficient by using the pull down menu 

below

Calculate for non-polar organic chemicals

 Remedial targets worksheet v3.1 23/02/2018, 09:42
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Level 2 - Soil

Contaminant from Level 1

Target concentration CT 0.0001 mg/l from Level 1

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 1.00E-04 m/d

Area of contaminant source A 4.64E+02 m
2

Not used in calculation

Entry for groundwater flow below site

Length of contaminant source in direction of groundwater flow L 2.90E+01 m 0 Calculate 

Saturated aquifer thickness da 5.40E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d

Hydraulic gradient of water table i 3.00E-02 fraction

Width of contaminant source perpendicular to groundwater flow w 1.60E+01 m Not used in calculation

Background concentration of contaminant in groundwater beneath site Cu 0.00E+00 mg/l

Specify 1 Specify 

Enter mixing zone thickness Mz 5.40E+00 m Assumed equal to saturated aquifer thickness 0 Calculate 

Calculated mixing zone thickness Mz 5.40E+00 m

Calculated Parameters  

Dilution Factor DF 1.56E+00

Level 2 Remedial Target  1.56E-04 mg/l

or

9.70E-03 mg/kg

Additional option
Calculation of impact on receptor

Site being assessed: Former Gas Works

Concentration of contaminant in contaminated discharge (entering receptor) Cc 0.00E+00 mg/l Completed by: AS

Date: 12-Feb-18

Calculated concentration within receptor (dilution only) 0.00E+00 mg/l 0 Version: 1

Remedial Targets Worksheet , Release 3.2

For comparison with measured pore water concentration. This assumes Level 1 Remedial Target is based on Target Concentration.

For comparison with measured soil concentration. This assumes Level 1 

Remedial Target calculated from soil-water

Define mixing zone depth by specifying or calculating depth (using pull down list)

Based on site width (16m) from Atkins (2013) (measured from site plan). Checked.

Anthracene This sheet calculates the Level 2 remedial target for soils (mg/kg) or for pore water (mg/l). 

Calculated infiltration

Falling head tests carried out in 2012 indicate 2.76E-04m/d (Atkins, 2013) but sand and gravels will be higher

From 12/12/2017 monitoring round

Based on site width (16m) and length (29m) from Atkins (2013) (measured from site plan). Checked.

The measured soil concentration as mg/kg or pore water concentration should be compared with the Level 2 remedial target 

to determine the need for further action. Equations presented in 'Hydrogeological risk assessment for land contamiantion' 

(Environment Agency 2006)

From Atkins (2013), based on site length (measured from site plan) in direction of groundwater flow (to E). Checked.

Calculate from average thickness of Alluvium and Sand and Gravel and average groundwater level from 2017 SI

 Remedial targets worksheet v3.1 23/02/2018,09:42
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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 0.0001 mg/l from Level 1

Dilution Factor DF 1.56E+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 5.00E+02 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 1.10E-02 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 5.62E+03 l/kg 0 1.0E+00 2.16E-01

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 0.5 1.14E-02 2.48E-03

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 1.0 1.31E-04 2.83E-05

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 1.5 1.50E-06 3.24E-07

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 2.0 1.71E-08 3.71E-09

Soil concentration as mg/kg Enter soil  concentration Co 21 mg/kg Acid dissociation constant pKa 0.00E+00 2.5 1.96E-10 4.24E-11

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 9.20E+02 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 3.0 2.24E-12 4.85E-13

Calculated decay rate l 7.53E-04 days
-1

calculated 3.5 2.56E-14 5.55E-15

Width of plume in aquifer at source Sz 1.60E+01 m from Level 2 Soil water partition coefficient Kd 6.19E+01 l/kg 4.0 2.93E-16 6.35E-17

Plume thickness in aquifer at source Sy 5.40E+00 m from Level 2 4.5 3.36E-18 7.26E-19

Bulk density of aquifer materials r 1.59E+00 g/cm
3

Average value for gravely sand (ConSim manaul) Dispersivity based on Xu & Eckstein (1995) 5.0 3.84E-20 8.31E-21

Effective porosity of aquifer n 4.00E-01 fraction Glacial deposits (Hiscock, 2005) Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 5.5 4.39E-22 9.50E-23

Hydraulic gradient "i" 8.37E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 6.0 5.02E-24 1.09E-24

0 Hydraulic conductivity of saturated aquifer K 1.00E-02 m/d from Level 2 6.5 5.75E-26 1.24E-26

Distance to compliance point x 1.00E+01 m Nominal 10m (river adjacent to site) Enter value Calc value Xu & Eckstein 7.0 6.57E-28 1.42E-28

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 1.00E+00 8.30E-01 m 7.5 7.52E-30 1.63E-30

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 1.00E-01 8.30E-02 m 8.0 8.60E-32 1.86E-32

Time since pollutant entered groundwater t 1.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 1.00E-02 8.30E-03 m 8.5 9.84E-34 2.13E-34

Parameters values determined from options Note values of dispersivity must be > 0 9.0 1.13E-35 2.44E-36

Partition coefficient Kd 6.19E+01 l/kg see options 9.5 1.29E-37 2.79E-38
Longitudinal dispersivity ax 1.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 10.0 1.47E-39 3.19E-40

Transverse dispersivity az 0.100 m see options

Vertical dispersivity ay 0.010 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 2.09E-03 m/d

Retardation factor Rf 2.47E+02 fraction Ogata Banks

Decay rate used l 7.53E-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" 8.37E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 8.48E-06 m/d

Ratio of Compliance Point to Source Concentration CED/C0 1.47E-39 fraction

Attenuation factor (CO/CED) AF 6.79E+38 fraction

Calculated soil leachate concentration Co 3.37E-01 mg/l Site being assessed: Former Gas Works

Remedial Targets Completed by: AS

Level 3 Remedial Target  1.06E+35 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

6.59E+36 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 10 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 1.47E-39 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

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in 

the calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

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

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

Soil concentration as mg/kg

Remedial Targets Worksheet , Release 3.2

Calculate for non-polar organic chemicals

Anthracene

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
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Dilution in River Kennet

Parameter Variable Value Units
Hydraulic Conductivity of aquifer in which dilution occurs K 1.00E-02 m/d
Hydraulic gradient of water table i 0.03 fraction
Width of contaminant source perpendicular to groundwater flow w 16 m
Saturated aquifer thickness da 5.3 m
Cross-sectional area A 84.8 m2

Flow from site to River (calculated using Dracy's Law) Q 0.025 m3/d

3.76 m3/s

324,864 m3/d

Dilution factor DF 12,769,811 unitless

QFlow in River Kennet at Theale (Q95 flow from Natural Environment Research Council, 2008)



  
 

 

  

Appendix 8  Ground Gas Monitoring Results 
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