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THIS PAGE CONTAINS IMPORTANT INFORMATION ABOUT YOUR RIGHTS TO READ AND 

USE THE CONTENT OF THIS DOCUMENT 

 

COPYRIGHT 

 

This document is the copyright of Rolton Group Ltd (“Rolton Group”).  The reproduction or 

transmission of all or part of this document, whether by photocopying or storing in any medium by 

electronic means or otherwise, without the prior written consent of Rolton Group or pursuant to a 

formal licence is prohibited. 

 

This document and any copies of it shall only be used for the purpose for which this document was 

originally supplied by the Rolton Group and for no other purpose (“Intended Purpose”). 

 

NON-DISCLOSURE 

 

This document contains confidential information.  In consideration of Rolton Group disclosing such 

confidential information this document should be held and maintained in confidence and should 

only be disclosed to: 

 

1. Eco2 (The Client); 

2. Professional advisors to the Client; 

3. The Local Authority for the site location; 

4. The Environment Agency; 

5. Client’s permitted assignees established by written assignment; and 

6. Professional advisors of permitted assignees. 

 

This document shall not be disclosed or made available to any other individual, firm, company or 

organisation without the prior written consent of Rolton Group. 

 

The confidential information in this document shall only be used for the Intended Purpose. 

 

FREEDOM OF INFORMATION 

 

Authorised or unauthorised copies of this document may come into the possession of organisations 

that are designated under the Freedom of Information Act 2000 (“the Act”).  Such organisations 

that are designated in the Act are requested by Rolton Group to respect the above statements 

relating to confidentiality and copyright.  Rolton Group has invested and imparted substantial skill, 

economic resources and labour in producing this document and any disclosure shall prejudice the 

commercial interests of the Rolton Group. 
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THIS PAGE CONTAINS IMPORTANT INFORMATION ABOUT YOUR RIGHTS TO READ AND 

USE THE CONTENT OF THIS DOCUMENT - CONTINUED 

 

DISCLAIMER 

 

The information in this document should only be used by suitably skilled and experienced 

individuals.  Unless expressly agreed otherwise in writing, Rolton Group shall not have any 

responsibility or liability to any individual, firm, company or organisation for the content of this 

document or any information derived from it other than to the client of the Rolton Group that has 

commissioned the document and any permitted assignees established by written assignment.  

Rolton Group does not seek to exclude or limit its liability for death or personal injury resulting 

from its negligence. 

 

If you do not accept the terms above then do not read the content and return this document to 

Rolton Group at the address given on the flyleaf. 

 

ENQUIRIES 

 

Any enquiries regarding this document and its content should be directed to Rolton Group: 

Tel: +44 (0)870 726 0000  E Mail:  enquiries@rolton.com. 
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1.0 INTRODUCTION 

 

Rolton Group was instructed by Eco2 Ltd to undertake a Phases 1 and 2 Environmental Site 

Assessment (Phases 1 & 2 ESA) of part of the former British Sugar factory site in Brigg, 

Lincolnshire (hereafter referred to as ‘the site’).  

 

Eco2 is considering acquiring and developing the site as a renewable energy plant. The facility 

would comprise a biomass-fired power station, for which the primary fuel would be straw. 

Rolton Group understands that the power station would have an electricity generating capacity 

of 40 MW. 

 

The development would comprise four principal buildings, these being the turbine and boiler 

hall, two straw storage barns and a wood storage facility. All buildings would be linked by a 

series of high level conveyors. Additionally, there would be an emissions stack. 

 

The development would also encompass a series of air-cooled condensers, offices, a control 

room and staff welfare facilities. External areas of hardstanding would be provided to support 

vehicle movements and parking and a weighbridge would be located near to the site entrance. 

 

The purpose of the Phases 1 & 2 ESA was to assess the soil and groundwater conditions at the 

site in the context of the proposed development and the significance of any associated 

contamination arising from previous and current activities. 

 

The Phases 1 & 2 ESA comprised the following scope of works- 

 

• Desk-based researches of geology and ground conditions, ground gases, surface water and 

groundwater, potentially contaminative uses/substances of/at the site and its surroundings 

and historical development of the site 

• Review of third party ground investigation report on the former British Sugar factory site 

• Visual inspection of the site and its surroundings 

• Search of regulatory authorities’ databases 

• Consultation with regulatory and non-regulatory bodies as required, including the 

Environment Agency, the local authority and the National Radiological Protection Board 

• Development of Conceptual Site Model 

• The drilling of light cable percussion and window sampling boreholes to varying depths to 

facilitate the sampling of soils and the emplacement of gas and groundwater monitoring 

installations in selected boreholes 

• Monitoring of groundwater levels and ground gas concentrations  

• Chemical analyses of soil and groundwater samples 

• Quantitative risk assessment of soil and groundwater chemical analytical data 

• Collation of findings and preparation of report 
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The Phases 1 & 2 ESA was carried out generally in accordance with the following: 

 

• BS 10175:2001 Investigation of Potentially Contaminated Sites. Code of Practice 

• DEFRA/Environment Agency CLEA publications 

• BS 5930 (1999)- Code of Practice for Site Investigations 

 

This document represents the interpretative report on the findings of the Phases 1 & 2 ESA. 
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2.0 SOURCES OF INFORMATION 

 

The following sources of information were utilised during the course of the Phases 1 & 2 

ESA: 

 

• Envirocheck Report, supplied by the Landmark Information Group (Ref 

23239135_1_1; October, 2007) included with this document as Appendix 1. 

• Environment Agency Groundwater Vulnerability Map, Sheet 12, Vale of York, 

1:100,000 scale.  

• British Geological Survey Brigg Sheet 89. 1:50,000 Series, Drift Edition. 1982 

• Ground Investigation Report for the Brigg Factory, prepared by Peter Brett 

Associates on behalf of Stirling Maynard and Partners. (Report Reference No. 

C.6613; August 1996). 

• Centrica website. 

• British Sugar website. 

• Personal communication between Rolton Group and Philip Lincoln, former electrician 

for the British Sugar factory site and currently maintenance engineer and caretaker. 

• Factual report on the Ground Investigation at Silversides Lane, Brigg, prepared by 

Geotechnics (Ref PC073193; January, 2008) included with this document as 

Appendix 2. 
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3.0 THE SITE AND SURROUNDINGS 

 

The site, which has an area of approximately 4.5 ha is roughly rectangular in plan and is 

located around 2 km to the south-west of Brigg town centre, Lincolnshire. The site is 

accessed via Silversides Lane from the A18. 

 

The approximate Ordnance Survey Grid Reference for the centre of the site is SE 988 

061. 

 

A Site Location Map is enclosed with this report as Figure 1. 

 

The site accommodates a number of mainly disused buildings in proximity to its 

northern boundary which are associated with the former factory. These are as follows: 

 

• Warehouse and loading bay, currently sub-let by the landowner to Recyclet for 

storage purposes 

• Packaging plant 

• Rest rooms 

• Stores 

• Offices 

• Other buildings used for storage 

 

Open ground, punctuated by patches of rough grass features to the south and east of 

the buildings, although a substantial ‘apron’ of concrete is present on an area of raised 

ground in the south-eastern part of the site. 

 

A partially enclosed storage area in the north-eastern part of the site contains a number 

of empty plastic drums, although it was not possible to determine visually what the 

contents were during the inspection. 

 

Land associated with the former British Sugar factory surrounds the site to the north 

(former settling ponds), east (open ground and shrubs/grass) and south (open ground 

and rough grass). Vehicular access to the site is from the west, adjacent to which is a 

weighbridge and open ground. 

 

To the south east of the site is a gas-fired power station owned and operated by 

Centrica. Rolton Group understands that the plant capacity is 250 MW at baseload, 

rising to 272 MW peak load. At its closest point, land associated with the power station 

is some 50 m distance from the site’s eastern boundary.  

 

A plan showing the layout of the site forms Appendix 9 of the Geotechnics report, which 

is included with this document as Appendix 2. 
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4.0 HISTORY OF SITE AND SURROUNDINGS 

 

The history of the site and its surroundings has been established from a review of 

superseded Ordnance Survey (OS) maps, included with the Envirocheck report, and 

information obtained from Centrica’s website and from discussions with Philip Lincoln. 

 

The earliest OS maps of the area (late 1800s) show the site and its environs as open 

land, probably used for agricultural purposes. 

 

Rolton Group understands that British Sugar commenced operations at the site in 1928. 

OS maps show that by 1946, much of the central part of the site was occupied by a 

single building, possibly a different configuration of the existing warehouse and 

packaging plant. Lime ponds are shown encroaching on the north-eastern part of the 

site. 

 

By 1956, the positions of the warehouse and packaging plant were broadly similar to 

their current locations.  

 

The 1970 map depicts a group of storage tanks in relatively close proximity to the 

eastern extent of the packaging plant and a single storage tank to the south of the 

same building. These are not shown on subsequent editions. 

 

Information provided on British Sugar’s website states that operations at the sugar 

factory ceased in 1991.  

 

Construction of Centrica’s nearby power station commenced in 1991, the facility being 

operational by 1993. 
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5.0 PREVIOUS SITE INVESTIGATION 

 

Exploratory holes drilled during the ground investigation undertaken by Peter Brett 

Associates in 1996 were outside the site boundary. However, the associated logs 

detailing the ground conditions encountered confirm broadly those revealed during the 

investigation carried out by Rolton Group. 
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6.0 REGULATORY REVIEW 

 

Table 1 below presents a summary of the salient entries contained in the regulatory 

records reviewed by Rolton Group. For further information on the respective entries, 

reference should be made to the Envirocheck Report, which forms Appendix 1 of this 

document. 

 

Table 1- Summary of Salient Entries Contained in Regulatory Records 

 

Feature Number of 

Entries within 1 

km of Site 

Distance and 

Orientation of 

Nearest Entry to 

Site 

Significance  

Discharge Consents Ten  533 m to north-east Should be of no 

significance to site or 

proposed development 

Integrated Pollution 

Controls 

Eight  140 m to east Should be of no 

significance to site or 

proposed development 

Local Authority 

Pollution Prevention 

and Control 

Two 961 m to north-east Should be of no 

significance to site or 

proposed development 

Pollution Incidents to 

Controlled Waters 

Eight 393 m to east Should be of no 

significance to site or 

proposed development 

Water Abstractions Thirty nine Two on site; next 

nearest 393 m to east 

Rolton Group 

understands that the 

water abstraction 

licences relating to the 

site have been 

surrendered and are no 

longer operational. 

Next nearest  should 

be of no significance to 

site or proposed 

development 

Historical Landfill Sites One One on former British 

Sugar factory site 

Rolton Group 

understands that part 

of the former British 

Sugar factory site was 

licensed to accept 

industrial waste 

between 1977 and 
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1989. However, the 

area of landfilling is 

believed to be outside 

the site proposed for 

redevelopment and, 

consequently, should 

be of no significance 

Registered Landfill 

Sites 

One 389 m to north-east Should be of no 

significance to site or 

proposed development 

Control of Major 

Accident Hazards 

Sites (COMAH) 

Two 124 to south-east Should be of no 

significance to site or 

proposed development 

Planning Hazardous 

Substance Consents 

Four 149 m to south-east Should be of no 

significance to site or 

proposed development 

Contemporary Trade 

Directory Entries 

Thirteen 530 m to north Should be of no 

significance to site or 

proposed development 

Fuel Stations None N/a N/a 
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7.0 GEOLOGY 

 

According to the British Geological Survey, the site is underlain by Marine or Estuarine 

Alluvium, below which are strata of the Ancholme Clay Group. However, the Hibaldstow 

Limestone may be present at shallow depths in the western part of the site. 

 

Information relating to ground conditions encountered at the site is given in Section 

14.0 of this report. 
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8.0 HYDROLOGY 

 

The nearest surface watercourse to the site is Scawby Brook, which flows in close 

proximity (4 m at its closest point) to the site’s northern boundary. Rolton Group 

understands that there are no River Quality data for this watercourse. However, data 

have been obtained for the River Ancholme which, at its closest point to the site is 376 

m to the east. These state a River Quality designation of Grade B (Good). 

 

Information pertaining to discharge consents and abstractions is provided in Table 1 of 

this report. 

 

Information provided by the Environment Agency states that the site is at an extreme 

risk of flooding and is situated within both tidal and fluvial floodplains. Rolton Group 

therefore recommends that further research is carried out to qualify the risk as 

accurately as possible. 
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9.0 HYDROGEOLOGY  

 

According to information contained in the Envirocheck Report, the site is situated over a 

Major Aquifer of High Leaching Potential. Major aquifers are defined as permeable 

formations usually with a known or probable presence of significant fracturing. They 

may be highly productive and able to support large abstractions for public water supply 

and other purposes. 

 

Information pertaining to abstractions is provided in Table 1 of this report. 
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10.0 GROUND GASES 

 

Information published by the Health Protection Agency states that the site is in an area 

where between 1 % and 3 % of homes are above the level at which radon protection 

measures are required. Rolton Group therefore recommends that appropriate advice is 

sought during the design stage of any buildings to be constructed at the site as part of 

its redevelopment. 

 

The results and significance of the ground gas monitoring undertaken as part of the 

Phases 1 & 2 ESA are discussed in Section 15.0 of this report. 
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11.0 MINING AND GEOTECHNICAL CONSIDERATIONS 

 

According to information contained in the Envirocheck Report, the site is not within an 

area a coal mining-affected area. Further, there are no stated hazards relating to the 

potential for collapsible ground, compressible ground, ground dissolution stability, 

landslide, running sand or shrinking or swelling clay ground. 
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12.0 POTENTIAL SOURCES OF CONTAMINATION 

 

Based on the findings of the Phase 1 element of the ESA, a number of potential on-site 

sources of contamination and potentially contaminative substances are indicated, as 

detailed in Table 2 below. 

 

Table 2- Potential On-Site Sources of Contamination 

 

Potential On-Site Source of 

Contamination 

Potentially Contaminative Substances 

Former lime ponds which encroached on 

north-eastern part of site 

Unknown 

 

Former storage tanks in relatively close 

proximity to eastern extent of 

packaging plant and a single storage 

tank to south of same building 

Petroleum hydrocarbons 

Drum storage area in north-eastern part 

of site 

Petroleum hydrocarbons 

Areas of oil staining in former packaging 

plant 

Petroleum hydrocarbons 

Above-ground fuel oil storage tank 

within former packaging plant, adjacent 

to southern wall 

Petroleum hydrocarbons 

Above-ground diesel storage tank 

outside former packaging plant, 

adjacent to northern wall 

Petroleum hydrocarbons 

Deposits of made ground at site Various, but may include petroleum 

hydrocarbons, metals and metalloids, 

solvents and polyaromatic hydrocarbons 

 

Based on the available information and assuming a commercial end use for the site, an 

initial Conceptual Site Model has been developed, which is presented in Table 3 below. 

 

Table 3- Initial Conceptual Site Model 

 

Potential On-Site 

Source of 

Contamination 

Possible Pathway Potential Receptor 

Contamination from 

historical industrial use 

and any deposits of 

made ground 

Volatilisation to indoor/outdoor 

air and inhalation 

On-site commercial 

construction worker 

Contamination from Inhalation of wind- On-site commercial 
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historical industrial use 

and any deposits of 

made ground 

blown/tracked dust construction worker 

Contamination from 

historical industrial use 

and any deposits of 

made ground 

Dermal contact with/ingestion 

of soil particles 

On-site commercial 

construction worker 

Contamination from 

historical industrial use 

and any deposits of 

made ground 

Soil contaminative substances 

leaching to groundwater 

Groundwater 

Volatile groundwater 

contaminative 

substances 

Groundwater contaminative 

substances volatilisation to 

indoor air 

On-site commercial 

indoor and outdoor air 

Volatile groundwater 

contaminative 

substances 

Migration down groundwater 

gradient/groundwater 

contaminative substances 

volatilisation  

Off-site commercial 

indoor and outdoor air 

Groundwater 

contaminative 

substances 

Migration down groundwater 

gradient to mixing zone with 

surface water 

Surface water 
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13.0 SITE INVESTIGATION 

 

13.1 INTRUSIVE INVESTIGATION 

 

The intrusive investigation was carried out for Rolton Group by Geotechnics and 

a factual report on the findings forms Appendix 2 of this document. 

 

The intrusive works comprised the drilling of sixteen boreholes by light cable 

percussive techniques to depths of between 0.50 m and 6.70 m below ground 

level and eight boreholes by window sampling techniques to depths varying 

from 2.10 m to 4.00 m below ground level. The light cable percussive boreholes 

were drilled outside the buildings, whereas the window sampling boreholes were 

drilled within the buildings. Borehole drilling was undertaken between 16th 

October and 2nd November, 2007. Records of the borehole logs form Appendices 

3 and 4 of the Geotechnics report, which is included with this document as 

Appendix 2. The positions of the boreholes are shown on the Exploratory Hole 

Location Plan, which comprises Appendix 9 of the Geotechnics report. 

 

A proportion of the boreholes were drilled at the locations of potential sources of 

contamination. The remainder were drilled to provide optimum coverage of the 

site. 

 

Prior to the commencement of drilling operations, each position was checked for 

underground services by a specialist in situ services tracing company using radio 

detection equipment. 

 

Combined groundwater and ground gas monitoring standpipes were installed in 

five of the light cable percussive boreholes and four of the window sampling 

boreholes. 

 

13.2 GROUND WATER AND GROUND GAS MONITORING 

 

Groundwater levels and ground gas concentrations (methane, carbon dioxide 

and oxygen) were measured on 12th and 20th December, 2007 and 3rd January, 

2008. The results of the groundwater level and ground gas concentration 

monitoring are presented in Appendix 5 of the Geotechnics report, which forms 

Appendix 2 of this document. 

 

13.3 SOIL AND GROUNDWATER SAMPLING 

 

Representative samples of soil were obtained from all boreholes and retained for 

subsequent laboratory chemical analyses. Similarly, samples of groundwater 

were obtained during the monitoring visits.  
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13.4 CHEMICAL ANALYSES 

 

The chemical analytical suites selected for samples of soil and groundwater were 

chosen according to the nature of the ground conditions encountered, visual and 

olfactory indications of potential contamination, the known history of the site 

and other pertinent desk study information. 

 

Soil and groundwater samples were tested for the following determinands: 

 

� Arsenic 

� Cadmium 

� Total chromium 

� Lead 

� Mercury 

� Selenium 

� Water-soluble boron 

� Copper 

� Nickel 

� Organic matter (soil only) 

� Zinc 

� Phenols 

� Sulphate 

� pH 

� Total and speciated polyaromatic hydrocarbons 

� Total and speciated petroleum hydrocarbons 

 

The results of the soil and groundwater analyses form Appendices 7 and 8 

respectively of the Geotechnics report, which comprises Appendix 2 of this 

document.  
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14.0 GROUND, GROUNDWATER AND GROUND GAS CONDITIONS 

 

14.1 MADE GROUND 

 

Made ground is present across the site, varying in thickness between 0.80 m 

and 3.45 m. The constituent fill materials comprised a generally consistent 

upper layer of concrete and/or hardcore (0.20 m to 0.60 m in thickness) 

underlain by a heterogeneous lower layer. The lower layer consisted of brown, 

sandy, gravely clays and clayey sands with bricks, concrete, rootlets, organic 

matter, wood, glass, slag/clinker, limestone, flint and quartzite. 

 

14.2 NATURAL GROUND 

 

Natural deposits were proved in the majority of the boreholes and generally 

comprised a layered sequence of clays, sands and gravels. From the borehole 

logs, it is possible to identify a relatively consistent layered sequence as follows: 

 

• Upper layer comprising a brown, mottled grey, sandy, gravelly clay 

between 0.5 m and 3 m in thickness that tends to ‘thin’ towards the 

western part of the site. 

• Lower layer comprising a brown/orange, clayey sand and gravel and 

grey/brown gravel between 1 1.0 m and 3.60 m in thickness 

 

North Lincolnshire Limestone was recovered during drilling operations as an 

orange/brown and grey oolitic limestone gravel (weathered bedrock). The top of 

the weathered limestone was encountered between 3.2 m and 6.6 m below 

ground level. 

 

14.3 GROUNDWATER CONDITIONS 

 

Groundwater strikes were recorded in most boreholes during drilling at depths 

of between 2.70 m and 4.2 m below ground level. Subsequent borehole 

monitoring recorded groundwater levels between 0.70 m and 2.60 m below 

ground level. 

 

Results of the groundwater monitoring are included within Appendix 5 of the 

Geotechnics report, which forms Appendix 2 of this document. 

 

The groundwater monitoring results indicate a hydraulic gradient from west to 

east. 
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14.4 GROUND GAS CONDITIONS 

 

No significant concentrations of methane were detected during the monitoring 

visits. 

 

14.5 VISUAL AND OLFACTORY INDICATIONS OF CONTAMINATION 

 

Visual and/or olfactory indications of soil contamination during drilling were 

limited to two boreholes (BH 7- oil/fuel odour and BH 14- oil/diesel odour). 
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15.0 QUANTITATIVE RISK ASSESSMENT – SOILS AND GROUNDWATER AND 

 GROUND GAS 

 

15.1 SOILS AND GROUNDWATER 

 

15.1.1 GROUND, GROUNDWATER AND SURFACE WATER CONDITIONS 

 

Ground and groundwater conditions are described broadly in Section 14.0 of this 

report and surface water conditions in Section 8.0 

 

Of additional significance is that perched water was recorded within deposits of 

made ground encountered in two boreholes. The depths of the strikes were 1.2 

m below ground level in Borehole 1A and 1.3 m below ground level in Borehole 

2. 

 

The site is situated over the North Lincolnshire Limestone, which is classified as 

a Major aquifer by the Environment Agency. The site is located within 

Environment Agency-classified Inner, Outer and Total Catchment Source 

Protection Zones (SPZs) and is in a Nitrate Sensitive Zone. 

 

15.1.2 STAGE 3 CONTROLLED WATERS RISK ASSESSMENT 

 

15.1.2.1 FRAMEWORK 

 

The CLR-11 Stage 3 controlled waters hydrogeological risk assessment for land 

contamination has been undertaken using the Agency RTM and the associated 

public domain revised MS Excel RTW and RTW user manual (both version 3.1). 

 

The primary objective of the RTM hydrogeological risk assessment modelling 

detailed in this report is to provide risk based modelling output for a number of 

identified substances of concern.  The modelling output can then be used as the 

technical basis to allow development of appropriate risk-based soil & soil 

leachate groundwater remedial validation criteria for use in site reclamation.  

This means that the risk assessment will be based on the Soil Level approach 

using a soil source, as described in the RTM framework.  Modelling has also been 

undertaken using the RTM Groundwater Level approach to provide groundwater 

criteria that can be used to develop appropriate assessment criteria for 

groundwater monitoring undertaken at the site. 

 

The iterative stages involved in the Stage 3 controlled water risk assessment are 

as follows: 
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1. Identification of potential risk and substances of concern via CLR-11 Stage 1 

through identification of substances of concern, sources, pathways and 

receptors. 

2. Selection of appropriate Target Concentrations for the Stage 3 substances of 

concern. 

3. Development of a site-specific controlled waters Conceptual Model that includes 

parameters required for the risk assessment, selection of appropriate point of 

compliance and an assessment of water balance. 

4. RTM tiered hydrogeological risk assessment modelling for soil & groundwater 

sources for the Stage 3 substances of concern. 

5. Review of uncertainties & completion of sensitivity analysis. 

6. Evaluation of travel times. 

7. A review of hydrogeological risk assessment modelling results, sensitivity 

analysis and travel times. 

8. Conclusions and recommendations. 

The Target Concentration is the concentration of the substance of concern at the 

POC that should not be exceeded.  This will normally be set as equivalent to a 

water quality standard and the target concentration remains constant during the 

assessment process.  The target concentrations are discussed in Section 

15.1.2.5. 

 

The POC is the location along the contaminant migration pathway where the 

target concentration should not be exceeded and the location of the POC will 

depend on the RTM level of the tiered assessment.  The POC may be at a 

receptor (e.g. surface watercourse), the aquifer or pore-water in the soil zone.  

The target concentrations are discussed in Section 15.1.2.6.2. 

 

The conceptual model includes appropriate parameters to characterise the 

substances of concern, the source area, the POC and 

hydrological/hydrogeological conditions.   

 

As part of the development of the conceptual model, the site groundwater 

balance in the made ground has been assessed to ensure that adopted 

hydrological/hydrogeological parameters are consistent with hydrogeological 

conditions, average rainfall, likely infiltration and groundwater recharge 

catchment area. 

 

The conceptual model and water balance is detailed in Sections 15.1.2.6.5 and 

15.1.2.6.6, with the results of the RTW modelling presented in Section 

15.1.2.7.4. 
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The RTW modelling is usually based on steady state conditions (infinite time) 

and infinite source mass.  To ensure that appropriate remedial targets are 

adopted for reclamation works, the RTM document recommends that for low flow 

groundwater systems and/or higher kd/koc substances that the travel times 

from the source to POC are determined to allow informed & technically sound 

judgements to be made on the sensible use of the RTW modelling output.  The 

RTM documents suggest that where travels times exceed 1,000 years, then the 

travel time and other factors need to be considered when developing the final 

risk based targets.  The RTM document also suggests that travel times of 

centimetres per year should be considered slow.  The assessment of travel times 

is discussed in Section 15.1.2.8. 

 

The RTM document also recommends that a simple check is undertaken for each 

substance of concern to determine whether the target concentration, modelling 

results for leachate & groundwater exceed literature values for solubility.  If the 

target concentration or modelling results exceed solubility values, then this can 

be a further consideration in the development of final remedial targets for the 

relevant substances of concern.  The assessment of solubility in relation to the 

modelling results is discussed in Section 15.1.2.9. 

 

A sensitivity analysis has been undertaken that includes variation of the water 

flux through the groundwater in made ground by using the water balance 

assessment and changes in the hydraulic conductivity.  The uncertainty and 

sensitivity analysis is discussed in Section 15.1.2.10. 

 

A review of the hydrogeological risk assessment modelling results, sensitivity 

analysis, solubility consideration and travel times is included as part of the 

discussion in Section 15.1.3. 

 

15.1.2.2 DATA REQUIREMENTS AND SELECTION OF PARAMETER VALUES 

 

The RTW model is deterministic and requires the use of single values; this is 

coupled with a sensitivity analysis to take into account uncertainties in the 

model inputs and to ensure sufficient conservatism to be appropriately 

protective of the identified sensitive receptors.  As stated in the RTM document, 

parameter value selection requires expert judgment by the risk assessor to 

decide what values should be used. 

 

The RTM document states that the preferred approach to parameter value 

selection is to use realistic values and then consider a safety margin based on 

the sensitivity analyses.  However, for this assessment, a more conservative 

approach has been adopted by initially selecting reasonable upper/lower bound 

values (but not maximum/minimum or ‘worst’ case values) for most of the 

parameters and then using the sensitivity analysis on the most important set of 
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variables that control groundwater flux under the site.  This upper/lower bound 

approach to the majority of values then removes the need to undertake 

exhaustive & needlessly complex sensitivity analysis on every single parameter.  

The uncertainty and sensitivity analysis is discussed in Section 15.1.2.10. 

 

15.1.2.3 STAGE 3 SUBSTANCES OF CONCERN 

 

15.1.2.3.1   OVERVIEW 

      

The Stage 2 risk assessment has identified potentially significant controlled 

waters pollutant linkages for identified sources, pathways & receptors and the 

outcome of Stage 2 indicates that a Stage 3 hydrogeological risk assessment 

should be undertaken for the following substances of concern: 

 

• TPH Fractions 

• Phenol 

 

The selection of the site-specific TPH fractions to be modelled for the RTM 

assessment is discussed in Section 15.1.2.3.2. 

   

15.1.2.3.2 SELECTION OF TPH FRACTIONS FOR SOIL MODELLING 

 

Fully speciated TPH data is not available for soils, although analysis is available 

for TPH fraction splits C6-10, C10-12 and C20-40. 

 

The Stage 3 modelling will be undertaken for fractions where the normalised 

fraction percentage composition is >1% and will be skewed towards the lighter 

fractions.  The C12-40 fractions will be modelled as C12-16. 

 

Table 4 provides a breakdown of the percentage composition of the fractions in 

soils using mean values of each fraction. 

 

Table 4 - TPH Percentage Composition for Soils 

 

TPH Fraction 

Soil Mean 

Concentrations 

(mg/kg) 

Percentage  

TPH C6-C10 <dl <1 % 

TPH C10-C20 2,150 87 % 

TPH C20-C40 322 13 % 

TPH 2,472 100 % 
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For the purposes of the risk assessment it has been assumed that the TPH has 

the composition of diesel, which comprises c. 70% aliphatic fractions and c. 30% 

aromatic fractions.  The Stage 3 soil modelling will be undertaken for C8 to C40 

fractions based on a soil source with the composition detailed below.  The values 

are rounded & skewed to the lighter fractions and are based on the full depth of 

soils. 

 

• Aliphatic Fraction C8-10:  2 % 

• Aliphatic Fraction C10-12:  60 % 

• Aliphatic Fraction C12-40:  8 % 

• Aromatic Fraction C8-10:  2% 

• Aromatic Fraction C10-12:  26 % 

• Aromatic Fraction C12-40:  2 % 

• TPH    100% 

 

15.1.2.3.3 SELECTION OF TPH FRACTIONS FOR GROUNDWATER MODELLING 

 

Fully speciated TPH data are not available for groundwater, although analysis is 

available for TPH fraction splits C6-10, C10-12 and C20-40. 

 

Table 55 provides a breakdown of the percentage composition of the fractions in 

groundwater using mean values of each fraction.   

 

Table 5 - TPH Percentage Composition for Groundwater 

TPH Fraction 

Groundwater Mean 

Concentrations 

(mg/l) 

Percentage 

TPH C6-C10 0.4 1 % 

TPH C10-C20 22 82 % 

TPH C20-C40 4 17 % 

TPH 26.4 100 % 

 

For the purposes of the risk assessment it has been assumed that the dissolved 

phase TPH is composed entirely of aromatic fractions.  This is based on a 

consideration of solubility (Section 15.1.2.9) and is conservative in that it 

assumes all the dissolved phase TPH is composed of aromatic fractions and 

there are no aliphatic fractions in groundwater. 

 

The Stage 3 modelling will be undertaken for fractions where the fraction is 

comprises >1% of the TPH.  The analytical data indicates that the TPH fractions 

comprise heavier end fractions >C10.  However, a nominal 2% has been 

assigned to the aromatic C8-10 fraction, even though there are only detected 

concentrations for the TPH C8-10 fraction in the three monitoring rounds.  This 

means that the Stage 3 groundwater modelling will be undertaken for the 
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following fractions based on a groundwater source with the following 

composition: 

 

• Aromatic Fraction C8-10:  2% 

• Aromatic Fraction C10-12:  82 % 

• Aromatic Fraction C12-40:  16% 

• TPH     100% 

 

15.1.2.3.4 CALCULATION OF ∑TPH 

 

A ∑TPH value for soils, soil leachate and groundwater will also be calculated 

from the individual RTW Soil Level soil leachate, soil and groundwater results for 

the relevant identified representative TPH fraction percentages in soil and 

groundwater.  Calculation of ∑TPH requires an understanding of the TPH fraction 

composition of the site-specific soil and groundwater TPH concentrations and 

this is detailed in Sections 15.1.2.3.2 and 15.1.2.3.3.  Calculation and 

assessment of the ∑TPH has been determined in line with the additivity 

methodologies laid out in P5-080/TR3 and CLEA Briefing Note 4. 

 

15.1.2.4 TIERED METHODOLOGY 

 

Threshold values for soil leachate, soil and groundwater have been calculated for 

the Stage 3 substances of concern using the RTM Soil and Groundwater Levels.  

The methodology provides a process and recommended algorithms for the 

calculation of the threshold action levels based on a tiered structure that is 

summarised on the following page. 

 

The risk assessment will consider soil leachate, soil and groundwater sources.  

This means that the Stage 3 risk assessment will adopt the soil & groundwater 

level approaches described in the RTM methodology.  As previously discussed, 

the aim of the Stage 3 risk assessment is to produce soil leachate, soil and 

groundwater values for the Stage 3 substances of concern for groundwater.  The 

raw modelling output values are not remedial targets. 
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The rationale for each soil & groundwater level can be summarised as follows: 

 

Soil Level 1: considers whether leachate contaminant concentrations are 

sufficient to affect the receptor, ignoring dilution, dispersion & attenuation, such 

that: 

 

Soil Leachate Action Level = Target Concentration 

 

Soil & Groundwater Level 2: considers dilution by the receiving groundwater 

directly under the source.  The action level is defined as the target concentration 

multiplied by a dilution factor (DF).  The DF factor is typically the ratio of the 

groundwater flow rate under the source area relative to the vertical infiltration 

rate down through the source area. 

 

Soil Leachate Action Level = Target Concentration * DF 

Groundwater Action Level = Target Concentration 

 

Soil & Groundwater Level 3: considers attenuation in the saturated zone 

towards the Point of Compliance.  The action level is defined as the target value 

multiplied by a dilution factor and an attenuation factor (AF). 

 

Soil Leachate Action Level = Target Concentration * DF* AF 

Groundwater Action Level = Target Concentration *  AF 

 

Soil & Groundwater Level 4: considers attenuation in the saturated zone 

towards the Point of Compliance and dilution factor (DFR) in a surface water 

body or in an abstraction.  The action level is defined as the target value 

multiplied by two dilution factors (DF & DFR) and an attenuation factor. 
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Soil Leachate Action Level = Target Concentration * DF* AF*DFR 

Groundwater Action Level = Target Concentration * AF*DFR 

 

There is a requirement under the RTM framework to ensure that soils remaining 

on-site do not have a detrimental effect on identified controlled water resources 

through adoption of a sentinel groundwater POC.  This means that under the 

RTM framework, the site specific risk assessment will progress to soil & 

groundwater Level 3, with the Level 3 POC located at a sentinel POC located in 

groundwater between the site boundary and Scawby Brook. 

 

The RTM document states that it is important when interpreting the results of 

the assessment to consider whether any exceedances are a result of historic 

polluting activities or reflect the natural site conditions.  Concentrations of some 

inorganics, especially metals, can be naturally high and the RTM document 

recommends that levels of relevant substances of concern in natural or 

uncontaminated soils is established. 

 

15.1.2.5 SELECTION OF TARGET CONCENTRATIONS 

 

15.1.2.5.1 SELECTION PROCESS 

 

The Stage 3 substances of concern in soil sources are present in made ground 

with shallow groundwater present in the natural deposits.  Given the made 

ground soil source, the shallow groundwater and the presence of detectable 

concentrations of the Stage 3 substances of concern in groundwater, the 

adopted Target Concentrations will be based on available environmental 

standards.  This approach is also consistent with non-statutory Agency guidance 

laid out in ‘Technical Advice to Third Parties on Pollution of Controlled Waters for 

Part IIA of the Environmental Protection Act 1990’. 

 

15.1.2.5.2 AVAILABILITY OF ENVIRONMENTAL STANDARDS 

 

The available relevant water quality standards that are most commonly adopted 

as RTM target concentrations are the UK/EU Drinking Water Standards (DWS) 

and Agency defined Environmental Quality Standards (EQS).  Other possible 

water target concentrations are provided in the Agency Technical Advice to Third 

Parties document. 

 

Although the site is located over a major aquifer there are no abstractions for 

drinking water within 2km of the site.  However, as Scawby Brook is located 

close to the site the preferred target concentrations are the Agency EQS values 

where available.  The adopted water target concentrations are presented in 

Table 6.   
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Table 6 - Adopted RTM Target Concentrations 

Substance of 

Concern 

DWS 

(mg/l) 

Freshwater 

EQS  

(mg/l) 

Other (mg/l) 
Adopted GAC 

(mg/l) 

TPH Fractions 0.01 - 
0.05 

Surface Water 
Regulations 

0.05 

Phenol 0.005 0.03 - 0.03 

 

15.1.2.6 RTM CONCEPTUAL MODEL 

 

15.1.2.6.1 FRAMEWORK 

 

A controlled waters conceptual model based on groundwater has been developed 

to provide parameters for the completion of Level 1 to 3 soil leachate & soil 

modelling and Level 3 groundwater modelling using Agency RTW Version 3.1.  

The conceptual model includes a numerical data set that characterises the 

site-specific substances of concern, the source area, the hydrogeological and 

hydrological conditions, as well as matching the input requirements of the 

algorithms used in the RTW. 

 

The conceptual model consists of the following elements: 

 

• Points of compliance 

• Adopted chemical and environmental properties for the Stage 3 

substances of concern 

• Water balance 

• Representative source area characteristics 

 

15.1.2.6.2  SELECTION OF POINTS OF COMPLIANCE 

 

The location of the POC will depend on the RTM level of the tiered assessment. 

 

The POC for Soil Level 1 is soil leachate in the soil source area, i.e. soil leachate 

quality in source area = target concentration.  The POC for Soil Level 2 is 

groundwater quality in the made ground directly under the soil source area, i.e. 

groundwater quality beneath source = target concentration. The POC for 

Groundwater Level 2 is groundwater quality in the groundwater source area, i.e. 

groundwater quality at source = target concentration (this is equivalent to as 

CLR-11 GQRA).    
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A sentinel POC approach has been adopted for RTM Soil & Groundwater Level 3 

and the POC has been placed at a distance of 25m from the main source areas, 

identified by the intrusive investigations, towards Scawby Brook, i.e. 

groundwater quality 25m from boundary = target concentration. 

 

The Level 3 POC distance used in the modelling will be dependant on the source 

dimensions, with the POC modelling distance measured from the down gradient 

edge of the source area to the off-site sentinel POC.  For the Brigg site, the 

whole site has been considered as the source area and therefore the POC 

modelling distance is 25m, which represents a down-gradient point mid-way 

between the main source areas and Scawby Brook. 

 

15.1.2.6.3 PHYSICO-CHEMICAL PROPERTIES OF SUBSTANCES OF CONCERN 

 

The partition coefficient, Henry’s Law Constant & solubility (where applicable) of 

the Stage 3 substances of concern are detailed in Table 7.  The values are drawn 

from reputable literature sources including Agency P5-079/TR1 and TPHCWG 

references. 

Table 7 - Adopted Properties of Stage 3 Organic Substances of Concern 

Substance of 

Concern 

Koc  

Dimensionle

ss 

Henry’s Law 

Constant 

Dimensionless 

Solubility 

mg/l 
Literature Source 

TPH Aliphatic C8-C10 31,660 80 0.43 TPHCWG 

TPH Aliphatic C10-C12 251,190 120 0.034 TPHCWG 

TPH Aliphatic C12-C35 
1,000,000 a 

(5,011,870) 
520 0.0007 

TPHCWG 

(based on Aliphatic C12-

C16) 

TPH Aromatic C8-C10 1,585 0.48 65 TPHCWG 

TPH Aromatic C10-C12 2,511 0.14 25 TPHCWG 

TPH Aromatic C12-C40 5,012 0.053 5.8 TPHCWG 

Phenol 29 0.0000163 84,000 Agency P5-079/TR1 

Notes: (a) lower value of 1,000,000 adopted as literature value causes numerical errors in RTW 

spreadsheet 

 

15.1.2.6.4 DEGRADATION RATES OF ORGANIC SUBSTANCES OF CONCERN 

 

Biodegradation of organic substances is an important attenuation process in soil 

& groundwater systems. 

 

The Level 3 modelling assumes that degradation only occurs in the saturated 

zone and that attenuation & degradation in the unsaturated zone does not occur.  

Unsaturated zone degradation CAN be a significant additional attenuation 
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process and the RTW modelling should be considered conservative, as the 

unsaturated zone degradation mechanism is not taken into account. 

 

However, as the range of site-specific degradation rates of the organic 

substances is not known, there will be a high level of uncertainty about the 

speed of saturated zone degradation of the residual substances of concern (i.e. it 

is not a case of whether degradation will occur; it is a case of how fast the 

degradation will occur).  This means that it has been necessary to adopt 

saturated zone degradation rates that are based on the range of available values 

in respected literature sources, including Agency R&D document P228 & 

P5-079/TR1. 

 

The RTM document indicates that where literature based degradation rates are 

used; they should be realistic/conservative, relevant to the site groundwater 

conditions and preferably be based on literature studies of aquifers (as opposed 

to laboratory studies).  The adopted degradation rates should also be acceptable 

to the appropriate regulatory parties.  As the organic source area will be 

remediated, it is reasonable to adopt the RTW spreadsheet analytical solution 

that uses a first order reaction for degradation. 

 

Conservative upper bound literature values have been adopted as the basis for 

the Level 3 organic degradation rates (where available, anaerobic degradation 

rates in shallow aquifers have been adopted).  The upper bound values for TPH 

fractions have been doubled for use in the Level 3 modelling to provide a 

significant safety margin.  The use of degradation rates that are twice as high as 

the upper bound literature values, should ensure that the actual range of 

site-specific degradation rates of the organic substances are within the adopted 

degradation values. 

 

The adopted Level 3 saturated zone half-life values for the organic substances of 

concern are presented in Table 8. 
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Table 8 - Adopted Literature Values for Saturated Zone Biodegradation 

Substance of 

Concern 
Literature Half Life Values 

Adopted 

Reasona

ble Value 

Justification 

TPH Aliphatic 

& Aromatic 

Fractions C8-

40 

New Zealand Guidelines 

C7 to C9 - 2 Years (730 Days) 

C10 to C14  - 5 Years (1,825 Days) 

C15 to C36 - 10 Years (3,650 Days) 

C8 to C10  

5.5 years 

(2,000 

days) 

C10 to C12  

10 years  

(3,650 

days) 

C12 to C35  

 20 years 

(7,300 

days) 

Reasonable upper 

bound values 

given the BTEX & 

PAH values 

 

Plus at  least 

100% 

Safety Margin 

Phenol 

Aerobic: 10 - 100 days - 

Shallow sand/gravel aquifers 

Anaerobic 50 - 300 days 

Shallow sand/gravel aquifers 

300 days 

Upper value of 

anaerobic range 

from EA P228  

 

15.1.2.6.5 SOURCE AREA CHARACTERISTICS 

 

The source zone properties are summarised in Table 9 and have been estimated 

from the site dimensions. 

Table 9 - Source Zone Properties  

Property or Parameter Parameter Comments 

W 

Width of contaminant source 

perpendicular to groundwater flow 

250m Estimated source width 

L 

Average length of contaminant 

source in direction of groundwater 

flow 

150m Estimated source length  

 

15.1.2.6.6 WATER BALANCE CALCULATIONS 

 

The RTW model is based on a calculation involving a number of hydrogeological 

parameters that combine to determine the groundwater flux beneath the site 

and the groundwater velocity from source to POC.  The substance-specific kd or 

koc*foc then determines the migration velocity of each substance of concern 

based on a retarded velocity compared with the groundwater velocity. 
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From Darcy’s Law, groundwater flow (Q) though a cross-sectional area (A) of 

saturated zone is directly proportional to the hydraulic gradient (i) and the 

hydraulic conductivity (K), such that: 

Q = KiA 

 

For a site of width W with saturated zone thickness b, the flow rate beneath a 

site (Qsite) is: 

 

Qsite = Ki*Wb 

 

This means that for the site, doubling the product of (K * i) will result in a 

doubling of the groundwater flux under the site; conversely, halving the product 

of (K * i) will result in a halving of the groundwater flux under the site. 

 

The interrelationship of K * i with groundwater flux means that it is imperative 

that the adopted values of K & i are realistic & feasible.  If upper bound (or 

‘worst case’) values are used for both K & i without consideration of the water 

balance, then this will result in an unfeasibly high groundwater flow rate under 

the site.  Conversely, if unrealistic lower bound values are adopted, then this will 

result in a very low groundwater flow rate under the site. 

 

This also means that the measured hydraulic gradients are not independent of 

the hydraulic conductivity (average K being a fixed inherent property of the 

saturated zone) and the hydrogeological system will react to accommodate the 

recharge by infiltration and this will manifest itself in the piezometric heads 

measured across the area.  This means that for a given regional groundwater 

recharge, systems with a relatively high hydraulic conductivity (e.g. gravels) 

would exhibit very low (typically almost flat) hydraulic gradients and systems 

with relatively a low hydraulic conductivity (e.g. silts), would exhibit much 

steeper hydraulic gradients. 

 

Given the site location, the water cycle means that the groundwater flow 

entering the site must be a direct function of the effective rainfall infiltration up 

gradient of the site.  This means that average flow of groundwater leaving the 

site (Qsite) and discharging to the river is a function of the up-gradient infiltration 

plus infiltration on the site. 

 

Site-specific values are available for i, W & b and these values are considered to 

have an acceptable level of certainty.  However, under the RTM framework 

site-specific average values of K are often estimated by risk assessors from 

literature values based on site geology or estimated from on-site testing and 

there is then a tendency to adopt upper bound values.  The common tendency 

to over-estimate K is to be avoided to ensure that the groundwater flux remains 

realistic & reliable. 
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As the site has reliable values of i & b, there is a requirement to evaluate values 

of K that match the estimated/feasible water balance provided by infiltration to 

ensure that the model does not predict unrealistic high/low groundwater flow 

rates under the site, which would make the model output unreliable. 

 

The water balance calculations used to estimate an adopted average K value for 

the site of 1 m/day are detailed in Table 10 and Table 11.  The calculations use 

estimations of infiltration and the site values of i & b.  For simplicity, the main 

calculations are based on a 1 m wide slice of the saturated layer (with thickness 

b), with two zones of recharge considered in the calculations.  The calculated 

groundwater flux of 3 m3/day passing through the site appears to be a 

reasonable value. 

 

The variance in water flux will be addressed in the sensitivity analysis by varying 

the hydraulic conductivity values (since i, b & W have a high level of certainty). 
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Table 10 - Water Balance Calculations 

Parameter Value Comments 

Annual Rainfall (m/y) 0.565m/year Met Office annual average for Cleethorpes 

Daily Rainfall (m/d) 0.0015m/day Average daily rate 

Recharge Input One - 
High ground to the west to western site 

boundary 

Recharge length 200m Site dimensions 

Percentage Effective Rainfall 

recharging to groundwater in made 

ground 

10% 

Widely used rule of thumb estimate is 10-20 

% of rainfall.  The lower/upper range will be 

taken into account in the sensitivity analysis 

via the variance of hydraulic conductivity to 

alter groundwater flux 

Percentage softstanding 40% 
Partly hardstanding and partly ploughed 

fields 

Estimated average infiltration rate 0.00006m/d Daily rate x Soft Cover x Infiltration 

Recharge Input Two - 
Site from west to east, down estimated 

hydraulic gradient 

Recharge length 150m Site dimensions 

Percentage Effective Rainfall 

recharging to groundwater in made 

ground 

10% 
Considers a small significant contribution to 

groundwater in made ground 

Percentage softstanding 1% Mainly hardstanding 

Estimated average infiltration rate 0.0000015m/d Daily rate x Soft Cover x Infiltration 

Summary  Estimated Water Balance 

Total recharge length 370m 
Distance from high ground to southern site 

boundary 

Input 1 - Volume per m wide strip 0.012 m3/day Volume per m wide strip 

Input 2 - Volume per m wide strip 
0.00022 

m3/day 
Volume per m wide strip 

Total Volume leaving site per m 

strip 
0.01m3/day Volume per m wide strip  

 

Table 11 - Hydraulic Conductivity Calculations  

Parameter Value Comments 

Estimated volume leaving site per 

m wide strip 
0.01 m3/day Calculated from up gradient & site infiltration 

Average site groundwater gradient 0.009 Site data  

Average saturated thickness 3 m 
Estimated from site data based on average 

saturated thickness of superficial deposits 

Estimated hydraulic conductivity 1 m/day Back calculated from Darcy's Law Q=KiA 

Adopted hydraulic conductivity 1 m/day 
Variance in water flux will be addressed in 

sensitivity analysis 

Width of Site 250 m Site Measurements 

Groundwater volume leaving site at 

adopted hydraulic conductivity 
3 m3/day Adopted groundwater flux leaving site 
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15.1.2.6.7  ADOPTED HYDROGEOLOGICAL PROPERTIES 

 

The hydrogeological conditions are discussed in Sections 9.0 and 15.0.  The 

principal sensitive controlled waters receptor is Scawby Brook, with a proportion 

of the base flow to the river provided by the shallow groundwater, as 

represented by groundwater in the natural deposits beneath the site.  This 

means that the Stage 3 conceptual model will consider the groundwater system 

in the natural deposits as the critical receptor and that the groundwater in the 

made ground under the site discharges into Scawby Brook.  As previously 

discussed, the RTM Level 2 & 3 POCs are in the groundwater in the made 

ground. 

 

The use of the adopted critical receptor means that the hydrogeological risk 

assessment will be protective of shallow groundwater, Scawby Brook and other 

controlled water receptors, such as other surface waters and deeper 

groundwater bodies in the deposits underlying the site. 

 

The adopted hydrogeological properties are detailed in Table 12.  For a number 

of the parameters, uncertainties in the adopted values and the effects of 

uncertainties are discussed below and further analysed as part of the 

assessment of travel times in Section 15.1.2.8 & the sensitivity analysis in 

Section 15.1.2.10. 

 

The post development unsaturated zone soils have been conservatively modelled 

as sandy soils and have been modelled using the properties detailed in Table .  

The soil parameters have a limited effect on the model outcome and are just 

used to balance the soil concentrations taking into account the vapour phase 

component.  The soil parameters have no affect on the soil leachate and 

groundwater model outputs. 

 

The infiltration rate for the developed site is detailed in Table 12 and is based on 

rainfall plus correction factors for hard cover and effective infiltration. 

 

The fraction organic carbon (foc) is an important variable for organic substances 

of concern that affects travel time and partitioning and reasonable conservative 

lower bound estimates have been used for the foc in the saturated and 

unsaturated zones. Lower bound estimates have been used, as foc values are 

typically variable in made ground deposits. 

 



 

 

 

 

Page 38 
Copyright © Rolton Group Ltd 2008 

 

 

Table 12 - Hydrogeological Properties 

Hydrogeological 

Parameter 
Typical Range 

Adopte

d Value 
Comments 

Ρ        

Dry Bulk Density 

Literature value 

for Sandy Soil 

1.6 

g/cm3 

Revised CLEA data for sandy soil 

(Table 3 CLEA Briefing Note 2) 

θw         

Unsaturated Zone 

Water Filled Porosity 

Literature value 

for Sandy Soil 
0.15 

Revised CLEA data for sandy soil 

(Table 3 CLEA Briefing Note 2) 

θa          

Unsaturated Zone 

Air Filled Porosity 

Literature value 

for Sandy Soil 
0.31 

Revised CLEA data for sandy soil 

(Table 3 CLEA Briefing Note 2) 

foc 
Fraction Organic 

Carbon in 

Unsaturated Zone 

Variable 0.006 

Conservative value for natural soils of 

approximately 1% soil organic matter (SOM) 

which is equivalent to foc of 0.006 

foc 
Fraction Organic 

Carbon in Saturated 

Zone 

Variable 0.006 

Conservative value for natural soils of 

approximately 1% soil organic matter (SOM) 

which is equivalent to foc of 0.006 

Average rainfall rate  
Literature value 

0.565m/year 

0.0015  

m/day 
Met Office data for Cleethorpes 

Inf 

Infiltration rate for 

developed site 

Typically 10% 

to 20% of 

rainfall for 

urban areas 

0.00001

5  

m/day 

Infiltration estimate based on an upper bound 

infiltration rate of 10% & assuming that 99% of 

the developed site will be hard cover 

I 

Hydraulic Gradient 

under site 

Site-specific 0.009 
Average across site based on topography at the 

site and site investigation data 

i   Hydraulic Gradient 

up-gradient of site 

Site-specific 

model 
0.0082 

Value required to ensure that RTW model uses 

site value of c. 0.009 (see text) 

K    

Hydraulic Conductivity 

Expected values 

typically 

<1 to 10 m/day 

1 m/day 

Estimate based on balancing hydraulic gradient 

with hydraulic conductivity, site geology and up-

gradient infiltration 

N    

Effective Porosity 

Saturated Zone 

Literature 

values for total 

porosity 0.1  to 

0.4 

0.2 Reasonable median estimate 

da 

Saturated aquifer 

thickness 

Site-specific 3 m 
Estimated average saturated thickness from site 

data 

Plume Thickness in 

Saturated zone 
Site-specific 1 m Reasonable 30 % of saturated layer 

Mz                    Saturated zone 3 m The RTM documents recommend that for thin 
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Mixing Zone 
thickness water-saturated zones (<10 m) that mixing zone 

thickness is set to the saturated zone thickness 

 

A hydraulic gradient value of 0.009 has been adopted for the site based on the 

groundwater monitoring data.  In addition, the RTW Soil Level 3 alters the 

hydraulic gradient to account for infiltration through the source area (this 

correction did not take place in the previous P20 model spreadsheet): this 

means that the up-gradient hydraulic gradient has been amended at Level 2 to 

ensure that the RTW Level 3 uses the site value of c. 0.009. 

 

The average site hydraulic conductivity has been estimated using Darcy’s Law 

taking into account an assessment of the water balance beneath the site based 

on local topography, rainfall, estimate of effective rainfall, estimated saturated 

thickness and the groundwater gradient.  The effective porosity has been 

estimated as variance in this parameter has a limited effect on model output 

(see Section 15.1.2.10).  The water balance is discussed in Section 15.1.2.6.6. 

 

15.1.2.7  RTM LEVEL 3 MODELLING 

 

15.1.2.7.1 LEVEL 3 MODELLING OPTIONS & ASSUMPTIONS 

 

To be consistent with the RTM document, the approach used in the CLR-11 

Stage 3 DQRA for controlled waters has been to adopt a realistic, pragmatic 

stance with respect to modelling options and input parameters, while 

maintaining reasonable levels of conservatism that take into account the current 

level of uncertainties. 

 

For the modelling using the public domain MS Excel RTW spreadsheet Version 

3.1, the following assumptions and RTM/RTW modelling options were taken into 

account or adopted for the calculations: 

 

• The modelling assumes that there is an infinite sorbed source of contamination 

to groundwater.  This is conservative as grossly contaminated made ground will 

be appropriately addressed to reduce elevated contaminant levels.  There should 

therefore be no on-going contaminating processes following remediation of the 

site.   

• The only processes that can affect the fate and transport of substances are 

dilution, sorption, degradation and dispersion. 

• First order biodegradation of organic substances will occur in the saturated zone.  

The RTW modelling has adopted a decay rate of λ (apply degradation rate to 

pollutants in all phases).  This is the most realistic modelling option and 

appropriate conservatism is applied in the model via the parameters used for 

degradation half-life, Koc & foc.  
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• The saturated zone is homogenous and isotropic, with flow dominated by 

intergranular processes.  Adsorption in the saturated zone is linear, 

instantaneous and reversible. 

• It is assumed that the modelled dissolved phase plume has reached steady state 

conditions and that the Domenico and Ogata Banks steady state solute 

algorithms are applicable to the hydrogeological conditions. The Domenico and 

Ogata Banks algorithms are preferred by the Agency. 

• Vertical dispersion has been modelled in one direction as the contaminants have 

entered the saturated zone vertically from the unsaturated zone.  For these site 

conditions, vertical dispersion in one direction is preferred by the Agency. 

• Dispersivity has been calculated according to distance to compliance point. 

• In line with the recommendations in RTM, soil leachate output should be used in 

preference of soil output in the setting of remedial targets. 

 

15.1.2.7.2 SELECTION OF LEVEL 3 MODELLING PARAMETER VALUES 

 

The data set used in the RTM calculations is drawn from the controlled waters 

conceptual model detailed in Section 15.1.2.6.  The input parameters required 

by the RTM Levels are summarised in Table 13. 
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Table 13 - P20 Parameter Input Requirements 

Symbol Parameter 
Soil/Leachat

e Level 1 

Soil/Leach

ate Level 2 

Soil/Leach

ate Level 3 

Groundwater 

Level 3 

X Distance to Compliance Point x x ���� ���� 

Koc + Kd Organic Partition Coefficient ���� ���� ���� ���� 

H Henry’s Law Constant ���� ���� ���� x 

λ Biodegradation Half Life x x ���� ���� 

foc 
Fraction Organic Carbon 

Unsaturated Zone 
���� ���� ���� x 

foc 
Fraction Organic Carbon 

Saturated Zone 
x x ���� ���� 

W 

 

Width of contaminant source 

perpendicular to 

groundwater flow 

x ���� ���� ���� 

L 

Length of contaminant 

source in direction of 

groundwater flow 

x ���� ���� x 

Sy 
Plume thickness in aquifer at 

source 
x x ���� ���� 

Inf Infiltration Rate x ���� ���� x 

Da Saturated Aquifer Thickness x ���� ���� ���� 

Sz 

Width of source in aquifer 

perpendicular to 

groundwater flow 

x x ���� ���� 

Ρ Dry Bulk Density ���� ���� ���� ���� 

θa+ θw Porosity x x x x 

N Effective Porosity x x ���� ���� 

θa Air Filled Porosity ���� ���� ���� x 

θw Water Filled Porosity ���� ���� ���� x 

I Hydraulic Gradient x ���� ���� ���� 

K Hydraulic Conductivity x ���� ���� ���� 

Mz Mixing Zone x ���� ���� x 

 

15.1.2.7.3 RESULTS OF THE RTM SOIL LEACHATE & SOIL LEVEL 3 CALCULATIONS 

 

The Level 3 soil leachate & soil results are summarised in Table 14. The 

predicted travel times of the substances of concern from the main source area 

to the POC (25 m) are presented in Table 4 in Section 15.1.2.7.4.  The full 

results of the RTW calculations are presented on the model outputs in the 

appendices. 

 

The significance of the travel times to the POC is discussed in Section 15.1.2.8. 
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Table 14 - Results of RTM Soil Level 2 & 3 

Substance of 

Concern 

Leachate 

Level 2  

mg/l 

Leachate 

Level 3 mg/l 

Soil Level 2 

mg/kg 

Soil Level 3 

mg/kg 

TPH Aliphatic C8-C10 0.6 >10,000 123 >10,000 

TPH Aliphatic C10-C12 0.6 >10,000 913 >10,000 

TPH Aromatic C8-C10 0.6 2,180 5.8 >10,000 

TPH Aromatic C10-

C12 
0.6 990 

9 >10,000 

TPH Aromatic C12-

C40 
0.6 77,858 

18 >10,000 

∑TPH 0.6 3,675 29 >10,000 

Phenol 0.3 4.2 0.1 1 

Notes:  ∑TPH from average composition 

 

The use of the Level 3 results to develop the final set of proposed remediation 

validation targets (in conjunction with the results of the travel time assessment 

in Section 15.1.2.8, solubility considerations in Section 15.1.2.9, the sensitivity 

analysis in Section 15.1.2.10 and the human health modelling results) is 

discussed in Section 15.1.3. 

 

15.1.2.7.4 RESULTS OF THE RTM GROUNDWATER LEVEL 3 CALCULATIONS 

 

The Level 3 groundwater results are summarised in Table 5.  The predicted 

travel times of the substances of concern to the POC (25 m) are also presented 

in 15.  The full results of the RTW calculations are presented on the model 

outputs in the appendices. 

 

The use of the Level 3 results to develop a set of groundwater monitoring 

targets (in conjunction with the results of the travel time assessment in Section 

15.1.2.8, solubility considerations in Section 15.1.2.9 and the sensitivity 

analysis in Section 15.1.2.10) is discussed in Section 15.1.3. 
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Table 15 - Results of RTM Groundwater Level 3 

Substance of 

Concern 

Groundwater Level 3  

mg/l 

TPH Aromatic C8-C10 

279 

Target Concentration = 0.05 

Travel Time = 117 years 

TPH Aromatic C10-C12 

127 

Target Concentration = 0.05 

Travel Time = 185 years 

TPH Aromatic C12-C16 

9,873 

Target Concentration = 0.05 

Travel Time = 367 years 

∑TPH 152 

Phenol 

0.5 

Target Concentration = 0.03 

Travel Time = 3.6 years 

Notes:  ∑TPH from average composition 

 

15.1.2.8 EVALUATION OF TRAVEL TIMES 

 

The RTW modelling is usually based on steady state conditions (infinite time) and 

infinite source mass.  To ensure that appropriate remedial targets are adopted 

for reclamation works, the RTM document recommends that for low flow 

groundwater systems and/or higher kd/koc substances that the travel times from 

the source to POC are determined to allow informed & technically sound 

judgements to be made on the sensible use of the RTW modelling output.   

 

The RTM documents suggests that where travels times exceed 1,000 years, then 

the travel time and other factors need to be considered when developing the final 

risk based targets.  The RTM document also suggests that travel times of 

centimetres per year should be considered slow. 

 

Based on the RTW modelling results detailed in Section15.1.2.7, the following 

substances have predicted travel times to the POC in excess of 1,000 years: 

• TPH Aromatic C12-C16 Travel Time = 9,873 years 

 

Based on the consideration of travel times, it is highly unlikely that aromatic TPH 

C12-16 could pose a significant risk to the receptor within feasible timeframes.  

Given the calculated travel times, there is no requirement to include aromatic 

TPH C12-16 in the sensitivity analysis as the proposed variance in the main 

parameters (Section 15.1.2.10) will not bring the travel times below 1,000 years. 
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15.1.2.9 CONSIDERATION OF SOLUBILITY 

 

In line with the RTM recommendations, literature values for solubility have been 

checked against the target concentrations and modelling output. 

 

Table 5 provides a summary of the RTM recommended simple check of target 

concentrations and modelling output with literature values for solubility.  Based 

on this comparison it is improbable that the following organic substances of 

concern could pose a significant risk to the receptor: 

 

• TPH Aliphatic C10-C35 

• TPH Aromatic C8-C12 

 

Given the solubility consideration, there is no requirement to include these 

substances in the sensitivity analysis as the proposed variance in the main 

parameters (Section 15.1.2.10) will not bring the modelling results down to 

levels close to the solubility. 

 

Table 16 - Comparison of Organic Solubility Values Modelling Output 

Substance of 

Concern 

Solubility 

mg/l 
Comparison with Solubility 

TPH Aliphatic C10-C35 0.0007 Target Concentration >> Solubility 

TPH Aromatic C8-C10 65 
Soil Level 3 >> Solubility 

Groundwater Level 3  >> Solubility 

TPH Aromatic C10-C12 25 
Soil Level 3 >> Solubility 

Groundwater Level 3  >> Solubility 

TPH Aromatic C12-C16 5.8 
Soil Level 3 > Solubility 

Groundwater Level 3  >> Solubility 

Notes.  Remaining organic substances of concern have solubility greater than modelling output 

 

15.1.2.10 UNCERTAINTY & SENSITIVITY ANALYSIS 

 

The data requirements and selection of parameter values is discussed in Section 

15.1.2.2.  The RTW model is deterministic and requires the use of single values.  

This is normally coupled with a sensitivity analysis to take into account 

uncertainties in the model inputs and to ensure sufficient conservatism to be 

appropriately protective of the identified sensitive receptors.  As stated in the 

RTM document, parameter value selection requires expert judgment by the risk 

assessor to decide what values should be used. 

 

The majority of parameters used in this risk assessment are either site-specific 

or typical conservative upper/lower bound value.  The hydraulic conductivity had 
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been calculated based on consideration of the water balance and the interaction 

of the hydraulic gradient, hydraulic conductivity and site geology. 

 

The RTM document indicates that the preferred approach to parameter value 

selection is to use realistic values and then consider a safety margin based on 

the sensitivity analyses.  A safety margin of ± 20% is suggested in the RTM 

document.  As previously discussed, a more conservative approach has been 

adopted for this assessment by initially selecting reasonable upper/lower bound 

values (i.e. not maximum/minimum or ‘worst case’) for most of the parameters.  

This means that where upper/lower bound values have already been adopted, 

then there is no requirement to undertake sensitivity analysis on these 

parameters. 

 

Given the results of the Level 3 modelling and the consideration of travel times & 

solubility, it is only necessary to consider a sensitivity analysis in relation phenol.  

However, the sensitivity analysis has been carried out for the following 

substances as a precautionary measure: 

 

• TPH Aromatic C8-C10 

• TPH Aromatic C10-C12 

• TPH Aromatic C12-C16 

• Phenol 

 

The most important elements in the hydrogeological conceptual model are in 

relation to the following parameters: 

 

• Level 3: Water balance 

~ Hydraulic conductivity, gradient, saturated thickness & 

infiltration rate 

• Soil Level 2:  Dilution factors 

~ Hydraulic conductivity, gradient, saturated thickness & 

infiltration rate 

• Contaminant velocity & travel time 

~ hydraulic conductivity, gradient and effective porosity 

• Degradation rate 

• Point of compliance distance 

 

The soil parameters (air filled & water filled porosity) have a limited effect on the 

soil model outcome and are only required to balance the soil model output, 

taking into account the vapour phase component.  These soil parameters have 

no effect on the soil leachate and groundwater model outputs.  The bulk density 

has a small variance and this small variance will have a very limited effect on the 

model output.  This means that there is not a requirement to include these soil 

parameters in the sensitivity analysis. 
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An assessment of the level of uncertainty in the principal parameters is 

summarised in Table 7, with the recommendations for the sensitivity analysis 

presented in Table 18. 

 

Where possible, site data/values have already been used in the conceptual model 

and other parameters used in the risk assessment are generally upper/lower 

bound.  The use of known site values with generally upper/lower bound values 

already means that the model output is conservative.  Based on the assessment 

of uncertainty and the management strategies adopted in the conceptual model 

to address parameter uncertainty, a sensitivity analysis has been undertaken to 

vary the groundwater flux under the site by using different values of hydraulic 

conductivity.  The sensitivity analysis has only been undertaken for the 

residential model and the findings of the analysis will be similar for the 

commerce model. 

  

Sensitivity model runs have been completed using hydraulic conductivity values 

of 0.5 m/day & 2 m/day, which have the effect of halving/doubling the 

groundwater flux under the site compared with the median value of 1 m/day 

estimated from the water balance.  The approach using variance in one major 

parameter removes the need to undertake exhaustive & needlessly complex 

sensitivity analysis on every single parameter. 

 

The Level 3 soil & groundwater model outputs for the hydraulic conductivities of 

0.5 m/day, 1 m/day and 2 m/day are presented in Table 19 to Table 21.  The 

sensitivity analysis is also more conservative than the recommended RTM 

approach since doubling/halving variance has been adopted, as opposed to the 

recommended ± 20% variance (which would have given 0.8 m/day & 1.2 m/day 

for the sensitivity analysis). 
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Table 17 - Uncertainty Assessment for Soil Leachate & Groundwater Level 3 

Principal 

Parameters 

Main Influence of 

Model  

Main Effects of Higher 

Values 

on Model Output 

General Relative 

Effect of Variance on 

Model Output 

Hydraulic 

conductivity 

Hydraulic gradient 

Saturated thickness 

(Mixing zone) 

Groundwater flux 

Level 2 dilution factor 

Level 3 contaminant 

velocity 

Level 3 dispersion 

Increase groundwater flux 

Decrease travel times 

Soil: can 

increase/decrease values 

Water: values increase 

Large 

Orders of magnitude 

Infiltration Rate 
Infiltration flux 

Level 2 dilution factor 

Increase leachate flux 

Soil: values decrease 

Not applicable to 

groundwater  

Moderate 

Orders of magnitude 

Saturated zone 

Fraction organic 

carbon 

Level 3 contaminant 

velocity 

Decreases travel time 

Soil: values increase 

Water: values increase  

Moderate 

Orders of magnitude 

Effective Porosity 

Affects travel time 

Interacts with 

degradation rate to 

affect model output 

Increases travel time 

Soil: values increase 

Water: values increase 

 

Low 

Same order of 

magnitude 

No effect for 

non-degrading 

substances 

Degradation rate Level 3 attenuation 
Soil: values increase 

Water: values increase 

Large 

Orders of magnitude 

POC Distance 

Affects travel time to 

POC 

Level 3 dispersion 

Values Increases 

Very Large effect 

Many 

orders of magnitude 

Notes: Assume degradation rates apply.  In line with RTM recommendations for thin water 

bearing layers, the saturated thickness is adopted as mixing zone thickness 
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Table 18 - Management of Parameter Uncertainty at RTM Level 3 

Principal 

Parameters 

Level of 

Parameter 

Uncertainty 

Strategy for 

Managing 

Uncertainty 

Effect of 

Uncertainty 

on Model 

Output 

Recommendation for 

Sensitivity Analysis 

Hydraulic 

conductivity 

Hydraulic 

gradient 

Saturated 

thickness 

(Mixing zone) 

Low to Moderate 

Adopted values 

based on site 

data & water 

balance 

Site values with an 

acceptable level of 

certainty adopted for 

hydraulic gradient & 

saturated thickness  

Moderate 

Requirement for 

sensitivity analysis to 

assess variance in 

groundwater flux. 

To be achieved by 

varying K from 

0.5 m/day to 2 m/day 

(halving/doubling 

groundwater flux) 

Infiltration Rate 

Moderate 

Adopted value 

based on well 

used 

generalisations 

Median value 

adopted based on 

effective infiltration 

Moderate 

No requirement for 

sensitivity analysis as 

variance in Level 2 

dilution factor will be 

addressed via water 

balance 

Saturated zone 

foc 
Moderate 

Lower bound 

estimate adopted 
Low 

No requirement for 

sensitivity analysis 

Effective 

Porosity 

Low 

Small variance 

Median value 

adopted 
Low 

No requirement for 

sensitivity analysis 

Degradation rate High 

Adopt upper bound 

values with 100% 

safety margin 

Low 
No requirement for 

sensitivity analysis 

POC Distance 

Mid-way 

between site and 

River Sirhowy 

Conservative median 

value adopted 
Moderate 

No requirement for 

sensitivity analysis 

Notes: Assume degradation rates apply 

 

Table 19 - Soil Leachate Level 3 Sensitivity Analysis 

Substance of Concern 0.5 m/day 

1 m/day 

Adopted CM 

Value  

2 m/day 

Factor of 

Initial 

Target @ 

0.5 m/day 

Factor of 

Initial Target 

@ 2 m/day 

TPH Aromatic C8-C10 73,524 2,180 196 33x 0.09x 

TPH Aromatic C10-C12 24,177 990 115 24x 0.1x 

TPH Aromatic C12-C16 1E+7 77,858 2,300 128x 0.03x 

Phenol 11 4.2 2.8 2.6x 0.6x 

Notes: Results in mg/l 
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Table 20 - Soil Level 3 Sensitivity Analysis 

Substance of Concern 0.5 m/day 

1 m/day 

Adopted CM 

Value  

2 m/day 

Factor of 

Initial 

Target @ 

0.5 m/day 

Factor of 

Initial Target 

@ 2 m/day 

TPH Aromatic C8-C10 7E+5 21,132 1,906 33x 0.09x 

TPH Aromatic C10-C12 3.6E+5 15,036 1,751 24x 0.6x 

TPH Aromatic C12-C16 3.2E+8 2E+6 69,417 160x 0.03x 

Phenol 2.9 1 0.7 2.9x 0.7x 

Notes: Results in mg/kg 

 

Table 21 - Groundwater Level 3 Sensitivity Analysis 

Substance of Concern 0.5 m/day 

1 m/day 

Adopted CM 

Value  

2 m/day 

Factor of 

Initial 

Target @ 

0.5 m/day 

Factor of 

Initial Target 

@ 2 m/day 

TPH Aromatic C8-C10 32,944 279 11 118x 0.4x 

TPH Aromatic C10-C12 10,344 127 6.7 81x 0.05x 

TPH Aromatic C12-C16 5.9E+6 9,873 123 597x 0.01x 

Phenol 3.4 0.5 0.2 6.8x 0.4x 

Notes: Results in mg/l 

 

Soils and Soil Leachate 

The results of the soil level sensitivity analysis are as expected and the level of 

sensitivity of the model is similar to the level of variance in the groundwater 

flux.   

 

Halving Hydraulic Conductivity: 

For soil leachate & soil, a 50 % decrease (halving the groundwater flux) in the 

hydraulic conductivity increases the model output by between ~ 2.6x and 

~ 160x. 

 

Doubling Hydraulic Conductivity: 

For soil leachate & soil, a 100 % increase (doubling the groundwater flux) in the 

hydraulic conductivity decreases the model output by between ~ 0.09x and 

~ 0.7x. 

 

Groundwater: 

The results of the groundwater level sensitivity analysis are as expected and the 

model is highly sensitive to variance in the groundwater flux. 
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Halving Hydraulic Conductivity: 

A 50 % decrease (halving the groundwater flux) in the hydraulic conductivity 

increases the model output by between ~ 6.8x and ~ 597x. 

 

Doubling Hydraulic Conductivity: 

A 100 % increase (doubling the groundwater flux) in the hydraulic conductivity 

decreases the model output by ~0.01x and ~ 0.4x. 

 

15.1.3 DISCUSSION AND RECOMMENDATIONS 

 

15.1.3.1 SENSITIVITY ANALYSIS 

 

The results of the sensitivity analysis for aromatic TPH C8-21 and phenol 

indicate that the Level 3 soil & leachate results are reduced by a factor of up to 

0.09x by doubling K to 2m/day and increased by a factor of up to 160x by 

halving K to 0.5m/day 

 

Despite the reduction in targets for K=2m/day, the Level 3 leachate and soil 

results for phenol are only marginally exceeded by site values.  For hydraulic 

conductivity to 2m/day, the maximum site values of TPH C10-20 in soils exceed 

the Level 3 results for aromatic C10-12.  However the Level 3 results for 

aromatic C12-16 are not exceeded. 

 

The results of the sensitivity analysis for aromatic TPH C8-21 and phenol 

indicate that the Level 3 groundwater results are reduced by up to 0.01x by 

doubling K to 2m/day and increased by a factor of up to 597x by halving K to 

0.5m/day 

  

Despite the reduction in targets for K=2m/day, the Level 3 groundwater results 

for phenol are only marginally exceeded by site values.  For hydraulic 

conductivity of 2m/day, the maximum site values of TPH C10-20 in groundwater 

exceed the Level 3 result for aromatic C10-12.  However the Level 3 results for 

aromatic C12-16 are not exceeded. 

 

15.1.3.2 SOILS 

 

The main identified source area for the elevated TPH in soils is in the vicinity of 

BH14, located close to an existing above-ground fuel storage tank.  The 

elevated TPH soil concentrations were identified in natural deposits in both the 

unsaturated & saturated zones.  Oil & diesel odours were also noted for the full 

depth of the natural deposits at this location, although the analyses indicate that 

the highest levels of TPH contamination were at shallow depths.  The laboratory 

testing across the rest of the site did not identify any other areas of significantly 

elevated levels of TPH. 
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Low levels of phenol contamination were noted in soils in the western part of the 

site. 

 

The RTM modelling outputs have been used as the technical basis (in 

conjunction with the risk assessment) to allow development of appropriate risk-

based soil & soil leachate remedial validation criteria for use in the site 

redevelopment.  A soil target for phenol has not been proposed as the soil levels 

are not considered to be significantly elevated. 

 

The proposed soil & soil leachate remedial validation criteria are summarised in 

Table 22 and Table 23. 

Table 22 - Proposed Soil Remedial Targets 

Priority 

Contaminant 

RTM Level 

3 Soils 

Results 

mg/kg  

Max On Site  

Value mg/kg 

Exceedance 

of Level 3 

Soil Results 

Proposed 

Overall 

Remedial 

Target mg/kg 

∑TPH >10,000 6,500 x 5,000 

 

Table 23 - Proposed Leachate Remedial Targets 

Priority 

Contaminant 

RTM Level 3 

Leachate 

Results 

mg/l  

Max On Site  

Value mg/l 

Proposed 

Overall 

Remedial 

Target mg/l 

∑TPH 3,675 No leachate data 5 

Total Phenol 4 No leachate data 3 

 

15.1.3.3 GROUNDWATER 

 

The main identified source area for the elevated TPH in groundwater is in the 

vicinity of BH 14, located close to an existing above-ground fuel storage tank, 

and associated with elevated levels in natural soils.  The laboratory testing 

across the rest of the site did not identify any other areas of significantly 

elevated levels of TPH. 

 

Relatively low levels of phenol were identified in groundwater across the site.  

The phenol in groundwater does not appear to be associated with any identified 

soil source.  Groundwater concentrations were generally below the RTM Level 3 

groundwater target, except for one sample in BH 1A. 

 

http://www.people.memphis.edu/~dlarsen/1103Lch7.pdf
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The RTM modelling outputs have been used as the technical basis (in 

conjunction with the risk assessment) to allow development of appropriate risk-

based compliance monitoring targets for groundwater for use in the site 

redevelopment.   

 

The proposed compliance monitoring targets for groundwater are presented in 

Table 24. 

Table 24 - Proposed Groundwater Compliance Targets 

Priority Contaminant 

RTM Level 3 

Groundwater 

Results mg/l 

Max On Site  

Value mg/l 

Proposed 

Overall 

Compliance 

Target mg/l 

∑TPH 152 55 5 

Phenol 0.5 0.7 1 
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15.2 GROUND GAS 

 

The results obtained have been compared with relevant guidance that includes the 

following: 

 

• The Building Regulations 2005, Approved Document C, Section 2 

• Protecting Development From Methane, CIRIA Report 149; Protecting 

Developments from Methane, 1995 

• Landfill Gas, Waste Management Paper No 27, 2004 

• Construction of new buildings on gas-contaminated land, BRE Report, 1991 

• Reliability and risk in gas protection design, SA Wilson and GB Card, 1999 

• DETR- Passive venting of soil gases beneath buildings, 1997 

 

The Building Regulations set action levels for both methane and carbon dioxide from 

which an initial assessment can be made. The action threshold for methane is 1 %, 

while for carbon dioxide, consideration should be given is gas concentrations exceed 1.5 

%. Action is required if carbon dioxide concentrations exceed 5 %. These concentrations 

related to the construction of new houses and the regulations state that reference 

should be made to specific documentation and expert advice sought to determine the 

nature and extent of the gas control measures required if these thresholds are 

exceeded. 

 

Guidance within CIRIA Report 149 identifies six gas regimes based on the gas 

concentrations recorded during monitoring. These are defined in Table 25. 

 

Table 25-Gas Regimes (from CIRIA Report 149) 

 

Gas 

Regime 

Methane (% v/v) Carbon Dioxide 

(% v/v) 

Flow (m/s) 

1 <0.1 <1.5 No flow 

2 0.1-1 1.5-5 No flow 

3 1-5 >5 No flow 

4 5-20 <20 <0.01 

5 >20 >20 0.01-0.5 

6 >20 >20 >0.5 

 

The CIRIA report was not produced as a definitive design tool for the provision of gas 

protection measures and was intended as a guide to the typical scope of measures that 

were in use at the time of publication. 

 

The importance of risk in determining gas control measures was discussed by Wilson & 

Card, 1999, with a holistic approach recommended that requires site characterisation to 

consider: 
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• The source of gas and generation potential of the source 

• The location of the source and the presence of any natural geological barriers to 

migration 

• The exploratory hole flow rate and estimated surface emission 

• Measured gas concentrations 

• The nature of the proposed development 

• The confidence in the knowledge of the gas regime and any likely future 

variations in concentration and exploratory hole flow rate 

• Arrangements for the long-term management of the system 

 

An assessment has been made utilising the proposals contained in the DETR Design 

Guide referenced above and the following assessment criteria have been used, along 

with the six characteristic scenarios identified in CIRIA Report 149 to classify the risks 

posed by the ground gas emissions recorded at the site. 

 

Table 26-Combined Guidance Gas Regime Table 

 

Characteristic 

Situation 

(CIRIA Report 

149) 

DETR 

(1997) 

Gas 

Regime 

Limiting 

Exploratory 

Hole Gas 

Volume 

Flow of CH4 

or CO2 

(l/hr) 

Additional 

Limiting 

Factor 

Typical Source of 

Generation  

1 A <0.07 CH4 not to 

exceed 1 % 

v/v and CO2 

not to exceed 

5 % v/v 

 

2 B <0.7 Exploratory 

hole air flow 

rate not to 

exceed 70 

l/hr, 

otherwise 

increase to 

Characteristic 

Situation 3 

 

3 C <3.5  Old landfill, inert 

waste, mineworking 

flooded 

4 D <15 QRA required 

to evaluate 

Mineworking 

susceptible to 
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scope of 

protection 

measures 

flooding, completed 

landfill, inert waste 

5 E <70  Mineworking 

unflooded inactive 

6 F >70  Recent landfill site 

 

Results have been used to determine the following general requirements, which are 

reproduced from CIRIA Report 149, for gas protection measures: 

 

Table 27-Gas Protection Measures- General Requirements 

 

Characteristic 

Situation 

Residential Housing Commercial/Industrial 

(including multi-storey 

dwellings) 

1/A No special precautions No special precautions 

2/B A, B, C and D A, B, C and D 

3/C A, B, C, D and I (possibly H) A, B, C, D and I 

4/D A, B, C, D, F, G and possibly 

K 

A, B, C, D, F and J 

5/E Reduce gas regime prior to 

development using E and F 

or G and confirm risk level 

by K 

A, B, C, D, G, H and K 

6/F Reduce gas regime prior to 

development using E and G; 

possibly consider gas 

utilisation and confirm risk 

level by K 

Not appropriate. Reduce gas 

regime prior to development 

using E and F, or G and 

confirm risk level by K 

 

Notes: 

 

A Ventilation of confined spaces within building 

B Well-constructed ground slab 

C Low permeability gas membrane 

D Minimum penetration of ground slab by services 

E In-ground barrier 

F Passive in-ground venting 

G Active in-ground venting 

H Passive venting to building- underslab void 

I Passive venting to building- granular-filled void 

J Active venting to building 

K Gas monitoring of installed measures with alarms 
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The results of the ground gas concentrations are presented in Appendix 5 of the 

Geotechnics report, which forms Appendix 2 of this document. 

 

Using the described gas criteria and the highest gas concentrations (<0.1 % v/v 

methane and 11.3 % v/v carbon dioxide) and flow rate (0 l/h) recorded at the site 

during the monitoring period to derive the worst-case scenario, it can be seen that 

Characteristic Situation 3C applies. However, it should be noted that apart from in 

boreholes WS 6 and WS 7, concentrations of carbon dioxide were all below 3 % v/v. 

Consequently, based on the existing gas monitoring data, it is recommended that 

Characteristic Situation 2B applies. 

 

In order to assess whether the assigned Characteristic Situation can be downgraded 

further prior redevelopment of the site, it is recommended that additional ground gas 

monitoring is carried out. 
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16.0 CONCLUSIONS AND RECOMMENDATIONS 

 

The findings of the detailed quantitative risk assessment undertaken by Rolton Group 

have confirmed a localised source of total petroleum hydrocarbons in the vicinity of BH 

14, drilled near to an above-ground storage tank at the southern end of the former 

Packaging Plant. Elevated concentrations of total petroleum hydrocarbons were 

measured in samples of both soil and groundwater taken from this borehole. Despite the 

measured concentrations however, as long as the identified source is removed, there is 

no reason to suggest that any unacceptable residual risk will be posed to either human 

health or controlled waters. 

 

It is recommended that following removal of soils in the source area, additional intrusive 

investigations are undertaken to enable samples of soil and groundwater to be obtained 

for chemical validation testing. The detailed quantitative risk assessment has computed 

a remediation target concentration for total petroleum hydrocarbons and it is important 

that all soils with concentrations exceeding the same are excavated and removed as 

appropriate. 

 

No other potentially contaminative substances have been identified at the site which 

could pose an unacceptable risk to environmental receptors or the proposed 

development. 

 

The ground gas assessment carried out by Rolton Group indicates a requirement for gas 

protection measures to be incorporated in any buildings to be constructed at the site. 

However, this is based on a worst-case scenario derived from significant monitoring 

results obtained from only two of the boreholes. It is therefore recommended that 

further monitoring of ground gas is undertaken prior to redevelopment to establish 

whether this requirement could be ‘relaxed.’ 



 

 

 

 

Page 58 
Copyright © Rolton Group Ltd 2008 

 

 

REFERENCES 

 

Envirocheck® Report, Customer Reference 07-0370, for site at 499500 406500, prepared for Ms C 

Bloomfield, Rolton Group 

Environment Agency, 2004, Model Procedures for the Management of Land Contamination, CLR 11 

Total Petroleum Hydrocarbon Criteria Working Group Series, 1997-1998, Vols 1 to 5. 

DEFRA and The Environment Agency, 2002, Contaminants in Soil: Collation of Toxicological Data and Intake 

Values for Humans, CLR9 

Environment Agency, 2005, The UK Approach for Evaluating Human Health Risks from Petroleum 

Hydrocarbons in Soils, Science Report P5-080/TR3 

Dutch RIVM, 2001, Report 711701-025 

WHO. March 2003. DRAFT. Guidelines for Drinking Water Quality 3. Chapter 8. 

WHO. 2000. Guidelines for Air Quality. Geneva.  

Environment Agency, September 2003, Review of the Fate and Transport of Selected Contaminants in the 

Soil Environment, Draft Technical Report P05-079 

USEPA. 1996. Soil Screening Guidance: Technical Background Document. EPA 540-R-95-128 

Environment Agency technical advice to third parties on Pollution of Controlled Waters for Part IIA of the 

Environmental Protection Act 1990. 

Environment Agency. 2002. The Effects of Contaminants Concentration on the Potential for Natural 

Attenuation.  R&D P2-228/TR. 

New Zealand Ministry of the Environment. 1999. Guidelines for Assessing and Managing Petroleum 

Hydrocarbon Contaminated Sites in New Zealand. Appendix 4E; Leaching Modelling. 

Environmental Science Center (sic), Syracuse Research Corporation. Prepared for: US Environmental 

Protection Agency, Athens, GA. January 27, 1999. Aerobic Biodegradation of Organic Chemicals in 

Environmental Media: A Summary of Field & Laboratory Studies. SRC TR 99-002. 

Environmental Science Center (sic), Syracuse Research Corporation. November 1997. Anaerobic 

Biodegradation of Organic Chemicals in Environmental Media: A Summary of Field & Laboratory Studies. 

McWorter, DB, and DK Sunada, 1977. Groundwater Hydrology and Hydraulics. Water Resources 

Publications. Fort Collins, Colorado. 

Danish Environmental Protection Agency. 2002. Guidelines on Remediation of Contaminated Sites. 

Environmental Guidelines No. 7. 

Foley et al. 1998. From http://www.people.memphis.edu/~dlarsen/1103Lch7.pdf 

BP Oil & Spence Environmental Engineering. 1997. RISC Users Manual Risk Assessment Software for Soil 

and Groundwater Applications. Version 3.0. 



 

 

 

 

Page 59 
Copyright © Rolton Group Ltd 2008 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1 

SITE LOCATION MAP 
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APPENDIX 1 

ENVIROCHECK REPORT 
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APPENDIX 2 

FACTUAL REPORT ON GROUND INVESTIGATION AT SILVERSIDES LANE, 

BRIGG 
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APPENDIX 3 

DETAILED QUANTITATIVE RISK ASSESSMENTS RTM WORKSHEETS 
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