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1.0 INTRODUCTION 

 

1.1 RISK ASSESSMENT OVERVIEW 

 

This report has been prepared by Rolton Group Limited (Rolton) and presents the findings of CLR-11 Stage 1 

to 3 preliminary, generic & detailed quantitative risk assessments and discusses the selection of remedial 

criteria (Stage 4 of the assessment), along with an outline of the remedial strategy that is proposed to 

address future controlled waters & human health risks posed by the redeveloped site.  Potential risks to 

BBM&S (buildings, buildings materials & services) and ecological receptors have also been considered by the 

assessment. The risk assessments were undertaken by WD Environmental on behalf of Rolton. 

 

The report is intended as a technical submission to the Regulatory Authorities and is designated „draft‟ at 

this pre-planning stage.  The conclusions on remedial criteria are to be confirmed following further site 

inspections and monitoring which can only be realistically undertaken following planning consent and  

demolition of existing buildings/hard standing. Following this, a detailed remedial specification based on the 

outline strategy here will be produced to form the basis of the remedial siteworks with respect to the TPH 

contamination identified on the site. This work will be undertaken to fulfil planning conditions with respect to 

contamination issues that may adhere to the planning consent. 

 

The site is to be redeveloped for commercial use comprising power generation from biomass and associated 

storage of feed materials such as straw.  No detailed site plans or improvement measures were available at 

the time of writing, although site improvement measures are likely to include removal of impacted soils from 

identified source areas. Validation of the reclamation works will be undertaken on a systematic basis to 

ensure that soil & groundwater quality is consistent with the remedial criteria developed at Stage 4 of the 

risk assessment. 

 

The specification & soil quality for any cover to be used in softstanding areas and imported general 

engineering fill will be dealt with separately to this risk assessment. 

 

The report is divided into a main summary document with three annexes (Annexes A to C) containing the 

preliminary risk assessment (PRA), generic quantitative risk assessment (GQRA) and controlled waters 

DQRA. 

 

For the Stage 2 assessment of risks to human health, generic assessment criteria (GACs) for commercial use 

have been generated using the current CLEA methodology and have been applied to the available soils data.  

For the Stage 2 assessment of risks to controlled waters, UK water standards have been applied to the 

available groundwater data.  

 

The Stage 3 detailed assessment of risks to controlled waters from land contamination has been undertaken 

using the 2006 Environment Agency Remedial Target Methodology (RTM) framework and the associated 

public domain MS Excel Remedial Target Worksheet (RTW) & the RTW user manual (both version 3.1). 

 

The overall purpose of the risk assessment and the detailed CLEA & RTM modelling is to provide soil & 

groundwater modelling output that will form the technical basis to allow development (at Stage 4) of 

appropriate risk-based remedial criteria for soils & groundwater to be used in the validation of the site 

reclamation. 

 

This report should be read in conjunction with the reports & data detailed in Section 1.2 and detailed site 

investigation information has not been repeated in this risk assessment report.  Site investigation data made 

available to Rolton has been relied upon in good faith.  References and resources used in the risk 

assessment are provided in 8.0. 

 

This report was issued in draft in March 2009 and should be read in the light of any subsequent changes in 

legislation, statutory requirements, statutory guidance, non-statutory guidance, relevant research and 

industry practices. 
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1.2 AVAILABLE SITE INVESTIGATION DATA 

 

The borehole logs from the following investigation were made available for this risk assessment:  

 

2007 Rolton: fourteen boreholes and nine window samples, five groundwater gas installations, four window 

sample groundwater gas installations 

2007/2008 Rolton: Groundwater monitoring data & analysis 

 

The site investigation has identified localised areas of heavy metal and hydrocarbon impact within soils and 

groundwater. 

 

 

2.0 CLR-11 FRAMEWORK FOR RISK ASSESSMENT OVERVIEW 

 

2.1 OVERVIEW 

 

The CLR-11 risk assessment has been undertaken under the umbrella framework laid out by the Model 

Procedures for the Management of Land Contamination CLR-11 produced by DEFRA and the Environment 

Agency.  Additional general guidance that should be applicable to both residential & commercial lands uses is 

also available in Environmental Agency document R&D66:2008 (guidance for the safe development of 

housing on land affected by contamination).  

 

The risk assessment process detailed in the following sections provides a reasoned, pragmatic and 

structured mechanism to identify potential human health & controlled waters risk issues associated with land 

contamination and, where necessary, provide a way forward to develop a robust risk management strategy 

to address potentially unacceptable human health & controlled waters risks in an appropriate manner. 

 

The assessment of risks to human health from land contamination has been undertaken within the 

DEFRA/Agency CLEA framework.  The assessment of risks to controlled waters from land contamination has 

been undertaken within the framework laid out in the 2006 Environment Agency Remedial Target 

Methodology (RTM) framework. 

 

Within the CLR-11 framework, risk is defined as:  

 

“… a combination of the probability, or frequency, of occurrence of a defined hazard and the magnitude of 

the consequence of the occurrence”  

 

The CLR-11 document defines the three essential elements to any risk as:  

 

A contaminant (or hazard) which is in, on or under the land and has the potential to cause harm  

A receptor which in general terms is something that could be adversely affected by a contaminant or hazard, 

for example human health  

A pathway which is a means by which a receptor can be exposed to, or affected by a contaminant or hazard 

 

Key to the fundamental understanding of risk is the appreciation that risk can only exist if all three elements 

are present.  This means, for example, that even if contaminants and receptors are present, they only 

create a potential risk when there is a pathway to link the contaminant and receptor.  Such links are known 

as relevant pollutant linkages (RPL is a term used in CLR-11).  This also means that on some sites, the same 

contaminant can be linked to a receptor via different pathways.  Given this potential complexity, it is 

important that all relevant human health & controlled waters pollutant linkages are separately identified and 

sufficiently characterised so that they can be dealt with in an appropriate manner. 
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Even when pollutant linkages are identified, judgements based on the context of the risk need to be made to 

determine whether the level of risk justifies action to mitigate the risk.  This question of whether a risk is 

unacceptable requires both a technical/scientific evaluation of the site circumstances as well as appropriate 

criteria to judge the risk (for example, what level of risk would be unacceptable).  The former is typically 

provided by site-specific assessment work (including an understanding of variability, uncertainty and 

costs/benefits), with the latter typically provided by the legislative framework and associated guidance. 

 

This risk assessment should only be used by competent persons and as such, it is beyond the scope of this 

report to present a detailed summary of the CLR-11, RTM and CLEA methodologies, model algorithms and 

their technical basis.  The RTM & CLEA documentation and supporting documents detailed in Section 0 

should be consulted for a full understanding of the methodology, data requirements and approach. 

 

Additional references & resources used in the risk assessment are provided in Section 8.0. 

 

2.2 STAGED RISK ASSESSMENT PROCESS 

 

The overall process involved in the risk assessment report is based on CLR-11 and is as follows: 

 

1. CLR-11 Stage 1 Risk Assessment to identify the potential for risk to sensitive receptors from the 

identified site-specific substances of concern.  This includes identification of site-specific 

source-pathway-receptor relationships to determine the relevant pollutant linkages (RPL) for human 

health and controlled waters receptors from the substances of concern in soil & groundwater.  For the 

identified substances of concern, Stage 1 will determine the RPLs for each substance and whether 

Stage 2 or Stage 3 assessment is required.  If RPLs are not identified for a substance of concern, 

consideration has still be made whether to undertake Stage 2 and/or Stage 3 for the substance to 

provide potential pragmatic remedial validation criteria for consideration at Stage 4 as this will enable 

the Stage 4 to take into account wider project objectives such as overall environmental betterment. 

 

2. CLR-11 Stage 2 Generic Quantitative Risk Assessment to establish if available relevant GAC & 

assumptions are appropriate for assessing the risk posed by the identified RPLs.  If an available 

relevant GAC is appropriate for a particular RPL, an assessment has been made to decide if the GAC is 

appropriate for consideration as a potential remedial validation criteria at Stage 4 or whether the RPL 

requires further assessment at CLR-11 Stage 3.  However, it is often appropriate for Stage 3 output to 

be generated for important RPLs for use at Stage 4, even if applicable Stage 2 GAC are available.  If 

available relevant GAC are not available for an RPL, then the RPL will progress to Stage 3 (this will 

usually be identified at Stage 1). 

 

3. A CLR-11 Stage 3 Detailed Quantitative Controlled Waters Site Specific Risk Assessment 

using the RTM Methodology and specific/generic criteria & assumptions to calculate site-specific soil 

leachate, soil and groundwater model outputs for the Stage 3 controlled waters RPLs.  This includes 

development of a controlled waters conceptual model detailing the parameters required for the risk 

assessment. 

 

4. Stage 4 Selection of Site Specific Assessment Criteria (SSAC) that will mitigate potentially 

unacceptable risks for the identified RPLs for the redeveloped site use, as well as address wider 

project and environmental issues.  

 

Prior to Stage 4, Stage 2 GACs & Stage 3 model outputs should not be considered as remediation validation 

criteria (remedial targets). 

 

2.3 RELEVANT CLEA GUIDANCE 

 

Human health soil guideline values (SGVs) published before August 2008 have been withdrawn by the EA 

and all TOX data published before August 2008 is to be replaced on a rolling basis (no new TOX data 

published to date).  In the absence of relevant current published UK GAC, GACs have been developed and 

are complaint with the current Agency CLEA guidance detailed in SC050021 SR2, SR3, SR4 & SR7, published 

as final documents in January 2009 (with more documents in preparation).  
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As new TOX & SGV and other SC050021/SR reports are to be published in the future, this may mean that 

the human health risk assessment output detailed in this report may need to be reviewed in light of the 

newly published information. 

 

2.4 GROUND GAS & ASBESTOS 

 

Potential risks associated with ground gases (methane, carbon dioxide and radon), along with asbestos 

remnants in shallow soils, will be dealt with separately and these risk issues are not addressed in this report. 

 

2.5 SUMMARY OF CLR-11 OUTPUTS 

 

Table 1 provides a general overview of the CLR-11 outputs in terms of GACs, CLEA modelling outputs, RTM 

modelling outputs and the final Stage 4 site-specific critical concentrations for the site media (soil, soil 

leachate, soil vapour and shallow groundwater). 

 

Table 1 - Overview of CLR-11 Outputs 

Soil & Water  

Media 

Human Heath 

Commercial Use 

Stage 2 GACs 

Controlled 

Waters 

Stage 3 RTM 

Model Output 

Stage 4 

Site-specific 

Critical 

Concentrations  

Made Ground 

Superficial 

Deposits  

Human Health GACs 

CLEA Soil 

RTM Level 3 Soil 

RTM Level 3 

Leachate 

Soil 

Groundwater Not relevant 
RTM Level 3 

Groundwater 
Groundwater 

 

Notes: Soil critical concentrations exclude cover materials and imported/verified engineering fill materials.  

These will be validated against criteria detailed separately from this risk assessment. 

 

3.0 SUMMARY OF SITE SETTING & GEOLOGY 

 

3.1 LOCATION & SETTING 

 

The approximately 5.5 hectare site is located in a rural area ~ 400m south of a residential development and 

~ 1.5 km west of Brigg in North Lincolnshire.  There is a power station immediately to the south of the site 

and the remainder of the site is surrounded by fields.  The northern edge of the site is adjacent to Scawby 

Brook and the New River Ancholme is located ~ 550m to the east of the site. 

 

The site was used historically for the manufacture of sugar from sugar beet, between 1928 and 1991.  The 

site is currently covered by hardstanding and is predominantly derelict with a number of disused commercial 

warehouses and ancillary buildings. 

 

A detailed plan of the proposed layout of the Biomass facility was not available at the time of writing, but for 

the purposes of this risk assessment it is sufficient to assume that the redevelopment will comprise 

commercial buildings, hardstanding and peripheral areas of softstanding. 

 

3.2 TOPOGRAPHY 

 

The site is at an elevation of ~ 2 to 5 mAOD.  The current site topography is relatively flat although the site 

gradient increases towards the southwestern edge of the site.  The final finished levels at the developed site 

will be appropriate to mitigate unacceptable risk and achieve wider project objectives. 

 

All levels discussed in this report in relation to the developed site are relative to final finished levels and 

not existing levels. 
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3.3 GEOLOGY 

 

Full details of the intrusive site investigations that have been carried out are provided in the references in 

Section 8.0.  The geology of the site is summarised in Table 2.   

 

Table 2 - Summary of Geology 

Geology Thickness 

Made Ground 

Beneath surface hardstanding/concrete (0.2m to 0.6m thick),  Made 

ground comprises brown sandy, gravelly clays and clayey sands with 

bricks, concrete, rootlets, organic matter, wood, glass, slag/clinker, 

limestone, flint and quartzite. 

Variable, from c. 1m to 

>3.5m thick 

Recent Superficial Deposits 

Superficial deposits comprised a layered sequence of clays, sands and 

gravels.  From the site investigation data, it is possible to recognise a 

relatively consistent layered sequence comprising: 

 Upper layer comprising a brown, mottled grey, sandy, 

gravelly CLAY between 0.5m and 3m thick that tends to thin 

towards the western part of the site.  Occasional oil and fuel 

odours were noted. 

 Lower layer comprising a brown/orange, clayey, sand & 

gravel and grey/brown gravel between 1m and 3.6m thick. 

 

Variable, from >1.3m to 

>4.8m thick 

Bedrock  

Hibaldstow {North Lincolnshire} Limestone (Rock head surface 

encountered at depths of between 3.2 and 6.7m) 

Base not recorded 

 

3.4 HYDROLOGY 

 

The Scawby Brook is located along the northern boundary of the site.  The brook does not currently have an 

Environment Agency River Quality designation. 

 

The River Ancholme is located ~ 380m to the east of the site and the river flows north to meet the Humber 

Estuary at South Ferriby.  The stretch of the River Ancholme close to the site was designated by the 

Environment Agency in 2000 to have River Quality B. 

 

The site also appears to be located within an Environment Agency defined area that is subject to extreme 

flooding from rivers or sea without defences (combined tidal and fluvial). 

 

Surface Water Abstractions 

 

There are four known licensed surface water abstractions within 1 km of the site. 

 

Rainfall & Infiltration 

 

The Met Office annual average rainfall for 1971 to 2000 for Cleethorpes (located 34 km east of the site) is 

0.56 m/year. 

 

The online DEFRA e-digest statistics for inland water quality & use provides data for long term average 

runoff via rainfall for England & Wales and indicates that on average ~ 50% of rainfall should enter rivers as 

direct run-off. 

 

Allowing for evaporation, transpiration and other processes, a widely used rule of thumb estimate is that 10 

% of rainfall will be effective rainfall that provides recharge to groundwater via surface infiltration.  Using an 

average rainfall rate of 0.56 m/year, the average daily infiltration rate for a hard cover site in the area is 

likely to be in the region of 0.0000015 m/day. 
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3.5 HYDROGEOLOGY 

 

Perched Water 

 

Perched water was recorded at two locations in the made ground deposits.  The depths of the perched water 

strikes were at 1.2 mbgl in BH1A and 1.3 mbgl in BH2. 

 

Groundwater 

 

The site is located over the Hibaldstow (North Lincolnshire) Limestone.  Groundwater strikes were recorded 

in most boreholes in the superficial deposits at depths of between 2.7 mbgl & 4.2 mbgl.  Subsequent 

borehole monitoring recorded groundwater levels between 0.7 mbgl and 2.6 mbgl. The data suggests that 

the groundwater is held within the lower layer of sand and gravel and within the limestone and is confined, 

sometimes with a sub-artesian head, by the overlying clay layer. 

 

Groundwater Classification 

 

The following summarises the known and likely aquifer classification of the identified water bearing strata: 

 

The Hibaldstow {North Lincolnshire} Limestone bedrock is currently classified by the Agency as a major 

aquifer.  Major aquifers are described by the Agency as highly permeable formations, which may be highly 

productive and capable of supporting abstractions for public water supplies.  

 

Under the Water Framework Directive, the groundwater in the limestone under the site would be expected 

to be classified as a Principal Aquifer.  These aquifers are generally geological strata that exhibit high 

permeability and usually provide a high level of water storage. They are capable of supporting water supply 

on a strategic scale and are often of major importance to river base flow. 

 

 

Perched groundwaters in made ground & clay dominated superficial deposits are not normally classified by 

the Agency and will not represent a resource of significant importance for direct abstraction purposes.   

 

The shallow groundwaters beneath the site in made ground, superficial deposits and the limestone are 

expected to provide base flow to the adjacent surface water.  

 

The site is located within an Environment Agency defined inner source protection zone (SPZ) for a non-

potable abstraction borehole on the disused site that is not currently in use.  The borehole supplied process 

water when the site was operational as a sugar beet processing facility. Although the abstraction license is 

still currently active, there are no plans to abstract water for the new development and, in any case, 

certainly not for any potable supply. 

 

The Environment Agency has confirmed that there are no other licensed groundwater abstractions within a 

1km radius of the site.   

 

There may be private groundwater abstractions in the area.  Private (unlicensed) abstractions would be 

expected to abstract less than 20 m3/day. 

 

The site is also in an Agency defined nitrate sensitive zone. 

 

The risks to controlled waters (groundwater & natural watercourses) will be addressed by considering 

shallow groundwater in the superficial deposits beneath the site as the critical receptor.  The adoption of 

shallow groundwater as the critical receptor will ensure that the risk assessment is protective of other 

sensitive controlled waters receptors. 
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3.6 ECOLOGICAL 

 

There are no recognised designated ecologically important areas within 1 km of the site. 

 

 

4.0 SUMMARY OF STAGE 1 PRA  

 

4.1 STAGE 1 PRA 

 

The Stage 1 PRA and conceptual model is provided in Annexe A.  The following sections provide a summary 

of the contamination sources, pathways & receptors the identified relevant pollutant linkages (RPLs) and 

substances of concern.  

 

4.2 STAGE 1 PRA ASSUMPTIONS 

 

The following assumptions have been made in the risk assessment in relation to the identification of 

sources: 

 

The risk assessment will assume that the indoor air vapour inhalation pathway is relevant for the commercial 

use, even though the future structures will be designed to incorporate appropriate vapour protection 

measures.  The objective of this assumption for the buildings is to provide additional insight into the level of 

risk posed by the indoor vapour inhalation pathway.  This will then enable informed decisions to be made 

about the perceived & theoretical risks posed by this pathway and the level of reliance upon vapour 

protection measures to mitigate potential risks associated with indoor vapour inhalation. 

 

The soil-mixing zone on the developed site will be considered to have a maximum thickness of 0.6m.  This 

means that soils at depths of less than 0.6m will be considered surface soils and soils at depth of greater 

than 0.6m will be considered sub-surface (deeper) soils.  

 

4.3 SUBSTANCES OF CONCERN 

 

The Stage 1 PRA identified the following substances of concern: 

 

Metals: arsenic, boron, cadmium, chromium, copper, lead, nickel, selenium, zinc 

TPH fractions 

PAHs 

Total phenol 

 

4.4 CONTAMINATION SOURCES 

 

The following sources have been adopted in the conceptual model for the redeveloped site. 

 

On-site soil contamination sources in the unsaturated & saturated zones 

On-site groundwater contamination sources 

 

In summary, the CLR-11 risk assessment will consider the specific ongoing current sources detailed in  

Table 3 for human health & controlled waters. 
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Table 3 - Summary of Sources to be Considered by Risk Assessment 

Sources Human Heath Controlled Waters 

Shallow & Deep Soils 

On-site unsaturated zone soils  

Cover layers soils 

(dealt with separately) 

Cover layers soils 

(dealt with separately) 

Shallow & Deep Soils 

On-site unsaturated zone soils  

Made ground 

Engineering fill 

Natural soils 

Made ground 

Engineering fill 

Natural soils  

At all depths 

Groundwater n/a On-site Groundwater 

Risks posed to BBM&S & ecological receptors by identified sources (for ongoing use) are also 

considered by the risk assessment 

 

Notes: All depths are relative to final finished levels. 

 

4.5 RECEPTORS 

 

Human Health Receptors 

 

The main potentially sensitive human receptors for future redeveloped use of the site are considered to be: 

 

On-site commercial receptor: workers in the future development  

 

Controlled Waters Receptors 

 

The main potentially sensitive controlled waters receptors for the redeveloped site are considered to be: 

 

 Surface water in the Scawby Brook 

 Groundwater in the lower layer of natural superficial deposits and the limestone 

 

The sources that will be considered by the risk assessment for each controlled waters receptor are 

summarised in Table 3. 

 

Buildings, building materials & services receptors (BBM&S) Receptors 

 

It is considered that the identified contamination in soils, groundwater and soil vapours may represent a 

hazard to BBM&S, especially plastic pipework, water supplies, services, cabling, building materials and 

services. 

 

Ecological Receptors 

 

As there are no known critical ecosystems within 1 km of the site, the risk assessment will not consider 

separate ecological receptors. 

 

4.6 INDENTIFIED RELEVANT POLLUTANT LINKAGES (RPLS) 

 

Human Health RPLs 

 

The following human health RPLs associated with a commercial receptor have been identified by the Stage 1 

PRA: 

 

 Soils sources: inhalation of indoor vapours 

 Soils sources: inhalation of outdoor vapours 
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Controlled Waters RPLs 

 

The following controlled waters RPLs have been have been identified by the Stage 1 PRA: 

 

 Soil sources: soils leaching to groundwater & groundwater advection 

 Groundwater source: groundwater advection 

 

4.7 STAGE 1 RECOMMENDATIONS FOR GQRA 

 

The Stage 1 PRA for human health indicated there are on-site commercial receptors that could be affected 

by substances of concern in soils at the site.  

 

The Stage 1 PRA for controlled waters indicated that there are RPLs for substances of concern in soils and 

groundwater for controlled waters receptors. 

 

The Stage 1 PRA indicated that the following substances of concern should be assessed at CLR-11 Stage 2. 

 

 Metals: arsenic, boron, cadmium, chromium, copper, lead, nickel, selenium, zinc 

 TPH fractions 

 PAHs 

 Total phenol 

 

The Stage 1 PRA has not identified any RPLs in relation to recognised ecological receptors and specific 

ecological receptors are not considered in the risk assessment at Stages 2 to 4. 

 

The Stage 1 PRA indicated that there may be RPLs for BBM&S in relation to aggressive substances and 

vapour generating organic sources.  The development scheme should be designed to ensure that BBM&S 

include appropriate protection against aggressive substances in soil & groundwater, ground gas & against 

vapour intrusion risks.  This risk assessment will not consider risk to BBM&S at Stages 2 to 4 and these RPLs 

may need to be considered separately. 

 

Potential risks associated with ground gases (methane, carbon dioxide and radon), along with asbestos 

remnants in shallow soils, will be dealt with separately and these risk issues are not addressed in this report. 

 

 

5.0 SUMMARY OF STAGE 2 GQRA  

 

5.1 STAGE 2 GQRA 

 

The Stage 2 GQRA is provided in Annexe B and the following sections provide a summary of the findings of 

the GQRA.  

 

The Stage 2 GQRA for human health comprised a comparison of substances of concern in soils with relevant 

GAC for commercial use.  

 

For the Stage 2 GQRA for controlled waters, the available relevant UK dissolved-phase controlled waters 

quality standards that are most commonly adopted as GAC are the UK Drinking Water Standards (DWS) and 

EQS (Agency freshwater Environmental Quality Standards).  Other possible GAC are provided in the 

Environment Agency reference, technical advice to third parties.  There are no relevant UK-specific soil GACs 

that can be used for the assessment of risk from soils to controlled waters. 
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5.2 SUMMARY OF HUMAN HEALTH GQRA  

 

The results of the Stage 2 GQRA indicated that the following substances of concern exceeded their 

respective assessment criteria in soils: 

 

 TPH fractions aliphatic C10-12 

 

The adopted human health Stage 2 GACs GQRA are presented in Table 4.  

 

Table 4 - Adopted Commercial GAC 

Substance of 

Concern 

GAC Commercial 

mg/kg 

Aliphatic TPH C8-10 640 

Aliphatic TPH C10-12 3,760 

Aliphatic TPH C12-16 17,300 

Aromatic TPH C8-10 1,040 

Aromatic TPH C10-12 5,820 

Aromatic TPH C12-16 24,300 

Naphthalene 275 

Acenaphthene 1,180 

Acenaphthylene 59 

Fluorene 70,200 

 

5.3 SUMMARY OF CONTROLLED WATERS GQRA  

 

The results of the Stage 2 GQRA indicated that the following substances of concern exceeded their 

respective assessment criteria: 

 

 TPH fractions 

 Total phenol 

 

5.4 RECOMMENDATIONS FOR STAGE 3 DQRA 

 

Human Health 

 

Based on the findings of the PRA/GQRA and a requirement to provide an appropriate range of model outputs 

to allow the development of criteria for Stage 4, it is proposed to use the GAC for the development of the 

final SSAC for the redeveloped site use for the TPH fractions where required. 

 

CONTROLLED WATERS 

 

Based on the findings of the PRA/GQRA and a requirement to provide an appropriate range of model outputs 

to allow the development of criteria for Stage 4, the following substances are further assessed at a CLR-11 

Stage 3b DQRA for the identified RPLs associated with controlled waters: 

 

 TPH fractions  

 Phenol  

 

6.0 SUMMARY OF STAGE 3 CONTROLLED WATERS DQRA 

 

6.1 MODELLING RESULTS 

 

Detailed quantitative risk assessment of the risk to controlled waters for the redeveloped site has been 

undertaken for the identified substances of concern.  The results are summarised in the following sections 

with the detailed results presented in Annexe C. 
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6.2 MODEL OUTPUT REPORTING PROTOCOL 

 

To ensure that the reported Remedial target Worksheet (RTW) model output values are credible, the 

following reporting protocols have been adopted: 

 

 If the RTW soil and leachate model output for a contaminant is a very large number (e.g. in the range 

10,000 to 1,000,000), the model output will be reported as either >10,000 mg/l or >100,000 mg/kg 

as the model output predicts that only very high concentrations of soil/leachate could give rise to 

groundwater concentrations above the adopted Target Concentration at the POC.  It is not considered 

credible to report higher model output. 

 

 If the RTW groundwater model output for a contaminant is a very large number (i.e.  in the range 

10,000 mg/l to 1,000,000 mg/l), the model output has been reported as >10,000 mg/l as the model 

output predicts that only very high groundwater source area concentrations could give rise to 

groundwater concentrations above the adopted Target Concentration at the POC.  It is not considered 

credible to report higher model output. 

 

 If the RTW soil model output is >1,000,000 mg/kg then this is an impossible concentration as this 

would mean there would be >1 kg of contaminant in 1 kg of soil.  In this instance, the model output 

has been reported as “No Risk” as the model output indicates that it is physically impossible for source 

area concentrations to give rise to unacceptable risks. 

 

 If the RTW leachate of groundwater model output is >1,000,000 mg/l then this is an highly unlikely 

concentration as this would mean there would be >1 kg of contaminant in 1 litre (i.e. by volume) of 

water.  In this instance, the model output has been reported as “No Risk” as the model output 

indicates that it is nearly physically impossible for source area concentrations to give rise to 

unacceptable risks. 

 

 Model outputs have been rounded to an appropriate number of significant figures (typically two or 

three). 

 

6.3 RTM MODELLING RESULTS 

 

Soil Level 2 & 3 

 

The Level 2 & 3 soil leachate and soil results are summarised in the following tables.  The predicted travel 

times of the substances of concern from the edge of the source area to the POC are also presented in the 

tables. 

 

Scenario 1 represents expected flow within the superficial deposits based on a water balance calculated from 

available information & site data.  Scenario 2 represents high groundwater flow within the superficial 

deposits based on a two-fold increase in the expected water balance and therefore provides a worst-case 

upper bound ceiling.  

Table 5 - Results of RTW Soil Level 2 & 3 for Scenario 1 

Substance of Concern 
Soil Level 2 

mg/kg 

Soil Level 3 

mg/kg 

Leachate 

Level 2 

mg/l 

Leachate 

Level 3 

mg/l 

Travel Time to 

POC Years 

TPH Aliphatic C8-C10 24 No Risk 0.1 No Risk 1,749 

TPH Aliphatic C10-C12 180 No Risk 0.1 No Risk 13,880 

TPH Aromatic C8-C10 1.2 4,610 0.1 460 89 

TPH Aromatic C10-C12 1.8 800 0.1 50 140 

TPH C12-16 3.6 >10,000 0.1 2,170 278 

TPH C16-C40 11 No Risk 0.1 >10,000 877 

TPH 4 >10,000 0.1 790 - 

Phenol 0.3 2 0.3 3 6 

Notes: Soil Level 1 results are presented in the Annexes. 
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Table 6 - Results of RTW Soil Level 2 & 3 for Scenario 2 

Substance of Concern 
Soil Level 2 

mg/kg 

Soil Level 3 

mg/kg 

Leachate 

Level 2 

mg/l 

Leachate 

Level 3 

mg/l 

Travel Time 

to POC Years 

TPH Aliphatic C8-C10 49 No Risk 0.2 No Risk 874 

TPH Aliphatic C10-C12 366 No Risk 0.2 No Risk 6,940 

TPH Aromatic C8-C10 2.4 358 0.2 36 45 

TPH Aromatic C10-C12 3.7 134 0.2 9 70 

TPH C12-16 7 3,050 0.2 100 139 

TPH C16-C40 23 >10,000 0.2 990 439 

TPH 8 1,500 0.2 85 - 

Phenol 0.6 2 0.7 2 3 

 

Groundwater Level 3 

 

The Level 3 groundwater results are summarised in the following tables.  The predicted travel times of the 

substances of concern from the edge of the source area to the POC are also presented in the tables.  

 

Table 7 - Results of RTW Groundwater Level 3 for Scenario 1 

Substance of 

Concern 

Groundwater Level 3 

mg/l 
Travel Time to POC Years 

TPH Aliphatic C8-C10 No Risk 1,749 

TPH Aliphatic C10-

C12 
No Risk 13,880 

TPH Aromatic C8-C10 60 89 

TPH Aromatic C10-

C12 
6 140 

TPH C12-16 277 278 

TPH C16-C40 8,080 877 

TPH 100 - 

Phenol 0.3 6 

 

Table 8 - Results of RTW Groundwater Level 3 for Scenario 2 

Substance of 

Concern 

Groundwater Level 3 

mg/l 
Travel Time to POC Years 

TPH Aliphatic C8-C10 No Risk 874 

TPH Aliphatic C10-

C12 No Risk 6,940 

TPH Aromatic C8-C10 2 45 

TPH Aromatic C10-

C12 0.6 70 

TPH C12-16 6 139 

TPH C16-C40 64 439 

TPH 5 - 

Phenol 0.15 3 

 

6.4 STAGE 3 RECOMMENDATIONS 

 

The RTM Level 2 & 3 results should be used in conjunction with the travel time & solubility assessments and 

the Stage 2 GACs, to develop appropriate remedial criteria for the site. 
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7.0 STAGE 4 - DISCUSSION OF CRITICAL CONCENTRATIONS AND OUTLINE 

REMEDIAL STRATEGY OVERVIEW 

 

7.1 OVERVIEW 

 

The Stage 2 assessment & the Stage 3 CLEA modelling have been completed to provide soil groundwater 

generic assessment criteria (GAC) & site-specific assessment criteria (SSAC) and these will form the 

technical basis for development of appropriate risk-based critical concentrations for the site.  The term 

critical concentration is consistent with the 2008 CIEH/CLAIRE guidance on comparing soil contamination 

data with a critical concentration.  The recommendations given below are subject to confirmation following 

the further post demolition inspections and monitoring that is proposed and are provided to form a basis for 

discussion and negotiation with the Regulatory Authorities. 

 

7.2 RECOMMENDATIONS 

 

Based on the above RTW results, it is considered that critical soil concentrations for the site are likely to fall 

in the ranges given in Table 9 below: 

 

Table 9 – Preliminary Critical Concentrations for the site 

Substance of Concern 

 

Critical Concentration   

 

TPH Fraction C8-C10 

(sum Aliphatic & Aromatic)  In soil 500 – 1000 mg/kg 

TPH Fraction C10-C12  

(sum Aliphatic & Aromatic) In soil 500 – 1000 mg/kg 

TPH (sum of all Fractions) In soil 2000 – 4000 mg/kg 

Phenol In soil leachate 2 – 3 mg/l 

 

The proposed remediation strategy for the identified TPH hotspots is based upon early removal/treatment 

following demolition.  In outline, the following sequence of elements is envisaged:  

 

 Installation of three new monitoring wells upstream and downstream of sources immediately following 

demolition of site hardstanding and buildings. 

 Inspection of exposed ground below hardstanding. 

 Groundwater sampling and testing round/confirm QRA and critical concentrations  

 Removal of soil source material above AGREED critical concentrations above standing groundwater 

levels. 

 Validation testing of sides and base of excavation in accordance with current best practise 

 Full supervision of above remedial exercise by experienced geo-environmental engineer 

 Subsequent groundwater monitoring programme – This is likely to be of minimum 3 months duration 

subject to negotiation and agreement.  Groundwater monitoring criteria to be based on RTW model 

output and additional conservatism (likely to be significantly lower than concentrations determined in 

Table 8). 

 

It is proposed that the above outline will form the basis of a remedial specification document for the TPH 

hotspot, when the current draft information has been confirmed following planning consent and demolition.  

It is likely that this will be undertaken concurrently with additional post demolition investigations to provide 

adequate general coverage of the site in fulfilment of planning conditions. 

  

 



ROLTON GROUP LTD Doc Ref 07-0370 XRP002 

ENGINEERING THE FUTURE Silversides Lane, Brigg 

 

 

Page 14 
Copyright © Rolton Group Ltd 2009 

 

8.0 REFERENCES 

 

1. Rolton, 2007, Borehole & Window Sample Logs, Project Reference PC073193 

2. Internet information about the British Sugar processing plant at Brigg, 

http://www.britishsugar.co.uk/RVE38ad20c2762447c986fa2bb6a23cb931,,.aspx 

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

4. The Environment Agency, 2009, Human health toxicological assessment of contaminants in soil, 

Science Report – SC050021/SR2 

5. The Environment Agency, 2009, Updated technical background to the CLEA model, Science Report – 

SC050021/SR3 

6. The Environment Agency, 2009, CLEA Software (Version 1.04) Handbook, Science Report – 

SC050021/SR4 

7. The Environment Agency, 2008, Compilation of Data for Priority Organic Pollutants for Derivation of 

Soil Guideline Values, Science Report – SC050021/SR7 

8. Department for Environment, Food & Rural Affairs (DEFRA) and The Environment Agency, 2002, 

Environment Agency R&D CLR-8, Potential Contaminants for the Assessment of Land. 

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

10. WHO. 2000. Guidelines for Air Quality. Geneva.  

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

the Environmental Protection Act 1990 

12. BRE 2004, Cover Systems for Land Regeneration, Thickness of Cover Systems for Contaminated Land 

13. Ferguson, C., Nathanail, P., McCaffrey, C., Earl, N., Foster, N., Gillet, A. and Ogden, G., April 2003, 

Method for Deriving Site-Specific Human Health Assessment Criteria for Contaminants in Soil, Report 

No LQ01, SNIFFER 2003 

14. USEPA, 2003, User‟s Guide for Evaluating Subsurface Vapor (sic) Intrusion into Buildings, EPA 

Contract Number 68-W-01-058, US Environmental Protection Agency, Washington DC. 

15. Environment Agency, October 2006.  Remedial Targets Methodology; Hydrogeological Risk 

Assessment for Land Contamination.  Product Code: GEHO0706BLEQ-E-E. 

 

 



ROLTON GROUP LTD Doc Ref 07-0370 XRP002 

ENGINEERING THE FUTURE Silversides Lane, Brigg 

 

 

 
Copyright © Rolton Group Ltd 2009 

 

ANNEXE A 
 

STAGE 1 PRA 



 

 1  

 

 

 

 

 

 

ANNEXE A 

 

CLR-11 STAGE 1 

PRELIMINARY RISK ASSESSMENT 
 



 

 2  

 

 

TABLE OF CONTENTS 

 Page 

B1.0 STAGE 1 PRA CONCEPTUAL MODEL FRAMEWORK 3 

B2.0 SITE SPECIFIC SUBSTANCES OF CONCERN 4 

B3.0 CONTAMINATION SOURCES 5 

B3.1 PRIMARY HISTORICAL SOURCES 5 

B3.2 SUMMARY OF POST DEVELOPMENT SOURCES 5 

B4.0 RECEPTORS 7 

B4.1 SUMMARY OF POTENTIAL SENSITIVE RECEPTORS 7 

B4.1.1 Critical Receptor Characterisation for Human Health 8 

B4.1.2 Critical Receptor Characterisation for Controlled Waters 8 

B5.0 SELECTION OF RELEVANT EXPOSURE PATHWAYS 10 

B5.1.1 Volatility Assessment for Vapour Inhalation Pathways 11 

B6.0 RELEVANT POLLUTANT LINKAGES 12 

B6.1 HUMAN HEALTH RPLS 12 

B6.2 CONTROLLED WATERS RPLS 12 

B6.3 PROPERTY RPLS 12 

B6.4 FLORA & FAUNA 12 

B6.5 ECOLOGICAL RPLS 12 

B6.6 RECOMMENDATIONS FOR CLR-11 STAGE 2 &3 12 

 

TABLES 

 

Table 1 - Summary of Sources to be Considered by Risk Assessment 6 

Table 2 - Potential Receptors 7 

Table 3 - Potential Human Exposure Pathways 10 

Table 4 - Relevant Environmental Exposure Pathways 11 

 

 



 

 3  

B1.0 STAGE 1 PRA CONCEPTUAL MODEL FRAMEWORK 

The purpose of the preliminary stage of the risk assessment is to develop an outline site 

conceptual model (SCM) based on available site data, local environmental information and 

literature data.  This is used to establish if there are potentially unacceptable risks based on 

professional judgement and a pollutant linkage assessment to identify Relevant Pollutant 

Linkages (RPLs).  This assessment decides whether further, quantitative assessment at 

Stages 2 and/or 3 is required. 

 

A SCM has been developed to characterise the site in terms of potential contaminant sources 

(substances of potential concern), feasible pathways, sensitive receptors and environmental 

media.  A pollutant linkage assessment (source-pathway-target analysis) has then been 

undertaken to identify RPLs. 

 

The preliminary risk assessment process is discussed in the following sections of the report 

and the assessment includes the following elements: 

Selection of Site Specific Priority Substances of Concern 

↓ 

Identification of Contaminant Sources 

↓ 

Identification of Critical Receptors 

↓ 

Identification of Plausible Exposure Pathways 

↓ 

Pollutant Linkage Assessment 

↓ 

Identification of Relevant Pollutant Linkages (RPLs) 
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B2.0 SITE SPECIFIC SUBSTANCES OF CONCERN 

Based on the site investigation work completed to date, the priority substances of concern that 

will be considered by the risk assessment are organic substances, heavy metals and inorganic 

substances that were present above detection limits in soil or water samples.  Isolated low 

concentrations or concentrations at or very close to detection limits will not be included as 

priority contaminants.  The selection of site-specific contaminants has also been guided by 

information provided in CLR-8 and published DOE industry profiles.  At Stage 1, organic 

isomer concentrations have been summed and Chemical Abstract Service (CAS) standard 

names and abbreviations have been adopted where possible. 

 

Using this selection process, the site-specific substances of concern are considered to be: 

 Metals: arsenic, boron, cadmium, chromium, copper, lead, nickel, selenium, zinc 

 TPH fractions 

 Polyaromatic hydrocarbons (PAHs) 

 Total phenol 

Analytical testing of groundwater samples for volatile organic compounds (VOCs) did not 

identify any VOC substances of concern. 
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B3.0 CONTAMINATION SOURCES 

B3.1 HISTORICAL SOURCES 

The main primary sources of the contamination identified were related to sugar beet 

processing and associated site activities and also potentially related to off-site activities from 

the adjacent electricity generating station that is located to the south of the site and settling 

ponds that were historically located to the north and northeast of the site. 

 

The Envirocheck report, referenced in the main report, indicates that the site was open land 

and undeveloped until the early 20
th

 Century.  The British Sugar on-line Timeline (referenced 

in the main report) indicates that the Brigg plant was constructed in 1928 and closed in 1991.  

Settling ponds were located to the south of the site from at least 1946 and to the north and 

northeast of the site from at least 1972, but appear from current sources (Google Earth, 2009) 

to have been decommissioned.  By 1980 an electricity generating station was located to the 

south of the site and appears to be still operational (Google Earth, 2009). 

 

At the time of the 2007 Rolton investigation, the above ground structures {warehouses and 

associated buildings} were still on site, although predominantly derelict and the remaining 

site area comprised concrete hardstanding with a few small vegetated areas. 

 

Hotspots of hydrocarbon contamination were identified in soils and groundwater in BH7 and 

BH14 associated with historical locations of hydrocarbon storage.  Oil and diesel odours were 

noted at both locations in the made ground and also within the underlying natural deposits. 

The main impact appeared chiefly to be held upon and within the upper cohesive layer of 

superficial deposits, although there was some olfactory evidence of a reduced impact to the 

underlying granular strata possibly through drilling disturbance and the addition of water to 

assist the drilling process.  This is backed up by the results of the laboratory testing on 

samples from BH14 which gave TPH concentrations of 6500 mg/kg at the base of the Made 

Ground reducing to just 370 mg/kg within the underlying granular superficial deposits 

indicating that these have been ‘protected’ by the intervening clay layer. 

  

B3.2 SUMMARY OF POST DEVELOPMENT SOURCES  

Site improvement measures that are likely to be included in the overall redevelopment scheme 

include removal of soil sources (as identified by ground investigation and inspection) above 

standing water levels with an appropriate validation regime.  A groundwater monitoring 

programme will also be undertaken. 

 

The specification & soil quality for any cover to be used in any proposed softstanding areas 

and imported general engineering fill will be dealt with separately to this risk assessment and 

are not included in this risk assessment. 

 

The following sources have been adopted in the conceptual model for the redeveloped site. 

 On-site soil contamination sources in the unsaturated & saturated zones 
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 On-site groundwater contamination sources 

 Presence of organic vapour sources {specifically in relation to Buildings, Building 

Materials & Services (BBM&S)} 

 

 Potential off-site sources on the adjacent sites to the south, north and northeast 

In summary, the CLR-11 risk assessment will consider the specific ongoing current sources 

detailed in Table 1 for human health and controlled waters. 

 

Table 1 - Summary of Sources to be Considered by Risk Assessment 

Sources Human Heath Controlled Waters 

Shallow Soils 

Cover layer soils & 

engineering fill 

(dealt with separately) 

Cover layer soils & 

engineering fill 

(dealt with separately) 

Shallow Soils 

In-situ unsaturated zone soils 

Made ground 

Natural soils 

Made ground 

Natural soils  

At all depths 

Deeper Underlying Soils 

On-site unsaturated/saturated zone 

soils 

Made ground 

Natural soils 

Made ground 

Natural soils  

At all depths 

Groundwater - On-site Groundwater 

Risks posed to property (BBM&S) & ecological receptors by identified sources are also 

considered by the risk assessment 

Notes: All depths are relative to final finished levels. 
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ANNEXE B 
 

STAGE 2 GQRA 
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ANNEXE C 
 

STAGE 3 CONTROLLED WATERS DQRA 
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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 Ltd (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. 

 

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. 


