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EXECUTIVE SUMMARY 

It is understood that the investigation is to determine the suitability or otherwise of the 
proposed site for the construction of a power plant.  

On the instructions of Solar 21 Renewable Energy Limited, an investigation was 
undertaken to determine ground conditions to enable foundation and earthworks 
design to be carried out, together with a contamination risk assessment and a review 
of gas emissions. 

The site is situated on an industrial estate 1.2km to the west of Flixborough off Stather 
Road which is 4.5km to the northwest of Scunthorpe town centre and may be located 
by National Grid Reference 486925, 414906.  

The geological map indicates the site to be underlain by superficial deposits of 
Alluvium, some of which is suggested to be of estuarine origin and was indicated to 
consist of clay, silt, sand and gravel.  

The superficial deposits formed up to 2 million years ago in the Quaternary Period 
and are underlain by Mercia Mudstone Group consisting of a mudstone sedimentary 
bedrock formed approximately 201 to 252 million years ago in the Triassic Period. 

The site work was carried out between 21st August and 3rd September 2018 and 
consisted of six boreholes, designated BH1 to BH6, sunk by light cable percussion 
methods. Boreholes BH2, 3, 4 and 6 were extended from rock-head levels to the 
terminal depth of 30.0mbgl by rotary coring methods using air/mist drilling 
techniques to obtain PW sized strata core.  

The ground conditions encountered on the site was principally a thin covering of 
Made Ground overlying alluvial deposits of soft laminated clay, organic clay and peat 
onto a gravelly sand. 

The alluvial deposits overlay the Mercia Mudstone which appeared to be initially 
weathered to a gravelly clay with bedrock found at 20.10 to 22.60mbgl. 

Groundwater was encountered at 11.70/12.3mbgl rising to 6.3/ 6.7mbgl due to the 
nearby influence of the River Trent. 

On the basis of observations made on site together with results of in-situ and 
laboratory tests, together with empirical correlations, consideration could be given to 
the adoption of deep foundations to support the proposed structures and a piled 
foundation is to be considered. 

It is suggested that the alluvial soils would not provide adequate support for piling and 
due to the weak nature of these soils they could impart negative shaft adhesion and 
skin friction to the piles, which would increase the load on the piles. 

It is suggested that all piling be taken into the Mercia Mudstone formation where rock 
sockets should be formed to provide adequate strength, predominantly in end bearing.  

It should be noted that groundwater was present, which could affect the installation of 
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For Situation A, being any development other than low rise residential with 
suspended floor slab and ventilated void, gas protective measures are given in 
Appendix 7. These protection requirements are outlined and these should be included 
in the building design. 

These comments are based on three sets of readings over a period of three weeks at 
high atmospheric pressure (>1000mb), which does not follow the recommended 
guidelines, it is recommended that a continued programme of monitoring be carried 
out to comply more closely with these guidelines before final design is undertaken, 
the results of which will be issued as an addendum to this report. A further monitoring 
visits are scheduled. 
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1.0 INTRODUCTION 

1.1 It is understood that the investigation is to determine the suitability or otherwise of the 
proposed site for the construction of a power plant.  

1.2 On the instructions of Solar 21 Renewable Energy Limited, an investigation was 
undertaken to determine ground conditions to enable foundation and earthworks 
design to be carried out, together with a contamination risk assessment and a review 
of gas emissions. 

1.3 A Desk Study/ Preliminary Investigation, was not a requirement of this investigation. 

1.4 It is recommended that a copy of this report be submitted to the relevant authorities to 
enable them to carry out their own site assessments and provide any comments. 

1.5 This report has been prepared for the sole use of the Client for the purpose described 
and no extended duty of care to any third party is implied or offered.  Third parties 
using any information contained within this report do so at their own risk. 

1.6 The comments given in this report and the opinions expressed herein are based on the 
information received, the conditions encountered during site works, and on the results 
of tests made in the field and laboratory.  However, there may be conditions 
prevailing at the site which have not been disclosed by the investigation and which 
have not been taken into account in the report. 

1.7 The comments on groundwater conditions are based on observations made at the time 
the site work was carried out.  It should be noted that groundwater levels vary owing 
to seasonal or other effects. 
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2.0 SITE SETTING 

2.1 Site Location 

2.1.1 The site is situated on an industrial estate 1.2km to the west of Flixborough off 
Stather Road which is 4.5km to the northwest of Scunthorpe town centre and 
may be located by National Grid Reference 486925, 414906.  

2.1.2 The site is situated on the eastern banks of the River Trent and has wharfing 
and rail facilities.  

2.1.3 A site location plan is included in Appendix 1, Figure A1.1. 

2.2 Geological Setting 

2.2.1 Details of the geology underlying the site have been obtained from the British 
Geological Survey map, Sheet No. 80, ‘Kingston upon Hull’, solid and drift 
editions, 1:50,000 scale, published 1983. 

2.2.2 The geological map indicates the site to be underlain by superficial deposits of 
Alluvium, some of which is suggested to be of estuarine origin and was 
indicated to consist of clay, silt, sand and gravel.   

2.2.3 Close to and on the inside of the bends in the river, Tidal Flat Deposits can be 
found consisting of clay and silt.  

2.2.4 The superficial deposits formed up to two million years ago in the Quaternary 
Period and are underlain by Mercia Mudstone Group consisting of a mudstone 
sedimentary bedrock formed approximately 201 to 252 million years ago in 
the Triassic Period. 



EFW Plant, Stather Road, Flixborough, Scunthorpe DN15 8SE 

Contract No.  31554 Page 5 of 24 

3.0 SITE WORK 

3.1 The site work was carried out between 21st August and 3rd September 2018 with the 
borehole locations determined by the client and the site work carried out on the basis 
of the practices set out in BS 10175:2011+A2:2017, ref. 9.2, BS 5930: 2015, ref. 9.3, 
and ISO 1997:2007, ref. 9.4.  

3.2 Six boreholes, designated BH1 to BH6, were sunk by light cable percussion methods, 
at the positions shown on the site plan, Appendix 1, Figure A1.2.   

3.3 Borehole BH1 was terminated on an obstruction at 1.4mbgl in the Made Ground after 
three locations were attempted. All the other boreholes were extended to 30.0mbgl. 

3.4 Boreholes BH2, 3, 4 and 6 were extended from rock-head levels of between 20.9 to 
22.6mbgl to the terminal depth of 30.0mbgl by rotary coring methods using air/mist 
drilling techniques to obtain PW sized strata core.  

3.5 The depths of boreholes, descriptions of strata encountered and comments on 
groundwater conditions are given in the borehole records, in Appendix 2. 

3.6 Photographs of the rock core are also given in Appendix 2.  

3.7 Representative disturbed and undisturbed samples were taken at the depths shown on 
the borehole records and were dispatched to the laboratory for examination and 
testing.  Samples for environmental purposes were collected in amber glass jars.  

3.8 Standard (split-barrel and cone) penetration tests, refs. 9.6 and 9.5, were carried out in 
the boreholes in the various strata to assess the relative density or consistency.  The 
values of penetration resistance are given in the borehole records. 

3.9 Monitoring installations protected by a stopcock cover were installed in boreholes 
BH3 and BH6, as detailed together with a visual representation of the standpipes in 
the relevant borehole records. 

3.10 Groundwater and ground gas monitoring visits were undertaken on three occasions on 
the 28th September, 9th and 16th October 2018, records of which are presented in 
Appendix 2. 

3.11 The ground levels at the borehole locations were not determined. 
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4.0 LABORATORY TESTS 

4.1 Geotechnical Testing Soil 

4.1.1 Geotechnical soil analysis was undertaken of samples obtained during the 
investigation as follows:  

 12 No. Water Content Tests
 12 No. Plasticity Index Tests
 3 No. Particle Size Distributions (by Wet Sieving)
 6 No. Quick Undrained Single/Multi-stage Triaxial Tests

4.1.2  The laboratory test report is given in Appendix 3, Test Report 31554/1 

4.2 Geotechnical Testing Rock 

4.2.1 Geotechnical analysis was undertaken of samples of rock core obtained during 
the investigation as follows:   

 2 No. Water Content Tests
 2 No. Bulk Density Tests
 2 No. Uniaxial Compression Tests
 9 No. Point Load Index Tests

4.2.2 The laboratory test report is given in Appendix 3, Test Report 31554R/1 

4.3 Chemical Testing 

4.3.1 The suite of chemical analyses has been based upon any on-site observations, 
to investigate the potential sources of contamination.  The chemical analyses 
were carried out on ten soil samples, one groundwater sample.  Leachate 
analysis was also conducted on four selected samples.  The nature of the 
analyses is detailed below: 

 Metals - arsenic, cadmium, chromium (hexavalent), chromium (total),
copper, lead, mercury, nickel, selenium and zinc.

 Inorganics – pH, cyanide (total), soil organic matter
 Organics - petroleum hydrocarbons – EPH basic carbon banded

analysis, polycyclic aromatic hydrocarbons (PAH) – USEPA 16 suite,
 Others – Asbestos fibres in soil, Sulphate Contents (Water and Acid

Soluble) and Total Sulphur

4.3.2 The results of these tests are presented in Appendix 4, Certificate of Analysis 
18/07080, 18/07187, 18/07299, and 18/07300. 
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6.0 GEOTECHNICAL ASSESSMENT AND 
RECOMMENDATIONS IN RELATION TO THE 
PROPOSED DEVELOPMENT  

6.1 Structural Details 

6.1.1 It is understood that the proposed development is to consist of an EFW plant, 
precise structural details were not available at the time of preparation of this 
report. 

6.2 Assessment of Soil Condition 

6.3 General 

6.3.1 The ground conditions encountered on the site was principally a thin covering 
of Made Ground overlying alluvial deposits of soft laminated clay, organic 
clay and peat onto a gravelly sand. 

6.3.2 The alluvial deposits overlay the Mercia Mudstone which appeared to be 
initially weathered to a gravelly clay with bedrock found at 20.10 to 
22.60mbgl. 

6.3.3 Ground water was encountered at 11.70/ 12.3mbgl rising to 6.3/ 6.7mbgl due 
to the nearby influence of the River Trent. 

6.4 Alluvial Deposits 

Cohesive 

6.4.1 The plastic index test results are presented on the plasticity classification chart, 
Appendix 3, Figure A3.1. 

 Alluvial Clays

6.4.2 The alluvial clays were found to be of an intermediate to high plasticity with 
plasticity index values of between 14 and 32% averaging 23%. 

6.4.3 Consistency index determinations (wL-w/PI) were between 0.58 and 1.21 
averaging 0.83 suggesting the stratum to be generally firm consistency. 

6.4.4 Unconsolidated un-drained triaxial compression tests, undertaken on 
‘undisturbed’ (Class B) samples suggest cu values of 29, 31 and 54kPa. 

 Organic Clays

6.4.5 Laboratory testing indicated a high plasticity with a plasticity index value of 
33%. 

6.4.6 Consistency index determination was 0.53 suggesting the stratum to be 
generally soft/ firm consistency. 
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6.4.7 Unconsolidated un-drained triaxial compression tests, undertaken on 
‘undisturbed’ (Class B) samples suggest cu values of 35 and 59kPa. 

 Peat

6.4.8 Samples of peat were found to be of a high and very high plasticity with 
classifications of MH and MV with plasticity index values of 30 and 44%. 

6.4.9 Moisture contents were found to be above the liquid limit with values of 79.5 
and 176%. 

6.4.10 Unconsolidated un-drained triaxial compression tests, undertaken on 
‘undisturbed’ (Class B) samples indicated a cu value of 30kPa. 

Granular 

6.4.11 Participle size distributions undertaken on bulk samples taken from the 
boreholes indicated a slightly silty fine to medium grained sand with gravel 
content of 1 and 2%, sand content of between 94 and 95% and silt/clay content 
of 5 and 6%. 

6.4.12 SPT’s were undertaken and where full penetration was achieved, recorded 
relative densities of loose to medium dense. 

6.5 Weathered Mudstone 

6.5.1 The alluvial deposits were underlain by a weathered Mercia Mudstone 
presented as a firm red brown sandy gravelly clay. 

6.5.2 This clays were found to be of an intermediate plasticity with plasticity index 
values of between 13 and 15% averaging 14%. 

6.5.3 Consistency index determinations (wL-w/PI) were between 0.77 and 1.23 
averaging 1.07 suggesting the stratum to be generally firm and stiff 
consistency. 

6.6 Mercia Mudstone Bedrock 

6.6.1 Mercia Mudstone bedrock was encountered at depths of between 20.10 to 
22.60mbgl and was proven by rotary coring to circa 30.0mbgl. 

6.6.2 Uniaxial compression testing indicated compressive strengths of 0.4 and 
0.7MPa. 

6.6.3 Point load testing have suggested compressive strengths of between 0.48 and 
5.76MPa with an average value of 1.84MPa, which might indicate 
predominately a very weak rock strength; BS5930 amendment 2, ref. 9.3. 



EFW Plant, Stather Road, Flixborough, Scunthorpe DN15 8SE 

Contract No.  31554 Page 11 of 24 

6.7 Foundation Options 

6.7.1 On the basis of observations made on site together with results of in-situ and 
laboratory tests, together with empirical correlations, consideration could be 
given to the adoption of deep foundations to support the proposed structures. 

6.7.2 It may be considered that for foundations over a certain depth it may be more 
economical to adopt piles.  Guidelines for the design of piles are given in 
Appendix 5. 

6.7.3 It is suggested that the alluvial soils would not provide adequate support for 
piling and due to the weak nature of these soils they could impart negative 
shaft adhesion and skin friction to the piles, which would increase the load on 
the piles. 

6.7.4 It is suggested that all piling be taken into the Mercia Mudstone formation 
where rock sockets should be formed to provide adequate strength, 
predominantly in end bearing.  

6.7.5 The carrying capacity of piles depends not only on their size and the ground 
conditions but also on their method of installation.  Pile design and installation 
are continuously evolving processes and state-of-the-art techniques are often 
employed before they reach the public domain, perhaps several years down the 
line.  Therefore, it is recommended that specialist Piling Contractors be 
contacted as to the suitability and carrying capacity of their piles in the ground 
conditions pertaining to the site. 

6.7.6 It should be noted that groundwater was present, which could affect the 
installation of the piles. 

6.8 Excavations 

6.8.1 On the basis of observations on site together with the results of in-situ and 
laboratory tests, it is considered that excavations to less than 1.20m would not 
stand unsupported in the short term.  

6.8.2 Side support for safety purposes should of course be provided to all 
excavations which appear unstable, and those in excess of 1.20m deep, in 
accordance with Health and Safety Regulations, ref. 9.13. 

6.8.3 Groundwater should not be expected in shallow excavations for services. 
However, it is possible that perched groundwater could be present in the Made 
Ground overlying the alluvial deposits.  It is considered that this could be dealt 
with by the use of a small pump. 

6.8.4 The close proximity of the River Trent will suggest that deep excavations 
could be affected by ground water inflow. 

6.8.5 Groundwater could be expected in excavations taken to depths in excess of 
6.0mbgl. 
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6.9 Road and Hard Standing Design 

6.9.1 The structural design of a road or hard standing is based on the strength of the 
subgrade, which is assessed on the California Bearing Ratio, CBR, scale from 
which the subgrade surface modulus can be estimated.  

6.9.2 In practice, the correlation given by the Highways Agency, ref. 9.14, is usually 
more appropriate than direct determination of the CBR. 

6.9.3 The process of design given in the guidance notes requires an estimate of CBR 
and subgrade stiffness modulus to be made at the design stage and in-situ 
measurement prior to construction. 

6.9.4 On the basis of laboratory classification tests it is recommended that for 
formation prepared in the alluvial clay, with a characteristic plastic index 
value of between 23 to 27%, a subgrade CBR value of 3% be adopted for 
design purposes.  

6.9.5 The assessment assumes there to be a high water table, poor construction 
conditions and a thin pavement construction.   

6.9.6 Any areas of soft or deleterious material in the Made Ground should be 
excavated and replaced with a properly compacted granular fill. 

6.9.7 For routine cases, all material within 450mm of the road surface should be non 
frost-susceptible. 

6.10 Chemical Attack on Buried Concrete  

6.10.1 The site has been classified in accordance with BRE Special Digest 1, ref. 
9.15, as natural ground without the presence of pyrite and laboratory testing 
undertaken accordingly. It is recommended that the guidelines given in BRE 
Special Digest 1, ref. 9.15, be adopted.   

6.10.2 The non-pyritic soil samples tested included Made Ground, Alluvial Clays, 
Weathered Mercia Mudstone and ground water   

6.10.3 The results of chemical tests in the non-pyritic soils indicate a sulphate 
concentration in the soil of between 41mg/l and 418mg/l as a 2:1 water/soil 
extract, with pH values in the range of 7.41 to 12.63.   

6.10.4 It is recommended that for conventional shallow foundations the groundwater 
should be regarded as mobile. 

6.10.5 A sample of organic clay from BH5 at 7.5mbgl indicated a water soluble 
sulphate content of 3450mg/l suggesting a DS4 classification. The values for 
Oxidisable Sulphate (OS) was 18% (greater than 0.30%) which would indicate 
that pyrite is present and may be oxidised to sulphate where the ground is 
disturbed. The total potential sulphate of 19.5 would give a value greater than 
DS5 classification. 
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6.10.6 It is suggested that precautions should be taken when piles are sunk through 
organic clays and peat deposits and a lined pile should be considered an 
option, which would also reduce the risk of negative skin friction through the 
alluvial deposits.  
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7.0 ENVIRONMENTAL RISK ASSESSMENT IN 
RELATION TO PROPOSED DEVELOPMENT 

7.1 Contaminated Land 

7.1.1 The statutory definition of contaminated land is defined in the Environmental 
Protection Act 1990, ref. 9.16, which was introduced by the Environment Act 
1995, ref. 9.17, as; 

7.1.2 ‘Land which appears to the Local Authority in whose area it is situated to be 
in such a condition, by reason of substances in, on or under the land, that – 

 significant harm is being caused or there is a significant possibility of
such harm being caused; or

 significant pollution of controlled waters is being caused, or there is a
significant possibility of such pollution being caused.’

7.2 Risk Assessment 

7.2.1 The definition of contaminated land is based on the principles of risk 
assessment.  Risk is defined as a combination of: 

 The probability, or frequency of exposure to a substance with the
potential to cause harm, and:

 The seriousness of the consequence.

7.3 Pollutant Linkage 

7.3.1 The basis of an environmental risk assessment involves identifying a ‘source’ 
of contamination, a ‘pathway’ along which the contamination may migrate 
and a ‘receptor’ at risk from the contamination. 

7.3.2 Current legislation defines the various elements of the pollution linkage as: 

 A contaminant is a substance, which is in or under the ground and which
has the potential to cause harm or to cause pollution of controlled waters.

 A pathway is one or more routes through which a receptor is being
exposed to, or affected by, a contaminant, or could be so affected.

 A receptor is either a living organism, an ecological system, a piece of
land or property, or controlled water.

7.3.3 A pollutant linkage indicates that all three elements have been identified.  The 
site can only be defined as ‘Contaminated Land’ if a pollutant linkage exists 
and the contamination meets the criteria in Section 7.1 above.  
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7.6.5 It is recommended that the Environment Agency be consulted with regard to 
the significance of these results, within the Water Supply Regulations 2000.  

7.6.6 Given the ground conditions encountered at the site and the results of this 
contamination assessment, it is considered unlikely that further assessment of 
the risks to controlled waters will be required.  

7.7 Gas Generation 

7.7.1 Gas monitoring visits were undertaken on three occasions on the 28th 
September, 9th and 16th October 2018.  The results of the gas monitoring are 
included within Appendix 2.   

7.7.2 The presence of organic clays and peat beneath the site is the potential source 
of ground gas and it can be seen that the Gas Screening Values are reducing 
over time since the standpipe installations.    

7.7.3 In accordance with the methodology published in CIRIA Document C665, ref. 
9.44, the maximum recorded values were taken to calculate a Gas Screening 
Value for the site.  

7.7.4 Methane concentrations of between 89.1 and 92.9% by volume were recorded 
during the various monitoring phases together with carbon dioxide 
concentrations of between 17.4 and 19.1%v/v. Variable oxygen concentrations 
were recorded mostly depleted 1 and 14%.  

7.7.5 Flow rates were recorded over a three minute period during the various return 
monitoring visits.  The maximum of the three minute average flows was 
recorded at between 1.2 and 57.8 litres/hour. 

7.7.6 The GSV calculated for carbon dioxide ranged from 0.07 to 3.9 litres/hour. 
The GSV calculated for methane is between 2.58 and 53.7 litres/hour. 

7.7.7 The recent monitoring would suggest would suggest a reduction from an 
initial readings giving Characteristic Situation 5 (Appendix 7, Table A7.2) to 
recent readings giving a Characteristic Situation 3.   

7.7.8 For Situation A, being any development other than low rise residential with 
suspended floor slab and ventilated void, gas protective measures are given in 
Appendix 7, sections A7.7 and A7.10. 

7.7.9 The protection requirements are outlined and these should be included in the 
building design. 

7.7.10 These comments are based on three sets of readings over a period of three 
weeks at high atmospheric pressure (>1000mb), which does not follow the 
recommended guidelines given in Appendix 7, Table A7.1.   

7.7.11 However, these values were elevated and varied over the period of monitoring 
and therefore, it is recommended that a continued programme of monitoring 
be carried out to comply more closely with these guidelines before final design 
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is undertaken, the results of which will be issued as an addendum to this 
report. 

7.7.12 It is recommended that the Local Authority are consulted regarding these gas 
protection measures for their approval prior to commencing construction. 

7.8 Protection Of Services 

7.8.1 Due to the increasing number of developments being undertaken on 
potentially contaminated land, the Water Supply Industry has identified the 
need to protect newly laid water supply pipes.  They are likely to impose 
constraints on the nature of water supply pipes that are to be laid in 
contaminated land.  Current guidance on the selection of materials for water 
pipes is provided by the UK Water Industry Research Limited, ref. 9.31, 
though some water supply companies may continue to refer to the previous 
guidance provided by Water Regulations Advisory Scheme, ref. 9.32, and 
should be consulted for confirmation. 
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8.0 MANAGEMENT OF CONTAMINATION 

8.1 Remediation and Verification 

8.1.1 The risk management framework set out in the Model Procedures for the 
Management of Land Contamination, CLR 11, ref. 9.33, is applicable to the 
redevelopment of sites that may be affected by contamination. 

8.1.2 The risk management process set out in the Model Procedures has three main 
components: 

 Risk assessment

 Options appraisal

 Implementation

8.1.3 This initial risk assessment has not identified the presence of elevated 
contaminant within the Made Ground and natural stratum across the site and 
therefore the site can be considered to be uncontaminated with respect to the 
proposed industrial usage.  

8.2 Management of Unidentified Sources of 
Contamination 

8.2.1 There is the possibility that sources of contamination may be present on the 
site, which were not detected during the investigation.  Should such 
contamination be identified or suspected during the site clearance or ground 
works, these should be dealt with accordingly.  A number of options are 
available for handling this material, which include: 

 The removal from site and disposal to a suitably licensed tip of all
material suspected of being contaminated.  The material would need to
be classified prior to disposal.

 Short-term storage of the suspected material while undertaking
verification testing for potential contamination.  The storage area should
be a contained area to ensure that contamination does not migrate and
affect other areas of the site.  Depending upon the amounts of material
under consideration, this could be either a skip or a lined area.

 Having a suitably experienced environmental engineer either on-call or
with a watching brief for the visual and olfactory assessment of the
material, and sampling for verification purposes.

8.3 Consultation 

8.3.1 During the development of a site, consultation may be required for a number 
of reasons with a number of regulatory Authorities.  The following provides 
an indication as to the most likely Authorities with which consultation may be 
required. 
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 Local Authority.  There may be a planning condition regarding
contamination and consultation will be required with a designated
Contaminated Land Officer within the Environmental Health
Department.  The Local Authority is generally concerned with human
health risks.  Some Authorities now require ‘Completion Certificates’ to
be signed off following remediation works.

 Environment Agency.  Where a site is situated above an aquifer, within
a groundwater protection zone or has been designated as a special site,
the Environment Agency is likely to be involved to ensure that controlled
waters are protected.

8.3.2 Based on the results of any consultation, there may be specific remediation 
requirements imposed by one or more of the Authorities.   

8.4 Risk Management During Site Works 

8.4.1 During ground works, some simple measures may have to be put in place to 
mitigate the risk of any known or previously unidentified contamination 
affecting the site workers and the environs.  The majority of the proposed 
measures represent good practice for the construction industry and include: 

 Informing the site workers of the contamination on site and the potential
health effects from exposure.

 Where appropriate, the provision of suitable Personal Protective
Equipment (PPE) for workers who may be potentially impacted by
working in areas of the contamination.

 Ensuring good hygiene is enforced on site and washing facilities are
maintained on the site.  Workers are discouraged from smoking, eating or
drinking without washing their hands first.

 Dust monitoring, and if necessary, suppression measures should be put
into practice where contamination is becoming airborne.

 Site drainage should be prevented from entering any adjacent
watercourse, ref. 9.34.

8.4.2 Where contaminated materials are being removed from the site they should be 
disposed of at a suitably licensed landfill, with a ‘duty of care’ system in place 
and maintained throughout the disposal operations. 
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APPENDIX 2 

GENERAL NOTES ON SITE WORKS 

A2.1 SITE WORK 

A2.1.1 General 

Site work is carried out in general accordance with the guidelines given in ISO 1997, 9.4 
and BS 5930, ref. 9.3. 

A2.1.2 Light Cable Percussion Boring 

For routine soil exploration to depths in excess of 3m, the light cable percussion rig is 
generally employed for boring through soils and weak rocks, refs 9.3, 9.4 and 9.5 It 
consists of a powered winch and tripod frame, with running wheels that are permanently 
attached so that the rig may be towed behind a suitable vehicle. The rig is towed into 
position and set up using its own winching system. 

The locations of services are checked to make sure the borehole is not situated 
unacceptably near any services.  Regardless of the proximity of services, a CAT scan is 
undertaken at the borehole location and a trial hole dug to 1.20m by hand. 

Boreholes are advanced in soil by the percussive action of the cable tool.  The force of the 
cylindrical tool as it is dropped a short distance cuts a plug of cohesive soil that is 
removed by the tool. 

In non-cohesive soils, the borehole is advanced by a ‘shell’, otherwise known as a ‘bailer’ 
or ‘sand pump’, which incorporates a clack valve.  Material is transferred into the shell 
and retained by the clack valve.  The water level in a borehole is maintained above that in 
the surrounding granular soil to allow for temporary reductions in the head of water as the 
shell is withdrawn from the borehole.  Water should flow from the borehole into the 
surrounding soil at all times to prevent ‘piping’ and loosening the soil at the base of the 
hole.  The casing is always advanced with the borehole in granular soil so that material is 
drawn from the base rather than the borehole sides. 

Obstructions to boring are overcome by fitting a serrated chiselling ring to the base of the 
percussion tool.  For large obstructions, a heavy chisel with a hardened cutting edge may 
have to be used. 

Disturbed samples are taken in polythene bags, jars or tubs that are sealed against air or 
water loss. 

Undisturbed samples are generally taken in cohesive materials at changes in strata and at 
one metre intervals to 5 metres then at 1.5 metre intervals to the full depths of the 
borehole.  The general purpose open-tube sampler is suitable for firm to stiff clays, but is 
often used to retrieve disturbed samples of weak rocks, soft or hard clay and also clayey 
sand or silts.  This has been adopted for routine use, and usually consists of a 100mm 
internal diameter tube (U100), which is capable of taking soil samples up to 450mm in 
length.  The undisturbed samples are sealed at each end using micro-crystalline wax to 
prevent drying. 

Standard penetration tests are generally carried out in non-cohesive soils but also in stiff 
clays and soft rocks at frequencies similar to that of undisturbed sampling. 

A2.1.3 Rotary Drilling  

For exploration within rock rotary drilling methods are employed, where the drill bit is 
rotated on the bottom of the borehole. This method is occasionally used for drilling within 
soils. The drilling fluid is transferred from the surface though hollow drilling rods to the 
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bit cooling and lubricating. Drilling fluids commonly comprise clean water, air, foam, 
mud or polymers which aid the transportation of drill cuttings to the surface and 
maximise core recovery.  

There are two basic types of rotary drilling:  

 Open hole where the drill bit cuts all the material within the diameter of the borehole. 
This technique is sometimes used in soils and weak rocks as a rapid and economical 
means of making holes for taking soil samples, carrying out insitu soil tests, 
installing instruments and probing for voids such as mine workings or solution 
cavities. The only samples recovered are the poor quality drill cuttings.   

 Core drilling where an annular bit fixed to the bottom of the core barrel cuts a core, 
which is recovered within the innermost tube of the core barrel. Coring is normally 
carried out by triple tube core barrels. At the end of the core run the core barrel 
assembly is brought to the surface. The core is prevented from dropping out of the 
barrel by a core catcher made of spring steel. The non-rotating inner barrel contains a 
removable sample tube or liner. At the end of each coring run the liner is extracted 
from the barrel and stored in a core box, where it can be photographed, described and 
tested. 

A2.2 IN-SITU TESTS 

A2.2.1 Standard Penetration Test 

The Standard Penetration Test is carried out in accordance with the proposals 
recommended by ISO 1997, ref. 9.4, BS 1377, Part 9, 1990 ref. 9.6 and ISO 22476 ref. 
9.5. 

The standard penetration test, SPT, covers the determination of the resistance of soils to 
the penetration of a split barrel sampler.  A 50mm diameter split barrel sampler is driven 
450mm into the soil using a 63.5kg hammer with a 760mm drop.  The penetration 
resistance is expressed as the number of blows required to obtain 300mm penetration 
below an initial seating drive of 150mm through any disturbed ground at the bottom of 
the borehole.  The number of blows to achieve the standard penetration of 300mm is 
reported as the ‘N’ value. 

The test is generally carried out in fine soils, however, it may also be carried out in coarse 
granular soils, weak rocks and glacial tills using the same procedure as for the SPT but 
with a 50mm diameter, 60° apex solid cone replacing the split spoon sampler, CPT.  

When attempting the standard penetration test in very dense material or weathered rocks 
it may be necessary to terminate the test before completion to prevent damage to the 
equipment.  In these circumstances it is important to distinguish how the blow count 
relates to the penetration of the sampler.  This may be achieved in the following manner: 

 Where the seating drive has been completed, the test drive is terminated if 50 
blows are reached before the full penetration of 300mm is achieved.  The 
penetration for 50 blows is recorded and an approximate N value obtained by 
linear extrapolation of the number of blows for the partial test drive. 

 If the seating drive of 150mm is not achieved within the first 25 blows, the 
penetration after 25 blows is recorded and the test drive then commenced. 

 For tests in soft rocks, the test drive should be terminated after 100 blows where 
the penetration of 300mm has not been achieved.  

The N-value obtained from the Standard Penetration Test may be used to assess the 
relative density of sands and gravels as follows: 





 

Appendix 2 pages   ii/i-ii/iv ii/iv 
 

A2.4 DESCRIPTION OF SOILS 

A2.4.1 General 

The procedures and principles given in ISO 14688 Parts 1 and 2, ref. 9.36, supplemented 
by section 6 of BS 5930, ref. 9.3 have been used in the soil descriptions contained within 
this report. 

 





Samples & In Situ Testing

Depth Sample ID Test Result

Strata Details
Level

(mAOD)
Depth (m)

(Thickness)

0.10

(1.30)

1.40

Legend Strata Description

MADE GROUND: Tarmac/Concrete.
MADE GROUND:  Slag.

End of Borehole at 1.40m

1

2

3

4

5

6

7

8

9

10

Groundwater
Water
Strike

Backfill/
Installation

0.10 D1

0.30 ES2
0.50 ES3

0.50 - 1.00 B4

1.00 ES5
1.20 SPT(S) 50 (25 for 

21mm/50 for 13mm)
1.20 D6

Contract Name: Client:
Flixborough EFW Plant, Scunthorpe Solar 21
Contract Number: Date Started: Logged By: Checked By: Status:

31554 24/08/2018 SP PC FINAL

Borehole ID:

BH1
Sheet 1 of 1

Cable Percussion
Borehole Log

Easting: Northing: Ground Level: Print Date:
18/10/2018

Scale:
1:50

SPT Hammer: ALMC1 Energy Ratio: 51%

Remarks:
Inspection pit dug to 1.20m. Borehole terminated due to refusal at 
1.40m. No groundwater observed.

IFA  CP Template     Issue Number: 5d     Issue Date: 28/06/17

Start & End of Shift Observations
Date Time Depth (m) Casing (m) Water (m)

24-08-2018 00:00 1.40

Chiselling
From (m) To (m) Duration Remarks

1.20 1.40 01:30

Borehole Diameter
Depth (m) Dia (mm)

1.40 200

Casing Diameter
Depth (m) Dia (mm)

Installation
Top (m) Base (m) Type Dia (mm)

Water Strikes
Strike (m) Casing (m) Sealed (m) Time (mins) Rose to (m) Remarks



Samples & In Situ Testing

Depth Sample ID Test Result

Strata Details
Level

(mAOD)
Depth (m)

(Thickness)

0.10

(1.20)

1.30

Legend Strata Description

MADE GROUND: Tarmac and concrete.
MADE GROUND: Light grey sandy GRAVEL with high cobble 
content. Sand is fine to coarse. Gravel is angular to 
subrounded fine to coarse of concrete and slag. Cobbles are 
angular slag.

Terminated on large cobble of slag. 
End of Borehole at 1.30m

1

2

3

4

5

6

7

8

9

10

Groundwater
Water
Strike

Backfill/
Installation

0.20 D1

0.50 B3
0.50 ES2

1.00 ES4

Contract Name: Client:
Flixborough EFW Plant, Scunthorpe Solar 21
Contract Number: Date Started: Logged By: Checked By: Status:

31554 28/08/2018 SP PC FINAL

Borehole ID:

BH1A
Sheet 1 of 1

Cable Percussion
Borehole Log

Easting: Northing: Ground Level: Print Date:
18/10/2018

Scale:
1:50

Remarks:
Inspection pit dug to 1.20m. Borehole terminated due to refusal at 
1.30m.

IFA  CP Template     Issue Number: 5d     Issue Date: 28/06/17

Start & End of Shift Observations
Date Time Depth (m) Casing (m) Water (m)

28-08-2018 00:00 1.30

Chiselling
From (m) To (m) Duration Remarks

1.20 1.30 00:40

Borehole Diameter
Depth (m) Dia (mm)

1.30 200

Casing Diameter
Depth (m) Dia (mm)

Installation
Top (m) Base (m) Type Dia (mm)

Water Strikes
Strike (m) Casing (m) Sealed (m) Time (mins) Rose to (m) Remarks



Samples & In Situ Testing

Depth Sample ID Test Result

Strata Details
Level

(mAOD)
Depth (m)

(Thickness)

0.10

(0.80)

0.90

Legend Strata Description

MADE GROUND: Tarmac and concrete. 
MADE GROUND: Light grey sandy GRAVEL with high cobble 
content. Sand is fine to coarse. Gravel is angular to 
subrounded fine to coarse slag and concrete. Cobbles are 
angular slag.

Terminated on large cobbles of slag.
End of Borehole at 0.90m 1

2

3

4

5

6

7

8

9

10

Groundwater
Water
Strike

Backfill/
Installation

0.50 B2
0.50 ES1

0.90 ES3

Contract Name: Client:
Flixborough EFW Plant, Scunthorpe Solar 21
Contract Number: Date Started: Logged By: Checked By: Status:

31554 28/08/2018 SP PC FINAL

Borehole ID:

BH1B
Sheet 1 of 1

Cable Percussion
Borehole Log

Easting: Northing: Ground Level: Print Date:
18/10/2018

Scale:
1:50

Remarks:
Inspection pit dug to 1.20m. Borehole terminated at 0.90m on cobbles of 
slag.

IFA  CP Template     Issue Number: 5d     Issue Date: 28/06/17

Start & End of Shift Observations
Date Time Depth (m) Casing (m) Water (m)

28-08-2018 00:00 0.90

Chiselling
From (m) To (m) Duration Remarks

Borehole Diameter
Depth (m) Dia (mm)

Casing Diameter
Depth (m) Dia (mm)

Installation
Top (m) Base (m) Type Dia (mm)

Water Strikes
Strike (m) Casing (m) Sealed (m) Time (mins) Rose to (m) Remarks











































































































Gas 
Flow 
Rate 
(l/hr)

SWL

B
a

s
e

 o
f 

P
ip

e

Comments 

Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady Steady mBGL mBGL

BH3 12.00

BH6 12.00

PS

Background Readings:

O2  % v/v 20.6 CO2   % v/v

Gas and Groundwater Monitoring Results

Contract No: 31554

      Contract Name: Flixborough

Date: 14/09/2018

CO
ppm

H2S              
ppm

VOCs            
ppm

ND

Atmospheric Pressure (Start):

Atmospheric Pressure (Finish):

N/D

Weather Conditions

Ground Conditions (dry/wet etc.)

CH4  %  v/v

Hole No:
Time 

(hh:mm)

O2

% v/v
CO2

% v/v
CH4

% v/v

Remarks: 

ND = Below detection limit of instrument. NR = Not Recorded.  

Readings Taken By:

Checked By: December 2015



Gas 
Flow 
Rate 
(l/hr)

SWL

B
a

s
e

 o
f 

P
ip

e

Comments 

Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady Steady mBGL mBGL

BH3 14:20 0.8 0.0 N/D N/D 92.9 92.9 ND ND ND ND ND ND 57.8 2.08 12.00

BH6 14:35 1.0 0.0 19.8 19.1 76.0 75.9 ND ND ND ND ND ND 20.4 1.65 12.00

SP

CL

Remarks: 

ND = Below detection limit of instrument. NR = Not Recorded.  

Readings Taken By:

Checked By:                                   December 2015

Hole No:
Time 

(hh:mm)

O2                       

% v/v
CO2                     

% v/v
CH4                     

% v/v
CO               

ppm
H2S              
ppm

VOCs            
ppm

ND

Atmospheric Pressure (Start): 1033mb

Atmospheric Pressure (Finish): 1033mb

N/D

Weather Conditions Sunny, Dry

Ground Conditions (dry/wet etc.) Dry

CH4  %  v/v

Gas and Groundwater Monitoring Results

Contract No: 31554

      Contract Name: Flixborough

                         Date: 28/09/2018

Background Readings:

O2  % v/v 20.8 CO2   % v/v



Gas 
Flow 
Rate 
(l/hr)

SWL

B
a

s
e

 o
f 

P
ip

e

Comments 

Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady Steady mBGL mBGL

BH3 10:48 1.2 0.0 N/D N/D 91.4 91.4 ND ND ND ND ND ND 3.8 2.14 12.00

BH6 10:25 14.0 0.0 18.4 18.4 75.0 74.8 ND ND ND ND ND ND 1.8 1.75 12.00

SP

CL

Remarks: 

ND = Below detection limit of instrument. NR = Not Recorded.  

Readings Taken By:

Checked By:                                   December 2015

Hole No:
Time 

(hh:mm)

O2                       

% v/v
CO2                     

% v/v
CH4                     

% v/v
CO               

ppm
H2S              
ppm

VOCs            
ppm

ND

Atmospheric Pressure (Start): 1015mb

Atmospheric Pressure (Finish): 1015mb

N/D

Weather Conditions Sunny, Dry

Ground Conditions (dry/wet etc.) Dry

CH4  %  v/v

Gas and Groundwater Monitoring Results

Contract No: 31554

      Contract Name: Flixborough

                         Date: 09/10/2018

Background Readings:

O2  % v/v 20.8 CO2   % v/v



Gas 
Flow 
Rate 
(l/hr)

SWL

B
a

s
e

 o
f 

P
ip

e

Comments 

Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady Peak Steady Steady mBGL mBGL

BH3 10:17 1.0 0.0 2.3 N/D 89.9 89.1 ND ND ND ND ND ND 2.9 2.08 12.00

BH6 10:34 9.1 0.0 17.4 17.4 81.0 81.0 ND ND ND ND ND ND 1.2 1.69 12.00

SP

CL

Remarks: 

ND = Below detection limit of instrument. NR = Not Recorded.  

Readings Taken By:

Checked By:                                   December 2015

Hole No:
Time 

(hh:mm)

O2                       

% v/v
CO2                     

% v/v
CH4                     

% v/v
CO               

ppm
H2S              
ppm

VOCs            
ppm

ND

Atmospheric Pressure (Start):

N/D

Weather Conditions Clooudy, Dry

Ground Conditions (dry/wet etc.) Slightly wet

CH4  %  v/v

1019mb

Atmospheric Pressure (Finish): 1018mb

Gas and Groundwater Monitoring Results

Contract No: 31554

      Contract Name: Flixborough

                         Date: 16/10/2018

Background Readings:

O2  % v/v 20.6 CO2   % v/v
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APPENDIX 3 

GENERAL NOTES ON LABORATORY TESTS ON SOILS 

A3.1 GENERAL 

A3.1.1 Where applicable all tests are carried out in accordance with the relevant British Standard.  
The laboratory test procedures are given in the laboratory test reports. 

A3.1.2 Any discussion in this report is based on the values and results obtained from the 
appropriate tests.  Due allowance should be made, when considering any result in 
isolation, of the possible inaccuracy of any such individual result.  Details of the accuracy 
of results are included in this section, where applicable. 

A3.2 SOIL CLASSIFICATION 

A3.2.1 Classification of soils is usually undertaken by means of the Plasticity Classification 
Chart, sometimes called the A-Line Chart.  This is graphical plot of PI against LL with 
the A-Line defined as PI = 0.73(LL - 20). 

A3.2.2 This line is defined from experimental evidence and does not represent a well-defined 
boundary between soil types, but forms a useful reference datum.  When the values of LL 
and PI for inorganic clays are plotted on the chart they generally lie just above the A-Line 
in a narrow band parallel to it, while silts and organic clays plot below this line. 

A3.2.3 Clays and silts are divided into five zones of plasticity: 

 
Low Plasticity (L) LL less than 35 

Intermediate Plasticity (I) LL between 35 and 50 

High Plasticity (H) LL between 50 and 70 

Very High Plasticity (V) LL between 70 and 90 

Extremely High Plasticity (E) LL greater than 90 

A3.2.4 In general, clays of high plasticity are likely to have a lower permeability, are more 
compressible and consolidate over a longer period of time under load than clays of low 
plasticity.  Clays of high plasticity are more difficult to compact as fill material. 

 





Site:

Job Number:

Originating Client:

Originating Reference:

Date Sampled:

Date Scheduled:

Date Testing Started:

Date Testing Finished:

Remarks:

Authorised By:

Page. 1

Tim Robinson

Quality Technician Date: 26/09/2018

F.A.O.

Test Report   - 31554 / 1 

Flixborough EFW Plant, Scunthorpe

31554

Solar 21

31554

Not Given

07/09/2018

19/09/2018

26/09/2018



2.00 28.9 99 29.0 52 25 27

19.00 23.1 68 32.0 40 26 14

2.10 30 88 33.0 38 24 14

4.00 44.4 100 45.0 62 29 33

4.00 44.5 99 45.0 63 31 32

20.00 37.4 77 47.0 49 34 15

1.85 32 99 32.0 46 23 23

4.45 35.3 98 36.0 51 33 18

6.50 176 95 185.0 88 44 44

18.50 28 65 41.0 44 31 13

1.20 28 91 30.0 46 25 21

6.50 79.5 98 81.0 64 34 30

Site: Flixborough EFW Plant, Scunthorpe Job Number: 31554

Natural / 

Sieved

Natural 

Water 

Content %

Laboratory Test 

Report 31554 / 1

Liquidity 

Index
Class

Client: Solar 21 Page: 2

Determination of Water Content, Liquid Limit and Plastic Limit 

and Derivation of Plasticity and Liquidity Index

Borehole / Trial 

Pit
Depth (m) Sample Description / Remarks

Percentage 

%

Water 

Content %

Sample Passing

425 µm Sieve Liquid Limit 

%

Plastic Limit 

%

Plasticity 

Index %

BH2 U10 Natural 0.15 CH

BH2 D52 Natural 0.41 MI

BH3 U7 Natural 0.67 CI

BH3 U12 Natural 0.47 CH

BH4 U17 Natural 0.43 CH

BH4 D54 Sieved 0.88 MI

BH5 D8 Natural 0.40 CI

BH5 D16 Natural 0.17 MH

BH5 U22 Sieved 3.20 MV

BH5 D49 Natural 0.74 MI

BH6 D6 Natural 0.25 CI

BH6 U22 Sieved 1.58 MH

Brown sandy CLAY

Brown slightly gravelly sandyCLAY  

Brown sandy gravelly CLAY 

Brown sandy organic CLAY 

Brown sandy CLAY

Red/Brown slightly gravelly SILT

Brown sandy CLAY

Brown laminated SILT

Black organic SILT (PEAT)

Red/Brown gravelly CLAY

Brown sandy CLAY

Brown SILT (PEAT)

Method of Preparation: BS EN ISO 17892 : Part 1 : 2014 : Clause 5.1 Water content test preparation

BS 1377 : Part 1 : 2016 : Clause 8.4.3 Preparation of samples for plasticity tests

BS 1377 : Part 2 : 1990 : Clause 4.2 Preparation of samples for plastic limit tests

Method of Test: BS EN ISO 17892 : Part 1 : 2014 : Clause 5.2 Water content test execution

BS 1377 : Part 2 : 1990 : Clause 4.3 or 4.4 Determination of the liquid limit

BS 1377 : Part 2 : 1990 : Clause 5.3 Determination of the plastic limit and plasticity index



mm

mm

mm

mm

Remarks

Preparation and testing in accordance with BS1377 unless noted below

Laboratory Test 

Report 31554 / 1

Site: Flixborough EFW Plant, Scunthorpe Job Number: 31554

Client: Solar 21 Page: 3

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Borehole / 

Trial Pit
Depth (m) Sample Testing Type Description

BH2 14.00 B42 Wet Sieve Brown slightly silty slightly gravelly SAND

Sieving Sedimentation

Particle Size 

mm
% Passing

Particle Size 

mm
% Passing Dry Mass of sample, g 1659

Sample Proportions %  dry mass

Very coarse 0

Gravel 1

Sand 94

Fines <0.063mm 5

Grading Analysis

D100 6.3

D60 0.324

D30 0.219

6.3 100 D10 0.0997

5 100 Uniformity Coefficient 3.2

3.35 99 Curvature Coefficient 1.5

2 99

1.18 99

0.6 95

0.425 85

0.3 53

0.212 28

0.15 15

0.063 5

Method of Preparation: BS 1377:Part 1:1990, clause 7 3 Initial preparation

BS 1377:Part 1:1990, clause 7.4.5 Preparation of particle size tests

Method of Test: BS1377:Part 2:1990, clause 9.2 Determination of particle size distribution by wet sieving method
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mm

mm

mm

Remarks

Preparation and testing in accordance with BS1377 unless noted below
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Site: Flixborough EFW Plant, Scunthorpe Job Number: 31554

Client: Solar 21 Page: 4

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Borehole / 

Trial Pit
Depth (m) Sample Testing Type Description

BH4 12.50 B38 Wet Sieve Brown slightly silty slightly gravelly SAND

Sieving Sedimentation

Particle Size 

mm
% Passing

Particle Size 

mm
% Passing Dry Mass of sample, g 1612

Sample Proportions %  dry mass

Very coarse 0

Gravel 2

Sand 94

Fines <0.063mm 5

Grading Analysis

20 100 D100 20

14 100 D60 0.346

10 100 D30 0.24

6.3 99 D10 0.15

5 99 Uniformity Coefficient 2.3

3.35 99 Curvature Coefficient 1.1

2 99

1.18 98

0.6 95

0.425 81

0.3 45

0.212 21

0.15 10

0.063 5

Method of Preparation: BS 1377:Part 1:1990, clause 7 3 Initial preparation

BS 1377:Part 1:1990, clause 7.4.5 Preparation of particle size tests

Method of Test: BS1377:Part 2:1990, clause 9.2 Determination of particle size distribution by wet sieving method
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mm
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Remarks

Preparation and testing in accordance with BS1377 unless noted below
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Site: Flixborough EFW Plant, Scunthorpe Job Number: 31554

Client: Solar 21 Page: 5

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Borehole / 

Trial Pit
Depth (m) Sample Testing Type Description

BH6 12.50 B35 Wet Sieve Brown slightly silty SAND

Sieving Sedimentation

Particle Size 

mm
% Passing

Particle Size 

mm
% Passing Dry Mass of sample, g 1063

Sample Proportions %  dry mass

Very coarse 0

Gravel 0

Sand 95

Fines <0.063mm 6

Grading Analysis

D100 2

D60 0.34

D30 0.246

D10 0.142

5 100 Uniformity Coefficient 2.4

3.35 100 Curvature Coefficient 1.3

2 100

1.18 100

0.6 99

0.425 90

0.3 43

0.212 20

0.15 10

0.063 6

Method of Preparation: BS 1377:Part 1:1990, clause 7 3 Initial preparation

BS 1377:Part 1:1990, clause 7.4.5 Preparation of particle size tests

Method of Test: BS1377:Part 2:1990, clause 9.2 Determination of particle size distribution by wet sieving method
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Laboratory Test 

Report 31554 / 1

Site: Flixborough EFW Plant, Scunthorpe Job Number: 31554

Client: Solar 21 Page: 6

Unconsolidated Undrained Triaxial Compression Test without measurement of pore pressure - 

single specimen (Definitive Method)

Borehole / 

Trial Pit

Depth 

(m)
Sample Description

Orientation

BH2 2.00 U10 Brown slightly gravelly sandy CLAY

Original Length (mm) 450.00

Depth from Top (mm) 27.11

Condition Undisturbed

Vertical

Length (mm) 209.24

Diameter (mm) 102.11

Moisture Content (%) 28.10

In
it
ia

l 
S

a
m

p
le

Test Number 1

Bulk Density (Mg/m3) 2.05

Dry Density (Mg/m3) 1.60

Membrane Thickness (mm) 0.3

Membrane Type Latex

Rate of Strain (%/min) 1.9

T
e

s
t 

R
e
s
u
lt
s

Cell Pressure (kPa) 40

Axial Strain (%) 15

Membrane Corr. (kPa) 0.88

Deviator Stress,  ( σ1 - σ3 )f 

(kPa)
108

Undrained Shear Strength, 

cu    = ½( σ1 - σ3 )f (kPa)
54

Mode of Failure Compound

Deviator stress corrected for 

area change and membrane 

effects

Mohr circles and their interpretation is not 

covered by BS1377.

This is provided for information only.

Method of Preparation: BS 1377:PT1:1990:8.3 Preparation of undisturbed samples for testing or

BS 1377:PT1:1990:7.7.5.2 Preparation of disturbed samples for testing

Method of Test: BS 1377:PT2:1990:7.2 Determination of density by linear measurement. 

BS 1377:PT7:1990:8.4 Determination of undrained shear strength in triaxial compression without 

measurement of pore pressure (Definitive method)
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Site: Flixborough EFW Plant, Scunthorpe Job Number: 31554

Client: Solar 21 Page: 7

Unconsolidated Undrained Triaxial Compression Test without measurement of pore pressure - 

single specimen (Definitive Method)

Borehole / 

Trial Pit

Depth 

(m)
Sample Description

Orientation

BH3 2.10 U7 Brown gravelly CLAY

Original Length (mm) 400.00

Depth from Top (mm) 40.00

Condition Undisturbed

Vertical

Length (mm) 204.10

Diameter (mm) 102.19

Moisture Content (%) 30.00

In
it
ia

l 
S

a
m

p
le

Test Number 1

Bulk Density (Mg/m3) 2.11

Dry Density (Mg/m3) 1.62

Membrane Thickness (mm) 0.36

Membrane Type Latex

Rate of Strain (%/min) 2.0

T
e

s
t 

R
e
s
u
lt
s

Cell Pressure (kPa) 40

Axial Strain (%) 20

Membrane Corr. (kPa) 1.33

Deviator Stress,  ( σ1 - σ3 )f 

(kPa)
63

Undrained Shear Strength, 

cu    = ½( σ1 - σ3 )f (kPa)
31

Mode of Failure Compound

Deviator stress corrected for 

area change and membrane 

effects

Mohr circles and their interpretation is not 

covered by BS1377.

This is provided for information only.

Method of Preparation: BS 1377:PT1:1990:8.3 Preparation of undisturbed samples for testing or

BS 1377:PT1:1990:7.7.5.2 Preparation of disturbed samples for testing

Method of Test: BS 1377:PT2:1990:7.2 Determination of density by linear measurement. 

BS 1377:PT7:1990:8.4 Determination of undrained shear strength in triaxial compression without 

measurement of pore pressure (Definitive method)

0

10

20

30

40

50

60

70

0 5 10 15 20 25

C
o
rr

e
c
te

d
 D

e
v
ia

to
r 

S
tr

e
s
s
 k

P
a

Axial Strain %

Deviator Stress v Axial Strain

0

50

100

150

0 50 100 150

S
h
e
a
r 

S
tr

e
n
g
th

 k
P

a

Normal Stresses kPa

Mohr Circles



Laboratory Test 
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Site: Flixborough EFW Plant, Scunthorpe Job Number: 31554

Client: Solar 21 Page: 8

Unconsolidated Undrained Triaxial Compression Test without measurement of pore pressure - 

single specimen (Definitive Method)

Borehole / 

Trial Pit

Depth 

(m)
Sample Description

Orientation

BH3 4.00 U12 Brown slightly gravelly organic CLAY

Original Length (mm) 450.00

Depth from Top (mm) 30.17

Condition Undisturbed

Vertical

Length (mm) 208.78

Diameter (mm) 102.44

Moisture Content (%) 44.60

In
it
ia

l 
S

a
m

p
le

Test Number 1

Bulk Density (Mg/m3) 1.81

Dry Density (Mg/m3) 1.25

Membrane Thickness (mm) 0.31

Membrane Type Latex

Rate of Strain (%/min) 1.9

T
e

s
t 

R
e
s
u
lt
s

Cell Pressure (kPa) 80

Axial Strain (%) 13

Membrane Corr. (kPa) 0.82

Deviator Stress,  ( σ1 - σ3 )f 

(kPa)
70

Undrained Shear Strength, 

cu    = ½( σ1 - σ3 )f (kPa)
35

Mode of Failure Plastic

Deviator stress corrected for 

area change and membrane 

effects

Mohr circles and their interpretation is not 

covered by BS1377.

This is provided for information only.

Method of Preparation: BS 1377:PT1:1990:8.3 Preparation of undisturbed samples for testing or

BS 1377:PT1:1990:7.7.5.2 Preparation of disturbed samples for testing

Method of Test: BS 1377:PT2:1990:7.2 Determination of density by linear measurement. 

BS 1377:PT7:1990:8.4 Determination of undrained shear strength in triaxial compression without 

measurement of pore pressure (Definitive method)
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Site: Flixborough EFW Plant, Scunthorpe Job Number: 31554

Client: Solar 21 Page: 9

Unconsolidated Undrained Triaxial Compression Test without measurement of pore pressure - 

single specimen (Definitive Method)

Borehole / 

Trial Pit

Depth 

(m)
Sample Description

Orientation

BH4 4.00 U17 Brown slightly sandy CLAY

Original Length (mm) 450.00

Depth from Top (mm) 42.62

Condition Undisturbed

Vertical

Length (mm) 208.22

Diameter (mm) 100.56

Moisture Content (%) 30.60

In
it
ia

l 
S

a
m

p
le

Test Number 1

Bulk Density (Mg/m3) 1.82

Dry Density (Mg/m3) 1.39

Membrane Thickness (mm) 0.29

Membrane Type Latex

Rate of Strain (%/min) 1.9

T
e

s
t 

R
e
s
u
lt
s

Cell Pressure (kPa) 80

Axial Strain (%) 16

Membrane Corr. (kPa) 0.94

Deviator Stress,  ( σ1 - σ3 )f 

(kPa)
58

Undrained Shear Strength, 

cu    = ½( σ1 - σ3 )f (kPa)
29

Mode of Failure Plastic

Deviator stress corrected for 

area change and membrane 

effects

Mohr circles and their interpretation is not 

covered by BS1377.

This is provided for information only.

Method of Preparation: BS 1377:PT1:1990:8.3 Preparation of undisturbed samples for testing or

BS 1377:PT1:1990:7.7.5.2 Preparation of disturbed samples for testing

Method of Test: BS 1377:PT2:1990:7.2 Determination of density by linear measurement. 

BS 1377:PT7:1990:8.4 Determination of undrained shear strength in triaxial compression without 

measurement of pore pressure (Definitive method)
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Site: Flixborough EFW Plant, Scunthorpe Job Number: 31554

Client: Solar 21 Page: 10

Unconsolidated Undrained Triaxial Compression Test without measurement of pore pressure - 

single specimen (Definitive Method)

Borehole / 

Trial Pit

Depth 

(m)
Sample Description

Orientation

BH5 6.50 U22 Black organic CLAY with inclusions of peat.

Original Length (mm) 450.00

Depth from Top (mm) 42.18

Condition Undisturbed

Vertical

Length (mm) 209.18

Diameter (mm) 102.67

Moisture Content (%) 133.00

In
it
ia

l 
S

a
m

p
le

Test Number 1

Bulk Density (Mg/m3) 1.23

Dry Density (Mg/m3) 0.53

Membrane Thickness (mm) 0.31

Membrane Type Latex

Rate of Strain (%/min) 1.9

T
e

s
t 

R
e
s
u
lt
s

Cell Pressure (kPa) 120

Axial Strain (%) 8.6

Membrane Corr. (kPa) 0.6

Deviator Stress,  ( σ1 - σ3 )f 

(kPa)
118

Undrained Shear Strength, 

cu    = ½( σ1 - σ3 )f (kPa)
59

Mode of Failure Plastic

Deviator stress corrected for 

area change and membrane 

effects

Mohr circles and their interpretation is not 

covered by BS1377.

This is provided for information only.

Method of Preparation: BS 1377:PT1:1990:8.3 Preparation of undisturbed samples for testing or

BS 1377:PT1:1990:7.7.5.2 Preparation of disturbed samples for testing

Method of Test: BS 1377:PT2:1990:7.2 Determination of density by linear measurement. 

BS 1377:PT7:1990:8.4 Determination of undrained shear strength in triaxial compression without 

measurement of pore pressure (Definitive method)

0

20

40

60

80

100

120

140

0 2 4 6 8 10 12

C
o
rr

e
c
te

d
 D

e
v
ia

to
r 

S
tr

e
s
s
 k

P
a

Axial Strain %

Deviator Stress v Axial Strain

0

50

100

150

200

250

0 50 100 150 200 250

S
h
e
a
r 

S
tr

e
n
g
th

 k
P

a

Normal Stresses kPa

Mohr Circles



Laboratory Test 

Report 31554 / 1

Site: Flixborough EFW Plant, Scunthorpe Job Number: 31554

Client: Solar 21 Page: 11

Unconsolidated Undrained Triaxial Compression Test without measurement of pore pressure - 

single specimen (Definitive Method)

Borehole / 

Trial Pit

Depth 

(m)
Sample Description

Orientation

BH6 6.50 U22 Brown organic SILT

Original Length (mm) 450.00

Depth from Top (mm) 41.17

Condition Undisturbed

Vertical

Length (mm) 209.76

Diameter (mm) 102.50

Moisture Content (%) 97.80

In
it
ia

l 
S

a
m

p
le

Test Number 1

Bulk Density (Mg/m3) 1.42

Dry Density (Mg/m3) 0.72

Membrane Thickness (mm) 0.28

Membrane Type Latex

Rate of Strain (%/min) 1.9

T
e

s
t 

R
e
s
u
lt
s

Cell Pressure (kPa) 130

Axial Strain (%) 13

Membrane Corr. (kPa) 0.76

Deviator Stress,  ( σ1 - σ3 )f 

(kPa)
60

Undrained Shear Strength, 

cu    = ½( σ1 - σ3 )f (kPa)
30

Mode of Failure Plastic

Deviator stress corrected for 

area change and membrane 

effects

Mohr circles and their interpretation is not 

covered by BS1377.

This is provided for information only.

Method of Preparation: BS 1377:PT1:1990:8.3 Preparation of undisturbed samples for testing or

BS 1377:PT1:1990:7.7.5.2 Preparation of disturbed samples for testing

Method of Test: BS 1377:PT2:1990:7.2 Determination of density by linear measurement. 

BS 1377:PT7:1990:8.4 Determination of undrained shear strength in triaxial compression without 

measurement of pore pressure (Definitive method)
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Site:

Job Number:

Originating Client:

Page. 12

Flixborough EFW Plant, Scunthorpe

31554

Solar 21

All opinions and interpretations contained within this report are outside of our Scope of 

Accreditation.

This test report shall not be reproduced, except in full and only with the written permission of Ian 

Farmer Associates Ltd.

Date: 26/09/2018

Test Report   - 31554 / 1





Site:

Job Number:

Originating Client:

Originating Reference:

Date Sampled:

Date Scheduled:

Date Testing Started:

Date Testing Finished:

Remarks:

Authorised By:

Page. 1

Tim Robinson

Quality Technician Date: 01/10/2018

F.A.O.

Test Report   - 31554R / 1 

Flixborough EFW Plant, Scunthorpe

31554R

Solar 21

31554

Not Given

25/09/2018

28/09/2018

01/10/2018



Dia. Length H/D Condition
Stress 

Rate
UCS

mm mm Mg/m3 % MPa/s MPa

83.8 101.2 *1.2 2.09 21.2
as 

received
0.4171 F 0.4

85.8 79.5 *0.9 2.17 20.0
as 

received
0.3981 MS 0.7

ISRM p87 test 1, water content at 105 ± 3 oC, specimen as tested for UCS *Denotes length diameter ratio outside ISRM specification

2 ISRM p86 clause (vii), Caliper method used for determination of bulk volume and derivation of bulk density Mode of failure :

3 ISRM p153 part 1, determination of Uniaxial Compressive Strength ( UCS ) of Rock Materials S - Single shear MS - multiple shear

above notes apply unless annotated otherwise in the remarks AC - Axial cleavage F - Fragmented

Laboratory Test Report 31554R / 1

Site: Flixborough EFW Plant, Scunthorpe Job Number: 31554R

Hole No. Depth

m

Sample Rock Type

Specimen 

Dimensions2 Water 

Content

1

Uniaxial Compression3

Remarks
Mode 

of 

failure

Client: Solar 21 Page: 2

UNIAXIAL COMPRESSION TEST ON ROCK - SUMMARY OF RESULTS

BH3 23.80 C3 Grey MUDSTONE

Bulk 

Density2

BH3 26.00 C5 Grey MUDSTONE

Notes     1

Method of Preparation: International Society for Rock Mechanics, The complete ISRM suggested methods for Rock 

Characterization Testing and Monitoring, 2007

Method of Test: International Society for Rock Mechanics, The complete ISRM suggested methods for Rock 

Characterization Testing and Monitoring, 2007
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Flixborough EFW Plant, Scunthorpe

31554R

Solar 21

All opinions and interpretations contained within this report are outside of our Scope of 

Accreditation.

This test report shall not be reproduced, except in full and only with the written permission of Ian 

Farmer Associates Ltd.

Date: 01/10/2018

Test Report   - 31554R / 1
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 Envirolab Job Number: 18/07080 Client Project Name: Flixborough EFW Plant  

   Client Project Ref: 31554 

Lab Sample ID 18/07080/1 18/07080/2 18/07080/3 18/07080/4 18/07080/5    

 U
n

it
s
 

 M
e
th

o
d

 r
e
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Client Sample No 3 3 5 5 3    

Client Sample ID BH2 BH4 BH4 BH6 BH1    

Depth to Top 0.50 0.50 1.00 1.00 0.50    

Depth To Bottom         

Date Sampled 29-Aug-18 22-Aug-18 22-Aug-18 21-Aug-18 24-Aug-18    

Sample Type Soil - ES Soil - ES Soil - ES Soil - ES Soil - ES    

Sample Matrix Code 4A 4A 6AB 6 4A    

% Stones >10mmA 25.4 33.8 6.4 <0.1 26.5    % w/w A-T-044 

Cyanide (total)A
M# <1 <1 <1 4 -    mg/kg A-T-042sTCN 

Organic matterD
M# - - 6.2 2.2 -    % w/w A-T-032 OM 

ArsenicD
M# <1 <1 10 <1 -    mg/kg A-T-024s 

CadmiumD
M# 1.1 0.7 0.9 0.8 -    mg/kg A-T-024s 

CopperD
M# <1 2 34 16 -    mg/kg A-T-024s 

ChromiumD
M# 84 111 33 26 -    mg/kg A-T-024s 

Chromium (hexavalent)D - <1 <1 - -    mg/kg A-T-040s 

LeadD
M# 5 13 80 41 -    mg/kg A-T-024s 

MercuryD <0.17 <0.17 <0.17 <0.17 -    mg/kg A-T-024s 

NickelD
M#  1200 381 41 47 -    mg/kg A-T-024s 

SeleniumD
# 1 3 <1 <1 -    mg/kg A-T-024s 

ZincD
M# 24 34 127 98 -    mg/kg A-T-024s 

Leachate Prep BS EN 12457-2 (10:1)A - - * - *     A-T-001 

Cyanide (total) (leachable)A - - <0.005 - <0.005    mg/l A-T-042wTCN 

Arsenic (leachable)A
# - - 19 - <1    µg/l A-T-025w 

Cadmium (leachable)A
# - - <1 - <1    µg/l A-T-025w 

Copper (leachable)A
# - - 7 - 1    µg/l A-T-025w 

Chromium (leachable)A
# - - <1 - 1    µg/l A-T-025w 

Lead (leachable)A
# - - 16 - <1    µg/l A-T-025w 

Mercury (leachable)A
# - - <0.1 - <0.1    µg/l A-T-025w 

Nickel (leachable)A
# - - 2 - <1    µg/l A-T-025w 

Selenium (leachable)A
# - - 1 - 4    µg/l A-T-025w 

Zinc (leachable)A
# - - 23 - 4    µg/l A-T-025w 
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 Envirolab Job Number: 18/07080 Client Project Name: Flixborough EFW Plant  

   Client Project Ref: 31554 

Lab Sample ID 18/07080/1 18/07080/2 18/07080/3 18/07080/4 18/07080/5    

 U
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it
s
 

 M
e
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o
d
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e
f 

Client Sample No 3 3 5 5 3    

Client Sample ID BH2 BH4 BH4 BH6 BH1    

Depth to Top 0.50 0.50 1.00 1.00 0.50    

Depth To Bottom         

Date Sampled 29-Aug-18 22-Aug-18 22-Aug-18 21-Aug-18 24-Aug-18    

Sample Type Soil - ES Soil - ES Soil - ES Soil - ES Soil - ES    

Sample Matrix Code 4A 4A 6AB 6 4A    

Asbestos in Soil (inc. matrix)           

Asbestos in soilA
# NAD - NAD - -     A-T-045 

Asbestos ACM - Suitable for Water 
Absorption Test? 

N/A - N/A - -      
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 Envirolab Job Number: 18/07080 Client Project Name: Flixborough EFW Plant  

   Client Project Ref: 31554 

Lab Sample ID 18/07080/1 18/07080/2 18/07080/3 18/07080/4 18/07080/5    

 U
n

it
s
 

 M
e
th

o
d

 r
e
f 

Client Sample No 3 3 5 5 3    

Client Sample ID BH2 BH4 BH4 BH6 BH1    

Depth to Top 0.50 0.50 1.00 1.00 0.50    

Depth To Bottom         

Date Sampled 29-Aug-18 22-Aug-18 22-Aug-18 21-Aug-18 24-Aug-18    

Sample Type Soil - ES Soil - ES Soil - ES Soil - ES Soil - ES    

Sample Matrix Code 4A 4A 6AB 6 4A    

PAH-16MS           

AcenaphtheneA
M# <0.01 0.03 2.66 <0.01 -    mg/kg A-T-019s 

AcenaphthyleneA
M# <0.01 0.01 0.04 <0.01 -    mg/kg A-T-019s 

AnthraceneA
M# <0.02 0.09 5.83 <0.02 -    mg/kg A-T-019s 

Benzo(a)anthraceneA
M# 0.14 0.47 9.65 <0.04 -    mg/kg A-T-019s 

Benzo(a)pyreneA
M# 0.14 0.47 8.06 <0.04 -    mg/kg A-T-019s 

Benzo(b)fluorantheneA
M# 0.17 0.58 7.69 <0.05 -    mg/kg A-T-019s 

Benzo(ghi)peryleneA
M# 0.07 0.22 1.95 <0.05 -    mg/kg A-T-019s 

Benzo(k)fluorantheneA
M# 0.07 0.22 3.07 <0.07 -    mg/kg A-T-019s 

ChryseneA
M# 0.17 0.54 8.42 <0.06 -    mg/kg A-T-019s 

Dibenzo(ah)anthraceneA
M# <0.04 0.07 0.69 <0.04 -    mg/kg A-T-019s 

FluorantheneA
M# 0.15 0.75  19.4 <0.08 -    mg/kg A-T-019s 

FluoreneA
M# <0.01 0.03 2.52 <0.01 -    mg/kg A-T-019s 

Indeno(123-cd)pyreneA
M# 0.09 0.27 2.96 <0.03 -    mg/kg A-T-019s 

NaphthaleneA
M# <0.03 <0.03 4.94 <0.03 -    mg/kg A-T-019s 

PhenanthreneA
M# 0.06 0.33  16.7 <0.03 -    mg/kg A-T-019s 

PyreneA
M# 0.21 0.70  16.3 <0.07 -    mg/kg A-T-019s 

Total PAH-16MSA
M# 1.27 4.78  111 <0.08 -    mg/kg A-T-019s 
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 Envirolab Job Number: 18/07080 Client Project Name: Flixborough EFW Plant  

   Client Project Ref: 31554 

Lab Sample ID 18/07080/1 18/07080/2 18/07080/3 18/07080/4 18/07080/5    

 U
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it
s
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d
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e
f 

Client Sample No 3 3 5 5 3    

Client Sample ID BH2 BH4 BH4 BH6 BH1    

Depth to Top 0.50 0.50 1.00 1.00 0.50    

Depth To Bottom         

Date Sampled 29-Aug-18 22-Aug-18 22-Aug-18 21-Aug-18 24-Aug-18    

Sample Type Soil - ES Soil - ES Soil - ES Soil - ES Soil - ES    

Sample Matrix Code 4A 4A 6AB 6 4A    

PAH 16MS (leachable)           

Acenaphthene (leachable)A - - 0.20 - 0.03    µg/l A-T-019w 

Acenaphthylene (leachable)A - - <0.02 - <0.02    µg/l A-T-019w 

Anthracene (leachable)A - - 0.05 - <0.02    µg/l A-T-019w 

Benzo(a)anthracene (leachable)A - - 0.07 - <0.02    µg/l A-T-019w 

Benzo(a)pyrene (leachable)A - - 0.08 - <0.02    µg/l A-T-019w 

Benzo(b)fluoranthene (leachable)A - - 0.07 - <0.02    µg/l A-T-019w 

Benzo(ghi)perylene (leachable)A - - 0.05 - <0.02    µg/l A-T-019w 

Benzo(k)fluoranthene (leachable)A - - 0.04 - <0.02    µg/l A-T-019w 

Chrysene (leachable)A - - 0.09 - <0.02    µg/l A-T-019w 

Dibenzo(ah)anthracene (leachable)A - - <0.02 - <0.02    µg/l A-T-019w 

Fluoranthene (leachable)A - - 0.23 - 0.06    µg/l A-T-019w 

Fluorene (leachable)A - - 0.06 - <0.02    µg/l A-T-019w 

Indeno(123-cd)pyrene (leachable)A - - 0.05 - <0.02    µg/l A-T-019w 

Naphthalene (leachable)A - - <0.02 - <0.02    µg/l A-T-019w 

Phenanthrene (leachable)A - - 0.02 - <0.02    µg/l A-T-019w 

Pyrene (leachable)A - - 0.22 - 0.06    µg/l A-T-019w 

Total PAH 16MS (leachable)A - - 1.23 - 0.15    µg/l A-T-019w 

           

TPH Banded 13           

>C6-C8A
M# <5 - - <5 -    mg/kg A-T-007s 

>C8-C10A
M# <1 - - <1 -    mg/kg A-T-007s 

>C10-C12A
M# <1 - - <1 -    mg/kg A-T-007s 

>C12-C16A
M# 2 - - <2 -    mg/kg A-T-007s 

>C16-C21A
M# 13 - - <2 -    mg/kg A-T-007s 

>C21-C35A
M# 34 - - 5 -    mg/kg A-T-007s 

>C35-C44A 17 - - 3 -    mg/kg A-T-007s 

Total TPH Banded 13A 66 - - 8 -    mg/kg A-T-007s 

 



 
 

Page  6 of 6 

 
 

 

 
 

 
REPORT NOTES 

 
 

General: 

      This report shall not be reproduced, except in full, without written approval from Envirolab. 
        All samples contained within this report, and any received with the same delivery, will be disposed of one month after the date of this 
         report. 

Analytical results reflect the quality of the sample at the time of analysis only.  
Opinions and interpretations expressed are outside the scope of our accreditation. 
If results are in italic font they are associated with an AQC failure and there is insufficient sample to repeat the analysis. These are not 

accredited and are unreliable. 
A deviating samples report is appended and will indicate if samples or tests have been found to be deviating. Any test results affected 
may not be an accurate record of the concentration at the time of sampling and, as a result, may be invalid.  

 
Soil chemical analysis: 
All results are reported as dry weight (<40°C). 

For samples with Matrix Codes 1 - 6 natural stones, brick and concrete fragments >10mm and any extraneous material (visible glass, 
metal or twigs) are removed and excluded from the sample prior to analysis and reported results corrected to a whole sample basis. This 
is reported as '% stones >10mm'.  

For samples with Matrix Code 7 the whole sample is dried and crushed prior to analysis and this supersedes any “A” subscripts 
All analysis is performed on the sample as received for soil samples which are positive for asbestos or the client has informed asbestos 
may be present and/or if they are from outside the European Union and this supersedes any "D" subscripts. 

 
TPH analysis of water by method A-T-007: 
Free and visible oils are excluded from the sample used for analysis so that the reported result represents the dissolved  

phase only. 
 
Electrical Conductivity of water by Method A-T-037: 

Results greater than 12900µS/cm @ 25°C / 11550µS/cm @ 20°C fall outside the calibration range and as such are unaccredited.  
 
Asbestos: 
Asbestos in soil analysis is performed on a dried aliquot of the submitted sample and cannot guarantee to identify asbestos if only present 

in small numbers as discrete fibres/fragments in the original sample.  
Stones etc. are not removed from the sample prior to analysis. 
Quantification of asbestos is a 3 stage process including visual identification, hand picking and weighing and fibre counting by 

sedimentation/phase contrast optical microscopy if required. If asbestos is identified as being present but is not in a form that is suitable 
for analysis by hand picking and weighing (normally if the asbestos is present as free fibres) quantification by sedimentation is performed. 
Where ACMs are found a percentage asbestos is assigned to each with reference to 'HSG264, Asbestos: The survey guide' and the 

calculated asbestos content is expressed as a percentage of the dried soil sample aliquot used.  
 
Predominant Matrix Codes:  

1 = SAND, 2 = LOAM, 3 = CLAY, 4 = LOAM/SAND, 5 = SAND/CLAY, 6 = CLAY/LOAM, 7 = OTHER, 8 = Asbestos bulk ID sample.  
Samples with Matrix Code 7 & 8 are not predominantly a SAND/LOAM/CLAY mix and are not covered by our BSEN 17025 or MCERTS 
accreditations, with the exception of bulk asbestos which are BSEN 17025 accredited. 
Secondary Matrix Codes: 
A = contains stones, B = contains construction rubble, C = contains visible hydrocarbons, D = contains glass/metal,  
E = contains roots/twigs. 

 
Key: 
IS indicates Insufficient Sample for analysis.  

US indicates Unsuitable Sample for analysis. 
NDP indicates No Determination Possible.  
NAD indicates No Asbestos Detected. 

N/A indicates Not Applicable. 
Superscript # indicates method accredited to ISO 17025.  
Superscript "M" indicates method accredited to MCERTS. 

Subscript "A" indicates analysis performed on the sample as received. 
Subscript "D" indicates analysis performed on the dried sample, crushed to pass a 2mm sieve 
 

 
Please contact us if you need any further information. 
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Units 7 & 8 Sandpits Business Park  
Mottram Road, Hyde, Cheshire, SK14 3AR  

FINAL ANALYTICAL TEST REPORT 

 Envirolab Job Number: 18/07187  
 Issue Number: 1 Date: 17 September, 2018 
 
 
 Client: Ian Farmer Associates (Newcastle) 
  Unit 4, Faraday Close 
  Pattinson North Industrial Estate 
  Washington 
  Tyne and Wear 
  NE38 8QJ   
 
 Project Manager: Chris Lewis  
 Project Name: Fixborough EFW Plant  
 Project Ref: 31554  
 Order No: 93514  
 Date Samples Received: 07/09/18  
 Date Instructions Received: 07/09/18  
 Date Analysis Completed: 15/09/18  
 
 
 Prepared by:  Approved by:  
 

 
 Melanie Marshall Danielle Brierley 
 Laboratory Coordinator Client Manager 
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 Envirolab Job Number: 18/07187 Client Project Name: Fixborough EFW Plant 

   Client Project Ref: 31554 

Lab Sample ID 18/07187/1        

 U
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Client Sample No 2        

Client Sample ID BH3        

Depth to Top 0.50        

Depth To Bottom         

Date Sampled 30-Aug-18        

Sample Type Soil - ES        

Sample Matrix Code 5A        

% Stones >10mmA 4.9        % w/w A-T-044 

Cyanide (total)A
M# <1        mg/kg A-T-042sTCN 

Organic matterD
M# 1.0        % w/w A-T-032 OM 

ArsenicD
M# 2        mg/kg A-T-024s 

CadmiumD
M# 1.0        mg/kg A-T-024s 

CopperD
M# 7        mg/kg A-T-024s 

ChromiumD
M# 15        mg/kg A-T-024s 

LeadD
M# 15        mg/kg A-T-024s 

MercuryD 0.20        mg/kg A-T-024s 

NickelD
M# 12        mg/kg A-T-024s 

SeleniumD
# <1        mg/kg A-T-024s 

ZincD
M# 43        mg/kg A-T-024s 
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 Envirolab Job Number: 18/07187 Client Project Name: Fixborough EFW Plant 

   Client Project Ref: 31554 

Lab Sample ID 18/07187/1        

 U
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Client Sample No 2        

Client Sample ID BH3        

Depth to Top 0.50        

Depth To Bottom         

Date Sampled 30-Aug-18        

Sample Type Soil - ES        

Sample Matrix Code 5A        

Asbestos in Soil (inc. matrix)           

Asbestos in soilA
# NAD         A-T-045 

Asbestos ACM - Suitable for Water 
Absorption Test? 

N/A          
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 Envirolab Job Number: 18/07187 Client Project Name: Fixborough EFW Plant 

   Client Project Ref: 31554 

Lab Sample ID 18/07187/1        

 U
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Client Sample No 2        

Client Sample ID BH3        

Depth to Top 0.50        

Depth To Bottom         

Date Sampled 30-Aug-18        

Sample Type Soil - ES        

Sample Matrix Code 5A        

PAH-16MS           

AcenaphtheneA
M# 0.01        mg/kg A-T-019s 

AcenaphthyleneA
M# <0.01        mg/kg A-T-019s 

AnthraceneA
M# 0.06        mg/kg A-T-019s 

Benzo(a)anthraceneA
M# 0.21        mg/kg A-T-019s 

Benzo(a)pyreneA
M# 0.16        mg/kg A-T-019s 

Benzo(b)fluorantheneA
M# 0.20        mg/kg A-T-019s 

Benzo(ghi)peryleneA
M# 0.06        mg/kg A-T-019s 

Benzo(k)fluorantheneA
M# 0.08        mg/kg A-T-019s 

ChryseneA
M# 0.19        mg/kg A-T-019s 

Dibenzo(ah)anthraceneA
M# <0.04        mg/kg A-T-019s 

FluorantheneA
M# 0.44        mg/kg A-T-019s 

FluoreneA
M# 0.02        mg/kg A-T-019s 

Indeno(123-cd)pyreneA
M# 0.08        mg/kg A-T-019s 

NaphthaleneA
M# <0.03        mg/kg A-T-019s 

PhenanthreneA
M# 0.24        mg/kg A-T-019s 

PyreneA
M# 0.42        mg/kg A-T-019s 

Total PAH-16MSA
M# 2.17        mg/kg A-T-019s 
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REPORT NOTES 

 
 

General: 
      This report shall not be reproduced, except in full, without written approval from Envirolab. 
        All samples contained within this report, and any received with the same delivery, will be disposed of one month after the date of this 
         report. 

Analytical results reflect the quality of the sample at the time of analysis only.  
Opinions and interpretations expressed are outside the scope of our accreditation. 
If results are in italic font they are associated with an AQC failure and there is insufficient sample to repeat the analysis. These are not 
accredited and are unreliable. 
A deviating samples report is appended and will indicate if samples or tests have been found to be deviating. Any test results affected 
may not be an accurate record of the concentration at the time of sampling and, as a result, may be invalid. 
 
Soil chemical analysis: 
All results are reported as dry weight (<40°C). 
For samples with Matrix Codes 1 - 6 natural stones, brick and concrete fragments >10mm and any extraneous material (visible glass, 
metal or twigs) are removed and excluded from the sample prior to analysis and reported results corrected to a whole sample basis. This 
is reported as '% stones >10mm'.  
For samples with Matrix Code 7 the whole sample is dried and crushed prior to analysis and this supersedes any “A” subscripts 
All analysis is performed on the sample as received for soil samples which are positive for asbestos or the client has informed asbestos 
may be present and/or if they are from outside the European Union and this supersedes any "D" subscripts. 
 
TPH analysis of water by method A-T-007: 
Free and visible oils are excluded from the sample used for analysis so that the reported result represents the dissolved  
phase only. 
 
Electrical Conductivity of water by Method A-T-037: 
Results greater than 12900µS/cm @ 25°C / 11550µS/cm @ 20°C fall outside the calibration range and as such are unaccredited. 
 
Asbestos: 
Asbestos in soil analysis is performed on a dried aliquot of the submitted sample and cannot guarantee to identify asbestos if only present 
in small numbers as discrete fibres/fragments in the original sample.  
Stones etc. are not removed from the sample prior to analysis. 
Quantification of asbestos is a 3 stage process including visual identification, hand picking and weighing and fibre counting by 
sedimentation/phase contrast optical microscopy if required. If asbestos is identified as being present but is not in a form that is suitable 
for analysis by hand picking and weighing (normally if the asbestos is present as free fibres) quantification by sedimentation is performed. 
Where ACMs are found a percentage asbestos is assigned to each with reference to 'HSG264, Asbestos: The survey guide' and the 
calculated asbestos content is expressed as a percentage of the dried soil sample aliquot used. 
 
Predominant Matrix Codes:  
1 = SAND, 2 = LOAM, 3 = CLAY, 4 = LOAM/SAND, 5 = SAND/CLAY, 6 = CLAY/LOAM, 7 = OTHER, 8 = Asbestos bulk ID sample. 
Samples with Matrix Code 7 & 8 are not predominantly a SAND/LOAM/CLAY mix and are not covered by our BSEN 17025 or MCERTS 
accreditations, with the exception of bulk asbestos which are BSEN 17025 accredited. 
Secondary Matrix Codes: 
A = contains stones, B = contains construction rubble, C = contains visible hydrocarbons, D = contains glass/metal,  
E = contains roots/twigs. 
 
Key: 
IS indicates Insufficient Sample for analysis.  
US indicates Unsuitable Sample for analysis. 
NDP indicates No Determination Possible.  
NAD indicates No Asbestos Detected. 
N/A indicates Not Applicable. 
Superscript # indicates method accredited to ISO 17025.  
Superscript "M" indicates method accredited to MCERTS. 
Subscript "A" indicates analysis performed on the sample as received. 
Subscript "D" indicates analysis performed on the dried sample, crushed to pass a 2mm sieve 
 
 
Please contact us if you need any further information. 
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Units 7 & 8 Sandpits Business Park  
Mottram Road, Hyde, Cheshire, SK14 3AR  

FINAL ANALYTICAL TEST REPORT 

 Envirolab Job Number: 18/07299  
 Issue Number: 1 Date: 20 September, 2018 
 
 
 Client: Ian Farmer Associates (Newcastle) 
  Unit 4, Faraday Close 
  Pattinson North Industrial Estate 
  Washington 
  Tyne and Wear 
  NE38 8QJ   
 
 Project Manager: Chris Lewis  
 Project Name: Flixborough EFW Plant  
 Project Ref: 31554  
 Order No: 93515  
 Date Samples Received: 11/09/18  
 Date Instructions Received: 12/09/18  
 Date Analysis Completed: 20/09/18  
 
 
 Prepared by:  Approved by:  
 

 
 Melanie Marshall Georgia King 
 Laboratory Coordinator Admin & Client Services Supervisor 
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 Envirolab Job Number: 18/07299 Client Project Name: Flixborough EFW Plant 

   Client Project Ref: 31554 

Lab Sample ID 18/07299/1 18/07299/2 18/07299/3 18/07299/4 18/07299/5 18/07299/6 18/07299/7 18/07299/8 

 U
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Client Sample No 24 9 29 8 24 7 4 15 

Client Sample ID BH2 BH3 BH4 BH5 BH6 BH2 BH3 BH4 

Depth to Top 6.95 2.75 8.75 1.85 7.25 1.20 0.50 3.00 

Depth To Bottom 7.00     1.70 1.00 3.50 

Date Sampled 29-Aug-18 30-Aug-18 23-Aug-18 03-Sep-18 21-Aug-18 29-Aug-18 30-Aug-18 22-Aug-18 

Sample Type Soil - D Soil - D Soil - D Soil - D Soil - D Soil - D Solid Soil - D 

Sample Matrix Code 6 6 6AE 3 6 6 7 6 

% Stones >10mmA <0.1 <0.1 8.5 <0.1 <0.1 <0.1 <0.1 <0.1 % w/w A-T-044 

pH BRED
M# - - - - - 8.13 12.63 8.48 pH A-T-031s 

Sulphate BRE (water sol 2:1)D
M# - - - - - 44 41 398 mg/l A-T-026s 

Sulphate BRE (acid sol)D
M# - - - - - - 0.76 - % w/w A-T-028s 

Sulphur BRE (total)D - - - - - - 0.28 - % w/w A-T-024s 

Organic matterD
M# 18.7 4.0 24.6 2.3 8.0 - - - % w/w A-T-032 OM 

 
 
 
 
 
 
 
 
 
 
 
 

 Envirolab Job Number: 18/07299 Client Project Name: Flixborough EFW Plant 

   Client Project Ref: 31554 

Lab Sample ID 18/07299/9 18/07299/10       

 U
n

it
s

 

 M
e

th
o

d
 r

e
f 

Client Sample No 24 55       

Client Sample ID BH5 BH2       

Depth to Top 7.50 20.50       

Depth To Bottom  21.00       

Date Sampled 03-Sep-18 30-Aug-18       

Sample Type Soil - D Soil - D       

Sample Matrix Code 6E 5A       

% Stones >10mmA <0.1 <0.1       % w/w A-T-044 

pH BRED
M# 6.86 7.82       pH A-T-031s 

Sulphate BRE (water sol 2:1)D
M#  3450 418       mg/l A-T-026s 

Sulphate BRE (acid sol)D
M# 1.48 -       % w/w A-T-028s 

Sulphur BRE (total)D 6.52 -       % w/w A-T-024s 
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REPORT NOTES 

 
 

General: 
      This report shall not be reproduced, except in full, without written approval from Envirolab. 
        All samples contained within this report, and any received with the same delivery, will be disposed of one month after the date of this 
         report. 

Analytical results reflect the quality of the sample at the time of analysis only.  
Opinions and interpretations expressed are outside the scope of our accreditation. 
If results are in italic font they are associated with an AQC failure, these are not accredited and are unreliable. 
A deviating samples report is appended and will indicate if samples or tests have been found to be deviating. Any test results affected 
may not be an accurate record of the concentration at the time of sampling and, as a result, may be invalid. 
 
Soil chemical analysis: 
All results are reported as dry weight (<40°C). 
For samples with Matrix Codes 1 - 6 natural stones, brick and concrete fragments >10mm and any extraneous material (visible glass, 
metal or twigs) are removed and excluded from the sample prior to analysis and reported results corrected to a whole sample basis. This 
is reported as '% stones >10mm'.  
For samples with Matrix Code 7 the whole sample is dried and crushed prior to analysis and this supersedes any “A” subscripts 
All analysis is performed on the sample as received for soil samples which are positive for asbestos or the client has informed asbestos 
may be present and/or if they are from outside the European Union and this supersedes any "D" subscripts. 
 
TPH analysis of water by method A-T-007: 
Free and visible oils are excluded from the sample used for analysis so that the reported result represents the dissolved  
phase only. 
 
Electrical Conductivity of water by Method A-T-037: 
Results greater than 12900µS/cm @ 25°C / 11550µS/cm @ 20°C fall outside the calibration range and as such are unaccredited. 
 
Asbestos: 
Asbestos in soil analysis is performed on a dried aliquot of the submitted sample and cannot guarantee to identify asbestos if only present 
in small numbers as discrete fibres/fragments in the original sample.  
Stones etc. are not removed from the sample prior to analysis. 
Quantification of asbestos is a 3 stage process including visual identification, hand picking and weighing and fibre counting by 
sedimentation/phase contrast optical microscopy if required. If asbestos is identified as being present but is not in a form that is suitable 
for analysis by hand picking and weighing (normally if the asbestos is present as free fibres) quantification by sedimentation is performed. 
Where ACMs are found a percentage asbestos is assigned to each with reference to 'HSG264, Asbestos: The survey guide' and the 
calculated asbestos content is expressed as a percentage of the dried soil sample aliquot used. 
 
Predominant Matrix Codes:  
1 = SAND, 2 = LOAM, 3 = CLAY, 4 = LOAM/SAND, 5 = SAND/CLAY, 6 = CLAY/LOAM, 7 = OTHER, 8 = Asbestos bulk ID sample. 
Samples with Matrix Code 7 & 8 are not predominantly a SAND/LOAM/CLAY mix and are not covered by our BSEN 17025 or MCERTS 
accreditations, with the exception of bulk asbestos which are BSEN 17025 accredited. 
Secondary Matrix Codes: 
A = contains stones, B = contains construction rubble, C = contains visible hydrocarbons, D = contains glass/metal,  
E = contains roots/twigs. 
 
Key: 
IS indicates Insufficient Sample for analysis.  
US indicates Unsuitable Sample for analysis. 
NDP indicates No Determination Possible.  
NAD indicates No Asbestos Detected. 
N/A indicates Not Applicable. 
Superscript # indicates method accredited to ISO 17025.  
Superscript "M" indicates method accredited to MCERTS. 
Subscript "A" indicates analysis performed on the sample as received. 
Subscript "D" indicates analysis performed on the dried sample, crushed to pass a 2mm sieve 
 
 
Please contact us if you need any further information. 
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 Envirolab Job Number: 18/07300 Client Project Name: Flixborough EFW Plant 

   Client Project Ref: 31554 

Lab Sample ID 18/07300/1        
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Client Sample No 41        

Client Sample ID BH6        

Depth to Top 15.00        

Depth To Bottom         

Date Sampled 21-Aug-18        

Sample Type Water - EW        

Sample Matrix Code N/A        

pH BRE (w)A
# 7.41        pH A-T-031w 

Sulphate BRE (w)A
# 90        mg/l A-T-026w 
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REPORT NOTES 

 
 

General: 
      This report shall not be reproduced, except in full, without written approval from Envirolab. 
        All samples contained within this report, and any received with the same delivery, will be disposed of one month after the date of this 
         report. 

Analytical results reflect the quality of the sample at the time of analysis only.  
Opinions and interpretations expressed are outside the scope of our accreditation. 
If results are in italic font they are associated with an AQC failure and there is insufficient sample to repeat the analysis. These are not 
accredited and are unreliable. 
A deviating samples report is appended and will indicate if samples or tests have been found to be deviating. Any test results affected 
may not be an accurate record of the concentration at the time of sampling and, as a result, may be invalid. 
 
Soil chemical analysis: 
All results are reported as dry weight (<40°C). 
For samples with Matrix Codes 1 - 6 natural stones, brick and concrete fragments >10mm and any extraneous material (visible glass, 
metal or twigs) are removed and excluded from the sample prior to analysis and reported results corrected to a whole sample basis. This 
is reported as '% stones >10mm'.  
For samples with Matrix Code 7 the whole sample is dried and crushed prior to analysis and this supersedes any “A” subscripts 
All analysis is performed on the sample as received for soil samples which are positive for asbestos or the client has informed asbestos 
may be present and/or if they are from outside the European Union and this supersedes any "D" subscripts. 
 
TPH analysis of water by method A-T-007: 
Free and visible oils are excluded from the sample used for analysis so that the reported result represents the dissolved  
phase only. 
 
Electrical Conductivity of water by Method A-T-037: 
Results greater than 12900µS/cm @ 25°C / 11550µS/cm @ 20°C fall outside the calibration range and as such are unaccredited. 
 
Asbestos: 
Asbestos in soil analysis is performed on a dried aliquot of the submitted sample and cannot guarantee to identify asbestos if only present 
in small numbers as discrete fibres/fragments in the original sample.  
Stones etc. are not removed from the sample prior to analysis. 
Quantification of asbestos is a 3 stage process including visual identification, hand picking and weighing and fibre counting by 
sedimentation/phase contrast optical microscopy if required. If asbestos is identified as being present but is not in a form that is suitable 
for analysis by hand picking and weighing (normally if the asbestos is present as free fibres) quantification by sedimentation is performed. 
Where ACMs are found a percentage asbestos is assigned to each with reference to 'HSG264, Asbestos: The survey guide' and the 
calculated asbestos content is expressed as a percentage of the dried soil sample aliquot used. 
 
Predominant Matrix Codes:  
1 = SAND, 2 = LOAM, 3 = CLAY, 4 = LOAM/SAND, 5 = SAND/CLAY, 6 = CLAY/LOAM, 7 = OTHER, 8 = Asbestos bulk ID sample. 
Samples with Matrix Code 7 & 8 are not predominantly a SAND/LOAM/CLAY mix and are not covered by our BSEN 17025 or MCERTS 
accreditations, with the exception of bulk asbestos which are BSEN 17025 accredited. 
Secondary Matrix Codes: 
A = contains stones, B = contains construction rubble, C = contains visible hydrocarbons, D = contains glass/metal,  
E = contains roots/twigs. 
 
Key: 
IS indicates Insufficient Sample for analysis.  
US indicates Unsuitable Sample for analysis. 
NDP indicates No Determination Possible.  
NAD indicates No Asbestos Detected. 
N/A indicates Not Applicable. 
Superscript # indicates method accredited to ISO 17025.  
Superscript "M" indicates method accredited to MCERTS. 
Subscript "A" indicates analysis performed on the sample as received. 
Subscript "D" indicates analysis performed on the dried sample, crushed to pass a 2mm sieve 
 
 
Please contact us if you need any further information. 

 





 

 

APPENDIX 5 

GUIDELINES FOR THE DESIGN OF PILES 

FIRST APPROXIMATION OF WORKING LOAD 

 
 
A5.1 GENERAL 

The ultimate carrying capacity, Qu, of a particular pile is taken as the sum of the ultimate shaft friction 
resistance, Qs, and the ultimate end bearing resistance, Qb.  This may be expressed as follows:- 

   Qu = Qs + Qb 

    = f.As + q.Ab 

  where f = unit shaft resistance 

   As = embedded surface area of pile 

   q = unit end bearing resistance 

   Ab = effective cross-sectional area of pile base 

A5.2 COHESIVE SOILS 

A5.2.1 Shaft Resistance 

The ultimate shaft resistance, f, for piles in both compression or tension in cohesive soils 
is determined by applying a factor to the undrained shear strength, Cs, which exists in the 
soils along the embedded length of the pile, and is given by:- 

 f  = .Cs 

Where  is an adhesion factor, which for straight-shafted bored piles may be taken as 
0.45 to 0.60. 

Ultimate unit shaft friction should not exceed 100kPa. 

A5.2.2 End Bearing 

For piles terminating in cohesive soils, the ultimate unit end bearing resistance q, is given 
by:- 

 q = Nc.Cb 

 where Cb is the undrained shear strength at the base of the pile 

 and Nc is a bearing capacity factor 
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A6.2.2 Stages 1 and 2 develop a ‘conceptual model’ based upon information collated from desk 
based studies, and frequently a walkover of the site.  The walkover survey should be 
conducted in general accordance with CLR 2, ref. 9.38.  The formation of a conceptual 
model is an iterative process and as such, it should be updated and refined throughout 
each stage of the project to reflect any additional information obtained. 

A6.2.3 The extent of the desk studies and enquiries to be conducted should be in general 
accordance with CLR 3, ref. 9.39.  The information from these enquiries is presented in a 
desk study report with recommendations, if necessary, for further work based upon the 
conceptual model.  CLR 8, ref. 9.40, together with specific DoE ‘Industry Profiles’ 
provides guidance on the nature of contaminants relating to specific industrial processes.  
Although CLR 8 has been withdrawn, no replacement guidance has been published that 
lists the contaminants likely to be present on contaminated sites and as such the guidance 
relating to this issue of CLR 8 is considered to still be relevant.    

A6.2.4 If potential pollutant linkages are identified within the conceptual model, a Phase 2 site 
investigation and report will be recommended. The investigation should be planned in 
general accordance with CLR 4, ref. 9.1.  The number of exploratory holes and samples 
collected for analysis should be consistent with the size of the site and the level of risk 
envisaged. This will enable a contamination risk assessment to be conducted, at which 
point the conceptual model can be updated and relevant pollutant linkages can be 
identified.  

A6.2.5 A two-stage investigation may be more appropriate where time constraints are less of an 
issue.  The first stage investigation being conducted as an initial assessment for the 
presence of potential sources, a second being a more refined investigation to delineate 
wherever possible the extent of the identified contamination.  

A6.2.6 All site works should be in general accordance with the British Standards, BS 5930:1999, 
ref. 9.3, ISO 1997, ref. 9.4 and BS 10175:2001, ref. 9.2. 

A6.2.7 The generic contamination risk assessment screens the results of the chemical analysis 
against generic guidance values which are dependent on the proposed end-use of the 
development.  

A6.2.8 The end-use may be defined as one of the following ref. 9.22;  

 Residential with homegrown produce – domestic low rise and low density  
housing with gardens where vegetable may be grown for home consumption 

 Residential without homegrown produce – domestic low density and low density 
housing where no gardens are present.  

 Allotments – specific areas where vegetables are grown for home consumption. 

 Public open space in close proximity to residential housing – includes the 
predominantly grassed area adjacent to high density housing and the central 
green area around which houses are developed.  This land-use includes the 
smaller areas commonly incorporated in newer developments as informal 
grassed areas or more formal landscaped areas with a mixture of open space and 
covered soil with planting. 

 Public open space in use as general parkland – provided for recreational use and 
may be used for family visits and picnics, children’s play area, sports grounds 
and dig walking. 

 Commercial – industrial premises where there is limited exposure to soil. 
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BTEX     

Benzene 27 47 90 LQM/CIEH S4UL 

Toluene 56000 110000 180000 LQM/CIEH S4UL 

Ethylbenzene 5700 13000 27000 LQM/CIEH S4UL 

m/p Xylenes 5900 14000 30000 LQM/CIEH S4UL 

o Xylene 17000 24000 33000 LQM/CIEH S4UL 

 

SOM = Soil Organic Matter 
Values in brackets indicate the vapour saturation limit where this is exceeded by the GAC or SGV 

 
 

  











 

 
 

APPENDIX 7 

GENERAL NOTES ON GAS GENERATION 

A7.1 GENERAL 

A7.1.1 In the past, a series of guidance documents were published by CIRIA, ref. 9.42, providing 
advice on hazards associated with methane.  This earlier guidance was consolidated in 
CIRIA Document C659 to provide a risk based approach to gas contaminated land.  This 
was subsequently re-issued as CIRIA Document C665, ref. 9.44.  In 2007, British 
Standard, BS8485, ref. 9.45, dealing with ground gas was published.  It is recommended 
that guidance in C665 and BS8485 is adopted to provide a consistent approach in dealing 
with ground gas contamination, the principal details being as follows. 

A7.1.2 This guidance is based on a similar approach to that for dealing with contaminated soil.  
The presence of hazardous gases could be deemed to be the ‘source’ in a ‘pollutant 
linkage’ that could lead to the conclusion that significant harm is or could be caused to 
people, buildings or the environment.  In such circumstances the land could be deemed 
‘contaminated’, ref. 9.16. 

A7.1.3 Should a potential source of gas be identified in the conceptual model, a gas risk 
assessment should be carried out, sufficient to demonstrate to the local authority that the 
proposals mitigate any hazards associated with ground gas.  The authority enforces 
compliance with Approved Document Part C of the Building Regulations, ref. 9.46. 

A7.2 APPROACH 

A7.2.1 A flow chart detailing the approach to assessing a site is given in CIRIA document C665, 
Figure 1.1.  This may be summarised as follows. 

 Carry out Phase 1 desk study, including initial conceptual model 

 Assess site, potential presence of gas / potential unacceptable risk / identify further 
action, if necessary 

 Monitor gas concentrations 

 Assessment of Risk 

 Recommendations / remediation 

 Validation 

A7.3 POLLUTANT LINKAGE ASSESSMENT 

A7.3.1 A pollutant linkage assessment is presented in Appendix 3 of the Phase 1 Desk Study 
Report. 

A7.3.2 Using the risk model in the desk study, the pollutant linkage can be identified and a 
preliminary estimate of risk undertaken.  If there is no relevant pollutant linkage 
identified there is no risk.  If there is a very low risk, it is likely that no further assessment 
is required.  If further assessment is necessary, then gas monitoring is required.  











 

 
 

5. Commercial buildings with basement car parks, provided with ventilation in accordance with the Building 
Regulations, may not require gas protection for characteristic situations 3 and 4. 

6. Floor slabs should provide an acceptable formation on which to lay the gas membrane.  If a block and 
beam floor is used it should be well detailed so it has no voids in it that membranes have to span, and all 
holes for service penetrations should be filled.  The minimum density of the blocks should be 600kg/m3 
and the top surface should have a 4:1 sand cement grout brushed into all joints before placing any 
membrane (this is also good practice to stabilise the floor and should be carried out regardless of the need 
for gas membrane). 

7. The gas-resistant membrane can also act as the damp-proof membrane. 




