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Disclaimer 

 
This report has been prepared by Waterman Infrastructure & Environment Limited, with all reasonable skill, 
care and diligence within the terms of the Contract with the client, incorporation of our General Terms and 
Condition of Business and taking account of the resources devoted to us by agreement with the client. 

We disclaim any responsibility to the client and others in respect of any matters outside the scope of the 
above. 

This report is confidential to the client and we accept no responsibility of whatsoever nature to third parties 
to whom this report, or any part thereof, is made known.  Any such party relies on the report at its own risk.
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Executive Summary 

 

Objectives 

Waterman Infrastructure and Environment Ltd was instructed by Graven Hill Village Development Company Limited 
to undertake a Ground Investigation Interpretative report for the proposed development of the Employment Access 
Road.   

Site Setting 

Current Use The Site currently comprises of the southern extent of Anniversary Avenue and an access road 
leading to the “D” Sector of the former MOD Bicester Site.   

Environmental Assessment 

When screened against assessment criteria for a commercial/non-residential end use, no exceedances of heavy 
metals or TPH fractions were recorded.  Exceedances of individual PAH’s were recorded at three locations within 
asphalt and Made Ground and are thought to represent the presence of coal tars.    

No asbestos fibres were recorded in any of the samples screened.   

Due to the proposed end use, the recorded chemical concentrations are not considered to represent a risk human 
health (end users) however the risk to construction workers must be considered.  

Widespread contamination has not been recorded at the Site which would represent a significant risk to construction 
workers.  Locations recording elevated levels of PAHs are within the current Anniversary Avenue roadway which is 
proposed to be replaced as part of the redevelopment of the Site.  Construction workers must adhere to good 
practices hygiene during works.  Any soils intended for re-use on Site or disposal must be assessed for their 
suitability.   

Due to the elevated carbon dioxide concentrations recorded within BH703, construction workers entering 
excavations shall wear respiratory protective equipment (RPE) to mitigate the risk posed by oxygen depletion as the 
result of elevated carbon dioxide.   

As part of protection against the potential risk posed by contamination in near surface soils, elevated carbon dioxide 
and potential asbestos, the mandatory use of PPE and RPE when operating within areas of known contamination 
and when within excavations should be adhered to at all times and provisions should be made for appropriate Site 
hygiene and welfare facilities and dedicated food preparation and eating areas.   

Given the nature of the current site use, and that asbestos has been encountered in other areas of the Site, all 
personnel must have asbestos awareness training.   

The recorded concentrations are not considered to represent a risk to controlled waters receptors.   

Geotechnical Assessment 

The Site is underlain by a thin layer of bituminous surfacing, Roadstone, Made Ground and topsoil.   

The Made Ground and road construction are underlain by firm and stiff Oxford Clays.   

The existing Anniversary Avenue and unnamed access roads consist of three different construction make ups:  

Typically 130mm to 250mm of bituminous surface over 420mm to 620mm of roadstone is recorded.   

Unnamed access roads: Typically 80mm to 110mm of bituminous surface over 390mm to 820mm of roadstone.   

Hardstanding along proposed roadcourse: Typically 300mm of concrete over 100mm of granular Made Ground, 
100mm of concrete and 300mm of cohesive Made Ground.   

In all locations Bituminous surfacing and Made ground is underlain by firm to stiff clay.   

Oxford Clay has been shown to have a high plasticity and medium to High volume change potential.  A Plasticity 
Index of 50% should be adopted for the Oxford Clay at this location.   
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Whilst the values stated above are indicative of the data, particular care should be given when designing roadways 
in this area of the Site.  Due to historic loading of the clays underlying this area of the Site, differential settlement is 
likely, particularly when comparing areas of open ground and those previously occupied by buildings, such as 
building D5.   

Buried concrete should be designed in accordance with:  

Concrete in contact with the existing roadstone: DS3 AC2 

Concrete in contact with Oxford Clay: DS3 AC3s 

The results of compaction testing undertaken on samples of Oxford Clay indicate that the natural moisture content 
is significantly in excess of the optimum moisture content and hence the near surface materials would not be suitable 
in their current form for use as an earthworks material unless the materials are allowed to dry or are treated to reduce 
the moisture content (i.e.  lime stabilised).   

In-situ CBR values of the firm clays immediately below the existing roadstone recorded values of between 6.7 and 
9.5% with the underlying strata giving values of between 2.6 and 70%.  In view of the high plasticity of the clays and 
their susceptibility to rapid softening, it is recommended that a design CBR of 3% be adopted for firm clays and a 
value of 5% for stiff clays.   

During construction, the in-situ CBR value must be checked against the Design CBR value, to confirm design 
requirements are being met.   

Groundwater levels were recorded and monitoring undertaken within BH703 along the line of the proposed 
Employment Access Road (EAR) and adjacent to the Anniversary Avenue and unnamed access roads.   

Groundwater depths and elevations varied greatly across the site.   

Groundwater level was recorded circa 3.6m bgl in BH703 adjacent to Building D1.   

Seepage was recorded between 0.4m and 0.5m bgl in RC703 and TP707.   

Seepage was recorded at 2.00m bgl in TP801, 2.70m bgl in TP704 and at 3.00m bgl in TP803. 

Fast inflow was recorded at 0.28m bgl in RC709 and at 0.50m bgl in TP830.   

No other groundwater strikes are recorded.   

Based on observation made during fieldwork, shallow excavations (<1.2m) are likely to remain stable in the short 
term.   

Should water ingress be encountered in excavations, it is anticipated that this could be controlled by simple sump 
pumping techniques.   

Excavations left exposed for some time with shallow groundwater may need forming with safe batters and 
dewatering.   

Trenches should be excavated in accordance with CIRIA Report 97 ‘Trenching Practice’.   

In line with BS6031, all excavations should be examined daily by a competent person to ensure that they remain 
safe.  Where the sides cannot be sloped back to a safe angle, as approved by a competent and experienced person, 
their continued stability should not be taken for granted.  Vertical or steep faces should be provided with support 
unless instructed otherwise by a competent person.   
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1. Introduction  

1.1 Objectives and Brief  

Waterman Infrastructure & Environment Limited (hereby referred to as ‘Waterman’) was instructed by 
Graven Hill Village Development Company Limited (GHVDC) to undertake a Ground Investigation and 
Interpretative Report for the design of the proposed Employment Access Road (EAR) at the Graven Hill 
development site.   

The main objectives of the report are to: 

� Investigate the pavement construction of the current Anniversary Avenue and provide design 
parameters for the proposed Employment Access Road; 

� Derive representative geotechnical parameters in accordance with Eurocode 7 and characterize the 
ground for the purposes of geotechnical design; 

� Provide an investigation of ground contamination as defined by BS10175; 

� Assess the suitability of potential materials arising in earthworks activities for re-use on site or disposal. 

The contamination assessment has been undertaken in general accordance with the Land Contamination 
Risk Assessment (LCRM) 2020 (Environment Agency), and forms a decision record in relation to the 
assessment of the site.  The report provides a conceptual model based on the findings of the ground 
investigation, an evaluation of potential risks and recommendations relating to any necessary remediation. 

The assessment was undertaken in accordance with the scope agreed between Waterman and GHVDC 
and with Waterman’s Terms of Appointment.  The benefit of this report is made to GHVDC.   

1.2 The Proposed Development 

The proposed layout is included as General Arrangement drawings: WIE11386-EAR-90-105-GA-A06 
Sheets 1-6, in Appendix A.  The proposed Employment Access Road includes a roundabout at is southern 
extent, pedestrian footpaths, cycleways and soft landscaping.  The proposed layout drawings show the 
proposed alignment of the EAR which will be part completely new construction and part upgrade and 
widening of the existing Anniversary Avenue.  

Along the section of the route which follows the existing Anniversary Avenue, and passes over the former 
D6 building footprint, there are some areas of cut and fill, but generally the finished levels are very similar 
to existing levels.  Where the route passes the former footprint of Building D9, it follows the line of a former 
railway line which was in a cutting.  This area is to be filled with up to 2.50m of filling required in places.  

A large stockpile of natural clay from the Phase 1 development is currently located on the route of the road, 
adjacent the proposed A41 roundabout and will need to be removed.  

1.3 Limitations 

The information contained in this report is based on the findings of a ground investigation carried out under 
the supervision of Waterman, including observations made on site, exploratory hole records, laboratory test 
results, groundwater monitoring and ground gas monitoring.  The investigation covered the wider Land 
Transfer Area 2 and only information relative to the EAR is included in this report.  

The ground conditions reported relate only to the point of excavation and do not necessarily guarantee a 
continuation of the ground conditions throughout the non-inspected area of the site.  Whilst such exploratory 
holes would usually provide a reasonable indication as to the general ground conditions, these cannot be 
determined with complete certainty. 

Waterman has endeavoured to assess all information provided to them during this investigation, but makes 
no guarantees or warranties as to the accuracy or completeness of this information.   
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The scope of this site investigation includes an assessment of the presence of asbestos containing 
materials in the ground at the site but not within buildings or structures or below ground structures 
(basements, buried service ducts and the like).   

The conclusions resulting from this study are not necessarily indicative of future conditions or operating 
practices at or adjacent to the site. 
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2. Previous Works 

As part of the infrastructure of the former MOD site, a site wide above ground heating pipe system was 
present which we understand had previously included asbestos containing gaskets. No records of the 
removal of the pipework are available and hence in January 2021, a soil sampling operation was undertaken 
on behalf of the demolition contractor, Armac, along the line of the former pipe to assess any potential 
asbestos contamination of the surface layer as a result of the pipework removal works.  

The pipeline previously followed the line of Anniversary Avenue, between the road and the boundary fence. 
Thirty-two locations in the vicinity of the EAR were sampled and screened for asbestos fibres; four samples 
recorded a positive screen for asbestos fibres.  A copy of the Soil Samples Location drawing (ref: 
ARMAC's_ Sampling Locations_009 Rev A) is presented in Appendix A.  

The topsoil within the area of the 4 locations are to be subject to a site strip and the materials removed from 
site.  
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3. Methodology 

The intrusive investigation was undertaken in general accordance with Eurocode 7, the Code of Practice 
for Ground Investigation BS 5930 (2015+A1:2020) and the Code of Practice for the Investigation of 
Potentially Contaminated Sites BS 10175 (2011+A2:2017).   

The objectives of the investigation were to characterise the ground conditions, any hazard sources, 
pathways and receptors and to reduce uncertainties associated with the proposed redevelopment.   

3.1 Design of Investigation 

The location of exploratory holes and in particular, in-situ geotechnical testing, was chosen so as to assess 
the quality of ground for the proposed highway and roundabout construction works.   

Soil samples were carefully selected in order to characterise the ground conditions and to target, as far as 
possible, any potential areas of contamination. 

3.2 Quality Control 

A Waterman Geo-Environmental Engineer monitored the performance, quality of work and health and 
safety compliance of the specialist contractor, Geotechnics Limited.  Appropriate chemical and geotechnical 
samples were obtained for subsequent testing at a UKAS accredited laboratory.   

All contractors, including laboratories, used during this project have been approved by Waterman as a part 
of in-house Integrated Management System (BS ISO 9001, BS ISO 14001) procedure.  This requires all 
third parties to demonstrate competence and a high standard of work during a regular audit scheme. 

3.3 Health and Safety 

All work carried out on site was in accordance with Geotechnics Ltd’s Health & Safety Plan.   
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4. Fieldwork 

Fieldwork was carried out as part of a larger investigation at the Graven Hill Site.  For the purpose of this 
report, only exploratory holes relevant to the proposed roadway, cycleways, pedestrian footpaths and 
roundabout are considered.   

The locations of the exploratory holes excavated, as per Geotechnics Factual report (ref: PC207899 Graven 
Hill, Bicester, Land Transfer Area 2 (LTA2) Factual Report) are shown on Drawings: WIE11386-139-87-
100-EAR GI Locations Sheet 1 – Sheet 7, presented in Appendix A. 

4.1 Ground Investigation 

The Site was investigated as part of a larger Ground Investigation programme at Graven Hill.  Any 
description hereafter, unless explicitly specified, refers to the section of the Geotechnics Ltd Ground 
Investigation conducted within the Employment Access Road Site Boundary, outlined in the drawing: 
WIE11386-EAR-90-001-Red Line Boundary-A05 included in Appendix A, and its immediate surroundings. 

The works comprised the following: 

• 17no.  Trial Pits (TP329, TP425, TP430, TP702-TP707, TP801-TP803, TP825, TP829, TP830) 
were excavated to depths of between 0.50m and 4.50m bgl using a wheel mechanical excavator.  
Upon completion, excavations were backfilled as far as possible with arisings. 

• 11no.  Road Cores (RC701 to RC710, RC801) were advanced through the existing Anniversary 
Avenue road and one location (RC801) through hardstanding near building D5. The underlying 
materials were excavated by hand to depths of between 0.55m and 1.20m bgl.  Dynamic Cone 
Penetrometer tests were carried out at the base of each hole, extending to depths of up to 2.08m 
bgl, to allow the CBR value of the underlying soils to be assessed.   

• 8no.  Cable Percussive Boreholes (BH319, BH701-BH705, BH801, BH803, BH807) were 
advanced to depths of between 6.10 and 6.60m bgl with associated in-situ testing and sampling. 

• 1no. standpipe installed in cable percussion borehole (BH703) and subsequent water level 
monitoring. 

• 1no. concrete core with hand dug trial hole (CC501). 

• 14no. sediment samples from ditch courses (SSC506-SSC508, SSC701-SSC712, SSC810).   

4.2 Soil Sampling 

During excavation, samples for chemical analysis were placed on plastic sheeting to prevent cross-
contamination of soil.  Representative soil samples were obtained from the exposed strata and sealed in 
one litre plastic tubs with airtight lids, phials and glass jars containing preservatives, as appropriate.  The 
soil samples taken were subject to screening with a photo ionisation detector (PID).   

Disturbed and undisturbed samples were taken at regular intervals and retained for geotechnical laboratory 
testing.   
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5. Results 

Detailed logs of the strata encountered, together with records of the samples taken during both trial pitting 
and borehole installation along with PID readings, are provided in Appendix B.  A summary of the geological 
strata encountered is presented below. 

5.1 Geological Strata 

The strata encountered in the investigation were generally consistent with the anticipated geology although 
in some locations, variances in Made Ground and buried anthropogenic horizons were encountered that 
were not anticipated.  A summary of the geological strata encountered is shown in Table 1.   

Table 1: Geological strata encountered 

Soil Type 
Depth of Top of 
Stratum  
(mbgl) 

Thickness (m) Typical Description 

Existing Anniversary Avenue and unnamed access roads 

Asphalt 0.00 0.08 to 0.25 Asphalt 

RC701 to RC710: 0.13m – 0.25m 

RC801: 0.08m 

BH702, BH704, BH705 and BH807: 0.10m - 0.20m 

Concrete  0.00 and 0.30 0.10 – 0.30 Concrete Layer only recorded in TP707 at 0.00m to  
0.3m bgl.   

Made Ground 1 / 
Roadstone 

0.08 to 0.25 0.09 – 0.47  Light brown very sandy clayey gravel with a low cobble 
content.  Gravel is subangular fine to coarse limestone.  
Locally with a slight hydrocarbon odour.   

Made Ground 2/ 
Sandy Gravel 

0.13 to 0.60 0.09 to 0.40 Dark Grey to black slightly sandy gravel with a slight 
hydrocarbon odour.  Gravel is angular fine to coarse 
asphalt, granite and slag. Odour recorded locally in 
RC703, RC704 and RC706. 

Made Ground 3/ 
Lower Roadstone  

0.23 to 0.60 0.15 to 0.40 Black mottled dark grey sandy clayey gravel with 
cobbles of much angular to subangular limestone.  
Gravel is subangular fine to coarse ash and limestone, 
fine to coarse quartzite, sandstone and concrete.  
Locally with a slight hydrocarbon odour in BH701, 
RC704.   

Oxford Clay 0.60 to 0.90 >0.30 to >0.60  Firm brown mottled grey slightly sandy CLAY.  
Occasional pockets (up to 30mm in size) of light brown 
fine to medium sand. 

 

Land along proposed route of EAR 

Made Ground 4/ 
Gravelly Clay 

0.00 0.30 Firm dark brownish grey slightly sandy slightly gravelly 
clay with many rootlets.  Gravel is angular to 
subangular fine to coarse brick, concrete and 
limestone.   

Oxford Clay 0.30 to 2.20  0.60 to 2.70 Firm orangish brown mottled grey slightly sandy CLAY 
with occasional pockets (up to 120mm in size) of 
decomposed organic material.  Stiff from 2.20m bgl.   
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Soil Type 
Depth of Top of 
Stratum  
(mbgl) 

Thickness (m) Typical Description 

Oxford Clay 2.70 3.90 Stiff grey slightly sandy CLAY with occasional gypsum 
crystals (up to 63mm in size) and occasional shell 
fragments (up to 20mm in size).   

BH803: Many gypsum crystals between 3.85 and 
4.00m.  Gypsum crystals absent below 5.00m 

Hardstanding covers approximately 70% of the route of the proposed EAR. In the southwest and centre of 
the Site, Anniversary Avenue, unnamed access roads, buildings D9, D6, D5, D12, D11, D3, D1 and D8 and 
former MOD railway lines create hardstanding and anthropogenic ground cover.  The remaining 30% is 
covered by managed open space.   

5.2 Underground Structures and Obstructions 

TP707 was terminated at a depth of 0.80m bgl due to close proximity to a live service.   

No other underground structures or obstructions were encountered.   

5.3 Potential Sources of Contamination 

Hydrocarbon odours were noted within former roadstone in RC701, RC702, RC703, RC704, RC705 and 
RC706, although this is considered likely to be due to the overlying macadam layers.  No other visual or 
olfactory evidence of contamination is noted.   

5.4 Trench Stability 

All trial holes were noted as being stable. 

Based on observation made during the fieldwork, shallow excavations (<1.2m) are likely to remain stable 
in the short term.   

Should water ingress be encountered in excavations, it is anticipated that this could be adequately 
controlled by simple sump pumping techniques.   

Excavations left exposed for some time with shallow groundwater may need forming with safe batters and 
dewatering.   

Trenches should be excavated in accordance with CIRIA Report 97 ‘Trenching Practice’.   

In line with BS6031, all excavations should be examined daily by a competent person to ensure that they 
remain safe.  Where the sides cannot be sloped back to a safe angle, as approved by a competent and 
experienced person, their continued stability should not be taken for granted.  Vertical or steep faces should 
be provided with support unless instructed otherwise by a competent person.   

5.5 Geotechnical and Chemical Analysis 

The laboratory test results are presented in Appendices C and D. 

5.6 Asbestos 

No asbestos was encountered within Made Ground samples tested as part of the investigation.  

The topsoil within the area of the 4 locations along the line of the former heating pipeline where asbestos 
was recorded are to be subject to a site strip and the materials removed from site. 

5.7 Groundwater Levels 

Groundwater levels were monitored in boreholes along the line of the proposed Employment Access Road 
(EAR) and adjacent to the Anniversary Avenue and unnamed access roads.   
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Groundwater depths and elevations varied greatly across the site and generally recorded:   

• Groundwater level was recorded circa 3.6m bgl in BH703 adjacent to Building D1.   

• A seepage was recorded between 0.4m and 0.5m bgl in RC703 and TP707.   

• A seepage was recorded at 2.00m bgl in TP801, 2.70m bgl in TP704 and at 3.00m bgl in TP803. 

• Fast inflow was recorded at 0.28m bgl in RC709 and at 0.50m bgl in TP830.   

No other groundwater strikes are recorded.   

5.8 Ground Gas Monitoring 

The installation within BH703 was monitored on seven occasions between the 31st July and the 28th 

September 2020. Throughout this monitoring, no groundwater was recorded within the standpipe, which 

was installed to 1.88m bgl (67.92m AOD). Barometric pressure during monitoring visits varied between 

998mbar and 1007mbar. 

The results of monitoring are summarised below in Table 2.  

Table 2: Ground gas monitoring summary 

Monitoring Point / Date 
Peak Gas Concentration (%) Steady Gas Concentration (%) 

CH4 CO2 O2 CH4 CO2 O2 

BH703 / 31.07.20 <0.1 5.8 20.2 <0.1 5.8 14.3 

BH703 / 05.08.20 <0.1 8.4 14.8 <0.1 8.4 12.4 

BH703 / 12.08.20 <0.1 9.6 20.2 <0.1 9.6 12.5 

BH703 / 20.08.20 <0.1 <0.1 21.1 <0.1 <0.1 20.7 

BH703 / 03.09.20 <0.1 18.6 7.6 <0.1 6.1 7.0 

BH703 / 15.09.20 <0.1 11.1 20.3 <0.1 11.1 6.3 

BH703 / 28.09.20 <0.1 12.6 19.3 <0.1 12.6 7.0 

A flow rate of <0.1l/hr was recorded across all monitoring visits 
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6. Geotechnical Testing 

6.1 In-Situ Testing 

Standard Penetration Tests (SPT’s) were undertaken at regular intervals within the boreholes to provide 
‘N’ values for empirical assessment of strength and density parameters.  A summary of the findings is 
presented in Table 3 below: 

Table 3: Standard penetration test results 

Stratum / 
Geological Origin 

Range of SPT ‘N’ 
Values  

Number of 
Tests  

Comments Derived Values 
Range of cu  

Oxford Clay 7 to 45 (av.  22) 

 

14 1.2-2.3m bgl: N = 7 to N = 
12 (Low to Medium 
Strength) 

 2.40-6.45m bgl: N = 22 to N 
= 45 (High to Very High 
Strength) 

30 - 50kPa 

 
 
90 - 180kPa 

6.2 In-Situ CBR Testing 

In-situ CBR tests, using a Dynamic Cone Penetrometer (TRL DCP), were undertaken within the existing 
highway/unnamed access roads along the proposed road course.  CBR values were derived at a range of 
depths ranging from 0.57m to 1.86m bgl.  The results of CBR testing are summarised in the Table 4 
below, in TRL DCP logs in Appendix C and presented graphically in Appendix C:  

Table 4: CBR test results 

Stratum / Geological 
Origin 

Type of Test  
Range of 

CBR Values 
(%) 

Characteristic 
CBR Value (%) Comments  

Made Ground 3/ 
Lower Roadstone  

TRL DCP 6.7 – 9.5 7 Tests undertaken near base of 
unit. 

Oxford Clay TRL DCP  2.6 – 70 4 Oxford Clay typically recorded as 
a firm and stiff clay, hence 
suggest taking CV as 4%. 

High values considered to 
represent cobbles/obstructions. 

In addition to the above assessment of near surface subgrade, consideration should also be given to 
materials at deeper levels which will have a more significant effect on the long-term settlement of the 
proposed roadway, pavement and cycleway.  Particular consideration should be given to the potential 
impact tree removal will have on the shrink/swell characteristics of the underlying Oxford Clay. 
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6.3 In Situ Vane Tests 

Hand vane tests to approximate shear strength were undertaken at selected depths within trial pits.  The 
results of these tests are included on the exploratory hole logs in Appendix B, graphically in Appendix C 
and a summary is presented in Table 5 below:  

Table 5: In-situ Vane Test results 

Location ID & Stratum Depth 
(m bgl) 

Type of Test Result (kPa) 

RC701 – Firm CLAY 0.75 Hand Vane 62 

RC702 – Firm CLAY 1.00 Hand Vane 52 

RC704 – Firm CLAY 0.75 Hand Vane 63 

RC705 – Firm CLAY 1.00 Hand Vane 55 

RC706 – Firm CLAY 1.00 Hand Vane 70 

RC707- Firm CLAY 1.00 Hand Vane 54 

RC708 – Firm CLAY 0.65 Hand Vane 76 

TP329 – Firm CLAY 1.50 Hand Vane 65 

TP801 – Firm CLAY 0.60 Hand Vane 62 

TP801 – Firm CLAY 1.50 Hand Vane 72 

TP801 – Stiff CLAY 2.50 Hand Vane 83 

TP829 – Firm CLAY 0.50 Hand Vane 61 

TP829 – Firm CLAY 1.00 Hand Vane 72 

TP829 – Stiff CLAY 2.00 Hand Vane 84 

 

6.4 Geotechnical Laboratory Testing 

Representative soil samples from the Site were scheduled for:  

� Natural moisture content and plasticity index; 

� pH and water soluble sulphate (SD1 Suite); 

� Particle Size Distribution Analysis; 

� Undrained Shear Strength Triaxial Tests; and 

� Compaction Testing.   

The results are summarised below and presented in Appendix C. 

6.4.1 Natural Moisture Content and Plasticity Index 
Representative samples of natural cohesive material were taken for moisture content and plasticity index 
determinations.  The test results are included in Appendix C and are summarised in Table 6 below.  The 
modified plasticity index can be used as an indicator of volume change potential of the soil and is calculated 
as the plasticity index of the soil multiplied by the fraction of particles less than 425μm. 
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Table 6: Volume change potential 

Stratum / Geological Origin 
Range of Plasticity Indices % 
(Modified)  

Volume Change Potential 

Oxford Clay 23 to 46 Medium to High 

 

Whilst the values stated above are indicative of the data, particular care should be given when designing 
roadways in this area of the Site.  Due to historic loading of the clays underlying this area of the Site, 
differential settlement is likely, particularly when comparing areas of open ground and those previously 
occupied by buildings, such as building D5.   

6.4.2 pH Value and Water Soluble Sulphate 
The Aggressive Chemical Environment for Concrete classifications for the soil types identified at the site 
have been determined in accordance with BRE Special Digest 1:2005 (SD1).  SD1 requires that sites are 
first identified as being in one of four categories based on natural ground/ ‘Brownfield’ conditions and pyrite 
content. 

The results of the laboratory testing are included in Appendix C and summarised in Table 7 below: 

Table 7: Summary of pH and sulphate analysis 

Stratum/Geological Origin Characteristic Water Soluble 
Sulphate Value (mg/l SO4) 

Characteristic pH Value 

Roadstone 2,200 10.3 

Oxford Clay 1,700 4.2 

 

As the characteristic pH is less than 5.5, the concentrations of magnesium, nitrate and chloride would be 
considered significant in determining the design sulphate class.  However, as the design characteristic 
value of sulphate is less than 3,000mg/l, this is not deemed significant in determining the design sulphate 
class.   

6.4.3 Particle Size Distribution 
Particle Size distribution analysis was undertaken on 10 samples of the existing Made Ground and 1 sample 
of the underlying Clay.  The results of laboratory testing are included in Appendix C and summarised in 
Table 8 below: 

Table 8: Particle Size Distribution 

Location 
ID 

Depth (m 
bgl) 

Stratum 
Cobbles 
(%) 

Gravel 
(%) 

Sand (%) Silt (%) Clay (%) 

BH702 0.10-0.30 
Made 
Ground 

0 19 3 -78- 

BH704 0.35-0.80 
Made 
Ground 

5 72 17 -6- 

BH705 0.20-0.50 
Made 
Ground 

25 58 13 -4- 

RC702 0.40 
Made 
Ground 

0 76 20 -4- 
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Location 
ID 

Depth (m 
bgl) 

Stratum 
Cobbles 
(%) 

Gravel 
(%) 

Sand (%) Silt (%) Clay (%) 

RC705 0.50 
Made 
Ground 

84 13 2 -1- 

RC706 0.50 
Made 
Ground 

27 57 10 -6- 

RC707 0.50 
Made 
Ground 

34 53 8 -5- 

RC710 0.40 
Made 
Ground 

0 68 19 -13- 

RC801 0.60 
Made 
Ground 

74 14 6 -6- 

TP801 1.00-1.50 CLAY 0 0 5 39 56 

TP704 0.30-0.80 
Made 
Ground 

0 0 2 42 56 

TP329 0.10 
Made 
Ground 

0 17 13 35 35 

TP425 0.50 
Made 
Ground 

0 16 15 30 39 

CC501 0.19 
Made 
Ground 

0 73 19 8 

 

6.4.4 4.5kg Dry Density / Moisture Content Relationship Testing 
Dry Density / Moisture Content Relationship testing was undertaken on a total of 3 samples of Oxford Clay 
and 6 samples of Made Ground to assess the feasibility of re-compaction of anticipated fill materials.  The 
results of the compaction tests are presented within Appendix C and summarised below. 

Table 9: Dry Density/Moisture Content Relationships Results  

Stratum/Geological 
Origin 

Sample Location 
& Depth (m bgl)  

MDD 
(Mg/m3) 

Initial 
Moisture 
Content 
(%) 

Optimal 
Moisture 
Content 
(%) 

MDD? 
(>95%) 

Air 
Voids? 
(<5%) 

Roadstone TP704 (0.30-0.80) 1.83 26.2 12.0 No No 

Made Ground 4 / 
Gravelly clay 

TP329 (0.10) 

TP425 (0.50) 

TP702 (0.60) 

TP703 (0.60) 

TP802 (0.30) 

1.69 

1.70 

1.69 

1.67 

1.76 

35.2 

37.1 

25.5 

26.3 

25.0 

15.0 

18.0 

15.5 

18.5 

12.5 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

Oxford Clay TP801 (1.00-1.50) 

TP704 (2.60-2.90) 

1.71 

1.80 

29.9 

26.8 

13.0 

11.0 

No 

No 

No 

No 
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Stratum/Geological 
Origin 

Sample Location 
& Depth (m bgl)  

MDD 
(Mg/m3) 

Initial 
Moisture 
Content 
(%) 

Optimal 
Moisture 
Content 
(%) 

MDD? 
(>95%) 

Air 
Voids? 
(<5%) 

TP825 (0.80–1.10) 1.52 32.3 20.8 No No 

 

The compaction data has been assessed by comparing the results against criteria commonly used in 
earthworks to achieve an adequate density for engineered fills.  The criteria summarised in the above table 
indicate whether the samples could achieve in excess of 95% of maximum dry density (a requirement often 
included in highways specifications) and whether they could be compacted to less than 5% air voids ratio. 

Clays tested from locations within the Site have recorded high initial moisture contents which deems that 
they would be unsuitable for compaction and use as an engineered earthwork fill unless allowed to dry or 
treated via use of lime stabilisation.  

6.4.5 Undrained Triaxial Testing 

Shear strength of the natural superficial strata was determined by quick undrained triaxial tests (multi-stage) 

on single 100mm diameter specimens at a series of confining pressures.  The results of these tests are 

presented in Appendix C, and are summarised in Table 10 below: 

Table 10: Triaxial test results 

Location ID (depth mbgl) / 
Geological Origin 

Undrained Shear 
Strength Comments 

BH319 (2.20 – 2.65) / CLA 27kPa Low Strength 

BH702 (3.40 – 3.85) / CLAY 79kPa Medium Strength – Fractures and voids present 

BH802 (2.30 – 2.75) / CLAY 59kPa Medium Strength 

BH803 (1.20 – 1.65) / CLAY 72kPa Medium Strength 

BH803 (3.40 – 3.85) / CLAY 88kPa High Strength 

BH803 (6.00 – 6.45) / CLAY 137kPa High/Very High Strength 

BH807 (1.20) / CLAY 67kPa Medium Strength 

BH807 (3.50 – 3.95) / CLAY 99kPa High Strength 
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6.5 Excavations, Trench Shoring & Dewatering  

All trenches should be excavated in accordance with CIRIA Report 97 ‘Trenching Practice’.  Comments 
relating to the stability of excavations (i.e.  trial pits) and groundwater seepages are included in the logs in 
Appendix B and a summary of the stability is provided in Table 11 below.   

Table 11: Stability of excavations and groundwater flows 

Stratum / Geological Origin 
Stability  / 
Seepages  

Comments 

All Made Ground types Trial Pits remained 
stable. 

Seepages recorded 
in RC703 and 
TP707 within Made 
Ground. 

Fast inflow 
recorded in RC709 

Excavations likely to be stable in the short term.   

The cohesive materials will deteriorate significantly in 
inclement weather. 

Any excavations requiring man entry, should be 
shored or formed with safe batters. 

Seepages recorded in RC703 at 69.56m AOD (0.4m 
bgl) and in TP707 at 71.93m AOD (0.5m bgl).  These 
are considered to represent perched waters. Any 
excavations to these depths may need localised 
dewatering.   

Fast inflow recorded in RC709 at 70.60m AOD 
(0.28m bgl) along the current Anniversary Avenue 
and the proposed roadway route.  Again, localised 
dewatering may be required . 

Oxford Clay Trial Pits remained 
stable. 

Seepages recorded 
in TP702, TP704, 
TP801, TP803 
within Oxford Clay. 

Excavations likely to be stable in the short and long 
term.   

The cohesive materials will deteriorate significantly in 
inclement weather. 

Any excavations requiring man entry, should be 
shored or formed with safe batters.   

Seepage recorded at 68.23m AOD and 69.73m AOD 
in TP702, 71.33m AOD in TP704, 67.57m AOD in 
TP801 and  at 66.83m AOD along the proposed 
roadway route. These are considered to represent 
perched waters. Any excavations to this depth may 
need localised dewatering.   
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7. Generic Environmental Assessment Criteria 

The information requirements for generic quantitative risk assessment will depend on: 

� The substance being assessed; 

� The receptors being considered; 

� The pathways being considered; and 

� The complexity of the site. 

In view of the proposed development comprising a new road with footways and limited soft landscaping, 
the outline conceptual model developed for the site has identified 2 potential contaminant linkages.  The 
risk on the adjacent development site area are assessed in separate reports. These potential contaminant 
linkages have been investigated and the results assessed against generic assessment criteria.  The generic 
assessment criteria selected for each potential contaminant linkage are summarised in Table 12 below: 

Table 12: Generic assessment criteria 

Source Pathway Receptor Generic Assessment Criteria 

Contaminated 
Soils 

Direct contact, 
inhalation, 
ingestion 

Construction 
workers 

Category 4 Screening Levels (C4SLs),  

LQM/CIEH S4ULs (Copyright Land Quality 
Management Limited reproduced with permission; 
Publication Number S4UL3060.  All rights reserved),  

CL:AIRE (2009) 

PAH assessment using Benzo(a)pyrene surrogate 
marker assessment 

Mobile 
contaminants 
associated with 
historical uses of 
the Site.   

Leaching, 
migration through 
preferential 
pathways/existing 
drainage ditches. 

Adjacent 
watercourses 

Environmental Quality Standards 

The generic assessment criteria used in this report are included in Appendix G. 
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8. Quantitative Environmental Risk Assessment – Risk Estimation 

8.1 Regulatory Context 

This contamination assessment has been undertaken in general accordance with the Land Contamination 
Risk Assessment (LCRM) 2020 (Environment Agency).  The environmental risk assessment includes the 
following: 

� outline Conceptual Model for the Site; 

� results of Intrusive Ground Investigation; 

� confirmation of Generic Assessment Criteria used to assess risks; 

� assessment of results against Generic Assessment Criteria; 

� identification of potentially unacceptable risks; and 

� recommendations for further action. 

This report forms a decision record for the contaminant linkages identified, the generic assessment criteria 
used to assess risks, the unacceptable risks identified and the proposed next steps in relation to the site.  
The report also provides an explanation of the refinement of the outline conceptual model following the 
ground investigation, the selection of criteria and assumptions, the evaluation of potential risks and the 
basis for the decision on what happens next. 

The assessment is in respect of the construction of a new spine road (EAR), cycleways and pedestrian 
footpaths and limited soft landscaping. 

In order to assess the contamination status of the Site, with respect to the proposed end use, it is necessary 
to assess whether the Site could potentially be classified as “Contaminated Land”, as defined in Part IIA of 
the Environmental Protection Act 1990 and Contaminated Land Statutory Guidance 2012.  This is assessed 
by the identification and assessment of potential contaminant linkages.  The linkage between the potential 
sources and potential receptors identified needs to be established and evaluated. 

To fall within this definition, it is necessary that, as a result of the condition of the land, substances may be 
present in, on or under the land such that: 

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

b) significant pollution of controlled waters is being caused, or there is significant possibility of such 
pollution being caused. 

It should be noted that DEFRA has advised (Ref.  Section 4, DEFRA Contaminated Land Statutory 
Guidance 2012) Local Authorities that land should not be designated as “Contaminated Land” where: 

a) the relevant substance(s) are already present in controlled waters; 

b) entry into controlled waters of the substance(s) from land has ceased; and 

c) it is not likely that that further entry will take place. 

These exclusions do not necessarily preclude regulatory action under the Environmental Permitting 
(England and Wales) Regulations 2016, which make it a criminal offence to cause or knowingly permit a 
water discharge of any poisonous, noxious or polluting matter to controlled waters.  In England and Wales, 
under The Water Resources Act 1991 (Amendment) (England and Wales) Regulations 2009, a works notice 
may be served by the regulator requiring appropriate investigation and clean-up.   

  



 

LTA2 GI Employment Access Road (EAR) 

Page 17 of 21 
N:\Projects\WIE11386_GH\0_LTA 2\#WO139_SERR_Got PO_See WO146\8_Reports\8. EAR GI Report\WIE11386-139-8.1.4-EAR 

GIR.docx 

8.2 Risk to Human Health 

The following chemical contamination testing was carried out:  

Roadstone beneath existing Anniversary Avenue and unnamed access roads 

� 7 no. samples screened for asbestos fibres; 

� 2 no. samples for BRE SD1 Suite (Short); 

� 6 no. samples for heavy metals and speciated PAHs; 

� 1 no. sample for phenols; 

� 5 no. samples for TPH and BTEX; 

Topsoil 

� 1 no. sample for heavy metals and speciated PAHs; 

� 1 no. sample for soil organic matter (SOM). 

Asphalt 

� 2 no. samples for speciated PAHs; 

� 2 no. samples for Phenols; 

Made Ground 

� 2 no.  samples screened for heavy metals and speciated PAHs; 

� 1 no. sample screened for asbestos fibres; 

Stockpile 

� 2 no. samples screened for asbestos fibres; 

� 1 no. sample for PAHs; 

Natural Clays 

� 3 no. samples for BRE SD1 Suite (Short); 

� 2 no. samples for BRE SD1 Suite (Full); 

� 2 no. samples for speciated TPH; 

� 1 no. sample for BTEX; 

Swale Sediment testing locations 

� 11 no. samples for heavy metals; 

� 7 no. samples for speciated PAHs; 

� 2 no. samples for TPH CWG and BTEX/MTBE; 

Concrete Coring 

� 1 no. sample for heavy metals, speciated PAHs, TPH CWG and BTEX/MTBE; 

� 1 no. sample screened for asbestos fibres. 

 

When screened against assessment criteria for a commercial  end use, no exceedances of heavy metals 
or TPH fractions were recorded.  Exceedances of individual PAHs were recorded, and these are detailed 
below in Table 13 and are shown on the Drawings (ref: WIE11386-139-87-101-EAR-Commerical 
Exceedances - A01 Sheet 1- Sheet 8), included in Appendix E. 

No asbestos fibres were recorded in any of the samples screened.   
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Table 13: Summary of generic quantitative risk assessment for human health – Commercial 

Stratum / 
Source / Zone  Contaminant 

Location, 
depth (m 
bgl) 

Conc.  
(mg/kg) 

Generic Assessment 
Criteria (mg/kg) 

Asphalt Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(a)pyrene 
 
Benzo(a)anthracene 
Chrysene 
Benzo(b)fluoranthene 
Benzo(a)pyrene 
Di-benzo(a.h.)anthracene 

 
Benzo(b)fluoranthene 
Benzo(a)pyrene 
Di-benzo(a.h.)anthracene 

RC706 (0.2) 
 
 
 
RC709 (0.15) 
 
 
 
 

 
RC701 (0.20) 

180.00 
170.00 
160.00 
 
410.00 
360.00 
380.00 
360.00 
24.00 

 
74.00 
76.00 
4.50 

170.00 
44.00 
35.00 
 
170.00 
350.00 
44.00 
35.00 
3.60 

 
44.00 
35.00 
3.60 

 

The samples of asphalt tested from RC706 and 709 recorded total PAH concentrations well in excess of 
1000mg/kg which suggests the present of coal tars within the material.  

8.3 Risk to Controlled Waters 

The recorded concentrations are not considered to represent a risk to controlled water receptors.  One 
exceedance of TPH Aromatic EC21-EC35 was recorded. This was noted from a sample of asphalt taken 
from TP830 (0.05m bgl) and so is not anticipated to represent a risk to controlled waters at the site.  

8.4 Risk to Construction Workers 

Exceedances of individual PAHs were recorded within Asphalt within RC701, RC706 and RC709 when 
compared against a commercial end use generic assessment criteria (GAC).  Widespread contamination 
has not been recorded at the Site which would represent a significant risk to construction workers.  
Locations recording elevated levels of PAHs are within the current Anniversary Avenue roadway which is 
proposed to be replaced as part of the redevelopment of the Site.  Construction workers must adhere to 
good practices hygiene during works.  Any soils intended for re-use on Site or disposal must be assessed 
for their suitability.   

Whilst no asbestos has been recorded in this area of the Site, other than in 4 locations along the former 
heating pipeline, construction workers must adhere to good practices for maintaining hygiene during works.  
If asbestos is discovered this should be removed and disposed with by competent persons in accordance 
with relevant best practice. 

As part of protection against the potential risk posed by contamination in near surface soils and potential 
asbestos, the mandatory use of PPE and RPE when operating within areas of known contamination should 
be adhered to at all times and provisions should be made for appropriate Site hygiene and welfare facilities 
and dedicated food preparation and eating areas.   

Given the nature of the current site use, and that asbestos has been encountered in other areas of the Site, 
all personnel must have asbestos awareness training.  
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8.5 Ground Gas 

A maximum elevated carbon dioxide concentration of 18.6% v/v was recorded within the monitoring 

standpipes, although no significant gas flow was recorded.  In addition, no concentrations of methane  were 

recorded.  

Hence in view of the recorded concentrations, construction workers entering excavations shall wear 

respiratory protective equipment (RPE) to mitigate the risk posed by oxygen depletion as the result of 

elevated carbon dioxide.  
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9. Geotechnical Assessment 

9.1 Proposed Development  

This assessment has been prepared on the understanding that the site is to be redeveloped with the 
introduction of new highways, a roundabout, walkways, and cycleways.  If development proposals change, 
it may be necessary to revise the conclusions and recommendations made in this report and Waterman IE 
should be contacted to provide further advice. 

9.2 Characteristic Values  

The results of the intrusive ground investigation in this area of the Site have confirmed that the Site is 
typically underlain by Made Ground (topsoil), and where roads have been constructed, by the construction 
make-up which on Anniversary Avenue is asphalt and roadstone, whilst on the unnamed access roads 
includes gravelly and sandy Made Ground including ash, brick and slag.   

The Made Ground is underlain by firm to stiff Oxford Clays. 

9.2.1 Shrinkability / Volume Change Potential 

Oxford Clay has been shown to have a high plasticity and medium to high volume change potential.  A 
Plasticity Index of 50% should be adopted for the Oxford Clay at this location.   

Considerable care should be taken when accounting for differential settlement across the course of the 
proposed roadway in this area of the Site.  Oxford Clays underlying former buildings, in particular in the 
area of D5 are likely to heave to a significant extent, whereas those underlying open ground will be 
anticipated to settle under loading from the proposed road surface.   

9.2.2 Design Class for Buried Concrete 

Buried concrete & precast concrete manhole rings and pipework shall be in accordance with BRE Special 
Digest 1:2005 “Concrete in aggressive ground”, (SD1), Table C2 “Aggressive Chemical Environment for 
Concrete (ACEC) classification for brownfield locations”:  

� Concrete in contact with the existing roadstone: Design Sulphate Class DS-3 and ACEC Class AC-2.   

� Concrete in contact with Oxford Clay: Design Sulphate Class DS-3 and ACEC Class AC-3s.   

 

9.2.3 Earthworks 

The results of compaction testing undertaken on samples of Oxford Clay indicate that the Natural Moisture 
content is significantly in excess of the optimum moisture content and hence the near surface materials 
would not be suitable in their current for use as an earthworks material, unless the materials are allowed to 
dry or are treated to reduce the moisture content (i.e.  lime stabilisation). 

9.2.4 Pavement Design 

The existing Anniversary Avenue and unnamed access roads comprises of three different construction 
make ups: 

� 130mm to 250mm of bituminous surface over 420mm to 620mm of roadstone is recorded. 

� Unnamed access roads: 80mm to 110mm of bituminous surface over 390mm to 820mm of roadstone. 

� Hardstanding along proposed road course: 300mm of concrete over 100mm of granular Made 

Ground, 100mm of concrete and 300mm of cohesive Made Ground.   

In all locations Bituminous surfacing and Made Ground is underlain by firm to stiff clay.   

In-situ CBR values of the firm clays immediately below the existing roadstone recorded values of between 
6.7 and 9.5% with the underlying strata giving values of between 2.6 and 70%.  In view of the high plasticity 
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of the clays and their susceptibility to rapid softening, it is recommended that a design CBR of 4% be 
adopted for the natural clay soils.  Further testing once the final formation level is known, using plate load 
testing equipment should be undertaken to confirm the design CBR value.  

During construction, the in-situ CBR value must be checked against the Design CBR value, to confirm 
design requirements are being met.   

9.2.5  Groundwater and Stability of Excavations 

Comments relating to the stability of excavations (i.e.  trial pits) and groundwater seepages are included in 
the logs included in Appendix B.  The groundwater level measured adjacent to Building D1 in BH703 was 
circa 3.6m below existing ground level.   

Based on observation made during fieldwork, shallow excavations (<1.2m) are likely to remain stable in the 
short term.   

Should water ingress be encountered in excavations, it is anticipated that this could be adequately 
controlled by simple sump pumping techniques. 

In addition: 

� Any trenches should be excavated in accordance with CIRIA Report 97 ‘Trenching Practice’; 

� In line with BS6031, all excavations should be examined daily by a competent person to ensure that 

they remain safe.  Where the sides cannot be sloped back to a safe angle, as approved by a competent 

and experienced person, their continued stability should not be taken for granted.  Vertical or steep 

faces should be provided with support unless instructed otherwise by a competent person. 
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Appendix A     Site Plans 

• Site Location Plan (WIE11386-EAR-90-001-Red Line Boundary-A05) 

• Site Proposals (WIE11386-EAR-90-101-GA-A06 Sheet 1 – Sheet 6) 

• Exploratory Hole Locations (WIE11386-139-87-100-EAR GI 

Locations Sheet 1 – Sheet 7) 

• Armac Heating Pipeline Asbestos Sampling Locations (ARMAC's_ 

Sampling Locations_009 Rev A) 
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