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Executive Summary  

A geotechnical and geoenvironmental assessment has been carried out for the Road 
Investment Strategy (RIS) M25 Junction 10 / A3 Wisley Interchange Improvements Scheme 
(the Scheme). The assessment includes an overview of the proposed works at the Scheme, 
analysis of ground conditions and the assignment of characteristic geotechnical parameters 
for each stratum in the different development areas. The report also provides a preliminary 
engineering assessment for the proposed upgrades and assesses potential 
geoenvironmental and geotechnical risks associated with the Scheme. The proposed 
engineering works include earthwork widening, new earthworks and the installation of new 
gantries, bridges and retaining structures. 

The development proposals for the Scheme include conventional geotechnical activities. No 
exceptional geotechnical risks have been identified allowing the Scheme to be assigned as 
Geotechnical Category 2 in accordance with CD 622 (DMRB, 2019) and BS EN 1997 (BSI 
Standards Publication , 2013). 

There are six main development areas (listed in Section 5.1 and 2.4) within the Scheme 
boundary. Ground conditions encountered in each area have been interpreted and 
summarised in Section 5. Cross sections and long sections have been produced at all 
proposed development areas to inform the geotechnical design. 

The Scheme generally comprises bedrock geology comprising Bagshot Formation overlying 
Claygate Member. Bagshot Formation consists of very dense sands and stiff to very stiff
silts and clays of varying thicknesses and persistence. Claygate Member generally 
comprises stiff to very stiff clays with lenses of sands and silt. In localised areas bedrock 
geology of the Swinley Clay Member caps topographic highs. Superficial deposits of 
Alluvium and River Terrace Deposits Undifferentiated are encountered on historical flood 
plains associated with the river systems cross cutting the Scheme. 

Made Ground has been identified across the Scheme associated with infilled pits, historical 
construction activities and the former Wisley Airfield. Localised lateral and vertical variation 
has been noted and is expected in each geological strata encountered.  

Running sand conditions were identified within the Bagshot Formation across the Scheme. 
The hazard was encountered most prominently in exploratory holes undertaken at the M25 
Junction 10 roundabout with sands mobilised at depth, within the exploratory holes, to 
ground surface due to sub-artesian groundwater pressures encountered. Running sands 
should be considered during excavation activities and foundation selection and design. 
Voiding may be likely if not controlled. Further hazards associated with the Bagshot 
Formation include aggressivity to buried concrete and high density of the strata potentially 
causing resistance to sheet piling works. 

The presence of Made Ground, Landfill Material and Alluvium, predominantly in the south 
of the Scheme, poses the risk of encountering compressible ground and/or collapsible 
ground.  
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Himalayan balsam was encountered during the ground investigation in the vicinity of 
Stratford Brook, to the south of the Scheme, and within Painshill Park.  

High (near surface) groundwater levels have been encountered across with Scheme with 
sub-artesian conditions present at Junction 10. Artesian groundwater conditions were 
encountered during historical ground investigation in the south of the Scheme at Ockham 
Park Junction. Sub-artesian water encountered may cause running sands or "blowing 
sands" by mobilisation of granular material within the groundwater across the Scheme.
Consideration must be given to perched groundwater, water ingress to excavations and 
seasonal variation. 

Asbestos fragments were encountered (confirmed by material testing undertaken by the 
Contractor) during the ground investigation across the surface of the former Wisley Airfield.  

Works interacting with existing structures, most notably the presence of the existing retaining 
walls and earth bund at Bolder Mere and potential buried tanks at Wisley Airfield need to be 
adequately considered within the geotechnical design report. Surface water flow should be 
taken into consideration with respect to the design of the proposed structures near Bolder 
Mere; no part of Work No.5(c) a new retaining wall structure along the edge of Bolder Mere 
and associated marginal planting measures  may commence until details of the surface 
water drainage and pollution control measures are approved by the Secretary of State 
following consultation with the applicable regulatory bodies, in accordance with Requirement 
10 of the draft Development Consent Order. 

In general, no significant geoenvironmental risks related to soils were identified during this 
phase of risk assessment. Potential contaminants within the soils across the Scheme were 
not encountered at concentrations likely to cause pollutant linkages with identified receptors.
Geoenvironmental risks associated with groundwater and ground gas will be assessed in 
an addendum issued after the date of this report following completion of the monitoring 
programme. Should previously unidentified contamination be encountered during 
construction of the Scheme, works will be required to cease in that area and further 
assessment undertaken in accordance with Requirement 13 of the draft Development 
Consent Order.    
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1. Title Page 

1.1 Project Details 
Table 1-1 Project Details 

Name of Project M25 Junction 10/A3 Wisley Interchange Improvements 

Report Title Ground Investigation Report (GIR) 

Overseeing Organisation 
Reference No. 

31891 

Author Atkins 

Owner Highways England 

Distribution Highways England Reviewers; Atkins Design Team; Connect Plus Services.  

Version Number C01 

Document Status FINAL 

Date 20/11/2020 

1.2 Project History 
1.2.1 Table 1-2 outlines the project history giving key stages of the project, geotechnical 

deliverables thus far and changes to the proposed options for the Scheme. 
Geotechnical deliverables have been highlighted in green. 

Table 1-2 Project History 

Stage Source Project Development 

PCF0 
Technical Appraisal 
Report, November 2016 
(Atkins, 2016) 

A number of strategic Scheme options were identified for consideration 
to address the key problems at M25 Junction 10 (M25 J10). Five 
concept options were taken forward into PCF Stage 1:  
 Dedicated left turns at J10 and improvements at Painshill; 
 Dedicated left turns at J10, improvements at Painshill and A3 

widened to Dual 4 lane All Purpose (D4AP); 
 Partial free-flow and dedicated left turns at J10, improvements at 

Painshill and A3 widened to D4AP; 
 Free-flow (as J12) at J10, improvements at Painshill and A3 widened 

to D4AP; and 
 Free-flow (diamond) at J10, improvements at Painshill and A3 

widened to D4AP. 

PCF1 
Technical Appraisal 
Report, November 2016 
(Atkins, 2016) 

At the start of PCF Stage 1, Atkins undertook a high-level modelling 
exercise to determine whether the selected options would provide 
enough capacity for a design life of 10 to 15 years.  

Twenty-one options were drafted and modelled with ten options taken 
forward and assessed at an Options Workshop held on 1st February 
2016. 

Based on the scoring developed through the workshop, three of the 
options were selected for further assessment: 
 Option 14 - modifying the existing roundabout by elongating with 

additional lanes whilst also providing free flowing left turns. 
 Option 9 - retaining the existing roundabout but adding a fourth level 

layout to provide free flowing right turns from the A3 to the M25 whilst 
also providing free flowing left turns under a permanent green signal.



Regional Investment Programme
M25 J10/A3 Wisley Interchange
Ground Investigation Report 

Revision C01 Page 17 of 195 
 

Stage Source Project Development 

 Option 16  removal of the roundabout and replace it with a cyclic 
layout that provides free-flow for all traffic movements 

 

These options also considered a number of side road options which 
could be used as bolt-ons to the above three options. 

PCF1 
Statement of Intent 
(Atkins, 2016a) 

A Statement of Intent (SoI) was produced in accordance with 
HD  22/08 and considered options 9, 14 and 16 as detailed in the 
Technical Appraisal Report.  

PCF2 
Non-statutory Public 
Consultation (Atkins, 
2017) 

A non-statutory public consultation was undertaken to gather feedback 
on Scheme options. Following this consultation Option 14 and Option 9 
were deemed to be the preferred options to be take forward for further 
analysis. 

PCF2 
Preliminary Sources 
Study Report (PSSR) 
(Atkins, 2017a)  

The PSSR was produced in accordance with HD 22/08 and considered 
options 14 and 9 as the proposed Scheme options.  

PCF2 
Preferred Route 
Announcement (PRA) 
(Atkins, 2017) 

Option 14 was announced as the preferred route to be taken forward.

PCF3 
Targeted (non-statutory) 
consultation. (Atkins, 
2018) 

Changes were made to the scheme design following the statutory 
consultation and ongoing engagement with key stakeholders. A 
detailed overview of the changes can be found in the November -
December 2018 Targeted (non-statutory) consultation document.

In summary, changes which would impact geotechnical design 
included: 

 Identification of land required for construction compounds and access 
routes. 
 Relocation of gantries. 

 Widening of Ockham Park Junction roundabout. 

 Realignment of the Wisley Lane diversion. 

 Shortening of the M25 J10 roundabout on the western side.

 Reduction from 5 lanes to 4 lanes on M25 J10 roundabout. 

 Provision of Emergency Refuge areas (ERAs) on the eastbound M25 
carriageway east of J10 and westbound M25 west of J10. 

 Reduction of M25 anti-clockwise merge from three lanes to two 
lanes. 

 Reduction of M25 clockwise merge from three lanes to two lanes.

 Reduction from two lanes to one lane of the A3 northbound off-slip to 
Painshill Junction. 

PCF3 - 
In June 2019 an application for a development consent order (DCO)
submitted. 

PCF4 - 
In July 2019 the M25 Junction 10 project received draft DCO 
acceptance and entered the pre-examination period to produce 
Departures from Standards Checklist. 

PCF4 
Targeted (non-statutory) 
consultation (Atkins, 
2020) 

Changes were made to the scheme design following the statutory 
consultation and ongoing engagement with key stakeholders. A 
detailed overview of the changes can be found in the January -
February 2020 Targeted (non-statutory) consultation document.

In summary, changes which would impact geotechnical design 
included: 
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Stage Source Project Development 

 Removal of part of the proposed improvements to the A245 
eastbound between the Seven Hills Road and Painshill junctions. 

 

1.3 Reporting Standards 
1.3.1 This report has been written in accordance with CD 622 Managing Geotechnical 

Risk. CD 622 was published in August 2019 replacing HD 22/08, BD 10/97 and 
HA 120/08. CD 622 defines the technical approval and certification procedures to 
be used to ensure that the risks associated with geotechnical activities are 
appropriately managed. 
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2. Introduction 

2.1 Scope and Objective of the Report 
2.1.1 The objective of this report is: 

 To provide an assessment of the ground conditions at the Scheme (defined in 
Section 2.3 below) by developing a ground model for detailed design; and 

 To highlight geotechnical and geo-environmental risk in relation to the 
proposed Scheme and the requirements within the Development Consent 
Order.  

2.1.2 The scope includes a detailed review of historical and Scheme-specific ground 
investigation data pertinent to the proposed development. 

2.1.3 A ground investigation was carried out between May 2019 and February 2020 to 
inform the proposed development. The scope and objectives of the ground 
investigation are discussed in Section 4. 

2.2 Overview of Project 
2.2.1 In December 2014 the Department for Transport (DfT) and Highways England 

(formerly Highways Agency) published its Road Investment Strategy (RIS) for 
2015 2020. The RIS sets out a five-year investment plan to enhance, renew and 
improve the network. The RIS identified improvements to the M25 Junction 10/A3 

Road Network (SRN) for the London and south-east region. 

2.2.2 During Project Control Framework Stage 3 (PCF3) a single option was decided 
and progressed through planning and preliminary design. The Scheme general 
arrangement drawings are shown in Appendix A and outlined in Section 3. 

2.2.3 The M25 Junction 10/A3 Wisley Interchange lies in the south-west quadrant of the 
M25 London Orbital Motorway. The selected Scheme option includes: 

 Elongation of the M25 Junction 10 roundabout with additional lanes.  

 Provision of free-flow slip roads to the A3 and M25 and extension of existing 
slip roads.  

 Widening of the A3 from Ockham Park Junction to M25 Junction 10 and M25 
Junction 10 to Painshill Junction from three to four lanes. 

 Widening of the A245 to three lanes between the Painshill Junction and the 
B365 Seven Hills Road Junction.  

 Improvements to crossings, in the form of new bridges, and facilities for non-
motorised users (NMU) along the length of the A3.  

 Alterations to existing connecting side roads to the A3, including to Wisley Lane 
and to a number of private access arrangements to provide access to the road 
network.  
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 Provision of an additional lane on the M25 carriageway through Junction 10 by 
widening and upgrading the hard shoulder to a running lane (all lanes running, 
ALR). 

Figure 2-1 - Scheme Location Plan 

2.3 Description of the Scheme Area 
2.3.1 

boundary, as shown within the Scheme general arrangement drawings (Appendix 
A) produced for Development Consent Order (DCO) examination. For ease of 
presentation notable local features are outlined in Figure 2-2, Figure 2-3 and 
Figure 2-4. 

2.3.2 The M25 Junction 10/A3 Wisley Interchange lies in the south-west quadrant of the 
M25 London Orbital Motorway within the county of Surrey and within the boroughs 
of Guildford and Elmbridge. Junction 10 is a grade-separated junction that 
provides interchange between the north-east  south-west orientated A3 and 
south-east  north-west orientated M25. The Scheme extends 1.3 km north-west, 
along the M25, to the existing Buxton Park Footbridge and 1.3 km south-east to 
Hatchford Park Footbridge. At Junction 10, the A3 passes over the M25 motorway 
and junction. To the north of Junction 10, on the A3, is Painshill Junction with the 
A245. To the south of Junction 10, on the A3, is Ockham Park Junction with the 
B2039, towards Ockham, and B2215, towards Ripley. Figure 2-2 presents an 
overview of the local and Scheme road network. 

2.3.3 The M25 motorway and A3 trunk road form part of the English Strategic Road 
Network (SRN) that connects the south coast of England with Greater London. 
The M25 and A3 within the Scheme bounds are predominantly maintained by the 
Highways England Area 5 contract. Area 5 extends southwards from the M25 at 
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Junction 10 to marker post 14/9 on the A3 carriageway.  Area 5 is maintained by 
Connect Plus Services (CPS) as a Design Build Finance & Operate (DBFO) 
contract. The southernmost part of the Scheme at Ockham Park Junction falls 
within the Area 3 contract maintained by Kier as an Asset Support Contract (ASC); 
see Figure 2-4. 

Figure 2-2 - Notable Local Features (Road Network) 
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Figure 2-3 - Notable Local Features (Points of Interest) 
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Figure 2-4 - Notable Local Features (Rivers and Maintenance Contracts)

2.3.4 The Scheme passes through the predominantly rural landscape of Ockham and 
Wisley Common comprising woodland and heathland which bounds the existing 
road network. The M25 is bound by residential properties and farmhouses along 
Pointers Road. As well as rural landscape, the A3 is bound by the Royal 

Painshill Park. The San Domenico restaurant site and Starbucks café, Ockham 
Bites café, Heyswood Girlguiding Camp, Hilton Cobham, Feltonfleet School, a gas 
compound and occasional residential properties are also located adjacent to the 
A3. The former Wisley Airfield is located within the Scheme boundary, to the south; 
bounding the A3 towards Ockham Park Junction. Local points of interest bounding 
the Scheme are presented in Figure 2-3. 

2.3.5 There are two main river systems within close proximity to the Scheme extents, 
the River Wey located west of the Scheme and the River Mole which is located to 
the east and north-east of the Scheme (see Figure 2-4). The River Wey around 
the area of Junction 10 is divided into many tributaries both natural and man-
made. A smaller tributary of this river, Stratford Brook, passes beneath the A3 at 
Ockham Park Junction at the southern extent of the Scheme. The River Mole lies 
to the north and east of the Scheme extents. The river flows south following the 
alignment of the A3 into Painshill Park where it feeds into several lakes and 
changes orientation to the east and runs parallel to the M25 carriageway for 1 km 
before changing orientation to the north-east. Other surface water features are 
present within the Scheme extents, including Bolder Mere and Manor Pond. 

2.3.6 Within the Scheme extents the majority of M25 is located within cutting whilst the 
A3 is predominantly at-grade. To the south of J10 the A3 also sits within some cut 
sections on the northbound carriageway. The on and off slip roads to the north of 
J10 are constructed on embankment. The on and off slip roads to the south of J10 
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are at-grade. The J10 roundabout passes over the M25 carriageway by means of 
two overbridges. The A3 crosses both J10 and the M25 carriageway on a viaduct.

2.3.7 For the purpose of this report, the site has been split into six areas (see Figure 
2-5) encompassing: 

 Area 1  A3 north of J10, A245 and associated structures. 

 Area 2  A3 south of J10 and associated structures. 

 Area 3  M25 west of J10 and associated structures. 

 Area 4  M25 east of J10 and associated structures. 

 Area 5  Wisley Airfield. 

 Area 6  Elm Corner. 

Figure 2-5 - Interpretation Areas 

2.3.8 The ground conditions encountered in each of these six areas are discussed in 
Section 5. A series of cross sections and long sections have been produced 
detailing the interpreted ground conditions along the proposed scheme alignment. 
The locations of the six areas, cross sections and long sections are presented on 
the site plan in Appendix E. 

2.4 Description of the Proposed Scheme 
2.4.1 The Scheme comprises the following principal elements: 
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Table 2-1 Proposed Scheme Summary 

Area On-network Off-network 

1 
Carriageway widening of the A3 to four 
permanent running lanes between Ockham 
Park Junction and Painshill Junction. 

Westbound carriageway widening of the A245 
to three lanes between Painshill Junction and 
Seven Hills Junction.  

Three, new two-way local access roads: 

 Between Long Orchard Farm and Seven Hills 
Road via Long Orchard House, adjacent to the 
northbound A3 carriageway. 

 Between Seven Hills Road and Old Byfleet Road.

 Between Redhill Road and the SGN Gas 
Compound, adjacent to the southbound A3 
carriageway. This includes new earthworks and a 
new bridge over the A3 at Redhill Road (Redhill 
Road Overbridge). 

2 

A new two-way overbridge (Wisley Lane Overbridge) 
to connect Wisley Lane and the new local access road 
across the former Wisley Airfield.  

New footbridge (Cockcrow Overbridge) to be 
constructed to replace the existing overbridge crossing 
the A3 carriageway. 

3 Carriageway widening to four permanent 
running lanes along the 2.2 km length of the 
M25 carriageway by converting the hard 
shoulder into lane 1.  

Extension/elongation of the existing J10 
roundabout, with new bridge structures and on 
and off slip roads. 

New footbridge (Clearmount Footbridge) to be 
constructed to replace the existing overbridge crossing 
the M25 carriageway. 

A new one-way local access road, with passing bays, 
at Birchmere Scout Camp Site. 

4 
New NMU overbridge to the east of J10 crossing the 
M25 carriageway.  

5 - 

A new two-way local access road between Ockham 
Park Junction and Wisley Lane via the former Wisley 
Airfield and Elm Lane, adjacent to the southbound A3 
carriageway. The new road will include new 
earthworks, realignment of the existing watercourse 
and a new bridge over the A3.   

6 - 
A new two-way local access road between Elm Lane 
and Old Lane south of Bolder Mere to replace the 
existing byway. 

2.4.2 Other structures associated with the Scheme include: 

 Erection of approximately 16 new SSP gantries (super-span gantries); 

 Erection of approximately 1 new ADS cantilever gantry;  

 Erection of approximately 1 new SCP gantry; 

  

 Provi  



Regional Investment Programme
M25 J10/A3 Wisley Interchange
Ground Investigation Report 

Revision C01 Page 26 of 195 
 

 Provision of new retaining structures and reinforcement of earthworks to 
accommodate the above and other verge infrastructure. 

2.5 Geotechnical Category of the Project 
2.5.1 The Scheme has been assessed in accordance with guidelines provided in 

BS  EN  1997-1:2004 +A1:2013 (EC7) (BSI Standards Publication, 2013) and 
CD  622 (DMRB, 2019). The Scheme is considered to include conventional types 
of geotechnical structures, earthworks and construction activities, with no 
exceptional geotechnical risks, unusual or difficult ground or loading conditions. 
As such this scheme has been assigned a Geotechnical Category 2. 

2.6 Other Relevant Information 
2.6.1 A series of other reports and drawings have been produced that provide additional 

information on the Scheme. These documents have been used to inform this 
report and include:  

 Preliminary Sources Study Report (PSSR) (Atkins, 2017a); 

 Environmental Statement (ES) (Atkins, 2019a); and 

 Structures Options Reports for the proposed structures (see Section 7; 
Preliminary Engineering Assessment). 

2.7 Assumptions and limitations 
2.7.1 This report has been produced subject to the following assumptions and 

limitations:  

 No responsibility can be accepted by Atkins for the accuracy of third-party 
information including reference data contained within site specific database 
reports. 

 This report is prepared and written in the context of an agreed scope of work and 
should not be used in a different context. Furthermore, new information, improved 
practices and changes in legislation may necessitate a re-interpretation of the 
report in whole or in part after its original submission. 

 Due to the inherent variability of the ground conditions between exploratory hole 
positions, interpretations are subject to the limitations of only assessing a 
relatively small proportion of sub-surface conditions at the Scheme. 

 This report should be read in line with current legislation, statutory requirements 
and/or industry good practice applicable at the time of the works being 
undertaken. Any changes in this legislation, guidance or design may dictate the 
findings provided within this report to be reassessed. 

 Monitoring data provide information pertaining to specific discrete locations on 
particular dates.  Recorded ground conditions may differ from the recorded 
results if this monitoring was to be undertaken on other dates.  
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3. Existing Information 

3.1 General 
3.1.1 The following information summarises the setting of the site and is based on freely 

available information. Information provided in the Preliminary Sources Study 
Report (PSSR) (Atkins, 2017a) and Environmental Statement (ES) (Atkins, 2019a)
for the Scheme has been updated, but not repeated, in this section as appropriate. 
Where other sources have been referenced these have been documented 
throughout the report. 

3.1.2 This section includes relevant information for the Scheme (within the redline 
boundary) and for land located within 500 m of the Scheme boundary (off-site).

3.2 Topographical Maps 
3.2.1 In June 2017 a Scheme specific topographical survey was undertaken. This 

survey was carried out primarily by aerial photography; with maximum photo 
resolution being 2  3 cm. This dataset was supplemented by scan data from 
mobile mapping.   

3.2.2 It is noted that there are some areas across the Scheme where the June 2017 
survey does not align with the information presented in the published 
topographical maps and observed topographic conditions observed during the 
ground investigation. As such the topographical summary provided below and in 
Table 3-1 gives a high-level overview of the scheme topography from LiDAR 
mapping available on HAGDMS (Highways England, 2020). The location of 
notable local features referenced in Table 3-1 are presented in Figure 2-1, Figure 
2-2 and Figure 2-3. 

3.2.3 It is understood, at the time of writing this report, that further topographical surveys, 
to a higher degree of accuracy, are being undertaken for use in detailed design. 

3.2.4 The historical maps show that the natural topography of the Scheme has been 
significantly altered through construction of the M25, Junction 10 and the A3. Prior 
to the construction of the M25 and A3, within the Scheme boundary, localised 
areas were utilised for mineral extraction through sand and gravel pits. Further 
information in relation to mines and mineral deposits are given in Section 3.5.

Table 3-1 Topography  

Part of Scheme 

(see Appendix A) 
Description 

On-Network 

M25 mainline carriageway  

The M25, for the length of the Scheme, is predominantly constructed in cutting with 
some at-grade sections. Carriageway levels rise from 20 m AOD in the west to 
32 m AOD at the east. The M25 passes under Junction 10 and the A3 which are 
constructed as bridges over the carriageway.  

A3 mainline carriageway 

The A3 carriageway, for the length of the Scheme, is predominantly constructed at-
grade. The A3 is constructed on embankment at Ockham Park Junction and within 
cutting in the north towards Painshill Junction. Carriageway levels generally fall from 
south to north with the carriageway sitting at 30 m AOD at Ockham Park Junction 
falling to 26 m AOD at Painshill Junction. Ockham Park Junction lies at natural 
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Part of Scheme 

(see Appendix A) 
Description 

ground level at 22 m AOD while the A3 passes over on embankment and bridges at 
30 m AOD. 

Heading north from Ockham Park Junction the A3 carriageway falls to 25 m AOD at 
Bolder Mere and subsequently rises to 29 m AOD south of J10. The A3 passes over 
the M25 and J10 at 33 m AOD on a viaduct. Further north the A3 rises to 41 m AOD 
adjacent to Redhill Road and then falls to 26 m AOD at Painshill Junction.  

Painshill Junction sits above the A3, which is in a cut, and provides access to the 
A245.  

Junction 10 roundabout 

The Junction 10 roundabout is constructed at 27 m AOD. 

The roundabout is constructed on a circa. (c.) 2-3 m high embankment on the north-
eastern and north-western quadrants; natural ground levels at the toe of the 
embankments are between 24 and 25 m AOD. In the south-west of the junction the 
roundabout sits at-grade at 27 m AOD and in the south-east the roundabout is at the 
toe of a c. 3 m high cutting.  

A245 

The A245, accessed from Painshill Junction, falls from 31 m AOD in the east to 
29 m AOD in the west where the A245 meets a crossroad with Seven Hills Road.

Natural ground level falls from south to north. Feltonfleet School, to the south, is 
located between 32 m AOD and 33 m AOD and Manor Pond, in the north, is at 
24 m AOD. Prior to construction of the A245, the ground sloped naturally to the 
north. The slope has been cut into and filled to facilitate the construction of the 
A245.  

Off-Network 

North-east quadrant (east 
of Area 1, north of Area 4)  

The north-eastern quadrant of the Scheme extends from Painshill Junction in the 
north, along the alignment of the A3 southbound carriageway to J10, and along 
the alignment of the M25 anticlockwise carriageway to the east. This quadrant 
incorporates Painshill Park, SWT land and privately owned land.   

 

In the north-eastern quadrant of the Scheme ground level generally rises from 
25 m AOD adjacent to M25 rising steeply to the north to reach a topographic high of 
55 m AOD at the Gothic Tower of Painshill Park. Ground level gently falls further 
northwards toward Painshill Park where the landscaped and natural ground levels 
sit between 25 m AOD and 44 m AOD. 

 

Further east, adjacent to the alignment of the M25 anticlockwise carriageway, 
ground levels rise from 25 m AOD near the junction to 45 m AOD in a residential 
area opposite Chatley Farm off Pointers Road. Here the northern cut slope has 
been cut into to form a series of benches.  

North-west quadrant (west 
of Area 1, north of Area 3)  

The north-western quadrant of the Scheme extends from Painshill junction in the 
north, along the alignment of the A3 northbound carriageway to J10, and along the 
alignment of the M25 anticlockwise carriageway to the west. This quadrant 
incorporates Feltonfleet school, SWT land and privately-owned land.   

 

The topography observed in the north-west quadrant of the Scheme follows a near 
mirror image to that observed in the north-east quadrant with Feltonfleet school 
between 32 m AOD and 33 m AOD. 

 

Further west, along the alignment of the M25, ground levels rise from 25 m AOD to 
39 m AOD at Clearmount adjacent to Clearmount Footbridge. Ground level 
subsequently falls again further west to 21 m AOD. 

South-east quadrant (east 
of Area 2, south of Area 4)  

The south-eastern quadrant of the Scheme extends eastwards along the alignment 
of the M25 clockwise carriageway and southwards along the alignment of the A3 
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Part of Scheme 

(see Appendix A) 
Description 

southbound carriageway. This quadrant incorporates SWT land from the 
Semaphore Tower in the east to Ockham Bites café and any SWT land near to 
Ockham Park Junction in the south. Parts of the former Wisley Airfield accessed for 
the investigation are also part of this quadrant.  

 

Along the alignment of the M25 topography rises from 28 m AOD at Sand Pit Hill, a 
historical mineral extraction pit, to a topographic high of 60 m AOD at Semaphore 
Tower.  

 

To the south, adjacent to the A3, ground level gently falls from 28 m AOD to 
26 m AOD at Bolder Mere with an outlying topographic high at Ockham Bites café 
known as Curries Clump at approx. 31 m AOD. Further south of Bolder Mere ground 
level is generally flat at level 28 m AOD. Ground level is artificially raised to 
30 m AOD at the former Wisley Airfield. At the southern border of the former Wisley 
Airfield, topography drops quickly from 30 m AOD on the airfield to 24 m AOD 
at the natural ground of Stratford Brook floodplain. 

South-west quadrant (west 
of Areas 2, south of 
Area 3)  

The south-western quadrant of the Scheme extends westwards along the alignment 
of the M25 clockwise carriageway and southwards along the alignment of the A3 
northbound carriageway. This quadrant incorporates Wisley Common, maintained 
by SWT, opposite Clearmount and a small amount of land owned by RHS Garden 
Wisley accessed during the investigation.  

 

Adjacent to the M25 carriageway, within Wisley Common, ground level sits at 
24 m AOD. A topographic high can be found opposite Clearmount at 28 m AOD. 
Beyond Clearmount to the west ground level falls to 19 m AOD. 

 

To the south, adjacent to the A3, ground level gently rises towards Hut Hill which 
peaks at 41 m AOD. Ground level subsequently falls to 25 m AOD towards Wisley 
Lane. Further south is RHS Garden Wisley located at 28 m AOD. Adjacent to 
Ockham Park Junction, at Nutberry Farm ground level is at 19 m AOD. 

3.3 Scheme and Study Area History 
3.3.1 Available historical maps for the Scheme and surrounding area are presented as 

part of the Envirocheck report, which was commissioned when producing the 
Environmental Statement (Atkins, 2019a) (see appendix 10.3 and 10.4 of the 
Environmental Statement). A summary of the assessment of the Scheme and 
surrounding area included within the Environmental Statement is reproduced 
below. A full review of the history and the historical maps dated from 1871 to 2016 
with the accompanying historical maps is presented in Appendix 10.3 and 10.4 of 
the Environmental Statement (Atkins, 2019a). 

3.3.2 This mapping was reviewed to evaluate the potential for past activities, both within 
and adjacent to the Scheme (considering a minimum 250 m radius  referred to 

historical developments is presented below. 

Scheme history (on-site) 

3.3.3 The earliest available maps (1871-1872) display an unnamed road mapped in a 
generally south-west to north-east orientation in the same location as the existing 
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A3. The road alignment within the Scheme extents remains largely unchanged 
between 1871 and 1989. 

3.3.4 Between 1989 and 1992, the M25 and the M25 Junction 10/A3 Wisley Interchange 
had been constructed. By 1992, the M25, A3 and A245 were mapped as per their 
current configuration. Significant earthworks were carried out between these years 
to accommodate road construction within the study area. 

Off-site history  

3.3.5 The 1871 to 1872 mapping illustrates that the wider area around the Scheme and 
the study area comprises large areas of woodland, heathland and rough pasture 
with intersecting small tracks. Small residential developments are mapped in 
proximity to the Scheme, as well as several current and historical farms. Historical 
mapping indicates that the Bolder Mere (adjacent to the Scheme) has been in 
almost the present-day configuration since 1872.  

3.3.6 In 1964, Wisley Airfield and four associated structures, assumed to be aircraft 
hangers (three to the north of the runway and one to the south), were present 
180 m to the east of the existing Ockham Park Junction. By 1977, Wisley Airfield 
was displayed as disused. The historical Wisley Airfield partially overlays the 
Scheme boundary. 

3.3.7 A pipeline was shown within Wisley Airfield 200 m to the south-east of the existing 
A3 on the 1977 map. An electrical substation was also mapped in 1977 within 
Wisley Airfield, 500 m south-east of the existing A3. 

3.3.8 By 1989, the pipeline, electrical substation and three associated structures within 
the disused Wisley Airfield are no longer displayed on mapping. The fourth 
associated structure in the south of the disused Wisley Airfield was not present on 
the 1999 map.   

3.3.9 Mapping from 2016 shows slip roads onto the M25 have been constructed on the 
eastern extent of the Scheme, enabling access to and from the new Cobham 
service station south of the M25 located between Junctions 10 and 9. 

3.3.10 It should be noted that military camps and security sites, typically associated with 
the presence of UXO, are generally not available on publicly sourced historical 
maps. 

3.4 Geological Maps and Memoirs 
3.4.1 Geological mapping (BGS map sheet 285) ((BGS), 2001). indicates that the 

Scheme is underlain by superficial deposits of Alluvium, Head and River Terrace 
Deposits (Undifferentiated) with Kempton Park Gravel, Taplow Gravel and Lynch 
Hill Gravel Members all mapped within the Scheme boundary. Superficial deposits 
overlie bedrock geology of Bagshot Formation which in turn overlies Claygate 
Member and London Clay Formation of the Thames Group. Although not mapped 
by the BGS, bedrock geology of the Swinley Clay Member is known to be present 
overlying the Bagshot Formation at topographic highs as documented by Potter 
and Fowler, 1982 (Potter & Fowler, 1982). 

3.4.2 Made Ground, Worked Ground and Engineered Fill associated with the 
construction of the M25, A3, A245 Byfleet Road, local access roads, RHS Garden 
Wisley (including Battleston Hill), San Domenico site, the former Wisley Airfield 
and Feltonfleet School; plus six potentially infilled features and landfills (presented 
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in Table 10.8 of the Environmental Statement) are present within the Scheme 
boundary.  

3.4.3 A summary of the geology of the Scheme as reported within literature is presented 
in stratigraphic order in Table 3-2 Geological Stratum 

3.4.4 The BGS Lexicon of Named Rock Units (British Geological Survey, n.d.) has been 
used to supplement the information provided in the memoirs and literature. 

3.4.5 The ground conditions encountered across the Scheme during both the historical 
and the recent ground investigations are summarised in Section 5 of this report. 

Table 3-2 Geological Stratum 

Formation/Member Description 

Artificial 
Deposits 

Made Ground 
The Scheme specific composition of Artificial Deposits are not 
described in the literature however, they are considered to be 
variable and associated with historical construction, industrial, 
commercial or quarrying activities.  

Made Ground  Comprises anthropogenic material and is not readily 
describable or testable geotechnically. 

Engineered Fill  Natural soils or anthropogenic material excavated 
and placed in an engineering manner e.g. for construction. 

Engineered Fill 

Superficial 

Alluvium 

Alluvium is a general term for clay, silt, sand and gravel. It is the 
unconsolidated detrital material deposited by a river, stream or other 
body of running water as a sorted or semi-sorted sediment in the bed 
of the stream or on its floodplain or delta, or as a cone or fan at the 
base of a mountain slope. Frequently encountered as soft to firm 
consolidated, compressible silty clay, but can contain layers of silt, 
sand, peat and basal gravel. A stronger, desiccated surface zone 
may be present (British Geological Survey, n.d.). 

Lynch Hill Gravel 
Member 

Fluvial deposits. Sand and gravel, locally with lenses of silt, clay or 
peat (British Geological Survey, n.d.). 

The geological memoir for London (Ellison, et al., 2004) notes that 
these deposits were deposited during cooler periods of periglacial 
activity, where more sediment was available for deposition. The 
terraces are differentiated by elevation, with the Kempton Park Gravel 
being the youngest member and Lynch Hill Gravel being the oldest 
member. Undifferentiated River Terrace Deposits are classed as 
deposits which are thought to be associated with a river system due 
to composition and location but not assignable to any terrace system.

Kempton Park Gravel 
Member 

Taplow Gravel 
Member 

River Terrace 
Deposits 
(Undifferentiated) 

Head 

Comprises gravel, sand and clay depending on upslope source and 
distance from source. Poorly sorted and poorly stratified deposits 
formed mostly by solifluction and/or hillwash and soil creep. 
Essentially comprises sand and gravel, locally with lenses of silt, clay 
or peat and organic material (British Geological Survey, n.d.).

Bedrock 

Swinley Clay 
Member 

Occurs as an outlier capping the highest hills of Bagshot Formation. 
Found as an organic laminated clay, which can be grey, pale purple, 
brown or yellow in colour, with laminae of fine grained sand and silt. 
At surface the Swinley Clay Member has been bleached and oxidised 
and has root traces and can appear to represent a soil horizon. 
Sideritic clay ironstone (possibly limonite) is also occasionally 
described (British Geological Survey, n.d.) (Potter & Fowler, 1982).

Bagshot Formation The BGS geological memoir (Dines and Edmund, 1929 and Ellison, 
R.A., Williamson, I.T., Humpage, A., 2002) for the area around 
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Formation/Member Description 

Guilford describes the Bagshot Formation as fine current-bedded 
sands that are generally pale yellow or buff with various shades of 
browns and crimson in places. At irregular intervals, there are thin 
seams of pipeclay which are locally broken and disturbed by current 
actions. Locally, hollow ferruginous concretions also occur. The beds 
are also reported to not be uniform in thickness but show a general 
decrease towards the south and south-west. At the base, and at 
some other levels, thin beds of black rounded flint gravel occur in 
places. Glauconite is present in some of the sands and in some clay 
beds, and white mica occurs at some levels (British Geological 
Survey, n.d.). 

Claygate Member 

Generally comprises dark grey clays with sand laminae, with thin 
alternations of clays, silts and fine grained sand, with beds of 
bioturbated silt. Ferruginous concretions and septarian nodules occur 
in places (British Geological Survey, n.d.). 

London Clay 
Formation 

Mainly comprises bioturbated or poorly laminated, blue-grey or grey-
brown, slightly calcareous, silty to very silty clay, clayey silt and 
sometimes silt, with some layers of sandy clay.  

Commonly contains thin courses of carbonate concretions 
 

few thin beds of shells and fine sand partings or pockets of sand, 
which commonly increase towards the base and towards the top of 
the formation.  

Regional Geological History 

3.4.6 The geological strata encountered across the Scheme were deposited between 
the Eocene epoch (56 million years ago) and the present day. 

3.4.7 The oldest formation encountered during the ground investigation, the London 
Clay Formation, was deposited in low energy, marine conditions in a basin 
(London Basin) which was subsiding and in which sea levels were rising.  

3.4.8 
margin. Therefore, sedimentation was affected by sea level changes, whereby a 
fall in sea level was associated with a coarsening of the material being deposited 
and a rise in sea level associated with finer deposits. The cycles of sea level 
change and accompanying changes in sedimentation provide the basis for the 
division of the London Clay Formation into a separate, younger, lithological unit, 
the Claygate Member and the variability of the Bagshot Formation.  

3.4.9 
shallower. The Claygate Member, therefore, consists of alternating sequences of 
silts and clays, with subordinate sands. The sandy portions are variable in 
persistence both vertically and laterally, and lensing is common (Northmore, 1999)
The Claygate Member is taken to be the sandier deposits overlying relatively 
homogeneous clays of the London Clay Formation.  

3.4.10 The Claygate Member conformably overlies the London Clay Formation and in 
turn grades into the Bagshot Formation which comprises fine grained sands 
(Curry, 1965).  

3.4.11 The Bagshot Formation was deposited when the marine shoreline of the London 
Basin retreated, leaving estuarine, deltaic or lagoonal conditions in which 
accumulated sandy deposits (Curry, 1965).  



Regional Investment Programme
M25 J10/A3 Wisley Interchange
Ground Investigation Report 

Revision C01 Page 33 of 195 
 

3.4.12 These events were followed by a marine transgression during which large portions 
of the London Basin became inundated. This event is marked by local well-
rounded black pebble beds which are followed by marine glauconitic sandy clays 
(Northmore, 1999). Shallowing of the water in the London Basin is reflected in the 
Bagshot Formation as it became progressively sandier with decreasing age. 
Where predominantly sandy the Bagshot Formation also contains numerous 
clayey bands or layers. The change in grain size reflects deposition under the 
influence of fluctuating tidal currents. 

3.4.13 A further marine transgression followed the deposition of the Bagshot Formation 
whereby the Swinley Clay Member was deposited as a laminated clay (Aldiss, 
2012).  

3.4.14 Much of the Swinley Clay Member and the top of the Bagshot Formation has been 
removed by post-Eocene erosion. No bedrock strata, overlying the Swinley Clay 
Member, are preserved within the Scheme. Subsequent to the Bagshot Formation 
and Swinley Clay Member being deposited, other strata including the Windlesham 
Formation and Camberley Sand Formation would have been deposited. These 
strata have been removed by erosion that took place in late Tertiary and 
Pleistocene periods. 

3.4.15 Weathering followed the erosion of the bedrock. The near surface Swinley Clay 
Member, where encountered, has been affected by desiccation from oxygenated 
groundwater, which converts ferrous iron to ferric iron, producing the colour 
change from bluish grey to reddish brown. Beneath the topsoil, the clay is strongly 
weathered presenting a granulated or fragmented texture. At greater depths, the 
structure of the clay becomes increasingly clear. 

3.4.16 Where the Bagshot Formation outcrops at surface, the upper portion is typically 
found to be oxidised to a yellowish brown colour from the surface to natural water 
level.  

3.4.17 During the Quaternary period superficial deposits of River Terrace Deposits were 
deposited by the River Mole and the River Wey. The Alluvium encountered within 
the Scheme extents was deposited in the last 10,000 years by the modern fluvial 
systems which traverse the Scheme.  

3.4.18 Where the Swinley Clay Member is overlain by River Terrace Deposits the 
uppermost part of the clay is often soft and desiccated, but this intense physical 
weathering extends for a short depth only and there is an abrupt change to 
apparently unweathered clay. 

Structural Geology 

3.4.19 The BGS 1:50,000 geological maps ((BGS), 2001) do not indicate any folding or 
faulting to be present within the footprint of the Scheme. 

3.4.20 Linear features, shown as polylines, on the BGS Geoindex online mapping service 
(British Geological Survey, 2020) represent geological structural features e.g. 
faults or folds, at bedrock surface (beneath superficial deposits). The nearest 
recorded fault is located in East Horsley approx. 6 km to the south-east of the 
Scheme. 

3.4.21 Whilst no faults are mapped within the extents of the Scheme, the potential for 
geological faults to be present cannot be discounted.  



Regional Investment Programme
M25 J10/A3 Wisley Interchange
Ground Investigation Report 

Revision C01 Page 34 of 195 
 

3.4.22 Tectonic activity occurred prior to the encountered bedrock materials being 
deposited. (Royse, et al., 2011) highlights that recent research appears to suggest 
that the formations deposited in the London Basin have been affected by re-
activation of these faults. Thus, there is the potential for subsequent reactivation 
of faults affecting younger deposits.  

3.4.23 The presence of faulted bedrock may give rise to inconsistent bedrock levels, soft 
or fissured ground, or may act as a conduit for groundwater flow. 

3.5 Records of Mines and Mineral Deposits 
3.5.1 A review of the available mining and mineral deposits records was undertaken as 

part of the PSSR (Atkins, 2017a). This section presents a summary of the reviewed 
information. 

3.5.2 The Scheme is located in an area that is not affected by mining, based upon a 
review of the Coal Authority Interactive Map viewer and Non-coal Mining Plans.

3.5.3 The BGS Mineral Resources Map (British Geological Survey (BGS), n.d.) identifies 
that the Scheme is situated within sand and gravel mineral resource zones (sub-
alluvial inferred resources and River Terrace Deposits) associated with the River 
Wey and River Mole. The mineral resources are associated with the following pits, 
as identified from historical mapping: 

 Cockcrow Hill, mapped in 1871, immediately west of the present day A3, 200 m 
south of the M25 Junction 10/A3 Wisley Interchange; 

 Ockham Common Sand Pit (mapped as Sand Pit Hill throughout the historical 
maps), located immediately east of the present day A3, 200 m south of the 
M25 Junction 10/A3 Wisley Interchange; and 

 
approx. 350 m north-east of M25 Junction 10/A3 Wisley Interchange. 

3.5.4 The Elmbridge Borough Council Planning Policy Map and Surrey Minerals and 
Waste Map Viewer identify three mineral safeguard zones within the study area.

3.5.5 The mineral resource zones may be at risk from unrecorded worked areas such 
as quarries and pits. 

3.5.6 In addition to these, the Envirocheck, which was commissioned when producing 
the Environmental Statement (Atkins, 2019a), identified the following pits:  

 Three former sand pits, one 250 m north-east, one 450 m north-east and one 
550 m west of the M25 Junction 10/A3 Wisley Interchange; and 

 One disused pit 300 m south of the M25 Junction 10/A3 Wisley Interchange. 

3.5.7 It is noted that infilled land is likely to represent historical pits. 

3.6 Existing Ground Investigations 
3.6.1 A number of geotechnical reports were identified and reviewed for the PSSR; 

those which provide factual data have been summarised in Table D-1 of Appendix 
D. The data available within these reports have been reviewed for the context of 
this GIR to assess their relevance for the proposed Scheme. Where information is 
located within the Scheme boundary, data have been included in the interpretation 
and assessments within Section 5 of this report, with exploratory hole locations 
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reflected on drawings contained within Appendix E. Other available historical 
reports were found not to contain relevant geotechnical data for assessment. 

3.6.2 Available historical data have been digitised from historical records in order to 
supplement the data from the recent 2019/2020 ground investigation. 

3.7 Hydrogeology 
3.7.1 Details of the known groundwater conditions can be found outlined within the 

Environmental Statement (Atkins, 2019a). 

3.7.2 The hydrogeological characteristics of the Scheme 
aquifer designations for superficial deposits and bedrock formations are presented 
below in Table 3-3. 

Table 3-3 Aquifer Designations 

Stratum Environment Agency Aquifer Designation (2016)

Head Secondary A  Superficial  

Alluvium Secondary A  Superficial 

River Terrace Deposits 
(Undifferentiated) 

Secondary A  Superficial 

Kempton Park Gravel Member Principal or Secondary A depending on its properties  Superficial

Taplow Gravel Member Principal - Superficial 

Lynch Hill Gravel Member Secondary A  Superficial 

Swinley Clay Member Secondary A  Bedrock 

Bagshot Formation Secondary A  Bedrock 

Claygate Member Secondary A  Bedrock 

London Clay Formation Unproductive Strata 

3.7.3 According to the Envirocheck report (purchased December 2017 and presented in 
the Environmental Statement (Atkins, 2019a)) there are no groundwater 
abstraction licences or groundwater Source Protection Zones (SPZ) listed within 
the Scheme boundary or within a 250 m radius. 

3.7.4 Groundwater Vulnerability Zones are designated by the Environment Agency 
(Natural England, 2020). Within the study area the following zones are present:

 High and Medium-High vulnerability across the majority of the Scheme within 
the central and southern areas, and to the east and west of the J10 roundabout;

 Medium vulnerability within the northern area of the Scheme. 

3.7.5 Historical information on groundwater strikes and rest levels have been collected 
from publicly available exploratory hole records (British Geological Survey, 2020),
and other available sources, including HAGDMS (Highways England, 2020) and 
two previous ground investigation reports provided on the Guildford Borough 
Council planning applications website (Guildford, 2020).  

3.7.6 The data identify a wide range of groundwater strikes between 0.02 m below 
ground level (bgl) to 16.0 m bgl. The recorded strikes are within Made Ground, 
granular superficial deposits, Undifferentiated River Terrace Deposits or within the 
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Bagshot Formation. Further information on groundwater strikes recorded in the 
historical investigations is provided in the Environment Statement (Atkins, 2019a).

3.7.7 Based on scanned borehole records, localised artesian conditions have been 
identified in two boreholes (TQ05NE24 and TQ05NE25) (British Geological 
Survey, 2020), within the Bagshot Formation located at the southernmost extent 
of the Scheme. 

3.8 Hydrology 
3.8.1 Further details on the surface watercourses, listed below, are available in the 

Environmental Statement (Atkins, 2019a). 

3.8.2 Several watercourses are located within the study area, as shown on Figure 2-3
and Figure 2-4, including: 

 the River Mole, which passes under the A3 approximately 340 m to the north-
east of Painshill Junction; 

 Stratford Brook, which passes beneath the Ockham Park Junction on the A3;

 Bolder Mere (a lake of approximately 5.1 ha), situated in Ockham Common 
approximately 800 m to the south-west of the M25 Junction 10/A3 Wisley 
Interchange;  

 a pond in Chatley Wood, situated approximately 350 m to the east of the M25 
Junction 10/A3 Wisley interchange; and 

 Guileshill Brook, which passes under the A3 approximately 3.6 km to the south 
of the M25 Junction 10/A3 Wisley Interchange and is located outside of the 
study area boundary. 

3.8.3 There are several smaller, surface water features present within the study area, 
including small ponds and The Lake adjacent to Painshill Park. 

3.8.4 Several surface water abstractions have been identified within the study area 
which have been discussed in the Environmental Statement (Atkins, 2019a). 
These draw from the Ockham Mill Stream, the River Wey (as well the Wey 
Navigation and tributaries), and the River Mole for irrigation, large garden 
watering, lake and pond throughflow, and other horticultural/agricultural purposes.

3.9 Flood Records 
3.9.1 A review of information regarding the flood risk and records at the Scheme was 

undertaken during the PSSR (Atkins, 2017a). The PSSR records 45 flood events 
within the Scheme extents as recorded on HAGDMS (Highways England, 2020). 
Seventeen additional flood events have been recorded between 2016 and 2020 
within the Scheme extents. A summary of all 62 flood events is provided in Table 
3-4 below. 
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 Table 3-4 HAGDMS Flood Events Summary 

Scheme section 
Number 

of 
Reports 

Date Range 

Flood with 
Lowest 
Severity 
(Dates) 

Flood with 
Highest 
Severity 
(Dates)  

Most Severe 
Recorded 
Effect on 
System 

M25, eastern extent 
of Scheme to J10 
interchange 

9 
14/11/2009  
27/01/2020 

1.62 

(27/01/2020) 

7.2 

(30/01/2019, 
28/03/2016) 

Partial closure 

M25, western 
extent of Scheme to 
J10 interchange 

8 
22/11/2009  
09/11/2019 

4.48 

(22/11/2009, 
23/08/2011, 
29/06/2010) 

9 

(15/10/2018) 
Partial closure 

A3 carriageway, 
Ockham Park 
Junction to J10 
interchange 

28 
05/04/2008  
05/03/2020 

0.9 

(20/11/2016) 

10 

(05/03/2020) 
Total closure

A3 carriageway, 
J10 interchange to 
Painshill Junction 

17 
22/11/2009  
02/02/2020 

1.44 

(01/02/2016, 
07/01/2014) 

8.1 

(12/04/2012) 
Total closure

3.10 Ecology 
3.10.1 A biodiversity study was completed within Chapter 7 of the Environmental 

Statement (Atkins, 2019a). A summary of the key findings is provided below; 
further information can be found in the Environmental Statement. 

3.10.2 The Scheme falls partially within the following statutory and non-statutory 
designated ecological sites: 

 Thames Basin Heaths Special Protection Area (SPA); 

 Ockham and Wisley Commons Special Site of Scientific Interest (SSSI); 

 Ockham and Wisley Local Nature Reserve (LNR); 

 Elm Corner Woods Site of Nature Conservation Importance (SNCI); 

 Wisley Airfield SNCI; 

 Hunts Copse SNCI (immediately adjacent to the Scheme at Elm Lane); and 

 Bolder Mere Conservation Verge (both verges of Old Lane). 

3.10.3 Five parcels of ancient woodland fall partially within the Scheme, and the 
arboricultural assessment carried out in 2018/2019 identified 15 individual veteran 
trees and one veteran tree group falling within the Scheme. 

3.10.4 Twelve watercourses and three waterbodies were assessed within the biodiversity 
study (Atkins, 2019a), including: 

 Stratford Brook  a narrow watercourse running along the southern extents of the 
Scheme; 

 River Wey  a wide main river located to the west of the Scheme; 
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 River Mole  a wide main river located to the east-north-east of the Scheme; 

 Bolder Mere  a shallow lake classified as a Water Framework Directive (WFD) 
waterbody; and 

 a series of ditches and ponds. 

3.10.5 An assessment was carried out of the notable and protected species within the 
study area such as bats, great crested newts, plants, mammals, reptiles, 
invertebrates, and birds. 

3.11 Consultation with Statutory Bodies and Agencies 
3.11.1 Consultation was held with the statutory bodies through the DCO process and 

Statements of Common Ground between Highways England and the Environment 
Agency, Guildford Borough Council, Elmbridge Borough Council and Surrey 
County Council have been agreed and are presented in the DCO submission. 

3.11.2 This document has been produced in support of Requirement 10 of the draft DCO 
related to the design of structures around Bolder Mere and Requirement 13 related 
to geo-environmental risk assessment and mitigation. 

3.11.3 Consultation on these matters is ongoing throughout the design process to allow 
discharge of these requirements within the DCO. 

3.12 Infilled Land 
3.12.1 There are six potentially infilled features within the Scheme boundary which are 

summarised in Table 3-5 and shown on Figure 3-1. 

Table 3-5 Summary of potentially infilled land features within the Scheme

Figure Reference Feature  Location within the Scheme 

1 
Infilled non-water 

land feature (pit) 

Along the A3; immediately south of the M25 Junction 10/A3 
Wisley interchange between the southbound carriageway and 
the A3 southbound on-slip 

2 
Infilled non-water 

land feature (pit) 

Beneath the M25 eastbound on-slip. 

3 
Potentially infilled 

water body 

2.1 km east of the M25 Junction 10/A3 Wisley interchange, 
beneath the M25 

4 
Potentially infilled 

water body 

At the western extent of the Scheme boundary beneath the 
M25, 1.7 km west of the M25 Junction 10/A3 Wisley 
interchange 

5 
Potentially infilled 

water body 

At the western extent of the Scheme boundary beneath the 
M25, 1.9 km west of the M25 Junction 10/A3 Wisley 
interchange 

6 
Potentially infilled 

water body 

At the western extent of the Scheme boundary beneath the 
M25, 2.0 km west of the M25 Junction 10/A3 Wisley 
interchange 
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3.13 Landfills 
3.13.1 No authorised active landfill sites have been identified within the Scheme or within 

a 250 m radius. Eight historical landfill sites are present either within the Scheme 
or the study area and are summarised in Table 3-6 below and presented in Figure 
3-1. 

Table 3-6 Historical Landfill Sites 

Figure 
Reference 

Name Operator 
Operation 
Period 

Received 
Waste 

Distance from Scheme

Within the Scheme 

1 
Old Rectory 
Farm/Wisley 
Airfield 

(Former) 
Ministry for 
Agriculture, 
Fisheries and 
Food (Capita 
Symonds, 
2013) 

1977 - 
1981 

Inert Within the Scheme 

2 
Land at East of 
Buxton Wood 

Balfour Beatty 
Construction 
Limited 

1981 - 
1984 

Inert Within the Scheme 

3 

A3 Spoil 
Landfill (Capita 
Symonds, 
2013) 

Unknown Unknown 

Anticipated 
surplus material 
from A3 
improvement 
works 

Within the Scheme 

Study Area (250 m radius from Scheme) 

4 Cobham Bridge Unknown 
1986 - 
1987 

Inert 
20 m north of the 
northern extent of the 
study area 

5 Pointers Farm Unknown 
1981  
1983 

Inert 
20 m north from the 
M25, in the eastern 
extent of the study area

6 New Barn East Balfour Beatty 
1996  
1996 

Unknown 
30 m north from the 
M25, in the eastern 
extent of the study area

7 
Land at Pond 
Farm 

Balfour Beatty 
1981 - 
1982 

Inert 
50 m south of the M25, 
in the western extent of 
the study area 

8 Chatley Farm 
Balfour Beatty 
Construction 
Limited 

1982 - 
1983 

Inert 
170 m north of the M25, 
in the eastern extent of 
the study area 

3.13.2 The previous GI carried out on the former Wisley Airfield (WSP, 2014) (Capita 
Symonds, 2013)) encompassed parts of Old Rectory Farm landfill and A3 Spoil 
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landfill. The material encountered in these two locations was considered likely to 
be inert fill. 

3.13.3 During consultation with statutory bodies, it was confirmed that land at Pond Farm, 
Chatley Farm landfill, Pointers Farm landfill and land at East of Buxton Wood were 
filled with surplus excavated material from the past M25 motorway contract. 

3.13.4 The other nearby historical landfill sites listed in Table 3-6 may also be infilled land 
from the construction or widening of the M25 and/or A3, similar to the A3 Spoil 
landfill. This inference has been made on the basis that Balfour Beatty was the 
licence holder (specified in Appendix 10.3 of the Environmental Statement (Atkins, 
2019a)) for the sites, which were operational at the same time as the construction 
works took place.  

Figure 3-1 - Potentially Infilled Land and Historical Landfills Sites 

3.14 Contaminated Land 

Industrial and other potentially contaminative land uses 

3.14.1 There is one inactive contemporary trade listing within the Scheme relating to the 
former Wisley Airfield located in the south-east of the Scheme. In addition, there 
are 22 trades (11 active) present within the study area, including; vehicle service 
garages; fuel service stations; waste disposal; asphalt and coated macadam 
laying contractors; and the remainder of the former Wisley Airfield. 

3.14.2 A full list of active and inactive trade directory entries with potentially contaminative 
activities within the Scheme and study area is presented in Appendix 10.9 of the 
Environmental Statement (Atkins, 2019a). 
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Pollution incidents 

3.14.3 There have been seven known pollution incidents affecting controlled waters 
within 250 m of the Scheme, all of which were deemed as having minor severity 
and occurred prior to 1999. A summary of the incidents is provided in Appendix 
10.10 of the Environmental Statement (Atkins, 2019a). 

Previous geo-environmental assessments 

3.14.4 The following reports contain geo-environmental data collected from within the 
Scheme and study area: 

 HAGDMS report 27980 (Atkins, 2019a), relating to a location on the 
southbound side of the A3 at Painshill Park; and 

 Two reports available on the Guildford Borough Council planning website
(Atkins, 2019a), relating to the former Wisley Airfield (Capita Symonds, 2013)
(WSP, 2014). 

3.14.5 Other historical reports were found not to contain relevant geo-environmental data 
for assessment. A summary of the key findings is presented in Table D-2 in 
Appendix D; further details are provided in Chapter 10 of the Environmental 
Statement (Atkins, 2019a). 

Preliminary Risk Assessment 

3.14.6 The approach adopted for the land contamination risk assessment in the 
Environmental Statement (Atkins, 2019a) has been based on the guidance 
document Contaminated Land Report (CLR) 11 (Atkins, 2019a) and 
Environmental Impact Assessment: Guide to Good Practice and Procedures
(Atkins, 2019a), which provided key guidance in the UK and a technical framework 
for the application of a risk management process.  

3.14.7 CLR11 is due to be withdrawn and has been replaced by guidance document Land 
Contamination: Risk Management (LCRM) (Environment Agency, 2019). It is 
based on CLR11 and the scope, framework and purpose of the new guidance 
remain the same as the withdrawn guidance.   

3.14.8 As per the LCRM guidance, land contamination is assessed in the UK through the 
identification and assessment of Source-Pathway-Receptor linkages (S-P-R) 
denoting where a potential risk to a receptor is present (Environment Agency, 
2019).  

3.14.9 The first stage is to complete a Preliminary Risk Assessment (PRA). The approach 
involves the development of a conceptual model (CM) to describe potential 
sources of contamination along with the potential migration/exposure pathways in 
relation to receptors that are considered to exist at the site; subsequently S-P-R 
linkages are identified. The identified S-P-R linkages are then assessed and 
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refined through a second assessment stage, involving a Generic Quantitative Risk 
Assessment (GQRA) of the ground investigation data. 

3.14.10 The risk assessment applies the principles given in R&D66 which provides 
guidance on the development and application of the consequence and probability 
matrix for contaminated land risk assessment, presented in Table 3-7 below.  

3.14.11 The potential risk to a receptor is the function of the probability and consequence 
of the potential contaminant linkage (PCL) being realised. Probability (likelihood of 
an event occurring) takes into account the presence of the hazard, the receptor 
and the integrity of the exposure pathway. Consequence takes into account the 
potential severity of the hazard and the sensitivity of the receptor. Definitions for 
the classifications of probability and consequence are provided in Appendix 10.1 
of the Environmental Statement, along with the descriptions of the classified risks.

Table 3-7 Land quality estimation of the level of risk 

Probability Consequence 

Severe Medium Minor Negligible 

High likelihood Very High Risk High Risk Moderate Risk Moderate/Low 
Risk 

Likely High Risk Moderate Risk Moderate/Low 
Risk 

Low Risk 

Low likelihood Moderate Risk Moderate/Low 
Risk 

Low Risk Very Low Risk 

Unlikely Moderate/Low 
Risk 

Low Risk Very Low Risk Very Low Risk 

3.14.12 Table 3-8 presents the summarised outline CM for the Scheme as presented in 
Table 10-11 of in the Environmental Statement (Atkins, 2019a), which was 
developed following a desk study assessment of available information. Further 
details are presented in the Environmental Statement (Atkins, 2019a), and the key 
features taken into account for the geo-environmental risk assessment can be 
seen on Drawing HE551522-ATK-EGT-XX-GS-GI-000001 in Appendix J. 

3.14.13 It is considered that public exposure to possible contamination while using the 
highways during the construction and operation phases will be of limited frequency 
and duration. As such, highway/motorised users have not been considered further 
as receptors. 

3.14.14 The outline CM developed as part of the Environmental Statement identified 
perfluoroalkyl and polyfluoroalkyl substances (PFAS) as potential contaminants of 
concern associated with the former Wisley Airfield. PFAS are extremely persistent, 
toxic and bioaccumulate through the food chain; most uses have now been phased 
out, restricted or banned under environmental regulations. Potentially significant 
sources of PFAS to the environment include military bases and airports where 
there may have been significant use of aqueous film forming foams (AFFF) used 
in firefighting. 

3.14.15 As part of this GIR, the significance of the former Wisley Airfield as a potential 
source of PFAS has been reviewed based on more detailed information on its 
history. In 1942, during the Second World War (WW2), the land was requisitioned 
by the British Government to build a military airfield which became operational in 
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1943. Information reported by BAE Systems (and provided in the Capita Symonds 
report (Capita Symonds, 2013)) states that during the 1940s the airfield was used 
for the fitting out and testing of newly manufactured aircraft and experimental 
flying. Following WW2, a concrete runway was laid in 1952 in addition to the grass 
runway, and further buildings were constructed including an explosives store. The 
airfield transitioned from military to civilian use and is likely to have closed in 1972.  

3.14.16 Whilst the airfield was historically used for military purposes, the available 
information indicates it was primarily used as a test centre for aircraft 
manufacturers. There is no evidence to suggest the site was part of a major military 
airbase where fire-fighting training exercises may have been undertaken. PFAS 
substances were not included as potential contaminants of concern in the previous 
geo-environmental site investigation by Capita Symonds (Capita Symonds, 2013)
or WSP (WSP, 2014).  

3.14.17 The key risk associated with PFAS in groundwater relates to potential impact to 
potable groundwater abstraction boreholes and human health exposure through 
consumption of drinking water. Furthermore, as noted in Section 3.7, the study 
area does not lie within an SPZ and there are no recorded groundwater abstraction 
licences.  

3.14.18 Taking into consideration the low likelihood of PFAS substances being used 
historically at the airfield, the absence of other significant sources of PFAS within 
the study area and the absence of potable groundwater abstractions from the 
Principal Aquifer, no plausible pollutant linkage has been identified. On this basis, 
PFAS substances are not considered to be a potential contaminant of concern.
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3.15 Other Relevant Information 

Ground Stability 

The 1:50,000 scale ground stability maps provided within the Envirocheck Report 
(Environmental Statement (Atkins, 2019a)), including potential for collapsible 
ground, potential for landslides, running sands and potential for shrinking or 
swelling clay, were reviewed as part of the PSSR. A summary of the land stability 
hazards are presented in Table 3-9. 

Table 3-9 - Summary of Envirocheck Report Land Stability Hazard Potential 
Assessment 

Hazard BGS-NGIS Assessed Hazard Potential 

Collapsible Ground 
Moderate where Alluvium is anticipated, and very low where Landfill 
material and Made Ground is anticipated. The potential for collapsible 
ground elsewhere across the Scheme was determined to be very low.

Landslide 
Low adjacent to the River Mole approx. 1 km north-east of the Junction 
10 interchange and very low throughout the remainder of the scheme.

Running Sands 
Low where Alluvium and Bagshot Formation are anticipated, and very 
low where Undifferentiated River Terrace Deposits are anticipated. 

Shrinking or Swelling Clay 

Low where the London Clay Formation is anticipated at or near ground 
surface at Ockham Park Junction, and very low where Alluvium is 
anticipated in the southern portion of the Scheme at Ockham Park 
Junction.  

Geotechnical Asset Condition 

3.15.1 The PSSR (Atkins, 2017a) notes 22 geotechnical observations within the Scheme 
extents comprising six minor defects and 15 No. at risk areas. Following a 
reduction in the red line boundary for the Scheme there are now 15 No.
geotechnical observations within the Scheme boundary comprising: 

 
cracking and erosion. 

 
foundations, non-backfilled excavations, defective geogrids, animal burrowing, 
blocked drainage and historical landfill sites. 

Details of all geotechnical defects present within the Scheme boundary are 
presented in Appendix, B, C and H of the PSSR (Atkins, 2017). 

Environmental, Historical and Archaeological Constraints  

3.15.2 The environmental, historical and archaeological constraints for the scheme 
(Natural England, 2017 and Historic England, 2017) are detailed in Section 4.13 
of the PSSR (Atkins, 2017a) and  Chapter 11 of the Environmental Statement
(Atkins, 2019a). 
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4. Field and Laboratory Studies 

4.1 Walkover Surveys 
4.1.1 An initial walkover survey was carried out (on 18 and 30 of January 2017) prior to 

specifying the ground investigation in Annex A of the PSSR; a summary of the 
findings from the survey is provided within the PSSR (Atkins, 2017). 

4.1.1 Subsequent walkover surveys were undertaken alongside the Principal Contractor 
(Osborne) and GI Contractor (SOCOTEC), in advance of the GI (06 May 2019 
17 May 2019), to agree access routes and exploratory hole locations. Walkover 
surveys were undertaken where deemed necessary, prior to commencing any 
exploratory holes for the duration of the field work period of the 2019/2020 ground 
investigation.   

4.1.2 Key, additional, findings from the walkover surveys are described in Table 4-1 and 
the Geotechnical Risk Register in Section 6. 

Table 4-1 Walkover Survey Hazards Identified 

Scheme Section Location Notes 

Eastern extent of the 
Scheme, off Pointers 
Road 

Cut slope adjacent to 
Pointers Road opposite 
Chatley Farm 

The landscape of the cut slope here has been 
altered by excavation into the slope. It is 
unknown if this may impact on the 
performance the highway asset here. The 
stability and gradient of these regraded slopes 
is unknown. The altered cut slope is located 
south of a residential property opposite Chatley 
Farm. 

Northern extent of the 
Scheme, Seven Hills 
Road 

Surrey County Council land 

The southern extent of Seven Hills Road is 
covered in suspected tipped material of 
unknown composition. This portion of the road 
was inaccessible during the 2019/2020 ground 
investigation. 

Southern extent of the 
Scheme, the former 
Wisley Airfield 

Wisley Airfield 

Asbestos Containing Material (ACM) was 
identified on the hardstanding surface at the 
former Wisley Airfield. Additional details are 
provided below. 

Southern extent of the 
Scheme, Wisley and 
Ockham Common 

Surrey Wildlife Trust land 

A localised area of ACM was encountered 
within a storage and car parking area, 
managed by Surrey Wildlife Trust. The material 
was tested by SOCOTEC and confirmed to be 
cement bound chrysotile. 

Northern extent of the 
Scheme, Painshill Park 

Painshill Park 
During a walkover of Painshill Park an area of 
Himalayan Balsam was identified in close 
proximity to the Gothic Tower. 

Southern extent of the 
Scheme, Nutberry Farm 
and the former Wisley 
Airfield 

Stratford Brook 

During a walkover of Nutberry Fruit Farm and 
the former Wisley Airfield, areas of Himalayan 
Balsam were identified in close proximity to 
Stratford Brook. 
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4.1.3 During a site visit at the former Wisley Airfield (14 August 2019), during the 
commencement of the first exploratory hole, fragments of potential ACM were 
identified at ground surface in a number of locations.  

4.1.4 -house contaminated land team undertook a hazard mapping and 
sub-sampling exercise to create a plan of works in the former airfield and test the 
ACM fragments. 16 No. samples were collected and analysed by the 
environmental laboratory, and eight of these samples tested positive for cement 
bound chrysotile asbestos debris.  

4.1.5 The landowner subsequently commissioned WSP to undertake a walkover of the 

 

4.1.6 
23rd September 2019 (WSP, 2019). This included a summary of their works, a 
Statement of Cleanliness After Non-Licensable Asbestos Works, and the results 
of the airborne fibre monitoring along with various site plans. 

4.1.7 identified further 
areas of asbestos across the site. Based on these findings, WSP recommended a 
licensed asbestos removal contractor (LARC) undertake a surface pick to reduce 

ac -
contaminated waste was removed by Rhodar Limited (the LARC) to G K Bowmer 
Waste Disposal under Hazardous Waste Consignment Note documentation. 

4.1.8 WSP stated within their conclusions that due to the presence of vegetation across 
a significant area of the former airfield, the visual inspection had been carried out 

two trenches in the centre of the area specifically noted to contain remaining 
asbestos. Therefore, an asbestos management plan was recommended to be 
implemented for the site (WSP, 2019). 

4.1.9 
(SOCOTEC, 2019). This document outlined the working practices to be 

utilised by the drilling teams within the former Wisley Airfield in order to facilitate 
safe working. These included but were not limited to; wheel wash for all vehicles 
entering and exiting, creation of covered working areas around the drilling rigs, 
appropriate PPE while establishing the working areas, and pressure washers to 
clean equipment and dampen down the working areas. Access to the areas near 
the two contaminated trenches highlighted by WSP was not allowed.  

4.2 Geomorphological/Geological Mapping and Topographical 
Survey 
No geomorphological or geological mapping or topographical surveys were 
undertaken as part of the 2019/2020 ground investigation. 

4.3 Ground Investigations 
4.3.1 Highways England appointed Geoffrey Osborne Ltd (Osborne) as Principal 

Contractor for the ground investigation. Osborne, in turn, appointed SOCOTEC to 
undertake the ground investigation.  
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4.3.2 Atkins provided full-time technical on-site supervision as the Investigation 
Supervisor. 

4.3.3 The fieldwork took place between 20 May 2019 and 12 February 2020, the 
objectives for the GI are presented below: 

 Supplement the information available from previous ground investigations and 
published sources of information; 

 Obtain detailed and targeted knowledge of the ground conditions, specifically 
in areas where new structures, carriageway widening and strengthening, 
regrading or extension of existing earthworks is proposed; 

 Ascertain the groundwater regime at the Scheme, including pore water 
pressures at structure locations and the direction of groundwater flow; 

 Aid production of a detailed geological and geotechnical ground model for the 
Scheme to inform detailed design; 

 Obtain additional information on the potential source of any fill material that 
may be required for the proposed widening of existing embankments; 

 Refine the current understanding of geotechnical risk associated with the 
Scheme; 

 Determine whether any contaminated ground or groundwater, aggressive 
ground conditions or, where appropriate, elevated gas or vapour 
concentrations are present at the Scheme, using geo-environmental soil and 
groundwater testing; and 

 Inform applicable contaminated land risk assessments and waste 
assessments, and where necessary inform any future remediation strategies 
and plans. 

4.3.4 The investigation was undertaken in accordance with the general requirements of 
BS 5930 (2015), BS EN 1997-2 (2007), BS EN ISO 22475-1 (2006) and other 
relevant related standards identified in the Factual Report (Socotec, 2020). The 
Factual Report is presented in Appendix C. 

4.3.5 Engineering geologists from SOCOTEC logged all exploratory holes, obtained soil 
oratory and 

a third party geo-environmental laboratory as appropriate.  

4.3.6 Logging was carried out in accordance with BS EN ISO 14688-1:2018 for soils, as 
specified by BS 5930:2015. The exploratory hole locations, logs and photos are 
provided within the SOCOTEC Factual Report (Socotec, 2020). 

4.3.7 The SOCOTEC Factual Report (Socotec, 2020), presented in Appendix C, 
presents the locations of all the exploratory holes, borehole logs, groundwater 
monitoring and sampling, ground gas monitoring and in situ and laboratory test 
results. 

4.4 Description of Fieldwork 
4.4.1 The exploratory hole locations were initially proposed by Atkins, with the final 

locations decided on site alongside the Principal Contractor and the Ground 
Investigation Contractor, taking account of certain Scheme constraints such as 
access, topography and vegetation.  
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4.4.2 All positions were surveyed on site by the Principal Contractor, with co-ordinates 
and ground levels taken in accordance with National Grid and Ordinance Datum. 

4.4.3 Prior to breaking ground at each exploratory hole location an underground utility 
survey by Ground Penetrating Radar (GPR) and a cable avoidance tool (CAT) plus 
generator was carried out in accordance with PAS 128 Cat. B. Additionally, in all 
exploratory hole locations a hand dug inspection pit was excavated to 1.2 m bgl.  

4.4.4 An Unexploded Ordnance (UXO) survey was conducted by a specialist contractor 
at regular intervals as each borehole was advanced. 

4.4.5 The ground investigation was originally scoped to comprise 407 exploratory holes 
(Specification Rev 4.0) however, not all were completed. All 175 Dynamic Cone 
Penetrometer (DCP) were descoped from the works; slope climbing rigs were not 
able to be used due to Contractor unavailability; and land access restrictions 
affected some positions. Subsequently, these constraints were addressed with the 
issue of Specification Rev 4.1 (Atkins, Regional Investment Programme - M25 
Junction 10 Improvements Ground Investigation Specification, 2019) by adding or 
replacing exploratory holes to overcome the constraints and reflect the changes 
caused by descoping. A total of 246 exploratory holes were scheduled in 
Specification Rev 4.1.  

4.4.6 Further constraints relating to programme, land access issues, dense ground 
conditions and obstructions were encountered during the ground investigation. 
Where exploratory holes terminated shallow due to dense ground conditions or 
obstruction, the location was moved and re-drilled in an attempt to reach the 
scheduled depth where appropriate. A total of 27 No. boreholes were descoped 
from Specification Rev 4.1 due to programme constraints. 

4.4.7 Some proposed exploratory hole types were also changed during the ground 
investigation due to rig availability, land access constraints and Contractor method 
statements not allowing proposed works to be undertaken. A changes log 
reflecting these changes is provided in the Factual Report (Socotec, 2020) in 
Appendix C. 

4.4.8 The final number of exploratory holes completed during the ground investigation 
was 248 No., comprising: 

 42 No. Cable Percussive boreholes (CP) bored to depths ranging from 3.00 to 
30.14 m bgl; 

 91 No. Dynamic Sampled boreholes (DS) to depths ranging from 3.50 to 
30.45 m bgl; of which: 

o 82 of the DS holes were extended by rotary coring (DS+RC) to depths 
between 10.45 and 40.36 m bgl; and 

o One was advanced by rotary non-core drilling (open-hole) to 17.00 m 
bgl. 

 53 No. Dynamic Sampled Windowless Samples (WLS) to depths ranging from 
2.45 to 10.00 m bgl; 

 Seven Dynamic Probes (DP) to depths ranging from 3.00 to 10.00 m bgl; 

 49 No. Trial Pits (TP) excavated to depths ranging from 0.50 to 3.60 m bgl; of 
which: 

o 13 No. hand excavated land replacement pits (LRP) to 0.5 m depth;
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o 13 No. hand excavated pits to depths ranging from 0.20 to 1.50 m bgl; 
and 

o 23 No. mechanically excavated pits to depths ranging from 3.30 to 3.50 
m bgl. 

 Six Static Cone Penetrometer (SCPT) holes to depths ranging from 2.40
to 3.70 m bgl. 

4.4.9 33 No. exploratory holes were terminated short of their scheduled depth. The 
reasons for termination are detailed on the exploratory hole logs and in the Factual 
Report (Socotec, 2020). In summary, they were terminated shallow for one or a 
combination of the following reasons: 

 Obstruction or difficult drilling conditions; 

 Time constraints within booked traffic management closures; 

 Proximity of suspected buried services; or 

 High magnetometer reading from the unexploded ordnance survey. 

4.4.10 It should be noted that there is a difference in the number of exploratory holes 
completed given in this report and of that given in the Factual Report (Socotec, 
2020). The difference occurs because the Factual Report does not consider all 
holes terminated shallow of their scheduled depth and replaced by an adjacent 
new hole
been provided. 

4.4.11 The stratigraphic logs for all exploratory hole positions can be found within the 
factual report (Socotec, 2020) which is included in Appendix C. 

4.5 Results of In Situ Tests 
4.5.1 In situ testing was carried out in Cable Percussive, Dynamic Sample Windowless, 

Dynamic Sample and Rotary boreholes, and Trial Pits. In situ testing comprised: 
Standard Penetration Tests (SPT); Dynamic Probes (DP); Static Cone 
Penetrometers (SCPT); permeability tests (variable head and soakaway testing); 
and Photoionisation Detector tests (PID). 

Standard Penetration Tests 

4.5.2 Standard penetration tests (SPTs) were carried out at 1 m intervals to 10 m bgl 
and at 1.5 m intervals thereafter in Cable Percussion (CP), Dynamic Sample (DS), 
Rotary Core (RC) and Windowless Sample (WS) holes. The SPTs were carried 
out in accordance with BS EN ISO 22476-3+A1 (2011). Results are given on the 
exploratory hole logs held in the Factual Report in Appendix C (Socotec, 2020). 

4.5.3 2343 No. SPTs were taken with Standard Penetration Resistance (N) values 
ranging from 1 to >50, of which 1103 SPTs refused (SPT N >50).  

4.5.4 BS EN ISO 22476 provides the following equation for adjusting Standard 
Penetration Resistance (N) values to account for the energy delivered to the drive 
rods (N60 = N value adjusted to a reference energy ratio of 60 %): 

 

Where Er is the energy ratio of the specific test equipment. 
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4.5.5 The Er values for the test equipment are presented in Table F-1 in Appendix F.

4.5.6 Results from SPT tests and geotechnical parameters derived are discussed in 
Section 5. 

Dynamic Probe Tests 

4.5.7 Seven Dynamic Probes (Super Heavy, DPSH) with torque measurements were 
scheduled and undertaken adjacent to corresponding windowless sample 
locations (1-139 DP, 1-398 DP, 1-913 DP, 1-913A DP, 1-913B DP, 1-913C DP, 1-
948A, DP). 

4.5.8 The method of ground investigation conforms to the British and European 
Standard BS EN ISO 22476-2:2005 Geotechnical Investigation and Testing, Field 
Testing, Part 2 Dynamic Probing. 

4.5.9 The interpretation of probing results in terms of the derivation of soil parameters is 
carried out on the basis of locally derived correlations, none of which are widely or 
internationally accepted (Clayton C. , 1995). The DPSH probing provides a broad 
interpretation of hard or soft strata or the presence of voids, and the relative 
uniformity/non uniformity of ground conditions.  

Static Cone Penetration Tests 

4.5.10 Eight static cone penetration tests (SCPT) were scheduled in the location of the 
proposed Junction 10 roundabout bridge abutments. Two of the SCPTs were
descoped from the programme of works due to time constraints.  

4.5.11 The six SCPTs: 1-702, 1-704, 1-717, 1-720, 1-721 and 1-723 were performed with 
a 20-tonne 6-wheel drive road truck, equipped with a 17-tonne capacity hydraulic 
ram set. 

4.5.12 All holes terminated shallow of the specified 30 m depth either due to total thrust 
reaching 100 kN or flex in the rods indicating an obstruction. 

4.5.13 SCPTs were carried out in accordance with Part 9 of BS  1377 (1990) and BS EN 
ISO 22476-1 (2012) with cone tip resistance, sleeve friction, dynamic pore water 
pressure and inclination measured throughout the test and reported at 1 cm 
intervals of penetration. 

4.5.14 Magcone testing was carried out in an adjacent hole before the SCPTs at all six 
locations, to a maximum achievable depth of 10.51 m, using a separate three-axis 
cone-mounted magnetometer unit. The results are included in Appendix C of the 
Factual Report as plots of total magnetic field strength (in nanotesla) against depth 
for the two horizontal axes (X and Y) and vertical axis (Z). 

4.5.15 The serial number of the cone used is indicated on the test plots in the Factual 
Report. The calibration certificate is included in Appendix C of the Factual Report 
and provides details of the manufacturer, cone dimensions, capacity and 
geometry. 

4.5.16 The test output can be interpreted to provide a profile of soil type and strength. 
Correlation with other geotechnical properties can also be carried out. 

4.5.17 Interpretation of the SCPT data has been provided by SOCOTEC on the logs using 
the recommendations of (Lunne, 1997) to derive, where appropriate: friction ratio, 
pore pressure ratio, undrained shear strength (minimum and maximum range 
presented using typical cone factors of 20 and 12 respectively), relative density, 
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angle of friction and soil type. The SCPT tests do not detail soil type based on 
physical characteristics, such as grain size distribution, but provide a guide to the
mechanical characteristics (strength, stiffness, compressibility) of the soil, or the 
soil behaviour type (SBT).  

4.5.18 The soil classification uses the normalised soil behaviour type chart of Robertson 
(1990) (Robertson, 1990)  as the SCPT data requires normalisation for overburden 
stress. The chart identifies general trends in ground response and provides a 
guide to soil behaviour type (SBT). Overlap in some zones should be expected. A 
nominal groundwater level of 1.00 m bgl has been assumed for the data 
interpretation, based on the general groundwater level indicated by monitoring of 
borehole installations as part of the main ground investigation works.  

4.5.19 Two dissipation tests were carried out in conjunction with SCPTs where positive 
porewater pressure response was observed during penetration. The plots of 
measured and normalised excess porewater pressure are presented in 
Appendix F of the Factual Report presented in Appendix C. Interpretation of the 
dissipation test results allows for the calculation of geotechnical parameters to 

parameters in accordance with Lunne et al (1997) (Lunne, 1997). 

4.5.20 Geotechnical parameters derive
strength, friction angle and relative densities, are provided in Section 5. 

Permeability and Soil Infiltration Tests 

4.5.21 16 No. exploratory holes were scheduled for soil infiltration tests and 16 No.
exploratory holes were scheduled for permeability tests. Eight permeability tests 
and 11 No. infiltration tests were completed during the ground investigation 
between June and October 2019. An additional 10 No. soil infiltration tests were 
attempted which however were not compliant according to BRE SD 365 (2016)
((BRE), 2016).  A summary of the tests completed and attempted is presented in 
Table 4-2. 

4.5.22 Permeability tests (variable head tests) were undertaken in seven boreholes. 
Boreholes were drilled to a specified depth and the casing pulled back to create a 
specified response zone. For falling head tests clean water was added to the 
borehole at the top of the casing and time was recorded against the fall in water 
level. For rising head tests groundwater was pumped out of the borehole and time 
was recorded against the rise in water level. Results and response zones of the 
variable head tests are presented within the Factual Report (Appendix C) and 
summarised in Table F-2 in Appendix F. 

4.5.23 A total of 21 No. infiltration tests were attempted, comprising both trial pits and 
boreholes. 11 No. infiltration tests were completed in general accordance with 
BRE DG  365 (2016) ((BRE), 2016) whereby the soakage pit was filled and 
allowed to drain to near empty three times. The additional 10 No. infiltration tests 
attempted were not filled and drained three times and therefore non-compliant with 
BRE DG 365 (2016) ((BRE), 2016). Both trial pit and borehole excavations were 
utilised due to access constraints and to reduce the quantity of gravel backfill 
required to keep the excavations stable during testing. For the trial pit soakaway 
tests the excavation sides were squared using a machine excavator bucket. The 
borehole soakaway test locations were generally excavated using a cable 
percussive rig capable of achieving a 12-inch diameter pit. One borehole 
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soakaway (1-266) was excavated using a dynamic sampling rig at 10-inch 
diameter due to access constraints.  

4.5.24 Two locations (1-201 and 1-269) originally scheduled for soakaway testing were 
carried out as rising head tests due to water ingress encountered at the base of 
the excavation.  

4.5.25 Six of the soil infiltration tests (1-145, 1-254, 1-261, 1-901 and 1-902) undertaken 
were originally scheduled as variable head tests in 8-inch diameter boreholes due 
to the ground being unsaturated at the scheduled test depth. One test was 
completed in each exploratory hole and therefore non-compliant with BRE DG 365 
(2016) ((BRE), 2016).  

4.5.26 Upon completion of the soakaway test excavations, the exploratory holes were 
backfilled as quickly as possible with a clean granular material to prevent collapse. 
A full height, perforate, vertical observation tube was positioned in the exploratory 
hole so that a dip tape could be used to measure water level. The exploratory 
holes were partially filled with clean water and the fall in water level recorded 
against time. Results of the soakaway tests are presented within the Factual 
Report (Appendix C) and summarised in Table F-3 in Appendix F. 

Table 4-2 - Summary of in situ groundwater tests 

Test type Test Compliance 
Total quantity of 
tests 

Location 

Falling head 

Compliant in accordance 
with BS EN 1997-2:2007, 
2.1.4 and BS EN ISO 
22282-1 

5 1-259, 1-373, 1-527, 1-541 (2 tests)  

Rising head 

Compliant in accordance 
with BS EN 1997-2:2007, 
2.1.4 and BS EN ISO 
22282-1 

3 1-201, 1-269, 1-373 

Soakaway  

(trial pit) 

Compliant in accordance 
with BRE DG 365 (2016) 

5 
1-270 (4 tests), 1-553 (3 tests), 1-553A 
(3 tests), 1-555 (3 tests), 1-556 (3 tests)

Non-compliant in 
accordance with BRE DG 
365 (2016) 

1 1-175 (1 test) 

Soakaway 
(borehole) 

Compliant in accordance 
with BRE DG 365 (2016) 

6 
1-265 (3 tests), 1-266 (3 test), 1-270A (3 
tests), 1-412 (3 tests), 1-555A (3 tests), 
1-742 (3 tests),  

Non-compliant in 
accordance with BRE DG 
365 (2016) 

9 

1-145 (1 test), 1-186 (1 test), 1-254 (1 
test), 1-261 (2 tests), 1-414 (2 tests), 1-
415 (1 test), 1-417 (1 test), 1-901 (1 
test), 1-902 (1 test). 

 

4.5.27 Results of permeability and infiltrations tests are discussed in Section 7.9. 

4.5.28 Due to the variability of the Bagshot Formation and Undifferentiated River Terrace 
Deposits, presented results do not guarantee consistency across the Scheme. 
Discrete lenses and layers of low permeability (generally fine) material exist in 
localised areas across the Scheme causing a reduced permeability. Similarly 
lenses and layers of higher permeability (generally coarse) material may cause 
preferential groundwater pathways. 



Regional Investment Programme
M25 J10/A3 Wisley Interchange
Ground Investigation Report 

Revision C01 Page 57 of 195 
 

Photoionisation Detector tests 

4.5.29 There were 1,169 No. Photoionisation Detection (PID) tests undertaken on 
materials extracted from boreholes and trial pits. The results of the PID testing is 
discussed in Section 5.15 and are provided on the borehole and trial pits logs 
within the factual report. The PID tests were used to provide on-site indicative 
concentrations of volatile hydrocarbons within selected samples of Made Ground 
and natural material.  Generally, these readings were used to provide 
quantification of visual and olfactory evidence of contamination within the 
underlying deposits.  

4.5.30 All test results are included in the factual report presented in Appendix C and are 
summarised in Section 5 of this report. 

4.6 Gas, Surface Water and Groundwater Monitoring and 
Sampling 

4.6.1 97 No. standpipes, comprising a combination of slotted standpipes and 
piezometers, were installed in 79 No. boreholes for the purpose of groundwater 
monitoring and sampling and ground gas monitoring. Additionally, 12 No.  
dataloggers (one remote) and one Barologger were installed. Three rounds of 
surface water sampling were undertaken in Stratford Brook, Bolder Mere and the 
River Mole.  

4.6.2 Details of the monitoring installation type, response zone depths and target 
stratum are presented in Table F-4 in Appendix F and summarised as follows:

 18 No. dual installations for shallow and deep groundwater monitoring across
the Scheme; 

 23 No. single slotted standpipes for groundwater monitoring, 5 of which are 
also for ground gas monitoring. The 5 ground gas monitoring installations 
targeted the on-site historical Wisley Airfield and landfills on-site and were 
screened in the unsaturated zone; and 

 38 No. piezometer standpipes for groundwater monitoring. 

4.6.3 78 No. groundwater strikes were recorded within 73 No. holes during the 
2019/2020 ground investigation; details of the groundwater strikes are presented 
in Section 5. 

4.6.4 When groundwater strikes were encountered during drilling, drilling was stopped 
for 20-minutes, and the groundwater levels measured at 5-minute intervals during 

records within the factual report provided in Appendix C.  

4.6.5 It should be noted that water was often added to assist with drilling, either as flush 
for rotary drilling, or to help advance through granular material during cable 
percussion drilling or dynamic sampling. It is difficult to observe groundwater 
strikes when water is added during drilling. Therefore, the absence of an 
observable groundwater strike does not necessarily mean that water was not 
present during the investigation. Details of depths at which water was added is 
recorded on the exploratory hole record.  
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4.6.6 Groundwater monitoring was carried out during the fieldwork period however, the 
ground gas and groundwater monitoring programme is currently ongoing, along 
with groundwater and surface water sampling.  

4.6.7 Only the initial outcomes of the groundwater monitoring are reported within 
Section 5 of this report. Preliminary groundwater level tables and hydrographs are 
provided in Appendix J. 

4.6.8 Comprehensive results and subsequent assessments of data obtained during the 
monitoring and sampling programme will be reported in an addendum to this report 
(Ground Investigation Report Addendum, HE551522-ATK-GEN-XX-RP-CE-
000002) when the works are complete.   

4.7 Drainage Studies 
4.7.1 Drainage surveys were carried out alongside the ground investigation and will be 

reported on separately during PCF Stage 5 and will be used to inform any 
mitigation and enhancement measures required to be undertaken in the Bolder 
Mere mitigation and enhancement area under Requirement 10 of the draft DCO.

4.8 Geophysical Surveys 
4.8.1 None carried out. 

4.9 Test Pile Results 
4.9.1 None carried out. 

4.10 Other Fieldwork 
4.10.1 Alongside the ground investigation, investigations were also undertaken to 

determine the condition of the existing pavement and structures. Details of these 
surveys can be found in the CET pavement investigations reports, which are held 
by Atkins (Report No. FS20-1024603-1 Pavement Investigation Test Report, dated 
February 2020, updated in May 2020). 

4.11 Laboratory Investigation 
4.11.1 On receipt of the laboratory test schedules, Atkins scheduled the geotechnical and 

geochemical testing. 

4.11.2 Wokingham office for 
temporary retention, with those required for testing being transferred to SOCOTEC 
laboratories at Carcroft, near Doncaster. 

4.11.3 Geochemical testing was carried out by SOCOTEC in Bretby, near Burton-on-
Trent; geoenvironmental samples were transported from site directly to the 
SOCOTEC laboratory at Bretby.  

4.11.4 Both laboratories are United Kingdom Accreditation Service (UKAS) accredited to 
ISO 17025: 2005, whilst the Bretby laboratory is also Environment Agency 
Monitoring Certification Scheme (MCERTS) accredited. 
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4.12 Description of Tests  Geotechnical Testing 
4.12.1 The ground investigation included the collection of disturbed and undisturbed soil 

samples as detailed in Table 4-3: 

Table 4-3 - Geotechnical Laboratory Testing Summary 

Laboratory Test No. of tests 

Water Content Determination 599 

Atterberg Limit Determination 590 

Particle Size Distribution Analysis 814 

Linear Density 19 

Particle Density Small Pyknometer 7 

Unconsolidated Undrained Triaxial Compression Tests 122 

Consolidated Undrained Triaxial Compression Tests 60 

Hand Vane 11 

Shear Box 84 

Dry Density/Moisture Content Relationship, 2.5 kg rammer 56 

Dry Density/Moisture Content Relationship, 4.5 kg rammer 7 

Moisture Condition Value relationship 19 

Minimum & Maximum Density 23 

One Dimensional Consolidation  87 

California Bearing Ratio 40 

Organic Matter Content 16 

BRE Suites B, C and D 352 
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4.13 Description of Tests  Geoenvironmental and Waste 
Classification Testing 

4.13.1 The ground investigation included the collection of small disturbed soil samples at 
specific depths for geo-environmental analysis including leachate preparation. 

4.13.2 Waste classification sampling was undertaken from a selection of locations, which 
comprised collecting composite soil samples over an entire geological stratum 
and/or over the depth of the likely excavation profile. 

4.13.3 Testing was undertaken by SOCOTEC at their internal MCERTS and UKAS 
accredited facility, or at their subcontracted laboratories where necessary.  

4.13.4 Soil samples were analysed for the following parameters: 

 Asbestos identification and quantification (where identified); 

 Inorganic parameters: pH, cyanide (total, complex and free), total sulphate 
(SO4), sulphide, fraction organic carbon (FOC), total organic carbon (TOC), 
ammonium (NH4), ammonia (NH3); 

 Total phenols; 

 Speciated polycyclic aromatic hydrocarbons (PAH); 

 Total petroleum hydrocarbons criteria working group (TPH-CWG); 

 Metals and metalloids including arsenic, barium, beryllium, boron (total), 
chromium (total and hexavalent), cadmium, copper, lead, selenium, zinc, 
mercury, vanadium and nickel;  

 Monoaromatics (BTEXs): benzene, toluene, ethylbenzene, xylene and methyl-
tert-butyl-ether (MTBE); and  

 Volatile organic compounds (VOCs) and Semi-volatile organic compounds 
(SVOCs). 

4.13.5 Soil-derived leachate samples were analysed for the following parameters: 

 Inorganic parameters: pH, cyanide (total, complex and free), total sulphate 
(SO4), sulphide, chloride, NH4; and 

 Dissolved metals and metalloids including, antinomy, arsenic, barium, 
beryllium, boron (total), chromium (total and hexavalent), calcium, cadmium, 
copper, cobalt, iron, lead, selenium, sodium, tin, magnesium, manganese, 
mercury, molybdenum, phosphorus, potassium, nickel, vanadium and zinc. 

4.13.6 Groundwater samples were analysed for the following parameters: 

 Inorganic parameters: pH, total sulphate, electrical conductivity, cyanide (total 
and free), ammonia as NH4, biochemical oxygen demand, nitrite, and chlorine;

 Metals: including arsenic, chromium, chromium VI, copper, lead, selenium, 
zinc, cadmium, mercury and nickel; 

 Speciated PAHs; 

 Phenol; 

 BTEX; 

 TPH-CWG; and 
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 VOCs and SVOCs. 

4.13.7 The surface water sample was analysed for the following parameters: 

 Inorganic parameters: pH, total sulphate, electrical conductivity, cyanide (total 
and free), ammonia as NH4, biochemical oxygen demand, nitrite, and chlorine;

 Phenol; 

 Speciated PAHs; 

 Metals: and metalloids including antinomy, arsenic, barium, beryllium, boron 
(total), chromium (total and hexavalent), calcium, cadmium, copper, cobalt, 
iron, lead, selenium, sodium, tin, magnesium, manganese, mercury, 
molybdenum, phosphorus, potassium, nickel, vanadium and zinc; 

 BTEX; 

 TPH-CWG; and 

 VOCs and SVOCs. 

4.13.8 Waste Acceptance Criteria (WAC) testing was undertaken in line with Environment 
((EA), n.d.). 

4.13.9 A summary of the number of geo-environmental and waste classification 
laboratory tests is presented in Table 4-4 below; they pertain to the soil and soil-
derived leachate samples only. The groundwater monitoring and sampling 
programme is ongoing, and those results will be reported in an addendum to this 
report. 

Table 4-4 Geoenvironmental and Waste Classification Laboratory Testing 
Summary 

Laboratory Test No. of tests 

General Soil (Heavy Metals and Inorganics) 244 

Asbestos Screen and Identification 46 

TPH/PAHs 245 

VOC/SVOC 44 

Pesticides/Herbicides 4 

PCBs 7 

Chlorinated Solvents 6 

Leachate Preparation and Analysis 117 

Waste Acceptance Criteria (WAC) 72 
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4.13.10 The results are presented as part of the Factual Report, provided in Appendix C.
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5. Ground Summary 

5.1 Scheme Areas 
5.1.1 An interpretation of the geology has been compiled using both historical and 

current ground information. This is presented in 38 No. cross sections and long 
sections. The cross sections and long sections are included in Appendix E. 

5.1.2 An overview of the Scheme Table 3-1. 

5.1.3 As described in Section 2.3 the Scheme has been split into six areas. These areas 
and their related sections are shown in Section 2, Section 5 and on the Key Page 
Drawings HE551522-ATK-HGT-XX_KP-DR-CE-000002 to 000009, included in 
Appendix E.  

Table 5-1 Scheme areas and related sections 

Area 
Number 

Scheme Areas Related Sections Drawing Numbers 

Area 1 The A3 north of 
J10, the A245 
and related 
structure 

 A245 Eastbound 

 

 A245 Westbound 

 

 A3 Northbound 

 

 A3 Southbound 

 

 Redhill Road Overbridge 

 HE551522-ATK-HGT_XS-DR-CE-
000004 

 HE551522-ATK-HGT_XS-DR-CE-
000005 

 HE551522-ATK-HGT_LS-DR-CE-
000009 - 12 

 HE551522-ATK-HGT_LS-DR-CE-
000001 - 03 

 HE551522-ATK-HGT_XS-DR-CE-
000001 

Area 2 The A3 south of 
J10 and related 
structure 

 A3 Northbound 

 

 A3 Southbound 

 

 Cockcrow Overbridge 

 

 Wisley Lane Overbridge 

 HE551522-ATK-HGT_LS-DR-CE-
000006 - 09 

 HE551522-ATK-HGT_LS-DR-CE-
000003 - 06 

 HE551522-ATK-HGT_XS-DR-CE-
000002 

 HE551522-ATK-HGT_XS-DR-CE-
000003 

Area 3 The M25 west 
of J10 and 
related 
structure 

 M25 Westbound 

 

 M25 Eastbound 

 

 M25 West Overbridge 

 

 Clearmount Overbridge  

 

 NW J10 Slip Road 

 

 SW J10 Slip Road 

 HE551522-ATK-HGT_LS-DR-CE-
000021 & 23 

 HE551522-ATK-HGT_LS-DR-CE-
000016 & 17 

 HE551522-ATK-HGT_XS-DR-CE-
000010 

 HE551522-ATK-HGT_XS-DR-CE-
000009 

 HE551522-ATK-HGT_XS-DR-CE-
000015 & 16 

 HE551522-ATK-HGT_XS-DR-CE-
000019 & 20 

Area 4 The M25 east 
of J10 and 
related 
structure 

 M25 Westbound 

 

 M25 Eastbound 

 

 HE551522-ATK-HGT_LS-DR-CE-
000020 & 21 

 HE551522-ATK-HGT_LS-DR-CE-
000015 & 16 
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 M25 East Overbridge 

 

 Wisley Interchange NMU 
Overbridge 

 NE J10 Slip Road  

 

 SE J10 Slip Road 

 HE551522-ATK-HGT_XS-DR-CE-
0000011 

 HE551522-ATK-HGT_XS-DR-CE-
0000012 
 

 HE551522-ATK-HGT_XS-DR-CE-
000013 & 14 

 HE551522-ATK-HGT_XS-DR-CE-
000017 & 18 

Area 5 Wisley Airfield  Wisley Lane 
Realignment 

 HE551522-ATK-HGT_XS-DR-CE-
000006 - 8 

Area 6 Elm Corner - - 

5.2 Geology Overview 
5.2.1 The ground conditions encountered during the recent 2019/2020 ground 

investigation generally confirm the geological succession expected at the Scheme, 
as described in Table 3-2, based on available historical investigations and 
literature on the area. Although mapped Head Deposits were not encountered
during this ground investigation due to falling just outside of the area of 
investigation. The Claygate Member of the London Clay Formation was the 
deepest stratum encountered during this ground investigation.  

5.2.2 The geological sequence, in approximate stratigraphic order, is shown in Table 
5-2. 

Table 5-2 Scheme Geology Overview 

Formation/Member 

Artificial Deposits 

Made Ground 

Engineered Fill 

Landfill 

Superficial Deposits 
Alluvium 

Undifferentiated River Terrace Deposits 

Bedrock 

Swinley Clay Member 

Bagshot Formation  

Claygate Member 

 

5.2.3 Where encountered, each stratum has been further sub-divided from the 
formation/member name into coarse soils (sand and gravels; greater than or equal 
to 0.063mm grain size) and fine soils (clay and silts; less than 0.063mm grain size) 
as recommended in BS 8004:2015. Formations/Members are referred to in their 
subdivisions here-in. 

5.2.4 Topsoil is present in the majority of exploratory holes, except those located on 
carriageways or in areas of Made Ground. The land surrounding the existing
carriageways is predominantly woodland and heathland. The Topsoil is therefore 
often covered by grass or light vegetation, and plant material is common in the 
soil. Topsoil is generally approx. 0.4 m thick and predominantly coarse grained, 
with some localised areas of silt, clay or peat. The soil descriptions are often very 
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similar to those of the coarse grained Bagshot Formation and are generally 
differentiated by the presence of organics. 

Artificial Deposits 

5.2.5 Made Ground is present in localised areas across the Scheme and is described in 
Sections 5.4 to 5.8. Made Ground is inherently variable and may change in 
composition over short distances. Therefore, it is possible that Made Ground may 
contain deleterious material not recorded on the logs which can have an adverse 
effect on engineering performance or to human health. 

5.2.6 Engineered Fill is present predominantly beneath the existing carriageway and at 
embankments. Engineered Fill is often very similar in composition to in situ 
Bagshot Formation and can therefore often be difficult to differentiate. It is likely
that Fill is engineered from locally sourced materials. The Engineered Fill
predominantly comprises sand and gravel, with a few localised areas of clay and 
silt. 

5.2.7 Landfill material is present in the two areas of known historical landfill; at the former
Wisley Airfield and Old Rectory Farm landfills, in Area 5, and at the landfill east of 
Buxton Wood, in Area 2. Landfill material is highly variable in composition. The 

(Socotec, 
2020), however this stratum has been broken down into Made Ground and Landfill 
classifications during  as shown on 
the sections detailed in Appendix E.  

Superficial Deposits 

5.2.8 Alluvium is present at the southernmost part of the Scheme, associated with 
Stratford Brook, and comprises sandy or silty clays. 

5.2.9 River Terrace Deposits are found in localised areas across the Scheme and are
highly variable in composition. They are not differentiated in this geological 
interpretation as they are not sufficiently characteristic to split into separate 
terraces. Instead, they are grouped as Undifferentiated Terraces and described by 
Area in Sections 5.4 to 5.8. Generally, the Undifferentiated River Terrace Deposits 
predominantly comprise fine to coarse sands and gravels, with some localised 
areas of clay. The geographical distribution of the Undifferentiated River Terrace 
Deposits encountered during the ground investigation broadly agree with the BGS 
geological map (British Geological Survey, 2020). 

Bedrock 

5.2.10 The Swinley Clay Member is present in the north of the Scheme and as an outlier 
at the top of the hill at Semaphore Tower and at a topographical high off Redhill 
Road; in the vicinity of the proposed Redhill Road overbridge. The extent of the 
Swinley Clay Member reaches further south than initially anticipated, as shown in
Potter and Fowler (1986). The Swinley Clay Member typically comprises stiff 
mottled laminated clay. 

5.2.11 The Bagshot Formation is the predominant formation present across the Scheme. 
It comprises a sequence of coarse grained and fine grained materials; typically 
approx. 3  22 m of dense sand, overlying approx. 5  10 m of clay, overlying 
another layer of dense sand, approx. 3  20 m thick. The base of this sand stratum 
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is not proven in every borehole. This sequence is best understood by referring to 
the sections for each Area.   

5.2.12 In many locations the fine and coarse strata are locally interbedded. The strata are 
also highly variable in composition over small distances, both laterally and 
vertically. The secondary constituents of the predominantly fine or coarse material 
vary, as do the thicknesses of beds. Partings, lenses, pockets and laminae of silt, 
clay or sand are common throughout. The Bagshot Formation is more interbedded 
and variable in the south than across the rest of the Scheme. 

5.2.13 A weathering profile is seen in the Bagshot Formation across the Scheme as a 
colour change from orange/yellowish brown to grey. This colour change generally 
occurred at depths close to where groundwater was encountered during the 
2019/2020 ground investigation. The weathering line in the Bagshot Formation 
has been shown on the relevant sections, however, could not often be traced 
between boreholes. 

5.2.14 The Bagshot Formation material is often micaceous; the mica minerals are 
generally fine to medium sand sized. Rare nodular pyrite is often recorded in the 
logs and is typically 20x20x10 mm, however nodules up to 75x55x25 mm are 
recorded. There is no apparent pattern to where it is located within the formation.

5.2.15 Marker beds of rounded black flint pebbles are often present across the Scheme 
but are absent in some locations. They are generally not uniform in thickness, but 
show a typical thickness of less than 0.5 m. The gravel marker beds are commonly
present between base of the fine Bagshot Formation layer, and the top of the 
underlying coarse Bagshot Formation. However, occasionally they are found at 
other discrete horizons, indicating local stratigraphical and lithological variations.
During the investigation, this pebble bed was often associated with difficult drilling 
and sections of core loss or partial recovery. The flint pebbles may be unevenly 
distributed within the boreholes and associated borehole logs due to drilling 
disturbance. Rare burrows are , mainly in the fine 
grained Bagshot Formation.  

5.2.16 The Claygate Member is the deepest stratum that was encountered in the 
2019/2020 ground investigation. The base was not encountered and so its 
thickness is not proven. The Claygate Member typically comprises stiff to very stiff 
dark grey silty clay, with frequent partings, lenses, pockets and laminae of sand
and rare nodular pyrite. Rare localised shell fragments, typically 2  4 mm, are 
recorded in five boreholes across the Scheme (1-137, 1-169, 1-180, 1-301 and 1-
945). The boundary between the Claygate Member and overlying Bagshot 
Formation is gradational, due to the shallowing marine depositional environment
(Curry, 1965), and is therefore sometimes difficult to define.  

5.3 Distribution of Geological Strata 
5.3.1 The geological strata in each area are summarised in Table 5-3. The strata listed 

are as shown on the 
sections detailed in Appendix E. Where appropriate, individual strata have been 
broken down into their predominant fine and coarse constituents. 

Table 5-3 Distribution of material types across the Scheme by Area 

Strata * Area 1 Area 2 Area 3 Area 4 Area 5 Area 6 

Made Ground      - 
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Strata * Area 1 Area 2 Area 3 Area 4 Area 5 Area 6 

 

Landfill 
 

- - - - 

Engineered Fill  fine grained 
   -   - 

Engineered Fill  coarse grained 
 

- 

Topsoil 
      

Alluvium 
 

-  - -  - 

Undifferentiated River Terrace 
Deposits  fine grained    -  - 

Undifferentiated River Terrace 
Deposits  coarse grained    -  - 

Swinley Clay Member 
  - -  - - 

Bagshot Formation  fine 
grained      

Bagshot Formation  coarse 
grained       

Bagshot Formation  
interbedded     - 

Claygate Member 
      - 

* The strata listed incorporates all strata encountered across the Scheme, this is not a 
representation of a geological profile 

5.3.2 Localised geology is described by area in Sections 5.4 to 5.8. The approximate 
thickness and levels of strata and the boreholes in which they are present are 
shown in tables in each section. The tables do not show the material in the 
stratigraphic order they were encountered in during the ground investigation. 
However, the stratigraphic order can be seen in the relevant sections for each 
area, referenced in Appendix E.  

5.3.3 Typical soil descriptions are generic, based on frequently occurring material types. 
Specific soil descriptions can be found on the logs included in the SOCOTEC
Factual Report (Socotec, 2020). 

5.3.4 The tables also list the thickness ranges of individual bands of material. This 
broadly equates to total thicknesses for a given stratum, with the exception of the 
Bagshot Formation.  The Bagshot Formation is a series of alternating layers of fine 
and coarse material, sometimes with interbedded fine and coarse material within 
those layers. The thicknesses of each type of Bagshot Formation material is not
summated as this would not adequately represent the sequence observed in the 
ground.  
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5.4 Area 1 Geological Strata 
5.4.1 The Section of Area 1 includes the A3 north of J10, the A245 and related 

structures, as indicated on Figure 5-1 below (also referenced in Section 2). The 
related sections for the area comprise the A245 Eastbound, A245 Westbound, A3 
Northbound, A3 Southbound and the Redhill Road overbridge. The relevant 
drawings are summarised in Appendix E.  

Figure 5-1 - Interpretation Areas 

5.4.2 The exploratory hole at the lowest elevation is 1-706, adjacent to the north-west 
section of Junction 10, at 25.1 m AOD. The exploratory hole at the highest 
elevation is 1-266, near the Gothic Tower at Painshill Park, at 50.1 m AOD. Area 
1 also rises to approx. 32.0 m AOD at 1-341 at Feltonfleet School.  

5.4.3 The strata encountered in Area 1 is presented in Table 5-4 including the thickness 
range (m), Upper level Range (mAOD) and Basal Level Range (mAOD). Where 
the base of the stratum was not encountered, this is recorded as not proven. 

Table 5-4 Area 1  Strata Summary 

Stratum Thickness 
range (m) 

Upper Level 
Range (m 
AOD) 

Basal Level Range 
(m AOD) 

Topsoil  0.05 - 1.1 24.9 - 50.1 24.4 - 49.9 

 
 
 
Artificial Deposits 

Macadam 0.04 - 0.4 26.6 - 47.3 26.6 - 47.3 

Concrete 0.1 - 0.6 26.6 - 30.7 26.4 - 30.6 

Made Ground 0.3  3.9 26.2 - 49.9 22.9 - 49.5 

Engineered Fill -
fine grained 

0.7 - 1.0 23.5 - 32.1 23.3 - 31.5 
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Engineered Fill  coarse 
grained 

0.1 - 1.9 23.3 - 47.3 22.7 - 47.0 

Landfill Not encountered in Area 1 

 
 
 
Superficial Deposits 
 
 
 
 

Alluvium  Not encountered in Area 1 

Undifferentiated River 
Terrace Deposits  fine 
grained  

0.5 
(not proven) 

29.5 29.0 
(not proven) 

Undifferentiated River 
Terrace Deposits  coarse 
grained  

0.3 - 3.4 
(not proven) 

25.3 - 34.5 24.6 - 34.1 
(not proven) 

Bedrock Deposits 

Swinley Clay Member 0.7 - 15.6 24.7 - 49.7 24.2 - 48.9 

Bagshot Formation  fine 
grained  

0.2 - 7.0 
(not proven) 

0.9 - 37.0 0.6 - 34.5 
(not proven) 

Bagshot Formation  
coarse grained   

0.1 - 23.2 
(not proven) 

-2.0 - 44.1 -3.2 - 43.6 
(not proven) 

Bagshot Formation - 
interbedded 

0.50 - 3.08 
(not proven) 

-1.14 - 34.18 -1.96 - 33.28 
(not proven) 

Bagshot Formation  
Marker Bed 

0.1  2.0 7.7  15.4 6.6  13.7 

Claygate Member  0.60 - 2.66  
(not proven) 

-3.19 - 1.07 -3.70 to -1.43  
(not proven) 

Notes 
*Strata thicknesses were not been proven in all exploratory holes. Some thicknesses and depths given represent 
termination of exploratory holes within a stratum. Interpreted strata thicknesses are presented in the geological sections 
(see Appendix E). 
The wide variation in elevations and thickness ranges recorded for the Bagshot Formation is due to the variation in the 
sequence of the interbedded layers of fine and coarse grained material occurring across the Scheme. 

Topsoil 

5.4.4 Topsoil is recorded in many exploratory holes in Area 1. The topsoil is 
predominantly coarse grained, although there are areas of silt and clay. The 
maximum thickness of Topsoil is 1.1 m, recorded in 1-309. Table 5-5 provides a 
summary of the material.  

Table 5-5 Topsoil - Area 1 Typical thicknesses and descriptions  

Stratum Typical 
Thickness 
(m) 

Typical Description 

Topsoil  fine grained 0.5 Dark brown gravelly sandy SILT with frequent rootlets. 

Topsoil- coarse grained 0.4 Dark brown gravelly silty clayey fine to medium SAND with 
frequent rootlets. 

Artificial Deposits: Made Ground 

5.4.5 Macadam and concrete are found at a shallow depth in 23 No. boreholes located 
in the carriageway. At other locations and beneath the road construction, Made 
Ground is found and generally comprises a variable mixture of sand and gravels. 
The greatest thickness of Made Ground is 4.2 m in BH1-360, including concrete 
and macadam, which may be associated with the construction of the A245. A 
summary of the Made Ground encountered is given in Table 5-6. 

 



Regional Investment Programme
M25 J10/A3 Wisley Interchange
Ground Investigation Report 

Revision C01 Page 70 of 195 
 

Table 5-6 Made Ground - Area 1 Typical thicknesses and descriptions 

Stratum Typical 
Thickness 
(m) 

Typical Description 

Macadam 0.05  0.4 Very strong dark grey/black MACADAM. 

Concrete 0.15 Very strong grey CONCRETE. 

Made Ground  fine grained 0.7 Soft to firm brown and grey gravelly sandy silty CLAY. 

Made Ground  coarse grained 0.5 - 0.7 Brown fine to coarse SAND and angular to subrounded 
GRAVEL of flint, limestone, brick and concrete. 

Artificial Deposits: Engineered Fill 

5.4.6 Material described as Engineered Fill is recorded in 20 No. exploratory holes. This 
material is seen particularly in exploratory holes along the A245, in the north-west 
of Area 1. The majority of holes contain coarse grained Engineered Fill, while three 
contain fine grained Fill. The greatest thickness of Engineered Fill recorded is 1.9m
of coarse grained material, in 1-711. A summary of the Engineered Fill is included 
in Table 5-7. 

Table 5-7 Engineered Fill - Area 1 Typical thicknesses and descriptions 

Stratum Typical 
Thickness 
(m) 

Typical Description 

Engineered fill  fine grained 0.4 Firm to stiff dark brown sandy gravelly SILT and CLAY. 

Engineered fill  coarse grained 0.35 Yellow/grey/brown gravelly silty fine to coarse SAND. Gravel 
is angular to subrounded, often of flint and occasional possible 
limestone. 

Superficial Deposits: Undifferentiated River Terrace Deposits 

5.4.7 Undifferentiated River Terrace Deposits are present at a few discrete locations in 
Area 1, around the A245 in the north-west of the area and within Painshill Park in 
the north-east of the area. The distribution of Undifferentiated River Terrace 
Deposits broadly matches the published geological information (British Geological 
Survey, 2020). The distribution of Undifferentiated River Terrace Deposits in the 
north-west of Area 1 appears to be associated with topographic high points (1-341 
and 1-339). This stratum is predominantly coarse grained, with clay only 
encountered in 1-331. The maximum thickness recorded is 3.4 m in 1-422, 
however the base of the stratum is not proven, so it may be thicker. The base of 
the stratum is also unproven in 1-363. Table 5-8 summarises the Undifferentiated 
River Terrace Deposits. 

Table 5-8 Undifferentiated River Terrace Deposits - Area 1 Typical 
thicknesses and descriptions  

Stratum Typical 
Thickness 
(m) 

Typical Description 

Undifferentiated River Terrace 
Deposits - fine 

0.5 
(not proven) 

Stiff brownish mottled orange sandy CLAY with frequent 
pockets of clayey medium to coarse sand and stiff silty clay. 

Undifferentiated River Terrace 
Deposits - coarse 

2.0  
(not proven) 

Brown/orange/yellow gravelly silty fine to coarse SAND. 
Gravel is subangular to rounded of flint and rarely sandstone.
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Bedrock Geology: Swinley Clay Member 

5.4.8 The Swinley Clay Member is recorded in 14 No. exploratory holes, located just 
north of Redhill Road, on both sides of the A3, and stretching south to Junction 10 
of the M25 (1- 410). This is further south than anticipated, based on the mapped 
extents shown in Potter and Fowler (1986). The thickness of this horizon is very 
variable, with a maximum thickness of 15.5 m encountered in 1-307. This material 
was difficult to excavate using cable percussive techniques due to the presence 
of desiccated clay and some SPT and UT equipment was damaged during
sampling. The Swinley Clay Member is summarised in Table 5-8. 

Table 5-8 Swinley Clay Member - Area 1 Typical thicknesses and 
descriptions  

Stratum Typical 
Thickness 
(m) 

Typical Description 

Swinley Clay Member 8.0 Stiff to very stiff fissured frequently desiccated at surface
brown mottled sandy, silty laminated CLAY. Rare fragments 
of lignite, pyritic nodulus, sandstone and mudstone are noted 
throughout. 

 

Bedrock Geology: Bagshot Formation 

5.4.9 The Bagshot Formation is present widely across Area 1. The greatest thickness 
recorded is 30.3m in 1-395, however the base of the formation was not reached in 
this borehole. Generally, the sequence of material within this stratum is 7.0  9.0m 
of coarse Bagshot Formation overlying 4.0m of fine Bagshot Formation, passing 
back into approx. 7.0  >9.0m of coarse Bagshot Formation at depth. This 
sequence is not observed in every borehole across the area. In many locations 
the fine and coarse layers are locally interbedded, as illustrated in the sections for 
Area 1. Large variations in colour and grain size are seen both vertically and 
laterally across the area. The typical descriptions of the Bagshot Formation are 
included in Table 5-9. 

5.4.10 In some boreholes across Area 1, marker beds of rounded black flint pebbles are 
present. Gravel marker beds are commonly found at the base of the fine Bagshot 
Formation or top of the underlying coarse Bagshot Formation. In Area 1, the 
marker beds within the fine Bagshot Formation are at a narrower range of 
elevations, than those in the coarse Bagshot Formation, as detailed in Table 5-9.  
In some boreholes, the wider elevation range is due to there being more than one 
pebble bed encountered in a single hole (1-302). No gravel was encountered in 
the interbedded Bagshot Formation in Area 1 during the ground investigation. 

Table 5-9 Bagshot Formation - Area 1 typical thicknesses and descriptions 

Stratum  
Typical 
Thickness 
(m) 

Typical Description 

Bagshot Formation - fine 

Very variable. 
Approximately 
4.0 
(not proven) 

Firm to very stiff grey sandy silty micaceous CLAY. Sand is 
fine and often black and speckled. Rare nodules of pyrite are 
recorded. 
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Pockets, laminae and lenses of silty sand, gravelly sand and 
clay often recorded. 

Bagshot Formation - coarse 
Very variable. 
7.0-9.0 
(not proven) 

Dense to very dense grey-greenish grey, often speckled 
black, silty micaceous fine to medium SAND, with frequent 
laminae/partings of sand, silt and clay. Occasional lignite 
fragments, typically less than 2 mm in size, but up to 
5x10x12 mm in size. Rare nodules of pyrite are recorded. 

Bagshot Formation - interbedded 
Variable. 1.0 
(not proven) 

Stiff to very stiff grey and brown sandy silty micaceous CLAY 
interbedded with grey silty micaceous fine SAND. Rare 
Nodules of pyrite are recorded. 
 
Frequent pockets and lenses of fine to medium sand and 
rare lenses of stiff clay. 

Marker Bed 
Very variable. 
1.5 

Stiff to very stiff dark grey sandy silty gravelly CLAY. Gravel 
is well rounded medium to coarse black gravel of flint. 
Or;  
Very dense grey gravelly silty micaceous fine to medium 
SAND. Gravel is subrounded to rounded fine to coarse 
black and brown flint. 

Notes 
*Thicknesses of strata where not proven in all exploratory holes. 

 

5.4.11 Significant variations of the typical coarse grained Bagshot Formation description 
include: 

 Sulphurous odour recorded at 5.6 and -2.0 m AOD in 1-327. 

 Slight hydrocarbon odour and sheen on surface at 7.0 m AOD in 1-410. 

5.4.12 Significant variations of the typical interbedded Bagshot Formation description 
include: 

 Rare nodular pyrite recorded at 1.3 m AOD in 1-327. 

Bedrock Geology: Claygate Member 

5.4.13 The Claygate Member is only present in three boreholes in Area 1, two of which, 
1-408 and 1-718, are located immediately to the north-east of the M25 Junction 
10 roundabout, and the third is adjacent to the northbound carriageway of the A3, 
near the Painshill roundabout. The greatest thickness recorded is 2.7 m in 1-718, 
however its base is not proven. A summary of the material is shown in Table 5-10.

Table 5-10 Claygate Member - Area 1Typical thicknesses and descriptions 

Stratum Typical 
Thickness (m) 

Typical Description 

Claygate Member 2.5 (not proven) Stiff to very stiff dark grey/brown micaceous CLAY with 
frequent partings of light grey sand and silt. Rare pyrite 
nodules recorded. 

 

5.5 Area 2 Geological Strata 
5.5.1 The Section of Area 2 includes the A3 south of J10 and related structures, as 

indicated on the Figure 5-2 below (also referenced in Section 2). The related 
sections for the area comprise the A3 Northbound, A3 Southbound, Cockrow 
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Overbridge and Wisley Lane overbridge. The relevant drawings are summarised 
in Appendix E.  

Figure 5-2 - Interpretation Areas 

5.5.2 The exploratory hole at the lowest elevation is 1-210 at 23.1 m AOD, located at
the entrance to RHS Garden Wisley. The exploratory hole at the highest elevation 
is 1-124 at 38.9 m AOD, near to the crest of Hut Hill. Another topographic high in 
Area 2 is Sandpit Hill, south-east of the M25 Junction 10 roundabout, on which 1-
139 is located at 30.5 m AOD.  

5.5.3 Stratford Brook is located on the southernmost boundary of Area 2, passing 
beneath the A3 at Ockham Park Junction. Bolder Mere sits adjacent to the A3 
southbound carriageway, approx. 1 km south of the M25 Junction 10 roundabout.  

5.5.4 The strata encountered in Area 2 is presented in Table 5-11 including the thickness 
range (m), Upper level Range (mAOD) and Basal Level Range (mAOD). Where 
the base of the stratum was not encountered, this is recorded as not proven. 

Table 5-11 Strata Summary 

Stratum Thickness 
range (m) 

Upper Level 
Range (m 
AOD) 

Basal Level 
Range (m AOD) 

Topsoil 0.1 - 0.9 23.1 - 38.9 22.9 - 38.8 

Artificial Deposits 

Macadam 0.4 - 0.7 
23.0  29.0 
 

22.7 - 28.9 
 

Concrete 0.1 - 0.4 
22.7  28.9 
 

22.4 - 28.5 
 

Made Ground 0.1 - 4.1 23.2  28.5 22.6 - 26.6 
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Engineered Fill  fine grained 1.1 23.8 22.7 

Engineered Fill  coarse 
grained 

0.5 - 3.7 22.4 - 25.7 18.8 - 24.8 

Landfill Not encountered in Area 2 

Superficial 
Deposits 

Alluvium 0.7 - 1.4 18.8  20.0 18.1 - 18.6 

Undifferentiated River Terrace 
Deposits  fine grained 

0.3 - 3.2  
(not proven) 

22.0 - 27.1 
21.0 - 24.0 
(not proven) 

Undifferentiated River Terrace 
Deposits - coarse grained 

0.4 - 1.9 
(not proven) 

21.0 - 38.8 
20.3 - 37.7 
(not proven) 

Bedrock Deposits 

Swinley Clay Member Not encountered in Area 2 

Bagshot Formation  fine 
grained 

0.2 - 13.8 0.7  35.0 -0.1 - 34.7 

Bagshot Formation  coarse 
grained 

0.2 - 20.6 1.8 - 37.7 0.3  35.0 

Bagshot Formation - 
interbedded 

3.8 - 26.2 -0.2 - 25.4 0.2 - 7.5 

Bagshot Formation  marker 
bed 

0.3  1.5 11.0  17.9 8.4  17.3 

Claygate Member 
0.2 - 9.6 
(not proven) 

-7.0 - 5.7 
 

0.9 - 11.4 
(not proven) 

 

Topsoil 

5.5.5 Topsoil is present in the majority of the exploratory holes in Area 2, except those 
located on carriageways or at areas of Made Ground. The greatest thickness of 
Topsoil recorded is 0.9 m in 1-113A. The Topsoil is predominantly coarse grained, 
with some areas of silt. The coarse grained materials are similar to the coarse 
grained Bagshot Formation encountered in Area 2. The typical descriptions of the 
Topsoil are presented in Table 5-12.  

 

Table 5-12 Topsoil - Area 2 Typical thicknesses and descriptions  

Stratum 
Typical 
Thickness (m) 

Typical Description 

Topsoil  fine 
grained 

0.3 
Dark brown sandy SILT. Sand is fine. Frequent roots and rootlets.
Occasional subrounded to well rounded gravels of flint recorded. 
 

Topsoil  coarse 
grained 

0.4 
Vegetation or grass over dark brown slightly gravelly silty fine to 
medium SAND with frequent organic material, roots and rootlets. 
Gravel is subangular to rounded fine to coarse of flint.  

 

5.5.6 Significant variations of the typical fine grained Topsoil description include: 

 0.2 m of spongy silty PEAT with abundant wood fragments encountered in 1-
265 and 1-742. 

 Indistinct pockets of slightly fibrous peat recorded in 1-283. 

5.5.7 Significant variations of the typical coarse grained Topsoil description include: 
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 Frequent pockets of organic silty sand recorded in 1-145. 

Artificial Deposits: Made Ground 

5.5.8 11 No. boreholes are located on or adjacent to the carriageway of the A3 in Area 2. 
Macadam and concrete are found at shallow depth in these holes. At other 
locations and beneath the road construction, Made Ground generally comprises a 
variable mixture of sand and gravels. The greatest thickness of Made Ground is 
4.5 m in 1-246, including macadam and concrete, which may be associated with 
the construction of the A3 carriageway overpass at Ockham Park Junction.  

5.5.9 An obstruction was encountered in 1-105, which caused the hole to be terminated.

5.5.10 A summary of the Made Ground encountered is given in Table 5-13. 

Table 5-13 Made Ground  Area 2 Typical thicknesses and descriptions 

Stratum 
Typical 
Thickness 
(m) 

Typical Description 

Macadam 0.6 Very strong dark grey to black MACADAM. 

Concrete 0.3 Very strong grey to black CONCRETE. 

Made Ground  
fine grained 

2.8 

Stiff mottled grey, brown and black slightly gravelly sandy CLAY. 
Gravel is subangular to rounded fine to coarse of flint, clinker, slag, 
mudstone and possible limestone. 
 
Rare to occasional lenses and pockets of silt, fine sand and possible 
black ash. Rare tabular nodules of pyrite. 

Made Ground  
coarse grained 

0.6 

Greyish brown gravelly silty fine to coarse SAND. Gravel is angular to 
rounded fine to coarse of flint, macadam, brick and concrete. 
Occasional roots and rootlets. 
 
Greyish brown sandy angular to subrounded fine to coarse GRAVEL of 
flint, brick, concrete, macadam, quartzite and possible limestone. Sand 
is fine to coarse. 

5.5.11 Significant variations of the typical fine grained Made Ground description include: 

 Low to medium cobble content in 1-253. Cobbles are subangular to subrounded 
of concrete and possible limestone. 

5.5.12 Significant variations of the typical coarse grained Made Ground description 
include: 

 Slight unidentified odour recorded at 24.6 m AOD in 1-252A. 

Artificial Deposits: Engineered Fill 

5.5.13 Eight exploratory holes contain material described as Engineered Fill. These are 
located along the A3 carriageway, in the south of Area 2 and adjacent to Bolder
Mere. Coarse grained Engineered Fill is present in all eight holes, whilst fine 
grained Engineered Fill is only present in 1-150. The greatest thickness of 
Engineered Fill encountered is 3.7 m in 1-169. A summary of the Engineered Fill 
is included in Table 5-14 below.  
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Table 5-14 Engineered Fill  Area 2 Typical thicknesses and descriptions

Stratum Typical 
Thickness (m) 

Typical Description 

Engineered Fill 
 fine grained 

1.1 Soft to stiff slightly gravelly grey CLAY with very closely to closely 
spaced very thin to thin beds of coarse sand. Gravel is subangular to 
rounded, medium of brown flint. Slight unidentified odour. 

Engineered Fill 
 coarse 

grained 

1.8 Greyish brown slightly gravelly silty fine to coarse SAND and brown 
sandy GRAVEL with low cobble content. 
 
Gravel is angular to rounded fine to coarse of flint, possible limestone 
and concrete. Cobbles are subangular to subrounded of flint. Rare to 
occasional pockets of clay, sandy clay and clayey/silty sand. Sand is fine 
to coarse. 

 

5.5.14 Significant variations of the typical coarse grained Engineered Fill description 
include: 

 0.5 m of medium to coarse cobbles of concrete encountered in 1-110. 

 Gravel of slag recorded in 1-246. 

 Occasional fragments of subrounded medium black macadam recorded in 1-
110. 

 Geotextile membrane is recorded in 1-149 between 24.4 and 24.3 m AOD, and 
at 24.2 m AOD in 1-150. 

5.5.15 Additionally, evidence of reworked natural material is present in 1-207 at 
0.3  4.9 m bgl. The Bagshot Formation here comprises interbedded units of fine
to coarse sands and clays. This may be related to the construction of the existing
Wisley Lane footbridge, which crosses the A3. 

Superficial Deposits: Alluvium Deposits  

5.5.16 Alluvium is present in two boreholes, located north of Stratford Brook at the 
southernmost boundary of the Scheme. The greatest thickness of Alluvium 
recorded is 1.4 m in 1-170A. 0.7 m of Alluvium is recorded in 1-169. A summary 
of the Alluvium encountered is provided in Table 5-15. 

Table 5-15 Alluvium  Area 2 Typical thicknesses and descriptions 

Stratum 
Typical 
Thickness (m) 

Typical Description 

Alluvium  fine 
grained 0.7 - 1.4 Soft to stiff grey/greenish grey sandy CLAY. Sand is fine to medium.

 

Superficial Deposits: Undifferentiated River Terrace Deposits 

5.5.17 Undifferentiated River Terrace Deposits are present in 10 exploratory holes in 
Area 2. Two of these, 1-105A and 1-246 are situated at Ockham Park Junction
and are likely to be associated with Stratford Brook. Undifferentiated River Terrace 
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Deposits are also present at shallow depths in locations at the proposed Wisley 
Lane Overbridge and on the crest of Hut Hill (1-124), west of the A3 northbound 
carriageway. These are likely associated with the River Wey, which is currently 
approx. 330 m west of the Scheme at its nearest point.  

5.5.18 The Undifferentiated River Terrace Deposits present in Area 2 broadly agree with 
where they are mapped on the BGS Geology Map of the area (British Geological 
Survey, 2020), except for those at the proposed Wisley Lane Overbridge. The 
Undifferentiated River Terrace Deposits are variable in composition, but the 
material in Area 2 is predominantly coarse grained. The greatest thickness 
recorded is 3.2 m in 1-204, however the base is not proven. The typical description 
of the material encountered is provided in Table 5-16 below. 

Table 5-16 Undifferentiated River Terrace Deposits  Area 2 Typical 
descriptions and thicknesses  

Stratum Typical 
Thickness 
(m) 

Typical Description 

Undifferentiated River 
Terrace Deposits  fine 
grained 

1.0 
(not proven) 

Firm to stiff orangish brown sandy gravelly CLAY. Sand is fine to 
medium. Gravel is angular to subrounded fine to coarse of flint, 
mudstone, quartz and quartzite. 

Undifferentiated River 
Terrace Deposits  
coarse grained 

1.0 
(not proven) 

Brown and grey slightly gravelly silty fine to medium SAND. 
Gravel is angular to rounded fine to coarse of flint and quartz. 
Occasional roots and rootlets. 

 

Bedrock Geology: Bagshot Formation 

5.5.19 The Bagshot Formation is the predominant formation present in Area 2. The 
greatest thickness recorded is 27.3 m in 1-180. The general sequence is approx. 
4.0  12.0 m of sand, underlain by approx. 5  13 m of clays and silts, underlain 
by another sand layer approx. 3  14 m thick. However, this sequence is highly 
variable and thin beds of both materials are often present throughout. Large 
variations in colour and grain size are seen both laterally and vertically across the 
area. The sequence is best understood by looking at the Area 2 sections in 
Appendix E. The strata encountered are summarised in Table 5-17. 

5.5.20 Thin marker beds of rounded black flint gravel are present in some boreholes 
across Area 2. The gravels are commonly present at the base of the fine Bagshot 
Formation, or the top of the underlying coarse Bagshot Formation. In some 
boreholes more than one pebble bed is present in a single hole (1-210), as shown 
on the sections referenced in Appendix E. The gravel marker beds occur less 
frequently in the southern part of Area 2 than across the rest of the Scheme. 
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Table 5-17 Bagshot Formation  Area 2 Typical descriptions and thicknesses  

Stratum 
Typical 
Thickness 
(m) 

Typical Description 

Bagshot 
Formation  fine 
grained 

Highly 
variable.  
1.0  10.0 

Firm to stiff occasionally fissured grey, often speckled black, sandy 
silty CLAY. Sand is fine to medium. Rare nodules of pyrite and 
fragments of lignite recorded. 
 
Occasional, locally frequent, lenses and pockets of clayey fine to 
medium sand. Rare lenses of silty fine sand. Rare partings, lenses 
and pockets of silt. Rare closely spaced thin laminae to very thin 
beds of clayey fine to medium sand. 

Bagshot 
Formation  
coarse grained 

Highly 
variable.  
4.0  10.0 

Medium dense to very dense grey/greyish brown/brown speckled 
black silty slightly clayey slightly micaceous fine to medium SAND.
Rare nodules of pyrite recorded. 
 
Occasional lenses and pockets of firm to stiff silty clay, sandy clay, 
clay, clayey sand and sand. Sand is fine to medium. Rare to 
occasional closely spaced thin laminae to very thin beds of firm to 
stiff silty clay and stiff clay. Rare, locally frequent, fragments of lignite 

Bagshot 
Formation - 
interbedded 2.0 

Very thinly to medium interbedded stiff dark grey silty slightly 
micaceous CLAY with rare partings and locally frequent lenses of fine 
to medium sand and dense greyish brown speckled black slightly silty 
slightly micaceous fine to coarse SAND locally with rare to occasional 
lenses and pockets of firm to stiff grey sandy clay. Rare nodules of 
pyrite and fragments of lignite recorded. 

Bagshot 
Formation  
Marker Bed 0.3  1.3 

Firm to stiff, locally thinly laminated slightly sandy CLAY with rare 
black well rounded fine to coarse gravel of flint. 

 

5.5.21 Significant variations of the typical coarse grained Bagshot Formation description
include: 

 Slight sulphurous odour recorded in 1-147. 

 Slight organic odour recorded in 1-180. 

 Slight odour noted in 1-257, possible sulphurous or hydrocarbon odour. 

 Locally frequent ash recorded in 1-246. 

Bedrock Geology: Claygate Member 

5.5.22 The Claygate Member is present in 18 exploratory holes in Area 2. The greatest 
thickness recorded is 11.4 m in 1-169, however the base is not proven. A potential 
weathering zone is observed in all locations across Area 2, marked by a colour 
change from brown and orange to grey below the gradational boundary with the 
Bagshot Formation. The Claygate Member is summarised in Table 5-18.  
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Table 5-18 Claygate Member  Area 2 Typical thicknesses and descriptions 

Stratum 
Typical 
Thickness (m) 

Typical Description 

Claygate Member 
 fine grained 

>5.0 (not 
proven) 

Stiff to very stiff grey silty slightly micaceous CLAY. Frequent 
partings, lenses and pockets of silty fine sand. Locally frequent 
partings, lenses and pockets of silt and sandy silt. Rare nodules of 
pyrite recorded. 
Described as locally thinly laminated to thinly bedded CLAY in 1-
169, 1-170A, 1-1801-181 and 1-257. 

 

5.5.23 Variations to the typical description of the Claygate Member include: 

 Potential hydrocarbon odour recorded at -0.1 m AOD in 1-181. 

5.6 Area 3 Geological Strata 
5.6.1 The Section of Area 3 includes for the M25 west of J10 and related structures, as 

indicated on the Figure 5-3 below (also referenced in Section 2). The related 
sections for the area comprise the M25 Anticlockwise, M25 Clockwise, Clearmount 
Overbridge and M25 West J10 Overbridge. The relevant drawings are 
summarised in Appendix E.  

Figure 5-3 - Interpretation Areas 

5.6.2 The exploratory holes at the highest elevation are 1-518 and 1-518A at 28.4 m 
AOD, located on Clearmount Hill. The exploratory hole at the lowest elevation is 
1-542 at  18.05 m AOD, located adjacent to the clockwise carriageway of the M25, 
on the westernmost extent of the Scheme.  
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5.6.3 The strata encountered in Area 3 is presented in Table 5-19 including the thickness 
range (m), Upper level Range (mAOD) and Basal Level Range (mAOD). Where 
the base of the stratum was not encountered, this is recorded as not proven. 

Table 5-19 Strata Summary 

Stratum Thickness 
range (m) 

Upper Level 
Range 
(m AOD) 

Basal Level Range 
(m AOD) 

Topsoil 0.2  0.7 28.4  18.1 28.0  17.6 

Artificial Deposits 

Macadam 0.04 - 0.3 
 

20.3 - 27.1 
 

20.0 - 27.1 
 

Concrete 0.2  0.7 19.7 - 27.1 
 

19.6 - 26.6 
 

Made Ground 0.5 20.2 19.7 

Engineered Fill  fine 
grained 

Not encountered in Area 3 

Engineered Fill  
coarse grained 

0.5  1.3 26.56  19.7 25.9  19.1 

Landfill 3.1 20.0 16.9 

Superficial Deposits 

Alluvium Not encountered in Area 3 

Undifferentiated River 
Terrace Deposits  
fine grained 

0.5  1.5 17.9  17.6 17.4  16.1 

Undifferentiated River 
Terrace Deposits - 
coarse grained 

0.5  5.7 22.3  16.1 17.9  14.1 

Bedrock Deposits 

Swinley Clay Member Not encountered in Area 3 

Bagshot Formation  
fine grained 

1.0  8.1 
(not proven) 

20.0  1.5 
 

18.6 to -2.3  
(not proven) 

Bagshot Formation  
coarse grained 

0.4  20.4 
(not proven) 

28.4 to -2.3 25.4 to -4.7 
(not proven) 

Bagshot Formation - 
interbedded 

1.6  4.1 
(not proven) 

5.2 to -0.2 1.1 to -1.8 
(not proven) 

Bagshot Formation  
marker bed 

0.2  1.0 -0.2 - 13.2 -0.2 - 13.2 

Claygate Member 2.4  9.0 (not 
proven) 

-1.3  -4.7 -4.5 to -12.4 (not 
proven) 

 

Topsoil 

5.6.4 Topsoil is present across the majority of Area 3, except at exploratory holes 
located on the M25 carriageway and 1-511, where Made Ground exists from the 
surface. The greatest thickness recorded is 0.7 m in 1- 706. Topsoil predominantly 
comprises coarse grained materials, which are often very similar to the coarse 
materials of the Bagshot Formation. Silt is present in a few localised areas. The 
Topsoil encountered in Area 3 is summarised in Table 5-20. 
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Table 5-20 Topsoil  Area 3 Typical thicknesses and descriptions  

Stratum Typical 
Thickness (m) 

Typical Description 

Topsoil  fine 
grained 

0.40 Light to dark brown sandy SILT with frequent roots and 
abundant rootlets. Sand is fine. 

Topsoil  coarse 
grained 

0.40 
 

Brown to dark brown slightly gravelly silty fine to coarse SAND
with occasional to frequent rootlets and roots. Gravel is fine to 
coarse subangular to well-rounded of flint.  

 

5.6.5 Significant variations of the typical Topsoil description include: 

 0.30 m of dark brown peaty CLAY present from the surface in 1-528. 

 0.2 m of spongy dark brown silty HUMUS with abundant rootlets and frequent 
wood fragments (up to 35 mm) are present from the surface in 1- 706. 

Artificial Deposits: Made Ground 

Hardstanding is present at shallow depths in exploratory holes located on the 
M25 carriageway in Area 3. The greatest thickness recorded is 0.7 m of concrete
in 1-703. Made Ground comprising a mix of sands and gravels is recorded in one 
location, 1-511, approx. 40 m east of an area of historical landfill east of Buxton 
Wood. The Made Ground encountered is summarised in Table 5-21.   

Table 5-21 Made Ground  Area 3 Typical thicknesses and descriptions 

Stratum Typical 
Thickness (m) 

Typical Description 

Macadam 0.04  0.5 Very strong dark grey to black MACADAM. 

Concrete 0.5 Very strong grey CONCRETE. 

Possible Acrylic 
Resin 

0.1 Possible acrylic resin. 

Sands and gravels 0.5 Dark brown slightly gravelly silty fine SAND with low cobble 
content. The gravel is angular fine to coarse of brick fragments. 
Cobbles are angular of brick. Rare roots are recorded. 

 

Artificial Deposits: Engineered Fill 

5.6.6 Engineered Fill material is present beneath the M25 carriageway in Area 3 and is 
recorded as being predominantly coarse material. The greatest thickness of 
Engineered Fill recorded is 1.3 m in 1-739. The Engineered Fill encountered is 
summarised in Table 5-22. 

Table 5-22 Engineered Fill  Area 3 Typical thicknesses and descriptions  

Stratum Typical 
Thickness (m) 

Typical Description 

Engineered Fill  
coarse grained 

0.7 Yellow and brown clayey SAND. Sand is fine to medium. Occasional 
pockets of slightly clayey to clayey fine to coarse sand. Occasionally 
slightly gravelly. Gravel is angular to rounded fine to medium of flint.
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Artificial Deposits: Landfill 

5.6.7 Landfill material is present in exploratory hole 1-508, located within an area of 
historical landfill east of Buxton Wood. The historical landfill is mapped adjacent 
to the M25 anticlockwise carriageway, approx. 800 m north-west of Junction 10. It 
is reported to have waste (Environment Agency, 2017), which is 
defined as material that remains largely unaltered once buried, such as glass, 
concrete, bricks, tiles, soil and stones. The material encountered is described in 
Table 5-23.   

Table 5-23 Landfill  Area 3 Typical thicknesses and descriptions 

Stratum Typical 
Thickness (m) 

Typical Description 

Landfill  fine 
grained 

1 
Soft to firm orangish brown mottled light brown locally black slightly 
sandy CLAY. 

Landfill  
coarse grained 

2.13 

Medium dense light brown, brownish orange, dark grey to black, slightly 
gravelly to gravelly, silty clayey fine to coarse SAND. 
 
Gravel is subrounded to angular fine to coarse of flint, siltstone, 
sandstone, clinker and red brick fragments. Rare pockets of silty clay, 
soft sandy clay, and firm to stiff friable clay. Heavy black colouring from 
18.01 to 17.58 m AOD. 

5.6.8 The fine grained material underlies the coarse landfill material and may be an 
impermeable liner at the base of the landfill. However, there is insufficient evidence 
from the borehole data available to confirm this interpretation. 

Superficial Deposits: Undifferentiated River Terrace Deposits 

5.6.9 Undifferentiated River Terrace Deposits are present at shallow depths on the west 
side of Area 3 and are likely associated with the River Wey, which is situated 
approx. 330 m west of the Scheme at its nearest point. The Undifferentiated River 
Terrace Deposits encountered in Area 3 broadly agree with where they are 
mapped on the BGS Geology Map (British Geological Survey, 2020). The greatest 
thickness recorded is 5.7 m in 1-541. The Undifferentiated River Terrace Deposits 
are highly variable in composition, however, are predominantly coarse grained. 
The typical description of the material encountered is provided in Table 5-24.

Table 5-24 Undifferentiated River Terrace Deposits  Area 3 Typical 
thicknesses and descriptions 

Stratum Typical 
Thickness (m) 

Typical Description 

Undifferentiated River 
Terrace Deposits  
fine grained  

1.0 
Soft to firm brownish orange/yellowish brown/grey, sandy 
CLAY and sandy SILT. Sand is fine to medium. Occasional 
pockets of silty fine sand.  

Undifferentiated River 
Terrace deposits  
coarse grained 

Variable. 
Typically,  
2.0  5.0 

Loose to very dense, brown/orange/grey, occasionally 
speckled black, gravelly silty fine to coarse SAND. Gravel is 
subangular to rounded fine to medium of flint.  
Rare to occasional pockets of sandy clay and silty fine to 
coarse sand. 
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5.6.10 One porcelain fragment (30x30x5 mm) and two brick fragments are recorded in 
1- 554, but as this is recorded in the top 0.85 m and is the only anthropogenic 
material encountered in this Trial Pit, it is thought more likely that this is reworked 
material rather than being an indicator of Made Ground. Therefore; this material is 
interpreted to be River Terrace Deposits. A slight metallic odour is also recorded 
in 1-554. 

Bedrock Geology: Bagshot Formation 

5.6.11 Bagshot Formation is the predominant formation present in Area 3. The greatest 
thickness recorded is 30.3 m in 1-537, however its base is not proven. The general 
sequence comprises 3.0  20.0 m of sand, underlain by approx. 4.0  6.0 m of 
clays and silts, underlain by another 3.0  12.0 m thick layer of sand. However, 
this sequence is highly varied and thin beds of both materials are often present 
throughout. Large variations in both colour and grain size are seen both laterally 
and vertically across the area. The sequence is best understood by looking at the 
Area 3 sections, referenced in Appendix E.  

5.6.12 Thin marker beds of well rounded medium to coarse black flint gravels are present 
across Area 3. The gravels are commonly present at the base of the fine Bagshot 
Formation layer, or the top of the underlying coarse Bagshot Formation. In some 
boreholes, more than one marker bed is recorded, as shown on the relevant 
sections in Appendix E.  

5.6.13 Three CPT holes (1-702, 1-704 and 1-721) were terminated when they hit 
obstructions in the Bagshot Formation.  

5.6.14 The Bagshot Formation encountered is summarised in Table 5-25. 

Table 5-25 Bagshot Formation  Area 3 Typical thicknesses and descriptions  

Stratum 
Typical 
Thickness (m) 

Typical Description 

Bagshot Formation 
 fine grained 

Variable. 
 4.0  6.0 
(not proven) 

Firm to very stiff, locally laminated, brownish/greenish grey, locally 
speckled black, slightly micaceous sandy silty CLAY and grey to 
greyish brown sandy SILT. Sand is fine to medium.  
 
Occasional to frequent partings, lenses, pockets, laminae and 
very thin beds of clay, silty clayey sand and silt. Sand is locally 
slightly glauconitic. Locally recorded as fissured. Rare pyrite and 
lignite nodules recorded. 

Bagshot Formation 
 coarse grained 

Highly variable.  
3.0  6.0 
(not proven) 

Medium dense to very dense, grey/greenish grey/yellowish or 
greyish brown, speckled black, silty SAND. Sand is fine to 
medium.  
 
Rare to frequent partings, lenses, pockets, thin laminae to thin 
beds of sandy silty clay, clayey sand and silt. Subangular to well-
rounded fine to coarse gravel of flint is occasionally encountered. 
Rare pyrite and lignite nodules recorded. 

Bagshot Formation 
- interbedded 

1.6  4.1 
(not proven) 

Stiff to very stiff brown and dark grey slightly sandy silty CLAY
thinly interbedded with greyish brown/dark grey, speckled black, 
silty SAND. Sand is fine to medium. 
 
Rare to occasional lenses and pockets of sand and soft clay. Rare 
pyrite and lignite nodules recorded. 
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Bagshot Formation 
 marker bed 

Variable 
0.2  1.0 

Stiff to very stiff grey to dark grey sandy gravelly CLAY. Gravel is 
well rounded medium to coarse of black flint. 

 

Bedrock Geology: Claygate Member 

5.6.15 The Claygate Member is evident in seven exploratory holes in Area 3. The greatest 
thickness recorded is 9.0 m in 1-542, however its base is not proven. The Claygate 
Member is summarised in Table 5-26.  

Table 5-26 Claygate Member  Area 3Typical thicknesses and descriptions 

Stratum Typical 
Thickness (m) 

Typical Description 

Claygate Member  
fine grained 

>3.0  
(not proven) 

Stiff to very stiff brownish grey to dark grey, sandy, silty slightly 
micaceous CLAY. Sand is fine to medium. 
Rare, locally frequent, pockets, lenses and partings of fine to 
medium sand and silt. Rare to occasional lignite and nodular 
pyrite recorded 

 

5.7 Area 4 Geological Strata 
5.7.1 The Section of Area 4 includes the M25 east of J10 and related structures, as 

indicated on the Figure 5-4 below (also referenced in Section 2). The related 
sections for the area comprise the M25 Anticlockwise, M25 Clockwise, M25 East 
J10 Overbridge and M25 NMU Overbridge. The relevant drawings are
summarised in Appendix E.  

Figure 5-4 - Interpretation Areas 
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5.7.2 The exploratory hole at the highest elevation in Area 4 is 1-937 at 54.3 m AOD, 
near the crest of the hill at the Semaphore Tower. The exploratory hole at the 
lowest elevation is 1-722 at 21.42 m AOD, located on the M25 carriageway, just 
east of Junction 10. 

5.7.3 The strata encountered in Area 4 is presented in Table 5-27 including the thickness 
range (m), Upper level Range (mAOD) and Basal Level Range (mAOD). Where 
the base of the stratum was not encountered, this is recorded as not proven. 

Table 5-27 Strata Summary 

Stratum Thickness range  
(m) 

Upper Level Range  
(m AOD) 

Basal Level Range  
(m AOD) 

Topsoil 0.04 - 1.0 22.8 - 54.3 22.4 - 53.7 

Artificial Deposits 

Macadam Not encountered in Area 4 

Concrete 0.4 - 0.8 21.4 - 31.9 20.9 - 31.3 

Made Ground 0.3 - 3.3 21.6 - 26.2 21.0 - 24.3 

Engineered Fill  
fine grained 

0.2 - 0.6 
 

22.9 - 25.6 22.3 - 25.5 

Engineered Fill  
coarse grained 

0.6 - 3.4 20.9 - 31.3 20.2 - 30.7 

Landfill Not encountered in Area 4 

Superficial 
Deposits 

Alluvium Not encountered in Area 4 

Undifferentiated 
River Terrace 
Deposits - fine 
grained 

Not encountered 
in Area 4 

  

Undifferentiated 
River Terrace 
Deposits  coarse 
grained 

Not encountered 
in Area 4 

  

Bedrock Deposits 

Swinley Clay 
Member 

2.9 - 7.0 51.1 - 53.7 44.2 - 50.8 

Bagshot 
Formation  fine 
grained 

0.4 - 11.8 
(not proven) 
 

3.1 - 32.6 
1.4 - 29.7 (not 
proven) 
  

Bagshot 
Formation  
coarse grained 

0.3 - 14.7 
(not proven) 
 

1.6 - 46.8 
-2.1 - 42.1 
(not proven) 

Bagshot 
Formation - 
interbedded 

0.2 - 3.8 
(not proven) 
 

8.3 - 19.7 
8.1 - 17.9 
(not proven) 

Bagshot 
Formation  
marker bed 

0.7  1.0 5.33  23.99 3.63  23.44 

Claygate Member 
2.4 - 9.8 
(not proven) 

-2.1 - 12.7  
-6.2 - 3.7 
(not proven) 

 

Topsoil 

5.7.4 Topsoil is in all boreholes in Area 4 that are not located on the M25 carriageway, 
except 1- 903 and 1-949A, where Made Ground is present from the surface. 
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Topsoil is predominantly coarse grained, and the descriptions are very similar to 
the coarse grained Bagshot Formation. The greatest thickness of Topsoil recorded 
is 1.0 m in 1-948A. It is similar in composition to the underlying Swinley Clay 
Member in this borehole. Typical descriptions are included in Table 5-28.  

Table 5-28 Topsoil  Area 4 Typical thicknesses and descriptions 

Stratum 
Typical 
Thickness (m) 

Typical Description 

Topsoil  fine 
grained 

0.4 
Brown/black sandy slightly clayey SILT with frequent roots. Sand is 
fine. 

Topsoil  coarse 
grained 

0.4 
Dark brown slightly gravelly silty fine to medium SAND with frequent 
roots and rootlets and organic matter. Gravel is subrounded to 
subangular fine to coarse of flint. 

 

5.7.5 Significant variations of the typical Topsoil descriptions include: 

 0.1 m of soft dark brown PEAT with abundant roots and organic matter recorded 
in 1-940. 

 0.15 m of spongy dark brown fine sandy PEAT with frequent wood fragments 
and abundant rootlets recorded in 1-716. 

 Occasional gravel sized concretions of extremely weak sand and plastic 
amorphous peat recorded in 1-950. 

Artificial Deposits: Made Ground 

5.7.6 Made Ground is present in the boreholes located on the M25 carriageway and 
two boreholes adjacent to the network. The Made Ground in 1-903, located 
approx. 35.0 m north-west of the M25 anticlockwise on-slip, is due to an infilled 
pond. The Made Ground present in 1-949A, located towards the eastern extent
of the Scheme between the M25 anticlockwise carriageway and Pointers Road, 
may be fly-tipped material. The greatest thickness of Made Ground recorded is 
3.3 m in 1-718. Typical descriptions of the material encountered are presented in 
Table 5-29. 

Table 5-29 Made Ground  Area 4 Typical thicknesses and descriptions 

Stratum Typical 
Thickness 
(m) 

Typical Description 

Concrete 0.7 Very strong grey concrete. 

Made Ground - 
fine grained 

Variable. 1.0 Soft to stiff brownish grey, locally mottled orangish brown or grey, 
sandy slightly micaceous CLAY. Sand is fine. Rare to frequent partings 
and lenses of brown/black silt. Rare to frequent rootlets. 

Made Ground - 
coarse grained 

Variable. 
0.6 

Medium dense orangish/yellowish brown slightly gravelly silty fine to 
medium SAND. Gravel is angular to subrounded fine to coarse of flint, 
macadam and brick. Occasional to frequent lenses and pockets of 
sandy clay. 
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5.7.7 Significant variations of the typical fine grained Made Ground description include: 

 Occasional brick fragments and iron oxide nodules, frequent wood fragments 
and a strong organic odour recorded in 1-903. 

 Strong sulphuric odour at 23.16 m AOD in 1-903. 

 Rare pockets of amorphous peat recorded in 1-946. 

5.7.8 Significant variations of the typical coarse grained Made Ground description
include: 

 Rare pockets of amorphous peat recorded in 1-945 and 1-946. 

Artificial Deposits: Engineered Fill 

5.7.9 Engineered Fill is present in eight boreholes in Area 4, all are located on the M25 
carriageway and its related on-slip and off-slips. The greatest thickness of 
Engineered Fill recorded is 3.4 m of coarse material in 1-748. 1-717 was 
terminated in the Engineered Fill due to an obstruction. The typical descriptions of 
the Engineered Fill encountered are provided in Table 5-30. 

 

Table 5-30 Engineered Fill  Area 4 Typical thicknesses and descriptions

Stratum Typical 
Thickness 
(m) 

Typical Description 

Engineered Fill  
fine grained 

0.6 Sandy/clayey SILT (stiffness not given) and firm to stiff brown slightly 
gravelly CLAY. Gravel is angular to subrounded medium of flint. 
Frequent lenses of soft clay and silt, occasional partings of silt, rare 
pockets of fine to medium sand, and occasional fragments of 
blackened wood and roots. Slight sulphurous odour. 

Engineered Fill  
coarse grained 

Variable.  
1.5 

Brown/yellowish brown medium dense to dense slightly gravelly silty 
fine to medium SAND. Gravel is subangular to subrounded fine to 
medium of flint. 

 

5.7.10 Significant variations of the typical Engineered Fill description include: 

 Locally weakly cemented sand, rare fragments of charcoal and red brick, rare 
to occasional lenses and pockets of black moderately weakly cemented silty 
fine sand and firm clay, possible ash, plant debris and a slight diesel odour 
recorded in 1-748. 

Bedrock Geology: Swinley Clay Member 

5.7.11 The Swinley Clay Member, described in Table 5-31, is present in three boreholes 
located near the top of the hill at Semaphore Tower. The greatest thickness of the 
Swinley Clay Member recorded is 7.0 m in 1-948A.  
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Table 5-31 Swinley Clay Member  Area 4 Typical thicknesses and 
descriptions  

Stratum 
Typical 
Thickness 
(m) 

Typical Description 

Swinley Clay Member 
 fine grained 

7.0 
Firm to very stiff laminated orangish/reddish brown mottled 
greyish brown, light orange and dark brown, slightly sandy 
CLAY. Sand is fine to coarse. 

 

5.7.12 Significant variations of the typical Swinley Clay Member description include: 

 Frequent partings of silty fine sand, occasional rootlets and organic odour
recorded in 1-938. 

 Organic material and pockets of sandy clay recorded in 1-948A. 

Bedrock Geology: Bagshot Formation 

5.7.13 The Bagshot Formation is the predominant formation present in Area 4. The 
greatest thickness recorded is 32.9 m in 1-938, however the base is not proven.
The formation comprises a sequence of fine and coarse grained materials, which 
are best illustrated in the Area 4 sections, referenced in Appendix E. The Bagshot 
Formation is locally interbedded, and large variations in colour and grain size were 
seen both laterally and vertically across the area. 

5.7.14 Thin marker beds of rounded black flint gravel are present in Area 4. The gravels 
are commonly present at the base of the fine Bagshot Formation layer, or the top 
of the underlying coarse Bagshot Formation. In some boreholes, more than one 
marker bed is recorded, as shown on the relevant sections No gravel was 
encountered in the interbedded Bagshot Formation in Area 4 during the ground 
investigation.  

5.7.15 1-720 was terminated due to an obstruction in the Bagshot Formation. During 
drilling, blowing sands were encountered in several locations, particularly at the 
M25 carriageway. The Bagshot Formation is summarised in Table 5-32. 

Table 5-32 Bagshot Formation  Area 4 Typical thicknesses and descriptions  

Stratum 
Typical 
Thickness (m) 

Typical Description 

Bagshot 
Formation  fine 
grained 

Highly variable.  
0.5  11.0 
(not proven) 

Stiff grey sandy silty slightly micaceous CLAY. Sand is fine to 
medium. Occasional lenses and pockets of fine to medium sand 
and silt. Rare to occasional lenses of stiff, sometimes silty, clay. 
Rare burrows recorded. Rare pyrite nodules recorded. 

Bagshot 
Formation  
coarse grained 

Highly variable. 
0.5  14.0 
(not proven) 

Medium dense to very dense brownish grey speckled black silty 
slightly micaceous fine to medium SAND.  
 
Rare to occasional lenses and pockets of silty/clayey fine sand, firm 
to stiff clay and silt. Occasional closely to medium spaced thin 
laminae to very thin beds of stiff clay. Rare lignite and nodules of 
pyrite recorded. 

Bagshot 
Formation - 
interbedded 

2.0 
(not proven) 

Thickly interlaminated to medium interbedded stiff to very stiff dark 
brown to dark grey CLAY and grey to greyish brown speckled black 
fine to medium SAND. Rare lignite and nodules of pyrite recorded. 
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Bagshot 
Formation  
marker bed 

1.0 
Firm to stiff dark grey and dark brown slightly gravelly sandy CLAY. 
Sand is fine to medium. Gravel is rounded medium to coarse of 
black flint. 

 

5.7.16 Significant variations of the typical coarse grained Bagshot Formation description 
include:  

 1-950. 

 Rare nodular pyrite recorded in 1-719, 1-748, 1-749, 1-945, 1-946, 1-950 and 
1-951. 

 Occasional organic matter recorded in 1-913, 1-913A and 1-949A. 

 Abundant black organic matter recorded in 1-726. 

 Strong sulphurous odour recorded in 1-903. 

Bedrock Geology: Claygate Member 

5.7.17 The Claygate Member is the deepest stratum encountered in Area 4. The greatest 
thickness of Claygate Member encountered is 9.8 m in 1-949A, however its base 
was not proven. The Claygate Member dips slightly to the west in Area 4. Typical 
descriptions are included Table 5-33. 

 

Table 5-33 Claygate Member  Area 4 Typical thicknesses and descriptions 

Stratum Typical 
Thickness (m) 

Typical Description 

Claygate Member  
fine grained 

>6.5 m  
(not proven) 
 

Stiff to very stiff rarely fissured, and occasionally laminated 
dark grey to dark brown silty CLAY. Occasional to frequent, 
partings, lenses and pockets of silt and fine sand. Rare lignite 
and occasional nodules of pyrite recorded. 

 

5.8 Area 5 Geological Strata 
5.8.1 The Section of Area 5 encompasses Wisley Airfield as indicated on the Figure 5-5

below (also referenced in Section 2). The related section for the area is the 
proposed Wisley Lane Realignment. The relevant drawings are summarised in 
Appendix E.  
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Figure 5-5 - Interpretation Areas 

5.8.2 The topography ranges from 33.6 m AOD at 1-228 to 22.9 m AOD at 1-239. This 
variation in topography is due to a large area of the former Wisley Airfield being
artificially raised to form features including the disused runway. South-west of the 
airfield, the topography slopes downwards from the raised runway to the natural 
ground level of Stratford Brook floodplain, where 1-239 is located. There is a 
historical landfill located adjacent to Stratford Brook, and it is thought that the 
aforementioned slope may be built up artificially due to this.  

5.8.3 During the 2019/2020 ground investigation parts of the airfield were classed as 
red sites due to the presence of asbestos.  

5.8.4 The strata encountered in Area 5 is presented in  Table 5-34 including the 
thickness range (m), Upper level Range (mAOD) and Basal Level Range (mAOD). 
Where the base of the stratum was not encountered, this is recorded as not 
proven.  

Table 5-34 Strata Summary  

Stratum 
Thickness range 
(m) 

Upper Level 
Range (m AOD) 

Basal Level 
Range (m AOD) 

Topsoil 0.1 - 0.4 23.3 - 33.6 23.0 - 33.5 

Artificial Deposits 

Macadam 0.2 - 0.3 27.5 - 29.6 27.2 - 29.5 

Concrete 0.2 - 0.4 23.5 - 30.0 23.1 - 29.8 

Made Ground 
0.2 - 3.4 
 

23.0 - 33.5 
 

22.7 - 33.1 
 

Engineered Fill  fine 
grained 

0.2 
22.9 
 

22.7 
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Engineered Fill  
coarse grained 

0.6 - 1.4 
 

22.7 - 23.4 
 

22.0 - 22.5 
 

Landfill 3.4 22.7 19.3 

Superficial 
Deposits 

Alluvium 
0.4 - 2.5 
 

19.3 - 22.2 
 

18.9 - 19.7 
 

Undifferentiated River 
Terrace Deposits - fine 
grained 

0.2 - 1.5 
(not proven) 

22.3  31.0 
 

21.4 - 30.6 
(not proven) 

Undifferentiated River 
Terrace Deposits  
coarse grained 

0.2 - 3.1 
(not proven) 

23.6 - 33.1 
 

22.3  31.0 
(not proven) 

Bedrock Deposits 

Swinley Clay Member Not encountered in Area 5 

Bagshot Formation  
fine grained 

0.2 - 10.9 
 

12.6 - 29.3 
 

11.0 - 27.8 
 

Bagshot Formation  
coarse grained 

0.2 - 5.5 
 

10.4 - 29.4 
 

7.7 - 28.9 
 

Bagshot Formation - 
interbedded 

0.5 - 2.6 
 

10.2 - 18.6 
 

9.4  18.0 
 

Claygate Member 
2.0 - 14.3 (not 
proven) 
 

7.7 - 11.9 
 

-4.9 - 8.3 (not 
proven) 
 

 

Topsoil 

5.8.5 Topsoil is found in nine exploratory holes in Area 5. The greatest thickness 
recorded is 0.4 m in 1-211 and 1-226. Topsoil is predominantly granular, except 
for one layer of peat and one layer of clay in 1-211 and 1-227 respectively. The 
typical descriptions are provided in Table 5-35.  

 Table 5-35 Topsoil  Area 5 Typical thicknesses and descriptions 

Stratum Typical 
Thickness (m) 

Typical Description 

Topsoil  fine 
grained 

0.4 
Dark grey slightly gravelly fine to medium sandy PEAT with 
occasional rootlets. Gravel is subangular to subrounded, fine 
to medium of mudstone. 

Topsoil  coarse 
grained 

0.3 

Dark brown slightly gravelly silty fine to medium SAND with 
frequent roots, rootlets and plant material. Gravel is angular 
to rounded fine to coarse of flint. 
 

 

Artificial Deposits: Made Ground 

5.8.6 Made Ground is present in 16 No. of the 25 No. boreholes in Area 5, which was 
expected due to the history of the scheme. The greatest thickness of Made 
Ground, including concrete, is 3.6 m in 1-217. This is located on the flat area of 
hardstanding where hangers and other buildings were historically located. The 
Made Ground is summarised in Table 5-36. 
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Table 5-36 Made Ground  Area 5 Typical thicknesses and descriptions 

Stratum 
Typical 
Thickness (m) 

Typical Description 

Hardstanding 0.2 
CONCRETE. Occasionally encountered as reinforced 
CONCRETE with rebar. 

Macadam 0.2 Black MACADAM 

Made Ground  fine 
grained 

0.5 

Soft to firm orange/bluish grey/brown/black slightly gravelly 
sandy CLAY. Sand is fine to coarse. Gravel is angular to 
subrounded fine to coarse of flint concrete, macadam and red 
brick. 

Made Ground  coarse 
grained 

1.0 

Loose to medium dense greyish/greenish/orangish brown, 
brownish/greenish/orangish grey, locally black, gravelly silty 
fine to coarse SAND. Gravel is angular to rounded fine to 
coarse of quartz, flint, coal, brick, concrete, macadam, 
asphalt, mortar and clinker. Locally occasional roots and 
rootlets. 
 
Brown sandy angular to subrounded fine to coarse GRAVEL 
of brick, concrete, macadam, clinker and quartz. Sand is fine 
to coarse. 

 

Artificial Deposits: Engineered Fill 

5.8.7 Engineered Fill is present in three boreholes situated at the southernmost part of 
Area 5, adjacent to the Ockham Park Junction. The greatest thickness of 
Engineered Fill recorded is 1.4 m in 1-243. The Engineered Fill is summarised in 
Table 5-37. 

Table 5-37 Engineered Fill  Area 5 Typical thicknesses and descriptions  

Stratum Typical 
Thickness (m) 

Typical Description 

Engineered Fill  fine 
grained 

0.2 Soft brown slightly sandy gravelly CLAY. Sand is fine to 
medium. Gravel is angular to subrounded medium of flint with 
occasional fragments of brick (up to 60x50x10 mm) and 1 
fragment of chalk (15x15x10 mm). 
 

Engineered Fill  
coarse grained 

0.6 Brown gravelly silty fine to coarse SAND with low cobble 
content. Gravel is angular to subrounded fine to coarse of flint 
and concrete. Cobbles are subangular to subrounded of flint. 
(Density is not recorded due to coarse Engineered Fill being 
present only at depths less than 1.2 m bgl). 
 

5.8.8 Significant variations of the typical coarse Engineered Fill description include:

 Strong hydrocarbon odour and tar like texture recorded in 1-239. 

 Macadam, black fabric and plastic tubing also recorded in 1-239. 
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Artificial Deposits: Landfill 

5.8.9 1-237 is located in the known area of the historical Old Rectory Farm landfill. The 
likely extents of the landfill can be seen on the sections for Area 5. The landfill 
material is summarised in Table 5-38. 

Table 5-38 Landfill  Area 5 Typical thicknesses and descriptions 

Stratum Thickness (m) Typical Description 

Landfill 3.4 

Soft brown, locally black, gravelly sandy CLAY with low cobble 
content and silty organic (probably peat) CLAY. Sand is fine to 
coarse. Gravel is angular to subangular fine to coarse of mixed 
lithologies including brick, concrete, roofing tiles, flint and clinker. 
Cobbles are angular of concrete. 
 
Frequent plant debris and roots, locally frequent pockets of light grey 
to white clay, occasional rootlets and fragments of charcoal. Rare 
fragments of wood, up to the full core diameter in size. Occasional 
fragments of metal pipe. 1 gastropod shell. 

 

Superficial Deposits: Alluvium 

5.8.10 Alluvium is present in two boreholes in Area 5, located on either side of Stratford 
Brook. The thicknesses recorded are 2.5 m in 1-239 and 0.2 m in 1-237. The 
typical description of the Alluvium is presented in Table 5-39. 

Table 5-39 Alluvium  Area 5 Typical thicknesses and descriptions 

Stratum Typical 
Thickness (m) 

Typical Description 

Alluvium  fine 
grained 

0.2  2.5 Soft to firm dark brown/black/greenish grey silty CLAY. 
 

Superficial Deposits: Undifferentiated River Terrace Deposits 

5.8.11 Undifferentiated River Terrace Deposits are present in 17 of the 25 exploratory 
holes in Area 5. They are distributed across the whole of Area 5, including near 
the Wisley Lane Overbridge, which corresponds to the Undifferentiated River 
Terrace Deposits present near this location in Area 2. The greatest thickness 
recorded is 4.0 m in 1-228, however the base was not proven. The Undifferentiated 
River Terrace Deposits are summarised in Table 5-40. 

Table 5-40 Undifferentiated River Terrace Deposits  Area 5 Typical 
thicknesses and descriptions  

Stratum Typical 
Thickness (m) 

Typical Description 

Undifferentiated 
River Terrace 
Deposits  fine 
grained  

0.6 
(not proven) 

Soft to firm grey and brownish orange fine sandy gravelly 
CLAY, with occasional partings and pockets of silt and sand. 
Gravel is rounded to angular of flint.  

Undifferentiated 
River Terrace 

0.7 
(not proven) 

Loose to medium dense yellowish brownish orange slightly 
gravelly slightly clayey fine to coarse SAND. Gravel is angular 
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Deposits  coarse 
grained  

to rounded fine to coarse brown to dark grey and black flints 
and quartz 

 

Bedrock Geology: Bagshot Formation 

5.8.12 The Bagshot Formation is the predominant formation present in Area 5. The 
greatest thickness recorded is 19.1 m in 1-264. Large variations in colour and grain 
size are seen vertically and laterally across the area. The Bagshot Formation is
more interbedded in Area 5 than in other areas, and so it was more difficult to 
correlate fine grained and coarse grained strata across this area. This is best 
illustrated in the sections for Area 5, referred to in Appendix E. The Bagshot 
Formation is summarised in Table 5-41. 

Table 5-41 Bagshot Formation  Area 5 Typical thicknesses and descriptions  

Stratum 
Typical 
Thickness (m) 

Typical Description 

Bagshot Formation  
fine grained 

Highly Variable. 
3.0 

Firm to stiff dark grey/orangish brown/brownish grey sandy 
silty slightly micaceous CLAY.  
 
Rare indistinct pockets of stiff sandy/silty clay. Rare to 
occasional lenses of silt and pockets and lenses of silty sand. 
Rare very closely to closely spaced thin laminae to thin beds 
of silty sand. Sand is fine to medium. Rare fragments of 
lignite and nodules of pyrite recorded. 

Bagshot Formation  
coarse grained 

Variable. 
2.0 

Medium dense to very dense grey/brown, often speckled 
black, silty fine to medium SAND. Rare lenses of clay and 
silt. Occasional pockets of sandy/silty clay. Sand is fine. 
Occasional laminae to thin beds of stiff clay. Rare fragments 
of lignite and nodules of pyrite recorded. 

Bagshot Formation  
interbedded 

Variable. 
1.5 

Very thinly to thickly interbedded dark grey firm to very stiff 
silty CLAY and very dense greyish, locally greenish, brown 
slightly clayey silty fine to coarse SAND.  
Clay beds contain locally occasional laminae, partings and 
lenses of fine sand and silt. Sand beds contain locally 
occasional lenses and pockets of stiff clay and very clayey 
sand. Rare fragments of lignite and nodules of pyrite 
recorded. 

Bedrock Geology: Claygate Member 

5.8.13 The Claygate Member is present in five boreholes in Area 5. The greatest 
thickness encountered is 14.33 m in 1-235, however the base is unproven. The 
Claygate Member is summarised in Table 5-42. 

Table 5-42 Claygate Member  Area 5 Typical thicknesses and descriptions 

Stratum Typical 
Thickness (m) 

Typical Description 

Claygate Member 8.5 (not proven) Stiff to very stiff dark brown silty slightly micaceous CLAY. 
Sand is fine. Rare to occasional partings and lenses of silt. 
Occasional lenses and partings of silty fine sand. Rare 
fragments of lignite and nodules of pyrite recorded. 
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5.9 Area 6 Geological Strata 
5.9.1 The Section of Area 6 encompasses Elm Lane as indicated on the Figure 5-6

below (also referenced in Section 2).  

Figure 5-6 - Interpretation Areas 

5.9.2 The strata encountered in Area 6 is presented in  Table 5-43 including the 
thickness range (m), Upper level Range (mAOD) and Basal Level Range (mAOD). 
Where the base of the stratum was not encountered, this is recorded as not 
proven.  

Table 5-43 Strata Summary 

Stratum Typical 
Thickness (m) 

Typical Description 

Topsoil 0.4 Dark brown/greyish brown slightly gravelly silty fine SAND with 
frequent roots and rootlets. Gravel is subrounded to rounded 
fine to coarse of sandstone.  

Bagshot Formation  
coarse grained 

2.1 Medium dense mottled grey, greyish brown, yellow and orangish 
brown silty/clayey fine SAND with rare medium to coarse 
subrounded to rounded flint gravel. 

Bagshot Formation  
fine grained 

0.8 
(not proven) 

Firm to stiff grey sandy CLAY. Sand is fine to medium. 

Bagshot Formation  
coarse grained 

3.7 
(not proven) 

Medium dense becoming dense grey/greenish grey speckled 
black fine SAND with beds (thickness and spacing undefined) of 
stiff grey silty clay. Possibly interbedded. Locally frequent pyrite 
nodules. 

Bagshot Formation  
fine grained 

1 
(not proven) 

Stiff grey silty CLAY with beds (thickness and spacing 
undefined) of grey and green fine sand. Possibly interbedded.
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5.10 Geotechnical Parameters Rationale 
5.10.1 The following sections summarise the derivation of the geotechnical parameters. 

The geotechnical parameters for each geological unit are provided in Section 5.11 
of this report. Where appropriate, and where there is sufficient data, characteristic 
values (defined below) have been presented for the various strata encountered. 

5.10.2 Characteristic geotechnical parameters have been derived using the results of the 
2019/2020 ground investigation and any relevant historical information. Data plots 
are provided in Appendix G, laboratory test results are found in Appendix C. 

5.10.3 The results are plotted against depth for each geological unit to enable trends to 
be identified. Results have been plotted against depth, as opposed to elevation, 
to account for the elevation variation across the Scheme.  

5.10.4 Characteristic values are defined in BSI BS EN 1997 (British Standards Institute 
(BSI), 1997) as: 

 
be based on results and derived values from laboratory and field tests, 
complemented by well-established experience. 

 (2)P The characteristic value of a geotechnical parameter shall be selected as 

-1 (BSI 
Standards Publication , 2013) which means that no alternative method may be 
used. 

5.10.5 Where there is a large variability of test results or insufficient test results to enable 
characteristic value derivation, representative average values and the range of 
results for the unit are stated. The values stated for classification tests (e.g. 
Atterberg Limits and Particle Size Distribution (PSD)) are representative values for 
the strata rather than characteristic values to be used for design. 

5.10.6 Reporting of ranges and average values has been undertaken: 

 XX-XX  Range (XX)-Number of tests  

 XX - Characteristic Value ± XX Standard Deviation 

5.10.7 Individual stratum geotechnical parameters are provided in Table 5-50 to Table 
5-61. A summary of the characteristic geotechnical parameters to be used in 
detailed design are provided in Table 5-62. 

Classification of index properties 

5.10.8 Classification and index tests do not provide engineering parameters directly but 
are used to classify soils, identify trends, strata changes, predict behaviour and 
apply empirical correlations to obtain estimates of undrained shear strength (cu), 
see Table 5-50, and angle of shearing resistance ( , see equation in Section
5.10.24.  

Water Content and Atterberg Limits 

5.10.9 Atterberg limits have been plotted on an A-line plasticity chart for classification. 
Plasticity index has also been plotted against depth.  
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Particle Size Distribution 

5.10.10 Wet sieving particle size distribution tests were carried out to determine the 
grading of coarse materials  mm). Sedimentation tests have been carried 
out on tested samples with >15% clay and silt to determine the particle size 
distribution of the fine fraction (the proportion of particles <0.063 mm).  

5.10.11 The results are plotted as grading curves for each geological unit. 

Bulk and Dry Density 

5.10.12 Values of bulk and dry density have been determined from laboratory tests on 
disturbed and undisturbed samples. The results are plotted with depth for each 
geological unit and also on a histogram; a range and representative values are 
provided. 

Weight Density 

5.10.13 The weight density is the total weight of the soil in a single unit of volume. The 
weight density of soil can be calculated by multiplying the force of gravity 
(9.81 m/s2) by the bulk density. 

5.10.14 In the absence of bulk and dry density test results, for fine and coarse soils above 
the groundwater table, suggested values for characteristic weight density are 
given in Figure 1 of B S8004:2015 (British Standards Institute (BSI), 2015). For 
fine and coarse soils below the groundwater table, the suggested values for 
characteristic weight density are given in Figure 2 of BS 8004:2015 (British 
Standards Institute (BSI), 2015). 

Strength properties 

Undrained shear strength 

5.10.15 The undrained shear strength (Cu) has been assessed using the following: 

 Empirical correlations with standard penetration tests (SPT); 

 Unconsolidated undrained triaxial compression tests; and 

 Empirical correlations with cone penetration tests (CPT). 

5.10.16 The undrained shear strength results derived from each of the above tests are 
plotted against depth below ground level and m AOD for each geological unit. A 
characteristic line is then drawn deterministically to derive undrained shear 
strength change with depth. 

Standard Penetration Tests (SPT)   

5.10.17 SPTs were carried out in cable percussion, dynamic sample, rotary core and 
window sample boreholes.  

5.10.18 Where SPTs refused (>50 blows for less than 300 mm penetration), the results 
have been extrapolated to give an N value for the full test drive using the equation:

300*
)(

)100(

mmdrivetestduringnpenetratio

drivetestduringblows
N
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5.10.19 SPTs have been discounted where they have been considered to terminate on an 
obstruction. 

5.10.20 I undrained shear strength using the 
following relationship proposed by (Stroud, 1975): 

 

5.10.21 Using Stroud and Butler (1975) (Stroud, 1975) the value of is determined for 
overconsolidated soils using the representative plasticity index. A summary of the 

values used for each stratum are given in Table 5-44 below. A conservative
value of 4.2 has been assigned to Made Ground, Engineered Fill, Alluvium and 

the Undifferentiated River Terrace Deposits as these are considered to be 
normally consolidated. 

Table 5-44 f1 values for fine soils (assessed using Stroud and Butler (1975))

Geological Unit Representative Plasticity 
Index (%) 

 (Stroud and Butler, 1975) 

Made Ground 16 4.2 

Engineered Fill 33 4.2 

Alluvium 19 4.2 

Undifferentiated River 
Terrace Deposits 

18 4.2 

Swinley Clay Member 35 4.3 

Bagshot Formation (fine) 25 5.0 

Bagshot Formation 
(interbedded) 

18 5.7 

Claygate Member 32 4.5 

 

Unconsolidated Undrained Shear Strength Tests 

5.10.22 Laboratory undrained unconsolidated triaxial tests directly provide a peak 
undrained shear strength value.  

Deriving undrained shear strength from cone resistance 

5.10.23 Undrained shear strength has been derived from cone resistance using the 
following equation from Lunne et al. (1997) (Lunne, 1997): 

cu = (qc -  

5.10.24 Where Nk is a cone resistance factor. An Nk factor of 20 has been derived by 
plotting the cone resistance converted to undrained shear strength with data from 
SPTs and Unconsolidated Undrained (UU) triaxial (Lunne, 1997).  

Table 5-45 Derived Nk values 

Stratum Nk 

Engineered Fill (fine) 20 

Bagshot Formation (fine) 20 
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5.10.25 Where available, effective stress parameters for fine soils have been derived from 
consolidated undrained (CU) triaxial compression tests. CU triaxial data have been 
plotted on MIT (t-s) and Cambridge (p-q) plots.  

5.10.26 In order to derive characteristic values from effective stress plots, deterministic 
best fit lines have been drawn.   In the absence of CU triaxial test data for fine soils 
the characteristic constant volume (also known as critical state) effective angle of 

 in BS
8004:2015 (British Standards Institute (BSI), 2015): 

cv,k =  42°-12.5log10IP  
where: 

 lP and falls between 5 % and 100 % 

5.10.27 For fine soils in the absence of test data, the characteristic constant volume 
cv,k) has been taken as zero in accordance with BS 8004:2015 

Section 4.3.1.4.9. 

5.10.28 Where the material is typically granular, a combination of particle 
angularity, uniformity coefficient of soil grading (BS 8004:2015) and in situ SPT 
and SCPT data (CIRIA, 1995) can also be used to generate effective 
stress values.   

5.10.29 
sands and gravels, using the following relationship: 

1 - 0.00054N1
2 

 

5.10.30 The SPT N values are corrected for overburden pressure to produce N1 values 
using the relationship below: 

N1 = CN . v  
 

5.10.31 CN values were derived using the following relationship suggested by Liao & 
Whitman (1985): 

CN = (95.76 / v)0.5 

 

5.10.32 In the absence of test data suitable for determining the critical state effective angle 
cv,k) for coarse soils the following correlation has been 

used as given in BS 8004:2015: 

cv,k =  ang PSD 

where: 

  

 Particle Size Distribution. 

5.10.33 ang PSD are given in BS 8004:2015 (British Standards Institute 
(BSI), 2015), Table 1. 
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5.10.34 For coarse soils with a fines content less than 15 %, the characteristic peak 
pk,k) has been derived from BS

8004:2015: 

 
pk,k = cv,k  + dil 

where: 

  

5.10.35 dil are given in Table 1 of BS 8004:2015 (British Standards Institute 
(BSI), 2015). If the fines content of the coarse soil exceeds 15 dil has 
been assumed to be zero. 

Consolidation properties 

5.10.36 Consolidation test data have been plotted on three plots: 

 Coefficient of volume compressibility (mv) vs applied stress; 

 Coefficient of consolidation (cv) vs applied stress; and 

 Void ratio vs stress. 

5.10.37 Oedometer tests were scheduled on undisturbed samples at a range of depths. 
The results of the oedometer tests present coefficient of volume compressibility 
values (mv) and coefficient of consolidation (cv) against applied end pressure.

5.10.38 A correlation developed by Stroud and Butler (1975) using a f2 factor, which is 
broadly associated with the Plasticity Index of the material, and the SPT N60 
values, provides a coefficient of volume compressibility (mv). A summary of the f2 

values is given in Table 5-46 and the empirical correlation is given below. 

Table 5-46 f2 values for fine soils (assessed using Stroud and Butler (1975)) 

Geological Unit Characteristic Plasticity 
Index (%) 

  

 (Stroud and Butler, 1975) 

Engineered Fill 33 470 

Alluvium 19 575 

Undifferentiated River 
Terrace Deposits 

18 
590 

Swinley Clay Member 35 465 

Bagshot Formation 
(fine) 

25 520 

Bagshot Formation 
(interbedded) 

18 590 

Claygate Member 32 475 

 

5.10.39 Coefficient of volume compressibility (mv) is derived from correlation between SPT 
N60 and f2 (Stroud, 1975): 
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5.10.40 The results of the consolidation tests and the empirically derived mv values have 
been assigned a qualitive compressibility description based on Table 2.1 of 
Tomlinson (2001), reproduced as Table 5-47 below, for applied stresses up to 
130 kN/m2. 

Table 5-47 Tomlinson 2001, Table 2.1 

Qualitive Description Coefficient of Volume Compressibility, mv 

(m2/MN) 

Very low compressibility Below 0.05 

Low compressibility 0.05 - 0.10  

Medium compressibility 0.10 - 0.30 

High compressibility 0.30 - 1.50 

Very high compressibility Above 1.50 

 

Stiffness properties 

5.10.41 Stiffness has been derived based upon the guidance provided within CIRIA 143 
(Stroud Correlation). 
recommended based on:  

 mv v. Statistical values given in this report consider mv 
values from the entire range of stress increments and therefore should not be 
used for specific analyses; 

 for fine materials: a conservative u) and 
plasticity index, as recommended in Table 10.5 of Barnes (2010) (Table 5-48
reproduced below); and 

 for coarse materials: the relationship given in CIRIA R143, between SPT N and 
Drained Stiffness was used as follows:  

E 2) = 1N to 2N 

Table 5-48  

Plasticity Index, % u 

10  20  270 

20  30 200 

30  40 150 

40  50 130 

50  60  110 
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Compaction properties 

5.10.42 Laboratory compaction tests using a 2.5 kg and a 4.5 kg rammer were carried out 
on disturbed samples.  Some samples were tested to obtain a moisture condition 
value (MCV) at natural moisture content. The optimum water content and 
maximum dry densities are summarised and plotted for each stratum.  

Laboratory California Bearing Ratio (CBR) 

5.10.43 California Bearing Ratio (CBR) for proposed subgrade materials have been 
determined using the following techniques: 

 Laboratory testing including CBR, Plasticity Index (PI) and Optimum Water
Content (OWC); and 

 Correlating with published literature (LR1132 and LR889). 

5.10.44 LR1132 (Powell, 1984) provides long term equilibrium CBR values for fine and 
coarse material. Estimated CBR values assume average construction conditions 
and a high water table (300 mm beneath formation level).  

Table 5-49 Long term equilibrium CBR values under road pavements in clays from 
Table C1 from LR1132 (Powell, 1984). 

5.10.45 LR889 (Lister, 1979) suggests using undrained shear strength of cohesive soils to 
provide a preliminary CBR value using the equation proposed by Black and Lister 
(1979): 

 
5.10.46 For characteristic CBR values please refer to the strata specific geotechnical 

parameter tables (Table 5-52  Table 5-61) and geotechnical parameter summary 
table (Table 5-62) in Section 5.11 of this report.  

Soil Chemistry  

5.10.47 Geotechnical chemical testing has been undertaken on disturbed soil samples and 
water samples in order to determine the aggressivity of the materials encountered 
on buried concrete. Depending on the material designation as greenfield or 
brownfield with pyrite present or absent, as defined within BRE Special Digest 
1:2005 (BRE Construction Devision, 2005), Suite A to D tests (as defined in ICE 
UK Specification for Ground Investigation) were scheduled and undertaken by a 
UKAS accredited laboratory.  

5.10.48 All stratum encountered during the ground investigation were deemed to have the 
potential to contain pyrite. Strata encountered in areas of previous development 
were classified as brownfield whereas previously undeveloped sites were 
classified as greenfield. 

5.10.49 Where greenfield and/or brownfield testing has been carried out on a stratum, this 
has been stated on the geotechnical parameter tables. Sample size (shown in 
brackets) and method of characteristic value derivation have been shown on the 
geotechnical parameter tables in Section 5.11. 

5.10.50 Depending on the anticipated aggressivity of the underlying geology, samples 
were either tested for just pH and water-soluble sulphate or, if assumed to be 
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aggressive, they were also tested for acid soluble sulphate and total potential 
sulphate. 

5.10.51 In accordance with BRE Special Digest 1:2005 (BRE Construction Devision, 2005)
Concrete Design Sulphate (DS) values and the resultant Aggressive Chemical 
Environment for Concrete (ACEC) values have been derived based on sample 
size. If only a small (less than five) number of samples have been tested for 
sulphate, the highest measured sulphate concentration has been taken as the 
characteristic value. In a data set where there are five to nine results available for 
the location, the mean of the highest two of the sulphate tests results has been
taken as the characteristic value. In a data set where there are 10 or more results 
available, the mean of the highest 20 % of the sulphate test results has been taken 
as the characteristic value.  

5.10.52 In accordance with BRE Special Digest 1 (BRE Construction Devision, 2005), 
water soluble sulphate results have been rounded to the nearest 100 mg/l and 
total potential sulphate values have been rounded to the nearest one decimal 
place. Where water soluble sulphate results are below 50 mg/l these have been 
rounded up 100 mg/l.  

5.10.53 The characteristic values for pH have been determined by considering the values 
obtained from tests on soil and groundwater. For both soil and groundwater, the 
respective lowest measured values of pH have been taken if only a small number 
of samples have been tested. Otherwise the respective means of the lowest 20 % 
of the pH results have been taken. The characteristic value of the pH has been
taken as the lowest of the pH determinations for the soil and groundwater 

5.10.54 Made Ground and Engineered Fill have been assumed as brownfield in 
accordance with BRE Special Digest 1 (BRE Construction Devision, 2005), 
samples taken from strata falling within the former Wisley Airfield have also been 
classified as brownfield due to the history of the site. 

5.10.55 No historical data has been included in the soil chemistry parameter derivations.  

5.10.56 Groundwater across the Scheme is considered to be mobile. Although some clay 
dominated strata (the Swinley Clay Member and Claygate Member) are classified 
as unproductive, the presence of fissured clay and/or occasional silt or sand 
lenses/partings in those units may act as conduits for the transmission of 
groundwater. Localised faulting may also act as a pathway for groundwater. All 
other strata encountered on the Scheme are Secondary A or Secondary B 
Aquifers. 
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5.12 Localised Variations in Material Descriptions and Properties
5.12.1 Notable and significant variations within the strata encountered at the Scheme, 

that may influence design are noted in the geotechnical parameter tables above
Further details on the interpretation of these variations is given below. These 
notable or significant variations include the following:  

 Zone of low undrained shear strength in the Swinley Clay Member encountered 
at Redhill road; 

 Potential strength variation within the Alluvium encountered in Areas 2 and 5 
adjacent to Stratford Brook at Ockham Park Junction; 

 Made Ground encountered adjacent to the M25 anticlockwise carriageway in 
Area 4; 

 High organic content and liquid limits observed in the Bagshot Formation 
adjacent to Bolder Mere. 

Low Undrained Shear Strength of the Swinley Clay Member at Redhill 
Road  

5.12.2 Details of where, within the Scheme extents, the Swinley Clay Member was 
encountered at the proposed Redhill Road overbridge in Area 1 are provided in 
Section 5.4.8 above. Similarly, typical descriptions and thicknesses of the Swinley 
Clay Member are presented in Table 5-8 above. 

5.12.3 It should be noted that six Unconsolidated Undrained Triaxial (UUT) test results 
(taken from recent and historical data) exhibited a zone of low undrained shear 
strength, compared to the characteristic values, of between 39 kPa and 120 kPa
at depths of between 6 m bgl and 14 m bgl.  

5.12.4 Although these values area not characteristic to the Swinley Clay Member across 
the scheme, they should be considered during design. 

5.12.5 These values have been highlighted on the 
 (Figure 7-6 in Appendix G).  

Potential Alluvium variation at Stratford Brook 

5.12.6 Alluvium is present in Areas 2 and 5 of the Scheme as described in Sections 5.5.16
and 5.8.10 above. Typical descriptions and thicknesses of the Alluvium are 
presented in Table 5-15 and Table 5-39 above. 

5.12.7 The undrained shear strength of Alluvium has been determined from historical
triaxial strength test data and through empirical correlations with SPTs (see figure 
4-6 in Appendix G). The undrained shear strength values derived using SPTs from 
the 2019/2020 ground investigation are found to be higher than those determined 
from historical triaxial testing. This is thought to be due to Engineered Fill overlying 
Alluvium in exploratory holes 1-169 and 1-170 adjacent to Stratford Brook. The 
Engineered Fill encountered is thought to be associated with a culvert. It is likely
that historical construction and placement of the Engineered Fill has compacted 
the Alluvium in this area, increasing its strength.  
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5.12.8 Where Alluvium is encountered at surface, such as in exploratory hole 1-237, the 
undrained shear strength is likely to be more representative of the historical triaxial 
tests. 

Made Ground (Area 4 at M25 NMU Overbridge) 

5.12.9 The location of Area 4 and the presence of Made Ground is discussed in Section 
5.7.3. Typical descriptions and thicknesses of the Made Ground within Area 4 are 
presented in Table 5-29.  

5.12.10 A localised area of Made Ground is seen in exploratory hole 1-903 at the northern 
abutment of the proposed M25 NMU overbridge. The Made Ground encountered 
is related to a historical infilled, non-water, land feature (pit) beneath the M25 
eastbound on-slip; 250 m north-east of the M25 Junction 10/A3 Wisley 
Interchange.  

5.12.11 It should be noted that the Made Ground encountered in 1-903 contains:  

 Occasional brick fragments and iron oxide nodules, frequent wood fragments 
and a strong organic odour; and 

 Strong sulphuric odour at 23.16 m AOD. 

5.12.12 It should also be noted that due to the inherent variability of Made Ground, strength 
and compressibility of the material may vary significantly over short distances both 
vertically and laterally.  

Organic Content & Potential for Volume Change (at Bolder Mere) 

5.12.13 Organic content is occasionally observed within the Bagshot Formation across the 
Scheme. However, it should be noted that in exploratory hole 1-150, adjacent to 
Bolder Mere, high levels of organic matter (33.1 %) and high liquid limits (87-150
%) were encountered.  

5.12.14 Although the above values encountered at Bolder Mere are not characteristic of 
the Bagshot Formation, they should not be discounted during design as they 
indicate a high plasticity clay content, suggesting the high potential for volume 
change within the fine units of the Bagshot Formation adjacent to Bolder Mere.
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5.14 Hydrogeological Conceptualisation 

Introduction 

5.14.1 Understanding the hydrogeological regime in the vicinity of the Scheme is 
necessary to understand the risks from or to groundwater as part of the works.

Hydrogeological units 

5.14.2 Based on existing information from desk study and historical GI (see Section 3.6), 
the hydrogeological setting is of higher hydraulic conductivity aquifer units 
overlying the deeper low hydraulic conductivity London Clay Formation. The 
London Clay Formation effectively forms a base to the shallow aquifer system. 
The thickness of low permeability London Clay Formation at the base of the 
Bagshot Formation is considered to act as an aquitard between shallow 
groundwater and groundwater in deeper units (e.g. Chalk Group), which have not 
been considered further. 

5.14.3 The geology encountered during the recent GI confirms the previous 
understanding and is predominantly Bagshot Formation (sand) with lenses of 
superficial Undifferentiated River Terrace Deposits (sand and gravel). The 
expected hydraulic conductivity of both units is relatively high, except for where 
the Bagshot Formation is interbedded with clay. The proportion of clay material 
encountered during the ground investigation was variable, however, it typically 
increases toward the top of the unit, before becoming the Swinley Clay Member. 
These clay beds are likely of low hydraulic conductivity; however, their interbedded 
nature means they are likely to impact vertical hydraulic conductivity to a greater 
degree than lateral hydraulic conductivity. 

5.14.4 As part of the recent GI, falling and rising head tests were undertaken in a number 
of locations as set out in Table 4-2, as part of the ground investigation. These were 
all undertaken on the coarse Bagshot Formation or coarse Undifferentiated River 
Terrace Deposits. The results of these tests are presented in Appendix F, with 
derived estimates for hydraulic conductivity of for the coarse Bagshot Formation 
between 2.7 x 10-5 and 1.0 x 10-7 m/s and hydraulic conductivity for the coarse 
Undifferentiated River Terrace Deposits between 8.1 x 10-7 and 7.0 x 10-7 m/s. 
No permeability testing has been undertaken on the deeper hydrogeological units 
(i.e. Swinley Clay Member or London Clay Formation) as part of this ground 
investigation. 

5.14.5 During the most recent GI, the coarse Bagshot Formation aquifer was encountered 
with proven thicknesses of between 7.1 and 29.0 m (although interbedded with 
clay units) and laterally continuous, connecting directly to both the River Wey and 
River Mole. Groundwater is generally unconfined, even where the Swinley Clay 
Member is present. 

Groundwater Levels 

5.14.6 During the 2019/2020 ground investigation, groundwater monitoring has been 
undertaken from 81 monitoring locations. To date, three groundwater monitoring 
rounds having been undertaken since the end of the ground investigation. 
Additional groundwater monitoring was undertaken between June 2019 and 
February 2020, however not all monitoring locations had been installed during this 
period. Hydrographs for each monitoring location are presented in Appendix K. 
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Some boreholes have dual installations with groundwater monitoring standpipes 
or piezometers screening different horizons within the shallow aquifer. Dual 
installations typically indicate a downward hydraulic gradient is present with higher 
groundwater levels in the shallow installation. 

5.14.7 A number of monitoring locations along the A3 north of Junction 10 (near Redhill 
Road) and the M25 east of Junction 10 (near Chatley Heath) have recorded 
groundwater levels above 30 m AOD across multiple monitoring rounds (e.g. 1-
307, 1-311, 1-314, 1-404, and 1-938).These groundwater levels are not consistent 
with the surrounding installations which typically have groundwater levels between 
16 and 26 m AOD. In some cases, high groundwater levels reported during the 
ground investigation relate to water trapped within the well installation and these 
become comparable with other locations following well development. However, 
other locations show consistently high groundwater levels. 

5.14.8 Localised high groundwater levels, that remain following well development, 
typically relate to shallow installations and are likely associated with localised 
perched water sitting on the interbedded clay units of the Bagshot Formation, or 
Swinley Clay Member. In the case of 1-404, which has over 10 m difference 
between shallow and deep groundwater levels, the shallow install has a response 
zone in the top 8 m bgl, which is predominantly clay Bagshot Formation (or Swinley 
Clay Member), whereas the deeper install includes nearly 20 m of predominantly 
sandy Bagshot Formation. Detailed design particularly in the area of Redhill Road, 
should be careful to distinguish potential perched water from groundwater in the 
unconfined aquifer. 

5.14.9 A south-west  north-east groundwater profile along the A3 is shown in Drawing 
HE551522-ATK-EWE-XX-DR-LW-000001. There is evidence of groundwater 
recharge from stream valleys (chainage 3000 to 4000) as surface water is focused 
and partially lost to the underlying aquifer. The M25 cutting at Junction 10 can be 
seen around chainage 1800. The base of the cutting is close to the groundwater 
level and may act as a control on groundwater levels, with groundwater converging 
on the M25, possibly being removed east and west via the road drainage system. 
The likely shallow groundwater levels should be considered when designing new 
cuttings as part of the Junction 10 improvements. 

5.14.10 Groundwater contour plots have been drawn based on available groundwater 
monitoring data, topography (Environment Agency, 2020a) and river gauging 
stations (Environment Agency, 2020b). To investigate seasonal variation in 
groundwater levels, contour plots are shown in in Drawing HE551522-ATK-EWE-
XX-DR-LW-000001 and Drawing HE551522-ATK-EWE-XX-DR-LW-000002 for 
November 2019 and for April 2020, respectively. Groundwater levels are lower in 
November following the summer period and higher in April following the winter 
period. Despite relatively high rainfall in winter, particularly February 2020, which 
was an exceptionally wet month (Met Office, 2020), groundwater levels are 
generally within 1 m of the November 2020 values. This suggests the aquifer has 
small seasonal variation, which is indicative of high transmissivity and specific 
yield. 

Hydrological Flow Divides 

5.14.11 The Scheme is located close to the topographical divide between the River Wey 
(to the west) and River Mole (to the east) catchments. These surface water 
catchments are shown in Drawing HE551522-ATK-EWE-XX-DR-LW-000003. The 
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A3 south of Junction 10 and the M25 west of Junction 10 are within the River Wey 
catchment area, whereas the A3 north of Junction 10 and M25 east of Junction 10
are within the River Mole Catchment. 

5.14.12 To inform any future controlled waters risk assessments the available groundwater 
contour plots have been used to determine the hydrogeological groundwater 
divide in the same process as the surface water catchments have been derived 
from topographical data. Unlike the surface flow divide, which is determined by 
topography, the groundwater catchments are dynamic and can change depending 
on factors such as recharge and abstraction in various parts of the catchment. 
Groundwater catchments for November 2019 and April 2020 are shown overlaid 
on their surface water counterparts in Drawing HE551522-ATK-EWE-XX-DR-LW-
000003. As with the groundwater contours there is little difference between the 
November 2019 and April 2020 groundwater flow divides. Additional groundwater 
data collected from the upcoming summer 2020 groundwater monitoring rounds, 
will allow confirmation of any seasonal variation in groundwater flow patterns.

5.14.13 Groundwater flow is predominantly from the relative topographic high in the centre 
of the scheme, away from the A3 towards either the River Wey or River Mole. 
There is some convergence towards the M25 as seen in the profile Drawing 
HE551522-ATK-EWE-XX-DR-LW-000001. As expected, the groundwater 
catchments closely follow the surface water catchments, however, they are less 
influenced by surface features (such as cliffs and road cuttings). As such the Mole 
groundwater catchment extends up to 200 m further west including portions west 
of the A3. Limited groundwater monitoring points are available in the area south-
east of Junction 10 around Ockham Common, therefore the position of the 
groundwater catchment divide is less certain in this area. 

Groundwater and Bolder Mere 

5.14.14 The surface water flow divide in Drawing HE551522-ATK-EWE-XX-DR-LW-
000003, indicates that the area around Bolder Mere drains west to the River Wey. 
Historical mapping indicates that the lake has been in almost the present-day 
configuration since 1872 (Appendix F of the Environmental Statement). Mapping 
indicates the western boundary to be artificially straight with a sluice. The 
earthwork on the western boundary likely acts as a barrier to natural drainage 
towards the north-east of the depression. Construction of the A3, as shown in the 
historical map from 1977, shows a realignment of this western boundary with some 
land gained from the lake. 

5.14.15 Groundwater profiles in a south-east  north-west and south-west  north-east 
alignment are shown for Bolder Mere in Drawing HE551522-ATK-EWE-XX-DR-
LW-000004. While digital elevation models are available to constrain the lake 
perimeter, its bathymetry is currently uncertain and has been inferred from the 
surrounding topographical information. The south-west  north-east topographic 
profiles suggest that Bolder Mere is situated within a depression which would 
naturally have a ground elevation close to, if not below, the groundwater table. The 
south-east  north-west profile suggests that water levels are in full continuity 
between the lake and groundwater in Bolder Mere.  

5.14.16 Exploratory location 1-258 on the western lake boundary encountered coarse 
Undifferentiated River Terrace Deposits between 1 and 5 m bgl. The relatively high 
hydraulic conductivity of this unit combined with the hydraulic gradient under the 
A3 carriageway suggests that there is potential for significant groundwater outflow 
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from the lake, if a barrier (e.g. piled foundations) was not present. Widening of the 
A3 would require additional land take and piling on the downgradient side of the 
lake. As piled foundations are already present along the carriageway, the 
proposed additional piling to extend the carriageway towards the lake is not 
expected to present a significant additional restriction in groundwater flow. 
However, designs should consider the potential to restrict groundwater flow and 
increase the degree of groundwater mounding. In either case, it is recommended 
that design considers the need to provide suitable surface water level control in 
the form of a sluice or spillway from Bolder Mere. 

5.14.17 No works on the new retaining wall along the edge of Bolder Mere may commence 
until details of the surface water drainage and pollution control measures are 
approved by the Secretary of State following consultation with the applicable 
regulatory bodies, in accordance with Requirement 10 sub-paragraph 3 of the draft 
DCO 

5.14.18 In conclusion, the groundwater flow direction in the vicinity of Bolder Mere is south-
east to north-west and the groundwater and surface water are in full continuity, 
with groundwater in vicinity and to the north-east close to ground level. Existing 
piling at the north-west boundary of the lake acts as a barrier to groundwater flow 
and is helping to maintain the level in the lake. The design must feature the same 
size and magnitude of barrier as the existing piling. 

5.14.19 A detailed bathymetric survey is proposed for Bolder Mere, but has not yet been 
received, data from this survey will enable confirmation of the assumed 
hydrogeological regime. 

5.15 Geoenvironmental Risk Assessment 

Introduction 

5.15.1 This section presents a Generic Quantitative Risk Assessment (GQRA) of the 
available geochemical data from the 2019/2020 SOCOTEC ground investigation 
to support an evaluation of potential risks to receptors identified in the outline CM. 
An exploratory hole location plan is presented as part of the Factual report in 
Appendix C and exploratory hole logs and available soil geochemical data are 
included in the Factual Report, presented in Appendix C. 

5.15.2 At the time of writing only the results of monitoring and chemical analyses carried 
out during the recent GI were available to inform the assessments herein. Post-GI 
gas, groundwater and surface water monitoring are underway. As such, the 
controlled waters and ground gas risk assessments and the assessment of human 
health risks relating to water will be completed once the outstanding information 
becomes available.  At present, only S-P-R linkages relating to human health risks 
from inhalation, ingestion and dermal contact with soil, soil-derived dust and fibres 
can be assessed.  Whilst soil vapour information is available at present, the S-P-
R linkage relating to vapour inhalation also considers vapours for waters and 
therefore this linkage cannot be properly assessed until groundwater monitoring 
information becomes available. An addendum report containing the assessment 
of other outstanding S-P-R linkages given in the outline CM will be issued following 
receipt of the laboratory geochemical data. 
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Human Health Generic Quantitative Risk Assessment 

Introduction and Background to Assessment 

5.15.3 The human health Generic Quantitative Risk Assessment (GQRA) presented in 
this section forms the second risk assessment stage and, where possible given 
the incomplete GI and monitoring information available at present, further 
assesses the identified S-P-R linkages to human health receptors in the outline 
conceptual model, developed in the Preliminary Risk Assessment, using data 
obtained during the 2019/2020 ground investigation.   

5.15.4 The soil geochemical data assessed in human health GQRA are presented in 
Appendix C and tables summarising the GQRA output are presented in Appendix 
H. 

Methodology 

5.15.5 The soil geochemical data were compared with Generic Assessment Criteria 
(GAC) 
Levels (C4SLs) as detailed below.  C4SLs have been used where possible where 
an appropriate SSV was not available.   

5.15.6 SSVs were the primary source of GAC used in the assessment, which were 
derived using Contaminated Land Exposure Assessment (CLEA) software version 
1.071 (Environment Agency, 2015) and are derived using toxicological data that 
represent a minimal risk. SSVs are available for a variety of standard land uses. 
Given the size and nature of the proposed development, two separate assessment 
scenarios were considered most appropriate for the assessment and these were 
as follows: 

 Where residential properties are within 250 m of the relevant exploratory hole, 
the SSVs for a Public Open Space (POS) (residential) land use scenario were 
considered most appropriate based on the exposure scenario given below. 
This scenario, which is considered to represent a conservative approach, is 
relevant for 65 of the 171 geo-environmental soil samples based on the 
distance of the sampling location from the nearest residential property. 

 Where residential properties were not present within 250 m of a sample 
location, the POS (parks) SSVs were adopted based on the exposure scenario 
information given below.  Taking this into consideration, a total of 106 of the 
171 geo-environmental soil samples were assessed against the POS (parks) 
scenario based on the distance of the sampling location from the nearest 
residential property.  

5.15.7 The POS (residential) SSV exposure scenario assumes that a female child aged 
4 to 9 years is the most sensitive receptor to contamination exposure and that they 
will access the scheme 260 days per year and 1.5 hours a day over a six-year 
period. Exposure to scheme soils is via direct ingestion, dermal contact, and 
inhalation of contaminated soil-derived dusts and vapours.  

5.15.8 Input parameters for the POS (parks) SSVs are similar to those used for POS 
(residential). However, the effect of tracked back soil and related indoor exposure 
pathways are not considered relevant due to the increased distance from 
residential properties.  
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5.15.9 Given the generic nature of the selected SSVs, it should be noted that these 
exposure scenarios do not exactly reflect anticipated conditions on-site and 
assume a level of conservatism in relation to the likely exposure profile at the 
Scheme.  

5.15.10 SSVs have been derived for soil organic matter (SOM) contents of 1 % and 6 %. 
The SSVs derived for 1 % SOM are based on a sandy soil type, whereas those 
derived for 6 % SOM are based on a sandy loam soil type. A site-specific SOM 
has been derived from the values reported in the laboratory soil analysis. The 
average SOM of or all soil samples was 1.37 % with an average of 1.78 % for 
samples taken from the top metre below ground level. Therefore, the SSVs based 
on a 1 % SOM have been selected.   

5.15.11 C4SLs are available for six contaminants (arsenic, benzene, benzo(a)pyrene, 
cadmium, hexavalent chromium and lead).  C4SLs are also modelled using CLEA 
software version 1.071 for standard land uses and relate to concentrations of 
contamination in soil (with 6 % SOM) which are considered by the Department for 

t  and updated 
exposure assessment parameters (DEFRA, 2014), the latter of which are now 
inbuilt into CLEA software version 1.071 and also . 
As per the accompanying Policy Statement, DEFRA state that: 

 
an intake of low concern but that definitely does not approach an intake level 
that could be defined as causing a Significant Possibility of Significant Harm to 

(DEFRA, 2014). 

5.15.12 Although C4SLs consider a different SOM to the site-specific value and the 
selected Atkins SSVs (with the exception of benzene, for which a 1 % value is 

screening. Therefore, where appropriate, Atkins has adopted the C4SLs in this 
assessment. 

5.15.13 Construction and maintenance workers have been included in the outline CM; 
however, the GAC used for the assessment do not cover these receptors as these 
criteria specifically relate to chronic health effects rather than the acute health risks 
that these workers would be exposed to. Risks to construction and maintenance 
workers associated with contamination if present within the Scheme are expected 
to be managed by their employers, with the implementation of appropriate risk 
assessments, working methods and the use of Personal Protective Equipment 
(PPE), as required by the Health and Safety Executive (Health and Safety 
Executive, 1992). 

5.15.14 UK based GAC are not available for asbestos in soils and CIRIA C733 (CIRIA, 
2014) does not advocate the use of GAC for risk assessment of ACMs and 
asbestos fibres in soil. The risk from asbestos (where identified) has therefore 
been subjected to qualitative assessment only. 

5.15.15 Where asbestos has been identified within environmental and composite samples 
this is considered to represent a potential risk to human health at the 
corresponding location and therefore all instances of ACMs have been considered 
within this section. 

5.15.16 Ground investigation has previously been undertaken on-site and on adjacent land 
by Capita Symonds (Capita Symonds, 2013) and WSP (WSP, 2014).  These 
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ground investigations were both focused in the vicinity of the Old Rectory Farm 
Landfill and Wisley Airfield, in the vicinity of the proposed Stratford Brook 
Underbridge and Wisley Lane Realignment.  Relevant results i.e. those within the 
red line boundary have been visually screened against the above GAC and 
discussion of identified exceedances is provided below.  Visual screening was 
carried out as the chemical test data were not available in AGS format. 

Results - GQRA 

5.15.17 The following section includes the results of the GQRA for all available chemical 
test results. 

5.15.18 A summary of the results of the current GQRA, involving comparison of soil 
geochemical data against GAC for the two exposure scenarios, are presented in 
Appendix H. 

POS (Parks) Scenario 

5.15.19 Table 5-63 details the two exceedances of the GAC for POS (parks) identified in 
the 106 samples that were assessed based on this exposure scenario (<250 m 
from a residential property). 

Table 5-63 Summary of locations of exceedances of POS (Parks) GAC 

Hole ID (section) 
Depth (m 
bgl) 

Contaminant Concentration GAC Description of material

1-252 (A3 south of 
Junction 10  

(Off-slip)) 
0.55 Benzo(a)pyrene 57.7 mg/kg 

21.4 
mg/kg 

Dark brown sandy 
angular to subangular 
fine to coarse gravel of 
flint, concrete and 
macadam (Made 
Ground) 

1-257 (A3 south of 
Junction 10  

(Off-slip)) 
21.30 Nickel 1,050 mg/kg 

804 
mg/kg 

Light greyish brown to 
brownish grey speckled 
black medium to 
coarse SAND. Odour 
noted, possibly 
sulphurous or 
hydrocarbon odour. 
(Bagshot Formation) 

 

POS (Residential) Scenario 

5.15.20 Only a single concentration of lead (detailed in Table 5-64) exceeded the GAC for 
public open space (residential) in the 65 samples that were assessed based on 
this exposure scenario (>250 m from a residential property). 

Table 5-64 Summary of locations of exceedances of POS (Residential) GAC

Hole ID (section) 
Depth (m 
bgl) 

Contaminant Concentration GAC Description of material

1-382 (A3 north of 
Junction 10  

(Off-slip)) 
0.25 Lead 688.5 mg/kg 

625 
mg/kg 

Brown gravelly fine to 
coarse sand. Gravel is 
subangular to 
subrounded, fine to 
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Hole ID (section) 
Depth (m 
bgl) 

Contaminant Concentration GAC Description of material

coarse of flint, possible 
limestone and brick. 
Rare roots and rootlets 
(Made Ground) 

 

Asbestos 

5.15.21 Asbestos fibres were not positively identified within any of the sub-surface 43 
environmental and composite samples assessed by the laboratory during the 2019 
phase of GI.   

Discussion - GQRA 

5.15.22  The findings of the human health risk assessment of the S-P-R linkages assessed 
in this report are discussed below.   

PAH 

5.15.23 A single exceedance of the POS (parks) GAC for benzo(a)pyrene was recorded 
in exploratory hole location 1-252. This exceedance was more than twice the 
concentration of the GAC. It is likely that this is related to the presence of macadam 
within the assessed sample which provides a matrix that will bind the 
benzo(a)pyrene and limit exposure by preventing its release. As such, there is 
considered to be a low level of risk. This exploratory hole was located at the edge 
of the carriageway and, given exposed soils are unlikely to be present at this 
location following construction of the Scheme, it is considered unlikely that an S-
P-R linkage will be present during the operational phase. 

5.15.24 The Capita Symonds investigation from 2013 (Capita Symonds, 2013) carried out 
a human health risk assessment on representative soil samples using an open 
space land use scenario and identified PAH exceedances at the Old Rectory Farm 
Landfill.  These have been reassessed against the SSVs for POS (parks) and this 
confirms that elevated concentrations of benzo(a)pyrene in Made Ground (1.0 m 
to 2.0 m bgl) pose a potential human health risk.  This relates to Capita Symonds 
locations TP102 (1.0 m bgl), BH103 (1.0 and 2.0 m bgl) and BH108A (1.0 m bgl) 
which are all located towards the southern end of Stratford Brook Underbridge & 
Wisley Lane Realignment.  A maximum benzo(a)pyrene concentration of 37 mg/kg 
was identified in BH108A.   

5.15.25 The 2014 WSP ground investigation (WSP, 2014) also identified elevated 
concentrations of benzo(a)pyrene within Made Ground within TP101 at 0.4 m at 
the Old Rectory Farm Landfill; however, they were screening against GAC for 
residential use, which is a much more sensitive land use. The concentration of 
benzo(a)pyrene within this sample was 2.4 mg/kg, which is well below the GAC 
for open space land use. No other exceedances of either open space GAC utilized 
within this assessment were identified within the WSP data from the samples taken 
within the boundary of the Scheme.   

5.15.26 Mitigation measures should be put in place during construction works in the 
location of the historical Old Rectory Farm Landfill to ensure any excavated 
materials and open excavations are appropriately managed.  The PCF3 design 
indicates that a road embankment is proposed at this location so it is considered 
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likely that, if left in situ, these materials will be located at depth beneath the 
Scheme and so it is considered unlikely that an S-P-R linkage will be present 
during the operational phase. 

Metals 

5.15.27 A single exceedance of the POS (parks) GAC for nickel was identified in 
exploratory hole location 1-257 at 21.30 m bgl. This exceedance was of the same 
order of magnitude as the GAC and related to the Bagshot Formation which 
exhibited a possible 
sample taken from the Bagshot Formation at 1.40 m bgl in the same borehole was 
analysed as having a significantly lower nickel concentration (8.0 mg/kg).  This 
sample location was present at depth and at a location where a cutting is not 
proposed within the PCF3 design and, as such, a residual risk is considered 
unlikely during the operational phase.  

5.15.28 An exceedance of the POS (residential) GAC for lead was also identified at 
exploratory hole location 1-383 at 0.25 m bgl, indicating a potential risk to human 
receptors including nearby residents. This exceedance was associated with a thin 
layer of Made Ground (approximately 0.15 m thick) at shallow depth and was of 
the same order of magnitude as the GAC.  The PCF3 design shows that a retaining 
wall and small cutting are proposed at this approximate location and any spoil 
arising from these works should be managed appropriately during the construction 
phase to prevent migration of dust.  It is considered unlikely that exposed soil will 
be present at this location following construction of the Scheme and, as such, a 
residual risk is not anticipated during the operational phase. 

Discussion  Other GI observations 

Asbestos 

5.15.29 Whilst asbestos fibres were not positively identified during the 2019/2020 GI, the 
potential for unidentified asbestos containing materials should not be ruled out 
though and vigilance for such materials and other potentially contaminated 
materials should be maintained throughout the construction works. 

5.15.30 Asbestos fragments were encountered at the surface of the former Wisley Airfield 
in several places during the GI, as summarised in Section 4.1, and it is affirmed 
within the related documents provided by SOCOTEC at the time that ACMs remain 
present within the area. It is recommended that a specialist asbestos contractor is 
retained during any works within this area to adequately assess risks to human 
health from these materials  both to the public and to scheme workers during 
construction and maintenance. 

5.15.31 Possible asbestos containing material (ACM) was identified during the 2019/2020
GI within exploratory hole location 1-724 at 2.0 m bgl (M25 Junction 10 East 

but does not state whether this is the suspected ACM.  This material was not tested 
for the presence of ACM, although this exploratory hole was located on the 
westbound carriageway of the M25 and, as such, it is considered unlikely that 
exposed soils will be present here following construction and, therefore, a residual 
risk is considered unlikely during the operational phase. Moreover, the PCF3 
design indicates that a cutting is not proposed at this location and, therefore, this 
material is considered likely to remain at depth within the completed Scheme. 
Whilst this assumption is related to only an isolated occurrence of potential ACM;
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a conservative approach should be considered during any piling that is undertaken 
to the west of this location associated with the overbridge and arisings should be 
managed appropriately during this work.   

5.15.32 The 2014 WSP (WSP, 2014) investigation also identified amosite asbestos within 
TP103 with a percentage concentration of 0.016 % by weight  This trial pit was 
located approximately 25 m south of the main works area at the proposed Stratford 
Brook Underbridge and Wisley Lane Realignment.   

5.15.33 Vigilance should be maintained throughout all construction works for suspected 
ACMs; however, particular attention should be employed during works at the Old 
Rectory Farm Landfill, towards the southern end of the Wisley Lane Realignment.  
Working methods should reflect the potential for elevated risk associated with 
asbestos at this location. As above, the proposed embankment at this location is 
likely to limit the potential for exposure to suspected asbestos containing materials 
within the completed Scheme and, as such, a residual risk is considered unlikely 
during the operational phase. 

PID readings 

5.15.34 During the 2019/2020 investigation, PID readings were taken at regular intervals 
within samples of Made Ground and natural deposits collected from exploratory 
holes across the scheme and these generally showed readings of <1 ppm 
although several elevated readings were recorded in isolated parts of the scheme.  

5.15.35 A total of 1,111 PID readings were taken from across the Scheme.  Table 5-65
summarises the numbers of elevated readings above a range of threshold levels 
encountered during the ground investigation.  These threshold levels were chosen 
purely for indicative purposes. 

Table 5-65 Summary of PID Readings Above Specific Levels 

PID (ppm) Threshold Number of PID Readings Above Threshold

10 75 

50 20 

100 19 

500 2 

1000 3 

 

5.15.36 It should be noted that PID readings provide an indication of the presence of 
volatile organic compounds and the intensity of the vapours associated with these 
compounds. PID readings do not quantify the concentration of any organic 
compounds that might be present. A maximum reading of 5,000 ppm (instrument 
limit of detection) was recorded within exploratory hole locations 1-258 (A3 south 
of Junction 10 (Off slip)) and 1-951 (M25 east of Junction 10), both associated with 
natural deposits. Made Ground deposits were not recorded at either location and 
no visual or olfactory evidence of organic contamination was noted within the 
samples. Table A-I in Appendix I provides a summary of the elevated PID readings 
recorded across the scheme.   

5.15.37 Visual or olfactory evidence of organic contamination was generally absent within 
samples from across the Scheme that exhibited elevated PID readings, and most 
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of the readings were from seemingly unimpacted natural ground. Only three 
locations that gave PID readings of greater than 10ppm exhibited evidence of 
hydrocarbon or tar odours and none of these locations exceeded 100 ppm. The 
chemical testing carried out on a selection of these samples and other samples 
indicated that elevated PID readings did not generally identify volatile 
contaminants at significant concentrations. 

5.15.38 While the elevated readings were found across the entirety of the Scheme, there 
was one possible cluster located to the east of the A3/M25 roundabout, within 
close proximity to the M25; this is where the majority of the very high PID readings 
were encountered throughout various depths, and where they are unlikely to be 
attributed to the presence of organic matter, such as those locations near Bolder 
Mere. 

5.15.39 PID lamps and their resultant readings can be impacted by interference from a 
variety of compounds besides the usual target of volatile organic compounds in 
geoenvironmental assessment. These include, for example, ethers, ketones, 
alcohols, and aldehydes. 10.6 eV lamps are also sensitive to sulphides, including 
hydrogen sulphide gas. 

5.15.40 It is considered possible that a natural chemical reaction is occurring within the 
soils at the site  notably under newly aerobic conditions created by the drilling of 
a borehole  which may lead to the creation of sulphide gas. This is potentially 
related to a presence of pyrite in the superficial geology, which has been shown 
to be historically present in a Bracklesham-Bagshot Formation unconformity within 
this area of Surrey, encountered during the widening of the M25 in 1982 (Potter J. 
F., 1986), and was noted within several locations during the current ground 
investigation. 

5.15.41 This possibility is being further investigated during the ongoing monitoring 
programme; through groundwater and ground gas monitoring and sampling, which 
will be reported in an addendum to this report once the monitoring and sampling 
programme is complete. 

5.15.42 Vapours and ground gases will disperse under normal circumstances and are only 
likely to have a potential adverse effect on human health where they have the 
potential to accumulate in confined spaces.  Given the proposed subsurface 
features, it is considered unlikely that the Scheme will create pathways allowing 
migration of vapours/ground gases to off-site buildings. With relation to 
construction and maintenance working methods, it would be considered prudent 
to consider the potential for migration of vapours and ground gases into proposed 
enclosed spaces on site, such as inspection chambers, given the proximity of 
areas showing elevated PID readings to the proposed works. 

Material Reuse 

5.15.43 As described above, only localised metal and organic exceedances were identified 
within the Scheme. The majority of the materials to which these exceedances 
pertain are likely to remain in situ within the completed Scheme; however, the 
PCF3 design indicates that shallow exceedances relating to benzo(a)pyrene at 
exploratory hole location 1-252 at 0.55 m bgl and lead at exploratory hole location 
1-382 at 0.55 m bgl may be excavated during the construction phase. ACMs and 
PAH may also be brought to the surface during any excavation work at Stratford 
Brook Underbridge and towards the southern end of the Wisley Lane Realignment. 
The potential for elevated risk materials to be excavated should be considered 
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when planning the reuse of materials. High risk materials should either be 
disposed of off-site, reused at depth within embankments at the Scheme or reused 
at appropriate off-site locations. Further reuse testing will be required on any 
excavated materials during construction in line with the DMRB Series 600 
earthworks specification for the Scheme. 

5.15.44 If any areas of suspected gross contamination or ACMs are identified during any 
future earthworks, then it is recommended that confirmatory testing is carried out 
to inform their reuse potential.   

Updated Conceptual Model 

5.15.45 In line with Environment Agency guidance (Environment Agency, 2019), the 
outline CM has been updated and revised based on the findings of ground 
investigation, collection and interrogation of site data, and GQRA presented within 
this report. This process has allowed the S-P-R linkages recorded in the outline 
CM to be reassessed and for relevant pollutant linkages (RPLs) to be identified.   

5.15.46 At present, only some S-P-R linkages pertaining to human health have undergone 
full assessment.  Human health linkages relating to ground gas and water are 
dependent on monitoring data and chemical testing that is currently incomplete 
and therefore these, as well as other aspects contained within the outline CM 
relating to controlled waters, ecological and property receptors, will be assessed 
within an addendum to this report to be issued in due course.  Linkages that have 
not been assessed are presented in light grey in the updated CSM and those that 
have been assessed in dark grey.  A complete updated CM covering all S-P-R 
linkages detailed in the outline CM in Section 3 will be included in the addendum 
report. 

5.15.47 A qualitative assessment of the level of risk associated with each RPL has been 
undertaken based on the recommendations of R&D66 (Environment Agency and 
NHBC, 2008) this is provided within the updated CSM. In line with R&D66, where 
a risk level of moderate or above has been assessed, further assessment and 
possible remedial measures may be required. 

5.15.48 A summary of the updated CM is presented in Table 5-66 and the full CM is 
provided in Appendix J. 
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Conclusion 

5.15.49 Only very isolated GAC exceedances and ACMs were identified.  These will result 
in a slightly increased level of risk at these locations; however, across the rest of 
the Scheme a risk to human health will not present based on the available test 
results.  The levels of risk provided in the updated CM and discussed below relate 
to the isolated areas of elevated risk only. 

5.15.50 Based on the human health risk assessment carried out to date, there is a potential 
very low to low/medium risk at the undeveloped Scheme and during construction 
where mitigation measures are not implemented.  

5.15.51 These risk levels are indicated to the reduced to very low to low during construction 
where the recommended mitigation measures are implemented.  The level of risk 
pertains to very localised areas where soil containing organic compounds and 
metals in exceedance of the GAC for parks and residential receptors were 
identified, as well as isolated instances of asbestos and vapours.  However, the 
recommended mitigation measures combined with good working practice are 
considered to be sufficient to reduce the level of risk to a low-level during 
construction.   

5.15.52 Risk levels identified associated with the current undeveloped Scheme are also 
anticipated to reduce within the completed Scheme to a low to very low level.  This 
is primarily due to the introduction of hard standing and embankments which will 
limit the potential for migration and contact with soils, and the potential removal of 
source materials during earthworks.  Given that the residual risk will be low to very 
low based on the available test results, no further assessment or remedial 
measures will be required assuming the recommended mitigation measures are 
implemented.   

5.15.53 The above risk levels relate to human health S-P-R linkages relating to dermal 
contact, ingestion and inhalation of soil, soil-derived dust and fibres.  The risk to 
controlled water, ecological and property receptors has not been undertaken to 
date but will be reported in due course.  Similarly, human health S-P-R linkages 
associated with vapours, ground gas, groundwater and surface water cannot be 
assessed at present at these are also dependent on monitoring and chemical 
testing that is currently underway.  An addendum to this report is to be issued in 
due course and this will include an assessment of the level of risk associated with 
these outstanding S-P-R linkages. 
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5.16 Preliminary Waste Classification 

Introduction 

5.16.1 Construction of the Scheme requires the excavation of natural ground and Made 
Ground. Where feasible, the earthworks contractor will segregate suitable material 
for reuse within the construction of the Scheme. Excavated material which is 
surplus to design and construction requirements, and which is intended or required 
to be discarded, is classified as waste and must be managed in accordance with 
relevant waste legislation. 

5.16.2 Waste classification is required for excavated material which is transferred off site 
for processing, treatment or disposal. Waste Acceptance Criteria (WAC) testing is 
also required for waste requiring disposal at landfill, to confirm the waste is 
acceptable at the appropriate class of landfill. 

5.16.3 This section sets out the preliminary waste classification of material sampled, 
tested and analysed as part of the 2019/2020 ground investigation. It should be 
noted that the assessment is based on a limited number of samples collected from 
in situ material, and it is the responsibility of the earthworks contractor as the waste 
producer to classify, treat, manage and dispose of the waste appropriately, in 
accordance with relevant waste guidance and legislation. 

Methodology 

5.16.4 A sampling strategy was prepared for the ground investigation, with the purpose 
to obtain samples to develop a preliminary waste classification for material that 
may be excavated during the construction phase and therefore may require 
disposal off site. The sampling strategy included a methodology for collecting 
composite samples (COMP) from in situ material during the ground investigation 
to enable a preliminary waste classification to be determined and screening 
against WAC thresholds.  

5.16.5 Composite samples were specified in line with BS14899:2005 which is based on 
the Technical Reference document: Characterisation of waste  Sampling of 
waste materials, Part 1. Each composite sample comprised a minimum of four 
increments, with the aim to provide a characterisation of the soil as comprehensive 
as possible at this stage. 

5.16.6 In some instances when it was not possible to take a composite sample, due to 
the limited availability of sample material, environmental samples were collected 
and tested. Environmental samples are point samples from a specific depth and 
provide a limited characterisation of the soil. In the results these samples are 

 

5.16.7 The samples obtained from the ground investigation were split based on the 
geological unit. At each exploratory hole a sample was collected from each 
discrete geological stratum encountered. 

5.16.8 The geological strata present within the area of the Scheme are: 

 Topsoil (TS); 

 Made Ground (MGR); 

 Undifferentiated River Terrace Deposits (RTDU); 
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 Swinley Clay Member (SC); and 

 Bagshot formation (BGS). 

5.16.9 The samples were tested to gain an understanding of their chemical 

to assess the results and determine the preliminary waste classification, as either 
hazardous or non-hazardous. 

Preliminary Waste Classification 

5.16.10 A total of 71 samples (67 COMP, 4 ES) were tested for a range of chemical suites 
to determine a preliminary waste classification. The details of the testing suites
and laboratory results are provided in the Socotec Factual Report (Socotec, 2020).

5.16.11 The results of the CATWaste Soil are presented in Appendix L. With the exception 
of three samples, the assessment indicates that the material is likely to be 
classified as non-hazardous, based on the available chemical data. 

5.16.12 The three samples identified as hazardous waste are presented in Table 5-67 . 
The samples were assessed as hazardous due to the total petroleum hydrocarbon 
concentration. In addition, an elevated pH was recorded in the sample from 1-239 
at 0.10 - 0.70 m bgl. 

Table 5-67 Summary of Hazardous Preliminary Waste Classification 

Exploratory 
Hole 

Depth  
(m bgl) 

Sample 
Type 

Stratum 
Preliminary 
Waste 
Classification 

Hazardous 
Property  

1-237 0.00-0.30 COMP Topsoil Hazardous HP7, HP11 

1-239 0.10-0.65 COMP Made Ground Hazardous HP7, HP8, HP11 

1-268 0.25-0.50 COMP Made Ground Hazardous HP7, HP11 

5.16.13 Twelve composite samples were tested for asbestos, with no asbestos recorded 
by the laboratory, as detailed in Table 5-68 . An additional 34 environmental 
samples were tested for asbestos as part of the contaminated land investigation 
refer to Section 5.15.21 for further details. 

Table 5-68 Summary of Asbestos Results for Composite Samples 

Exploratory 
Hole 

Depth  
(m bgl) 

Sample 
Type 

Stratum Asbestos* 

1-169 1.20-2.75 COMP Made Ground NADIS 

1-217 0.20-0.40 COMP Made Ground NADIS 

1-225 0.10-1.10 COMP Made Ground NAIIS 

1-227 0.15-0.50 COMP River Terrace Deposits NAIIS 

1-237 0.00-0.30 COMP Topsoil NADIS 

1-239 0.10-0.65 COMP Made Ground NADIS 

1-268 0.25-0.50 COMP Made Ground NAIIS 

1-306 1.20-1.50 COMP Swinley Clay Member NADIS 

1-311 0.65-0.90 COMP Made Ground NADIS 
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Exploratory 
Hole 

Depth  
(m bgl) 

Sample 
Type 

Stratum Asbestos* 

1-508 0.00-0.40 COMP Topsoil NADIS 

1-508 0.50-0.90 COMP Made Ground NADIS 

1-533A 0.00-1.50 COMP Topsoil/Bagshot formation NADIS 

*Note: (1) no asbestos detected in sample (NADIS) and (2) no asbestos identified in sample (NAIIS). 

 

Waste Acceptance Criteria Testing 

5.16.14 A total of 70 samples (66 COMP, 4 ES) were tested for Waste Acceptance Criteria 
(WAC) and screened against the WAC threshold for the relevant preliminary waste 
classification for each sample. 

5.16.15 A summary of the preliminary waste classification and screening against the 
relevant WAC thresholds is presented in Appendix M. The WAC testing results are 
presented in the Socotec Factual Report (Socotec, 2020) presented in Appendix 
C. 

5.16.16 A preliminary screening of the WAC test results against the relevant WAC 
thresholds for the different class of landfills, indicated that some excavated 
material that has been classified as non-hazardous in this report may be suitable 
for inert disposal. However, further testing and physical/visual inspection by the 
earthworks contractor during the construction phase must be undertaken. 

Discussion 

5.16.17 The preliminary waste classification results, based on 71 samples, indicate that 
naturally occurring excavated material from large areas of the scheme is likely to 
be classified as non-hazardous waste.  

5.16.18 Of these, three samples received a hazardous waste classification. The three 
samples consist of topsoil and Made Ground within and on the boundary of two 
historic landfill sites  the A3 Spoil Landfill and Old Refectory Farm Landfill within 
the boundary of the former Wisley Airfield. Earthworks planned in this area 
comprise embankment construction however, any excavation works will need to 
consider the potential for hazardous waste generation and management. 

5.16.19 Based on the preliminary WAC testing, some excavation waste may be suitable 
for disposal at an inert landfill. However, this will require further investigation and 
testing by the earthworks contractor and is not applicable to waste consisting of 
topsoil or Made Ground. Inert classification requires physical/visual 
characterisation, and this should be undertaken during the earthworks, to confirm 
absence of components such as wood, rootlets etc.  

5.16.20 Further testing and waste classification must be undertaken by the earthwork
contractor during the construction phase, to ensure that waste is classified 
correctly and disposed of appropriately. 
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6. Geotechnical Risk Register 

6.1 Introduction and Rationale 

6.1.1 Geotechnical Risk is defined as the possibility of an adverse consequence arising 
from a ground hazard or circumstance. 

6.1.2 The Geotechnical Risk Register takes into account the identified geotechnical 
constraints for the Scheme at the time, along with additional project details to 
ensure that all known significant geotechnical risks are identified, recorded, 
analysed and controlled. The geotechnical risks are discussed in terms of likelihood, 
severity and risk, as defined below: 

 Likelihood (L): The perceived likelihood of the identified geotechnical hazard 
actually occurring (defined as a rating in Table 6-1). 

 Severity (S): The perceived severity, in terms of capital cost, programme, 
safety, environment and reputation, of the occurrence of the identified 
geotechnical hazard on the identified receptor (s) (defined as a rating in Table 
6-1). 

 Risk (R): The perceived level of concern which should be assigned to the 
identified hazard, based on the likelihood of occurrence, and taking into 
account the perceived severity of the impact (defined as a risk number inTable 
6-2). 

6.1.3 The Geotechnical Risk Register and terminology adopted for this project is based 
on the guidance given by Clayton (Clayton C. , 2001) and Highways England
(DMRB, 2019) on managing geotechnical risk. It is a semi-quantitative assessment 
based on engineering judgement. The classification of likelihood and severity used 
in this Geotechnical Risk Register are summarised in Table 6-1 and Table 6-2
respectively. The risk uses the equation: 

Degree of Risk (R) = Likelihood (L) x Severity (S) 
 

6.1.4 The explanation of the Degree of Risk is given in Table 6-3, which gives the 
assessed risk level and appropriate actions. 

6.1.5 The hazards identified for this project are set out in the Geotechnical Risk Register, 
is updated regularly.  

6.1.6 The Geotechnical Risk Register comprises an initial assessment of the risks 
identified, prior to the application of risk mitigation measures, and shows how the 
risks can be reduced by the application of the measures. It is assumed that future 
phases of site work will be under the control of a Principal Contractor appointed 
directly by Highways England during any ground investigation and construction 
phases of the works. 

6.1.7 The Geotechnical Risk Register includes both geotechnical risks and risks to human 
health. The mitigation measures considered are those that may be applied during 
design or construction, as appropriate, to mitigate the hazard identified. All risks 
should be reassessed during the construction phase of the scheme as they may 
have changed since the issue of this report.  
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6.1.8 The overall risk ranking for each hazard is determined by the designer at both pre-
and post-mitigation stage by considering the risk classification assigned to each risk 
aspect i.e. capital cost, programme, safety, environment and reputation. 

6.1.9 Following risk identification, assessment and the application of recommended 
mitigation/avoidance measures most risks can be revised and assessed as either 

risk, i.e. Substantial or High Risk Classification, remains which must be managed. 
Significant unusual risks or risks that are difficult to manage will be included in the 
PCF Stage 5 Detailed Design drawings as hazard triangles. 

Table 6-1 Likelihood and Severity Ratings 

Likelihood Severity 

5 
Almost certain. May occur 
many times. 

5 
Multiple fatality. 
Major damage or loss. 

4 
Extremely likely. May 
occur more than once. 

4 
Fatality. 
Env incident causing criminal 
liability. 

3 
Likely. Likely to occur 
sometime 

3 
Major injury >3 days. 
Env incident triggering damage 
or complaint 

2 
Unlikely. Remote though 
conceivable. 

2 
Minor injury <3 days. 
Env incident requiring 
management response 

1 Extremely unlikely 1 
No human  
Minor damage or loss. 

 

Table 6-2 Risk Matrix 

S
e

ve
ri

ty
 

5 M H S S S 

4 M H S S S 

3 L M H S S 

2 L M H H H 

1 L L M H H 

 
1 2 3 4 5 

Likelihood 

Table 6-3 Degree of Risk 

Risk 
Number 

Risk Ranking Action Required 

12 to 25 Severe (S) Amend design to reduce risk or seek alternative 
option. Only accept option is justifiable on other 
grounds. 6 to 10 High (H) 

3 to 6 Medium (M) 
Check that risk cannot be further reduced by 
simple design changes  

1 to 3 Low (L) 
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6.1.10 The Scheme is progressing as a single Option Scheme. A risk register for the 
Scheme is presented in Section 6.2 overleaf and includes risks relating to 
geotechnical and construction works. The geotechnical and geo-environmental 
risks for the Scheme shall continually be reassessed, and the risk register updated 
in the Geotechnical Design Report (GDR).



Hazard Reference 
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7. Preliminary Engineering Assessment

7.1 Introduction 
7.1.1 Geotechnical activities proposed as part of the scheme include: 

 Gantry foundations; 

 Bridge foundations; 

 Non-strengthened earthworks (cuttings and embankments); 

 Strengthened earthworks; 

 Retaining structures; and 

 Replacement culvert foundations. 

7.1.2 This section: 

 provides a preliminary assessment of the proposed geotechnical activities 
associated with the PCF Stage 3 preliminary design; and 

 highlights any risks that may be associated with these activities given the 
ground conditions local to their proposed locations.  

7.1.3 Earthwork and retained heights have been obtained from the preliminary designs 
produced during PCF3.  

7.1.4 A Geotechnical Design Report (GDR) will be produced as part of detailed design 
(Project Control Framework Stage 5 - PCF5) and will need to consider the 
outcomes of this preliminary engineering assessment. 

7.1.5 Near-surface shallow groundwater was encountered within the boreholes of the 
2019/2020 ground investigation, with potential evidence of perched water present 
in some areas. The investigation was carried out between May 2019 and February 
2020, with the groundwater monitoring regime commencing in June 2019 and 
anticipated to end in June 2020. Therefore, groundwater readings across periods 
of both wet and dry seasons will have been captured. A full hydrogeological 
assessment will be undertaken as an addendum to this report following completion 
of the monitoring programme. 

7.1.6 Groundwater levels in some areas within the Scheme boundary have been shown 
to fluctuate on a seasonal basis as discussed in Sections 5.14, with lower levels 
in the autumn and higher levels in the late spring. External factors which may 
influence groundwater levels in the vicinity of the proposed Scheme should be 
considered during detail design e.g. burst pipes or localised flooding due to 
blocked drains, noting that similar events have previously been recorded in the 
vicinity of the M25/A3 Junction 10 Scheme. 

7.1.7 This section of the report should be read in conjunction with the cross and long 
sections provided as part of Appendix E. The relevant ground model numbers for 
each structure have been provided where necessary.  

7.2 Gantry Foundations 
7.2.1 Nineteen new gantries, which are situated at various locations along the A3 and 

M25, are as proposed to be built on piled foundations. Consideration will be given 
to the use of Helical Piles at detailed design. 

7.2.2 Four new gantry types are proposed, as detailed in Table 7-1 below.    
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7.2.3 It is also proposed to re-use nine existing gantries to support new signs and signals
and retain five existing gantries.

7.2.4 The main, overarching geotechnical considerations for all gantry locations across 
the scheme are as follows: 

 Lateral and vertical variability within the Made ground; and within the geology 
of the Undifferentiated River Terrace Deposits, Alluvium and the Bagshot 
Formation, which is likely result in these units to be highly compressible and at 
risk of collapse if left unsupported; 

 Thin gravel horizons in the Made Ground and Bagshot Formation should be 
considered before using driven piles; 

 Drilling induced voids and running sands are likely to be encountered in the 
Bagshot Formation, caused by sub-artesian groundwater; 

 The weathering profile of the Swinley Clay Member is likely to possess reduced 
shear strengths; and 

 All concrete should be designed to withstand extremely aggressive pH and 
sulphate conditions. 

7.2.5 Table 7-1 summarises the anticipated geology for each gantry type, along with 
preliminary geotechnical considerations. 

Table 7-1 Summary of gantry types and associated geotechnical 
considerations 

7.3 Bridge Foundations 
7.3.1 A total of eight new bridges are proposed. The bridges, which are situated across 

various locations along the A3 and M25, are proposed to be built on either spread 
footings or piles. The choice of foundation type is dependent on space constraints 
and predicted overall and differential settlement.  

7.3.2 The new bridges can be grouped into three categories:  

1. Major Bridges  

Gantry Type Gantry Detail 
Number 
Proposed 
(Total  19) 

Anticipated Stratums Encountered  

MS4 (Message 
Sign Mark 4)  

 1 

Made Ground, Bagshot Formation; and 
Claygate Member 

ADS (Advanced 
Direction Sign)  

Cantilever gantry 1 

SCP (Single 
Carriageway 
Portal) 

Signal and sign gantry 1 

SSP (Super 
Span Portal) 

Signal and sign gantry  16 

Made Ground, Undifferentiated River 
Terrace Deposits, Swinley Clay 
Member, Bagshot Formation; and 
Claygate Member 
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2. Light Access Bridges  

3. NMU Overbridges 

7.3.3 The main, overarching geotechnical considerations for all bridge locations across 
the scheme are as follows: 

 Lateral and vertical variability within the Made Ground, the Engineered Fill; and 
within the geology of the Undifferentiated River Terrace Deposits, Alluvium and 
the Bagshot Formation should be considered;  

 Alluvium, the Swinley Clay Member, fine units within the Bagshot Formation 
and the Claygate Member have the potential to be highly compressible and are 
at risk of settlement; 

 Infilled ground located at the proposed Wisley Interchange overbridge, north of 
the M25 anticlockwise. 

 Landfill material located at the proposed Stratford Brook underbridge. 

 Ground conditions should be assessed for the suitability of driven piles. An 
options appraisal should be undertaken to determine the most suitable piling 
method; 

 Sub-artesian groundwater and running sands are likely to be encountered in 
the Bagshot Formation and may result in drilling induced voids; 

 The weathering profile of the Swinley Clay Member is likely to possess reduced 
strength parameters;  

 The Swinley Clay and the Claygate Member are likely to exhibit intermediate to 
very high plasticity and the potential for volume change;  

 Piled foundations may be favourable to reduce settlement across bridge 
foundations; and   

 All concrete should be designed to withstand extremely aggressive pH and 
sulphate conditions. 

7.3.4 A summary of the proposed bridges and their preliminary geotechnical 
considerations are as presented in Table 7-2. 

Table 7-2 Summary of bridge types and associated geotechnical 
considerations 

Bridge Type Bridge Names 
Relevant Ground Model  
(Drawing Number) 

Anticipated Stratum 
Encountered   

Mainline and 
Slip Road 
Overbridges  

New Wisley 
Interchange East 
Overbridge 

HE551522-ATK-HGT_XS-
DR-CE-000011 

Made Ground, Bagshot 
Formation; and Claygate Member

New Wisley 
Interchange West 
Overbridge 

HE551522-ATK-HGT_XS-
DR-CE-000010 

Light Access 
Bridges 

Clearmount 
Overbridge 

HE551522-ATK-HGT_XS-
DR-CE-000009 

Made Ground, Bagshot 
Formation; and Claygate Member
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Bridge Type Bridge Names 
Relevant Ground Model  
(Drawing Number) 

Anticipated Stratum 
Encountered   

Wisley Lane 
Overbridge 

HE551522-ATK-HGT_XS-
DR-CE-000003 

Cockcrow 
Overbridge 

HE551522-ATK-HGT_XS-
DR-CE-000002 

Stratford Brook 
Underbridge 

HE551522-ATK-HGT_XS-
DR-CE-000006 

Made Ground (Landfill), 
Engineered Fill, Alluvium, 
Undifferentiated River Terrace 
Deposits, Bagshot Formation; and 
Claygate Member 

NMU 
Bridges 

Redhill NMU 
Overbridge 

HE551522-ATK-HGT_XS-
DR-CE-000001 

Made Ground, Swinley Clay 
Member; and Bagshot Formation

Wisley Interchange 
NMU Overbridge 

HE551522-ATK-HGT_XS-
DR-CE-000012 

Made Ground (Infilled ground), 
Bagshot Formation; and Claygate 
Member 

7.4 Non-Strengthened Earthworks (Cuttings and Embankments)
7.4.1 For preliminary design, fill slopes of 1V:3H and cut slopes of 1V:4H were 

conservatively recommended for earthworks overlying areas of poor ground 
conditions; these areas are shown on the general arrangements provided in 
Appendix A. Across the remainder of the scheme, fill slopes of 1V:2.5H and cut 
slopes of 1V:3H were conservatively recommended. 

7.4.2 Using the information contained within this report, it is anticipated that slope 
stability analysis at detailed design stage will allow those slopes to be steepened. 
This may also lead to currently proposed retaining solutions no longer being 
required at some locations following detailed design. Any changes to the proposed 
design will be included in the Geotechnical Design Report (GDR).   

7.4.3 The anticipated stratum at the location of the proposed cut slopes and 
embankments is as follows: 

 Made Ground; 

 Engineered Fill; 

 Undifferentiated River Terrace Deposits;  

 Swinley Clay Member; and  

 Bagshot Formation. 

7.4.4 The main, overarching geotechnical considerations for all non-strengthened 
earthworks across the scheme are as follows: 

 Lateral and vertical variability within the Made Ground, the Engineered Fill; and 
within the geology of the Undifferentiated River Terrace Deposits and the 
Bagshot Formation should be considered;  

 The Swinley Clay Member and the fine units within the Bagshot Formation have 
the potential to be highly compressible and are at risk of settlement; 
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The Undifferentiated River Terrace Deposits and the Bagshot Formation are at 
risk of collapse if left unsupported; 

 Landfill material located along the route of the proposed Wisley Lane 
realignment. 

 Sub-artesian groundwater and running sands are likely to be encountered in 
the Bagshot Formation; 

 The weathering profile of the Swinley Clay Member is likely to possess reduced 
strength parameters; and  

 The Swinley Clay Member is likely to exhibit high to very high plasticity and the 
potential for volume change.  

7.5 Strengthened Earthworks 
7.5.1 Six locations were identified during preliminary design as potential strengthened 

earthworks (reinforced earth slopes).  

7.5.2 The main, overarching geotechnical considerations for all strengthened 
earthworks across the scheme are as follows: 

 Lateral and vertical variability within the Bagshot Formation should be 
considered;  

 The Bagshot Formation has the potential to be compressible and is at risk of 
settlement; 

 The Bagshot Formation is at risk of collapse if left unsupported; 

 Sub-artesian groundwater and running sands are likely to be encountered in 
the Bagshot Formation;  

 The weathering profile of the Swinley Clay Member is likely to possess reduced 
strength parameters; and  

 The Swinley Clay Member is likely to exhibit high to very high plasticity and the 
potential for volume change.  

7.5.3 These locations are listed in Table 7-3 below along with any preliminary 
geotechnical considerations. 

Table 7-3 Summary of strengthened earthworks and associated 
geotechnical considerations 

Location Name 
Maximum 
Retained 
Height (m) 

Relevant Ground Model  
(Drawing Number) 

Anticipated Stratums 
Encountered   

M25 Westbound  5.2 
HE551522-ATK-HGT_LS-DR-
CE-000018 & 19 

Bagshot Formation 

M25 Eastbound  5.7 
HE551522-ATK-HGT_LS-DR-
CE-000016 & 17 

Bagshot Formation 

Redhill NMU  9.0 
HE551522-ATK-HGT_XS-DR-
CE-000001 

Swinley Clay Member 
and Bagshot 
Formation 
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Location Name 
Maximum 
Retained 
Height (m) 

Relevant Ground Model  
(Drawing Number) 

Anticipated Stratums 
Encountered   

Redhill NMU 
Bridge Approach 
(A3 Northbound)  

5.4 
HE551522-ATK-HGT_XS-DR-
CE-000001 & HE551522-ATK-
HGT_LS-DR-CE-000002 

Swinley Clay Member 
and Bagshot 
Formation 

Redhill NMU 
Bridge Approach 
(A3 Southbound)  

3.5 
HE551522-ATK-HGT_XS-DR-
CE-000001 & HE551522-ATK-
HGT_LS-DR-CE-000002 

Swinley Clay Member 
and Bagshot 
Formation 

Cockcrow 
Overbridge 

5.0 
HE551522-ATK-HGT_XS-DR-
CE-000002 

Bagshot Formation 

7.6 Retaining Structures 
7.6.1 During preliminary design three main options were chosen for retaining walls 

across the scheme. These are; driven sheet pile wall, crib walls and concrete 
cantilever retaining walls.  

7.6.2 The main, overarching geotechnical considerations for all retaining structures 
across the scheme are as follows: 

 Lateral and vertical variability within the Made ground, the Engineered Fill; and 
the Bagshot Formation should be considered;  

 The Swinley Clay Member and the fine units within the Bagshot Formation have 
the potential to be highly compressible and are at risk of settlement; 

 The Made Ground and the Bagshot Formation are at risk of collapse if left 
unsupported; 

 Sub-artesian groundwater and running sands are likely to be encountered in 
the Bagshot Formation; 

 All concrete should be designed to withstand extremely aggressive pH and 
sulphate conditions; 

 The weathering profile of the Swinley Clay Member is likely to possess reduced 
strength parameters; and  

 The Swinley Clay Member is likely to exhibit high to very high plasticity and the 
potential for volume change.  

7.6.3 A summary of proposed retaining walls and their recommendations are presented 
in Table 7-4. 
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Table 7-4 Summary of retaining structures and associated geotechnical 
considerations

Name 

Maximum 
Retained 
Height (m) 

Preferred 
Retaining Wall 
Type 

Relevant Ground Model 
(Drawing Number) 

Anticipated Stratums 
Encountered  

Ockham Park 
Gantry 
Retaining Wall 

3.0 
Driven Sheet Pile 
Wall 

HE551522-ATK-HGT_LS-
DR-CE-000006 

Bagshot Formation 

Wisley 
Retaining Wall 

1.6 Crib Wall 
HE551522-ATK-HGT_LS-
DR-CE-000005 

Bagshot Formation 

Bolder Mere 
Retaining Wall  

0.5 
(average) 

Driven Sheet Pile 
Wall 

HE551522-ATK-HGT_LS-
DR-CE-000004 

Bagshot Formation 

Hut Hill 
Retaining Wall  

6.5 
Driven Sheet Pile 
Wall 

HE551522-ATK-HGT_LS-
DR-CE-000009 

Bagshot Formation 

Wisley 
Interchange 
Retaining Wall A 

2.4 
Precast concrete 
Cantilever 
retaining wall 

HE551522-ATK-HGT_LS-
DR-CE-000005 

Engineered Fill and 
Bagshot Formation  

Wisley 
Interchange 
Retaining Wall B 

2.9 
Precast concrete 
Cantilever 
retaining wall 

HE551522-ATK-HGT_LS-
DR-CE-000005 

Engineered Fill and 
Bagshot Formation  

Wisley 
Interchange 
Retaining Wall 
C 

4.3 Crib Wall 
HE551522-ATK-HGT_LS-
DR-CE-000007 

Engineered Fill and 
Bagshot Formation  

Wisley 
Interchange 
Retaining Wall 
D 

2.5 
Precast concrete 
Cantilever 
retaining wall 

HE551522-ATK-HGT_LS-
DR-CE-000007 

Engineered Fill and 
Bagshot Formation  

Redhill NMU 
Retaining Wall A 

3.8 Crib Wall 
HE551522-ATK-HGT_LS-
DR-CE-000010 

Bagshot Formation and 
Swinley Clay Member

Redhill NMU 
Retaining Wall B 

1.5 Crib Wall 
HE551522-ATK-HGT_LS-
DR-CE-000002 

Bagshot Formation and 
Swinley Clay Member

New Redhill 
Retaining Wall 

3.8 Crib Wall 
HE551522-ATK-HGT_LS-
DR-CE-000010 

Bagshot Formation and 
Swinley Clay Member

Painshill 
Retaining Wall A 

3.9 Crib Wall 
HE551522-ATK-HGT_LS-
DR-CE-000001 

Bagshot Formation 

Painshill 
Retaining Wall B 

1.9 Crib Wall 
HE551522-ATK-HGT_LS-
DR-CE-000001 

Bagshot Formation 

Painshill 
Retaining Wall 
C 

2.4 Crib Wall 
HE551522-ATK-HGT_LS-
DR-CE-000001 

Bagshot Formation 

Manor Pond 
Retaining Wall 

4.3 
Driven Sheet Pile 
Wall 

HE551522-ATK-HGT_XS-
DR-CE-000004 

Bagshot Formation 
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Name 

Maximum 
Retained 
Height (m) 

Preferred 
Retaining Wall 
Type 

Relevant Ground Model 
(Drawing Number)

Anticipated Stratums 
Encountered  

Clearmount 
Retaining Wall A 

4.7 Crib Wall 
HE551522-ATK-HGT_LS-
DR-CE-000017 

Made Ground, 
Engineered Fill; and 
Bagshot Formation 

Clearmount 
Retaining Wall B 

4.0 Crib Wall 
HE551522-ATK-HGT_LS-
DR-CE-000017 

Made Ground, 
Engineered Fill; and 
Bagshot Formation 

Clearmount 
Retaining Wall 
C 

2.0 Crib Wall 
HE551522-ATK-HGT_LS-
DR-CE-000023 

Made Ground, 
Engineered Fill; and 
Bagshot Formation 

7.7 Replacement Culvert 
7.7.1 One replacement culvert is proposed on the scheme at Stratford Brook, adjacent 

to Ockham Park Junction. 

7.7.2 The anticipated stratum at the location of the replacement culvert is: 

 Made Ground; 

 Engineered Fill; 

 Alluvium; and  

 Bagshot Formation 

7.7.3 The variable nature of the ground at this location is to be given consideration in 
the Geotechnical Design Report (GDR); the main consideration points are as 
follows: 

 Variability within the Made Ground and Engineered Fill should be considered;

 Lateral and vertical variation, low strength, intermediate plasticity clay and very 
high plasticity silt; and the potential for volume change within the Alluvium 
should all be considered during design; 

 Lateral and vertical variation within the Bagshot Formation should be 
considered; and 

 Any concrete should be designed to withstand extremely aggressive pH and 
sulphate conditions. 

7.8 California Bearing Ratio/Subgrade 
7.8.1 Characteristic CBR values are presented in the Geotechnical Parameter tables of 

Section 5-11 of this report.  

7.8.2 Caution should be adopted when using the in situ test results for the derivation of 
preliminary CBR values, due to the potential for seasonal influence to affect the 
results. Surface stiffnesses may either increase or decrease due to changes in the 
in situ moisture content (the investigation was undertaken during summer 2019). 
Also, where assessing Made Ground materials, the presence of larger particles 
(coarse gravel and cobbles); which were noted in the material description, could 
affect the test results by indicating a false high value. 
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7.8.3 Once pavement levels have been finalised the design CBR value will need to be 
determined from available testing and with reference to published literature, taking 
consideration of the seasonal and in situ moisture conditions at the time of 
construction. Removal of vegetation and exposure of the subgrade as part of 
construction may also result in a potential increase in moisture, which may also 
lead to a decrease in surface stiffness.  

7.8.4 It is recommended that further CBR/Plate Bearing tests are carried out prior to the 
construction phase in order to target specific areas of the scheme proposed for 
carriageway widening that were not targeted during the 2019/2020 ground 
investigation.  

7.9 Soil Infiltration Rates 
7.9.1 As discussed in Section 4.5 of this report, infiltration testing was carried out in the 

coarse Undifferentiated River Terrace Deposits and the fine and coarse Bagshot 
Formation.  

Table 7-5 Infiltration rates 

Stratum Range (m/s) Average (m/s) 

Undifferentiated River 
Terrace Deposits - 
coarse 

8.1x10-7 to 7.0x10-7 7.55x10-7 

Bagshot Formation - 
fine 

2.6x10-6 to 7.8x10-7 1.69x10-6 

Bagshot Formation - 
coarse 

2.7x10-7 to 1.0x10-7 4.84x10-6 

7.9.2 Due to the known variability of the Undifferentiated River Terrace Deposits and 
Bagshot Formation, the test results may not be representative across the Scheme. 
Therefore, should final soakaway locations change during detailed design then 
consideration should be given to confirmation of the ground conditions and soil 
infiltration at that new location.  

7.10 Site-won Material for Re-use 
7.10.1 In accordance with the guidance and material properties required for acceptability, 

as presented within the Specification for Highways Works (SHW) Series 600, 
materials encountered on site have been classified according to their potential 
suitability for re-use as site-won fill. 

7.10.2 All re-use of site-won material will be undertaken under a Materials Management 
Plan (MMP), reviewed and submitted by a Qualified Person (QP), with appropriate 
re-use criteria developed for determining the chemical suitability of the excavated 
materials.   

7.10.3 Based on geotechnical testing available, it is anticipated that site-won materials of 
Undifferentiated River Terrace Deposits, the Bagshot Formation and the Swinley 

 

7.10.4 Site-won materials may also be re-
Class 5.  
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7.10.5 It is anticipated that on-site processing will be required to render certain site-won 
fill suitable for re-use. This will be undertaken under appropriate environmental 
permitting where applicable. 

7.10.6 The potential for re-use of site-won material will also depend on the manner in 
which excavations are formed. Unless segregation of different materials can be 
undertaken at source, it is likely that re-use of fill will be limited by the various 
constituent materials at any location.  

7.10.7 The potential for re-use of site-won fill material will also vary seasonally and 
comparison of the potential for re-use based on moisture content recorded at the 
time of the 2019/2020 GI should take into consideration seasonal effects.  

7.10.8 in situ water contents indicate that 
the Bagshot Formation and the Swinley Clay Member exhibit, on average, higher 

the scheme. The Bagshot Formation is on average approx. 8 to 11 % higher and
the Swinley Clay Member is approx. 4 % higher; therefore, both would require 
drying prior to placement. 

7.10.9 The maximum dry density of the Undifferentiated River Terrace Deposits ranges 
between 1.553  1.930 Mg/m3, with a moisture condition value (MCV) range of 
3.4  10.5.  

7.10.10 The maximum dry density of the Swinley Clay Member ranges between 
1.374  1.717 Mg/m3, with a moisture condition value (MCV) range of 3.3  14.4. 

7.10.11 The maximum dry density of the Bagshot Formation (fine and course) ranges 
between 1.142  2.102 Mg/m3, with a moisture condition value (MCV) range of 
2.0  12.3.  

7.10.12 Once development levels and excavation volumes have been confirmed, and 
should re-use be required, validation testing should be undertaken in accordance 
with the guidelines provided within SHW Series 600 and the re-use criteria 
developed for the MMP, to confirm these preliminary classifications. Should 
validation testing find that site-won materials are unsuitable for the proposed use 
(both geotechnically and geoenvironmentally), import of suitable engineering fill 
will be required. 

7.11 Summary and Considerations 
7.11.1 The ground conditions across the site are variable. However, the proposed 

geotechnical activities are relatively simple and as such the ground conditions are 
not considered to present exceptional geotechnical risk. 

7.11.2 Based on the risk assessments completed to date (related to soil sampling and 
analysis), no significant geoenvironmental risks have been identified. A full ground 
gas and hydrogeological risk assessment will be completed within an addendum 
to this report, issued after the monitoring programme is completed. 

7.11.3 Should geoenvironmental risks be identified associated with contaminated land 
and groundwater within the addendum report, an appropriate remediation strategy 
and mitigation measures will be developed and implemented in accordance with 
Requirement 13 sub-paragraph 2 of the draft DCO. This strategy would require 
submission to and approval by the Secretary of State following consultation with 
the applicable regulatory bodies. 

7.11.4 If any previously unidentified and unanticipated contaminated materials  both 
soils and groundwater  are encountered during the development, all works within 
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the area are required to cease in accordance with Requirement 13 sub-paragraph 
4 until appropriate risk assessments can be undertaken in consultation with the 
applicable regulatory bodies. 

7.11.5 The following however should be considered carefully within the Geotechnical 
Design Report: 

 The variability of the Made Ground and Engineered Fill across the scheme;  

 Potential soft layers within the Alluvium encountered adjacent to Stratford 
Brook;  

 Landfills encountered at Wisley Airfield and in the west of the scheme adjacent 
to M25 anticlockwise carriageway, east of Buxton Wood; 

 Weathering profiles within the Swinley Clay Member and the Claygate Member;

 Potential for volume change within the Swinley Clay Member; 

 The Alluvium, the Swinley Clay Member, finer units within the Bagshot 
Formation and the Claygate Member all have the potential to be highly 
compressible and may be at risk of settlement; 

 The variability of the interbedded fine and coarse layers, both laterally and 
vertically, within the Bagshot Formation;  

 Pockets of organic matter/peat no larger than 0.5 cm identified throughout the 
Bagshot Formation;  

 Elevated sulphate and low pH levels detected sporadically across the Scheme, 
potentially linked to Aggressivity of the ground conditions and pyrite nodules 
identified throughout the Bagshot Formation and Claygate Member; 

 Near-surface shallow groundwater levels, which show evidence of fluctuating 
seasonally, are to be expected across areas of the Scheme. Additionally, there 
is evidence of localised perched water in some areas of the site; management 
of perched water/groundwater will therefore likely be required;  

 Consideration should be given to blowing sands and sub artesian groundwater 
which may be encountered;  

 Interactions with existing structures is likely to occur, most notably the presence 
of the buried retaining wall and earth bund adjacent to Bolder Mere; 

 No works on the new retaining wall along the edge of Bolder Mere may 
commence until details of the surface water drainage and pollution control 
measures are approved by the Secretary of State following consultation with
the applicable regulatory bodies, in accordance with Requirement 10 sub-
paragraph 3 of the draft DCO; 

 Consideration is required to provide suitable surface water level control in the 
form of a sluice or spillway from Bolder Mere;   

 Undifferentiated River Terrace Deposits, the Bagshot Formation and the 

 

 All site-won materials for reusability will require drying prior to placement; 

 All site-won materials will be reused under a suitable MMP  reviewed and 
submitted by a QP  with related re-use criteria; 
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Infiltration rates determined for the Undifferentiated River Terrace Deposits and 
the Bagshot Formation may not be representative across the Scheme; 

 Should final soakaway locations change during detailed design, then 
consideration should be given to confirmation of the ground conditions and soil 
infiltration at any new locations.  

 Phase 2 ground investigation (in advance of construction) may be required to 
target areas of data gaps, specifically: in situ CBR/plate bearing testing at areas 
of carriageway widening and; areas of geological and geotechnical parameter 
uncertainty, due to ground investigation descoping.  

 Lower than anticipated undrained shear strength values were recorded for the 
Claygate Member from unconsolidated undrained (UU) triaxial test results, 
scheduled in the vicinity of the former Wisley Airfield and Ockham Park 
Junction, towards the south of the Scheme. The Claygate Member is 
occasionally encountered as fissured which are infilled with sands and silts. 
Fissures are known to have an important effect on the mass behaviour of clay. 
Failure of the samples used for the UU triaxial tests may have been influenced 
by the presence of fissures creating preferential failure planes and thus lower
undrained shear strength values. Due to the termination of a number of 
boreholes in the vicinity of the proposed Junction 10 bridges the Claygate 
Member was only tested in a select few holes at the junction.  Therefore,
consideration should be given to further testing on the Claygate Member the 
vicinity of the Junction 10 overbridges to see if the reduced undrained shear 
strength can be expected across the whole Scheme.  

 The interpretation of the ground conditions and the derivation of geotechnical 
parameters across the Scheme for design has been undertaken based on 
technical principles and standards of engineering practice. Due to the inherently 
variable nature of the stratum encountered engineering judgement should be 
considered at a localised scale. 

 An options appraisal should be undertaken to determine most suitable piling 
method. 
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1 INTRODUCTION

SOCOTEC UK Limited was commissioned in February 2019 by Geoffrey Osborne Limited 

(Osborne), on behalf of Highways England, with Atkins Limited (Atkins) designated as the 

Investigation Supervisor, to carry out a ground investigation at the M25 J10 / A3 Wisley Interchange 

in Surrey. The investigation was required to obtain geotechnical and geoenvironmental information 

for proposed works which include widening of the M25 and A3 carriageways, widening of the 

interchange, improvements to existing local access roads and construction of new access roads. 

The scope of the investigation was specified by Atkins and comprised boreholes, trial pits, in situ 

testing, monitoring, laboratory testing and reporting. The investigation was performed in accordance 

with the contract specification, the general requirements of BS 5930 (2015), BS EN 1997-2 (2007), 

BS EN ISO 22475-1 (2006) and other relevant related standards identified below.  

The fieldwork was carried out during day and night shifts which took place between 20 May 2019 

and 12 February 2020.  

During the fieldwork phase of the investigation the scope was modified by the removal of dynamic 

cone penetrometer (DCP) testing, as detailed in version 4.1 of the contract specification (document 

reference HE551522-ATK-VGT-XX-SP-CE-000005, 16 July 2019). A number of changes were also 

made to the exploratory hole type as originally detailed in Schedule 2 of the contract specification. 

These are discussed in Section 3.2 of this report along with further information on holes which were 

added to the scope of works plus those which were cancelled or terminated short of their scheduled 

depth. All variations to the original scope were instructed by Atkins. 

This report presents the factual records of the fieldwork, laboratory testing and the groundwater 

monitoring results available to date. At the time of writing, a programme of post-fieldwork gas and 

groundwater monitoring, together with periodic groundwater sampling and analysis, is ongoing. The 

results from this monitoring programme and associated laboratory testing will be presented in a 

separate addendum report on completion. 

The information is also presented as digital data as defined in AGS (2017). 
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2 SITE SETTING

2.1 Location and Description

The M25 J10 / A3 Wisley Interchange is located in the southwest section of the M25 London Orbital 

Motorway and is centred at National Grid reference TQ080592; see Site Location Plan in 

Appendix A. The site compound was located on Muddy Lane, Woking, GU23 6QN. 

The area of investigation encompasses approximately 4.8 km of the A3 between Painshill Junction 

to the northeast and Ockham Park Junction to the southwest of the interchange and approximately 

4 km of the M25 between the western end of the site near Wisley and south eastern extent. 

The elevation of the site ranges between approximately 18 m above Ordnance Datum (OD) to 

approximately 54 m OD. The landscape is predominantly rural: Foxwarren Park is located to the 

north and north west of the interchange; Painshill Common which includes Painshill Park is located 

to the north east; Ockham Common is located to the south east; Wisley Common, which includes 

the Royal Horticultural Society (RHS) Garden Wisley, is located to the south west and west, and; 

Buxton Wood which is located to the west. 

Most of the exploratory holes were situated within a woodland or fields, a number of which required 

vegetation clearance in order to access the locations. Some exploratory holes were located within 

the carriageways of the M25 and A3. At the time of the investigation the highways were 

predominantly constructed within cuttings or at grade, with some sections of embankment close to 

the interchange and at Ockham Park Junction. 

There are several residential and commercial properties situated across the site. The disused 

Wisley Airfield is located to the southern part of the site. 

The main watercourses are the River Mole which passes through the north east area of investigation 

and the River Wey which passes through the west part of the site. Bolder Mere lake is located 

adjacent to the A3 southbound carriageway within Ockham Common and Stratford Brook passes 

beneath the Ockham Park Junction. 
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2.2 Published Geology

The published geological map for the area, (BGS Sheet 285), and the BGS GeoIndex Onshore 

online viewer (2020), show the site to be predominantly located on the Bagshot Formation and the 

associated Swinley Clay Member which is underlain by the London Clay Formation. The cross 

section included on the geological map shows a thinning of the Bagshot Formation towards the 

south east of the site. The Claygate Member of the London Clay Formation is shown to be present 

at the surface to the east of the site. 

Superficial deposits comprising the Lynch Hill Gravel Member are shown to the north east, south 

and south west of the interchange. The Taplow Gravel Member and Alluvium is shown to the east of 

the site and the Kempton Park Gravel Member and Alluvium are shown primarily to the west.  There 

are localised occurrences of River Terrace Deposits (Undifferentiated) to the north and east of the 

site.  

Made Ground is shown to the north of the interchange and towards the south of the site, 

immediately north of Wisley Airfield. Worked Ground  is shown along the eastern section of the M25 

whilst Landscaped Ground  is shown to the south west of the site, possibly associated with RHS 

Garden Wisley. 

3 FIELDWORK

3.1 General

The exploratory hole and in situ test locations were selected by Atkins and set out from local 

features. The co-ordinates and ground levels of the positions were surveyed by Osborne to National 

Grid and Ordnance Datum and are shown on the exploratory hole logs. The exploratory hole 

locations are indicated on the Site Plans in Appendix A. 

3.2 Exploratory Holes

The exploratory holes are listed in the following table. 
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TABLE 1 : SUMMARY OF EXPLORATORY HOLES 

TYPE QUANTITY 
DEPTH 

RANGE (m) 
REMARKS 

Dynamic Sampling extended 
by Rotary Core Drilling 

82 0.20 to 40.36 

1-105*, 1-105A , 1-107, 1-110, 1-124,  

1-145, 1-147, 1-149, 1-150, 1-166,  

1-169, 1-170*, 1-170A , 1-179, 1-180,  

1-181, 1-182, 1-183, 1-207, 1-208,  

1-209, 1-210, 1-212, 1-217, 1-226,  

1-235, 1-237, 1-245*, 1-246, 1-252*,  

1-252A , 1-253, 1-255, 1-257, 1-261,  

1-264, 1-302, 1-305, 1-306, 1-307,  

1-312, 1-314, 1-318, 1-322, 1-327,  

1-328, 1-335, 1-339, 1-339A* , 1-339B , 

1-359, 1-360, 1-363*, 1-363A , 1-367,  

1-370, 1-373, 1-382, 1-390, 1-395,  

1-401, 1-404, 1-405, 1-408, 1-417 ,  

1-508, 1-516, 1-541, 1-542, 1-703,  

1-706, 1-718, 1-719, 1-722, 1-739,  

1-741, 1-746, 1-747, 1-748, 1-749,  

1-903, 1-911, 1-938, 1-939, 1-945,  

1-948, 1-950, 1-951 

Dynamic Sampling 9 3.50 to 30.45 
1-136, 1-213, 1-266, 1-527, 1-529,  

1-537, 1-724, 1-724A , 1-737 

Dynamic Windowless 
Sampling 

53 0.40 to 10.00 

1-113A , 1-139, 1-141, 1-178, 1-187, 

1-193, 1-195, 1-197, 1-199, 1-204, 

1-215*, 1-223*, 1-216, 1-219, 1-221,  

1-228, 1-233, 1-241, 1-243, 1-256,  

1-258, 1-260, 1-282 , 1-283 , 1-286 ,  

1-287* , 1-290 , 1-291 , 1-293 , 1-309,  

1-313, 1-317, 1-325*, 1-325A* , 1-331, 

1-348, 1-350, 1-352, 1-355, 1-358, 

1-364, 1-366, 1-376, 1-378, 1-380, 

1-389, 1-398, 1-420 , 1-421 , 1-511, 

1-708, 1-711, 1-729, 1-913, 1-913A , 

1-913B , 1-948A , 1-949 

Rotary Open Hole Drilling 1 17.00 1-741A  
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Following consultation with Osborne and Atkins during the fieldwork period the proposed exploratory 

hole type was changed for a number of locations. The changes are summarised in the following 

table. 

TABLE 2 :  SUMMARY OF CHANGE IN EXPLORATORY HOLE TYPE 

Cable Percussion Boring 42 3.00 to 30.14 

1-127, 1-152, 1-174, 1-184, 1-186,  

1-191, 1-201, 1-203, 1-206, 1-211, 

1-231, 1-239, 1-254, 1-259, 1-265, 

1-269, 1-270A , 1-301, 1-311, 1-333,  

1-341, 1-346, 1-387, 1-392, 1-410, 1-412  

1-414, 1-415, 1-509, 1-518, 1-518A ,  

1-524, 1-528, 1-555A , 1-715, 1-726,  

1-727, 1-742, 1-901, 1-902, 1-946,  

1-949A  

Trial Pits  machine excavated 23 3.30 to 3.60 

1-137, 1-175, 1-225, 1-227, 1-267,  

1-268, 1-270 , 1-402, 1-419 , 

1-422 , 1-519, 1-521, 1-533, 1-536,  

1-553, 1-553A , 1-554, 1-555, 1-556,  

1-909, 1-917, 1-937, 1-940 

Trial Pits  hand excavated 
(Land Replacement Pits) 

13 0.50 to 0.70 

1-705, 1-707, 1-714, 1-716, 1-725,  

1-728, 1-735, 1-736, 1-906, 1-907, 

1-947, 1-954, 1-955 

Trial Pits  hand excavated 2 1.20 to 1.50 1-259A ,1-533A  

Inspection Pits for Cone 
Penetration Testing (CPT) 

6 1.20 
1-702, 1-704, 1-717, 1-720, 1-721, 

1-723 
 

* exploratory hole terminated within inspection pit  
 exploratory hole added to scope of works. 1-259A carried out to obtain environmental soil samples erroneously 

omitted from 1-259.  

PROPOSED TYPE ACTUAL TYPE REMARKS 

Dynamic Sampling extended by 
Rotary Core Drilling 

Cable Percussion Boring 
1-127, 1-152, 1-206, 1-211, 1-341, 
1-346, 1-410,  1-715, 1-726 

Dynamic Sampling extended by 
Rotary Core Drilling 

Dynamic Windowless Sampling 
1-139, 1-260, 1-364, 1-366, 1-398, 

1-913, 1-949 

Cable Percussion Boring 
extended by Rotary Core Drilling 

Dynamic Sampling extended by 
Rotary Core Drilling 

1-179, 1-183, 1-235, 1-264, 1-318,  

1-508, 1-541, 1-542, 1-945 

Trial Pit Dynamic Sampling 1-266 

Cable Percussion Boring 
Dynamic Sampling extended by 
Rotary Core Drilling 

1-147, 1-217, 1-226, 1-237, 1-373 
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In addition to the removal of DCP tests from the scope of works, the following exploratory holes 

were cancelled following consultation with Osborne and Atkins : 1-101, 1-102, 1-103, 1-104, 1-113, 

1-284, 1-285, 1-288, 1-289, 1-292, 1-301A, 1-302A, 1-319, 1-320, 1-321, 1-408A, 1-410A, 1-413, 1-

416, 1-418, 1-701, 1-706A, 1-715A, 1-733, 1-738 and 1-740.  

A number of exploratory holes were terminated short of their scheduled depth. The reasons for 

termination are detailed on the exploratory hole logs. In summary, the following holes were 

terminated due to encountering an obstruction or difficult drilling conditions: 1-105, 113A, 1-139, 

1-145, 1-170, 1-175, 1-245, 1-252, 1-252A, 1-258, 1-325, 1-325A, 1-366, 1-390, 1-524, 1-527, 1-

722, 1-724, 1-741, 1-741A, 1-747, 1-913A and 1-913B. 

Exploratory holes 1-149, 1-703, 1-719, 1-746 and 1-748 were terminated due to time constraints 

with the traffic management. 1-339A was terminated due to the proximity of suspected buried 

services and 1-363 was terminated due to a positive magnetometer reading from the unexploded 

ordnance (UXO) survey. 1-948 was terminated due to the weather conditions and safety concerns 

while 1-152, 1-170A, 1-179, 1-518 and 1-724A were terminated under instruction from Atkins. 1-746 

was terminated after it was removed from the scope of works. 

A Ground Penetrating Radar survey and a cable avoidance tool (CAT) plus generator was utilised at 

the location of each exploratory hole to determine whether the location was clear of underground 

services. This was done prior to carrying out an inspection pit.  The UXO survey was conducted by a 

specialist contractor at regular intervals as the exploratory hole was being advanced.  

An archaeological watching brief was carried out at the location of exploratory holes 1-363, 1-367, 

1-395, 1-398, 1-402 and 1-414. The results of the findings are reported in Appendix H.  

The exploratory hole logs are presented in Appendix B. These include descriptions of the strata 

encountered together with details of the equipment and methods used, sampling and field testing 

carried out, water depths and other field observations. Explanation of the terms and abbreviations 

used on the logs is given in the Key to Exploratory Hole Records in Appendix B,  along with other 

explanatory information. Soil material descriptions are in accordance with BS EN ISO 14688-1 

(2018) and the guidance of BS 5930 (2015). The geology codes in the AGS digital data were 

assigned in collaboration with Atkins. 
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Where core loss has been identified in the measurement of total core recovery (TCR), a depth range 

is typically assigned to the assessed zone of core loss (AZCL). When core recovery is low such that 

it is not practical to assign AZCL, a scheme of wording as suggested by Valentine and Norbury 

(2011) is used as part of the stratum description

description for a core run of approximately 25- d for runs 

 

Standard penetration tests (SPT) in the boreholes were carried out in accordance with BS EN ISO 

22476-3+A1 (2011). Liners were not used with the split-spoon samplers. The SPT hammer energy 

ratio certificates are included in Appendix B and the results are presented on the logs as 

uncorrected N values. 

On completion of the fieldwork, geotechnical and geochemical samples were transported to the 

Wokingham office of SOCOTEC for temporary retention, with those required for testing being 

transferred to the UKAS and MCERTS accredited SOCOTEC laboratories at Carcroft, near 

Doncaster and Bretby, near Burton-on-Trent.  Geoenvironmental samples were transported from 

site directly to the SOCOTEC laboratory at Bretby. 

Photographs of the inspection pits (except 1-127, 1-139A, 1-215, 1-223, 1-241, 1-243, 1-245, 1-252, 

1-258, 1-259A, 1-282, 1-286, 1-287, 1-291, 1-311, 1-317, 1-325, 1-325A, 1-339A, 1-363, 1-364, 1-

366, 1-398A, 1-420, 1-421, 1-518A, 1-533A, 1-555A, 1-702, 1-704, 1-705, 1-707, 1-714, 1-716, 1-

717, 1-720, 1-721, 1-723, 1-725, 1-728, 1-735, 1-736, 1-906, 1-907, 1-913B, 1-947, 1-954, 1-955, 1-

948A and 1-949), dynamic sample liners, rotary drilled cores and trial pits are presented in Appendix 

G. Where difficulties were encountered in retrieving the material from dynamic sample liners and 

rotary core runs such that the material was recovered in a bulk bag, this is recorded on the log. No 

photographs were taken of the bulk bags. 

3.3 Field Testing

Field (in situ) testing was carried out in accordance with the relevant standards as tabulated below. 

The testing is summarised in the following table and the results are presented in Appendix C unless 

noted otherwise. Calibration certificates where appropriate are included with the results in the 

appendix. 
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TABLE 3 : SUMMARY OF FIELD TESTING 

Where borehole permeability tests were instructed in unsaturated materials the results have been 

processed as soakaway tests using an in house method that follows the general principles set out in 

BRE Digest DG 365: i.e. a calculated soil infiltration rate value based on the surface area of the test 

zone and the time required for the water level to fall from 75% to 25% of the water depth in the test. 

For a number of the soakaway tests it has not been possible to report an infiltration rate because 

sufficient soakage (i.e. to 25% of the effective depth) has not occurred during the test period which, 

in the majority of cases, was up to approximately three hours. Where this limitation was experienced 

in Trial Pits 1-270, 1-553 and 1-555, additional exploratory holes were formed (Borehole 1-270A, 

Trial Pit 1-553A and Borehole 1-555A respectively) in order to undertake further tests, the majority of 

which were successfully completed.  

The soakaway tests in Boreholes 1-261, 1-266, 1-414 and Trial Pit 1-556 were terminated when it 

became evident that sufficient soakage to calculate the infiltration rate was unlikely to be achieved 

(for example, after recording only approximately 25% soakage in two or three hours). In one 

instance (Trial Pit 1-554) the test was abandoned due to striking groundwater in the trial pit. 

TYPE QUANTITY REMARKS 

Dynamic Probing 7 BS EN ISO 22476-2 (2011) 

CPT and Magnetometer Test 6 
Carried out at 1-702, 1-704, 1-717, 1-720, 1-721 and 1-723. 
Dissipation tests carried out at 1-704 and 1-720. 

Falling Head Permeability 5 BS EN ISO 22282-2 (2012) 

Rising Head Permeability 3 BS EN ISO 22282-2 (2012) 

Soakaway (in Trial Pits) 7 
BRE Digest DG 365 (2016). Carried out in trial pits 1-175,      
1-270 (4 tests), 1-553 (3 tests), 1-553A (3 tests), 1-554, 1-555 
(3 tests) and 1-556 (3 tests).  

Soakaway (in Boreholes) 15 

Predominantly carried out in unsaturated ground below the 
borehole casing, following the general principles of BRE Digest 
DG 365 (2016), in 1-186, 1-265, 1-266, 1-270A, 1-412, 1-414, 
1-415, 1-555A and 1-742.  

Six tests, in boreholes 1-145, 1-254, 1-261, 1-417, 1-901 and 
1-902, carried out with water level remaining within the casing. 
These results were calculated using an in-house method 
based on the volume of water soaking through a surface area 
that remains constant during a test period of typically 60 
minutes. The test in 1-145 resulted in a non-linear curve, so for 
this test the method was adjusted so that the calculated 
infiltration rate was based on the middle 50% of the curve only.   
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Due to the typically unstable nature of the ground, the majority of tests were undertaken in 

exploratory holes that had been partially or fully backfilled with gravel, the water levels of the test 

being monitored in a standpipe installed for the purpose. In such cases the approximate porosity of 

the backfill has been taken into account in the infiltration rate calculations.          

Cone penetration testing was carried out in accordance with Part 9 of BS 1377 (1990) and BS EN 

ISO 22476-1 (2012). The serial number of the cone used is indicated on the test plots. The 

calibration certificate is included in Appendix C and provides details of the manufacturer, cone 

dimensions, capacity and geometry. 

Test control and data acquisition was carried out using CPTask, a proprietary software supplied by 

Geomil Equipment BV of Holland. The measured cone end resistance, sleeve friction, dynamic 

porewater pressure, and inclination were recorded at 1 cm intervals of penetration. 

Interpretation of the CPT data was carried out using an in-house data reduction spreadsheet. The 

interpretation follows the recommendations of Lunne et al (1997) to derive, where appropriate: 

friction ratio, pore pressure ratio, undrained shear strength (minimum and maximum range 

presented using typical cone factors of 20 and 12 respectively), relative density, angle of friction and 

soil type. The soil classification uses the soil behaviour type chart of Robertson (1990), see 

KeyCPT. A nominal groundwater level of 1.00 m has been assumed for the data interpretation, 

based on the general groundwater level indicated by monitoring of borehole installations as part of 

the main ground investigation works. It should be noted that any opinions and interpretations 

presented are outside the scope of SOCOTEC's UKAS accreditation for cone penetration testing.  

Explanation of the terms used and derivations of the cone and soil parameters are given in the Key, 

see KeyCPT. The data are presented graphically as plots relative to depth below ground level on the 

CPT logs in Appendix C (Report No. M9022-19). The stratum descriptions shown are derived using 

the interpreted soil classification in conjunction with the site borehole data, together with strength 

and relative density terms related to the CPT data, as indicated in the Key. 

Two dissipation tests were carried out in conjunction with CPTs, as specified by Atkins and subject 

to suitable porewater pressure response observed during penetration. The plots of measured and 

normalised excess porewater pressure are presented in Appendix C. The data has been interpreted 

to provide consolidation parameters in accordance with Lunne et al (1997). 
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Magcone testing was carried out before the CPTs at all six locations, to a maximum achievable 

depth of 10.51 m, using a separate three-axis cone-mounted magnetometer unit. The results are 

included in Appendix C as plots of total magnetic field strength (in nanotesla) against depth for the 

two horizontal axes (X and Y) and vertical axis (Z). 

3.4 Groundwater Monitoring

Gas and groundwater monitoring instrumentation was installed in selected boreholes, as specified 

by Atkins. Installation details are shown on the logs and summarised in Appendix D. Records of 

groundwater monitoring carried out by SOCOTEC during and immediately after the fieldwork period 

are presented in Appendix D along with well development records. At the time of writing the post-

fieldwork phase of gas and groundwater monitoring is ongoing. The results from this monitoring 

programme will be presented in a separate addendum report on completion. 

4 LABORATORY TESTING

4.1 Geotechnical Testing

Geotechnical laboratory testing was scheduled by Atkins and was carried out in accordance with 

BS 1377 (1990) and BS EN ISO 17892 (2014) Part 1 and 2 unless otherwise stated within the test 

report. The testing as of the Draft Report issue date is summarised below and the interim results are 

presented in Appendix E. 

TABLE 4 : SUMMARY OF GEOTECHNICAL LABORATORY TESTING 

TYPE QUANTITY REMARKS 

Water Content Determination 599  

Atterberg Limit Determination 590  

Particle Density (small pyknometer) 7  

Linear Density 19  

Particle Size Distribution Analysis 814  

Unconsolidated Undrained Triaxial 
Compression Testing 

122  

Consolidated Undrained Triaxial 
Compression Testing 

60  
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4.2 Geoenvironmental Testing

Geoenvironmental laboratory testing was scheduled by Atkins on the soil samples and water 

recovered during the fieldwork. The testing is summarised in the table below and the results are 

presented in Appendix F. 

TABLE 5 : SUMMARY OF GEOENVIRONMENTAL LABORATORY TESTING 

Hand Vane 11  

Small Shearbox 84  

California Bearing Ratio 40  

Compaction Light 56  

Compaction Heavy 7  

Max and Min Density 23  

MCV Relationship 19  

Oedometer Consolidation 87  

pH, Acid and Water Soluble Sulphate, 
Total Sulphur, Magnesium, Chloride and 
Nitrate content of Soils and Water 

352 

Test methods are BS 1377 or others 
recognised in BRE Special Digest 1 (2005); 
they are indicated on the results report sheets 
in Appendix E. 

Organic Matter Content 16  

TYPE QUANTITY REMARKS 

E1  Soil samples (General Suite) 248  

E2  Soil samples (Asbestos) 47  

E3  Soil samples (Organic Suite) 241  

E4  Soil samples (Volatile Organics Suite) 55  

E5  Soil samples (Pesticides / Herbicides / Insecticides) 5  

E6  Soil samples (PCB) 8  

E7  Soil samples (Chlorinated Solvents) 6  

F1  Water samples (General Suite) 13  

F2  Water samples (Organics Suite) 13  

F3  Water samples (Volatile Organics Suite)  3  

F7  Soil derived leachate 124  

H  Waste Acceptance Criteria (Full WAC) 73  
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Each test report contains an Analytical and Deviating Sample Overview which details the required 

analysis and provides the reasons for any samples which have been classified deviant with respect 

to the analytes. 

During the fieldwork it was noted that fragments of asbestos containing material (ACM) were present 

within Wisley Airfield. Sampling and testing identified the ACM as cement bound Chrysotile. 

SOCOTEC subsequently adopted a safe plan of working for exploratory holes located within the 

airfield. These measures included, amongst others, wheel wash facilities, track matting underlain 

with an impermeable membrane and additional personal protective equipment which included 

respiratory protective equipment  
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APPENDIX B

EXPLORATORY HOLE RECORDS

Key to Exploratory Hole Records Key 

  

SPT Hammer Energy Ratio Report SPT Hammer Reference .4, AR01 
AR1553, BS05, BS11, DD15, LS.01 
MS.01, NH.01, SN105, TH03, TH05 

TH06, TH07, TH50, TH52, TH54, TH56 
TH59, TH62, TH68 

  

Borehole Logs (Dynamic Sampling extended by 
Rotary Core Drilling) 

1-105, 1-105A, 1-107, 1-110, 1-124  
1-145, 1-147, 1-149, 1-150, 1-166  

1-169, 1-170, 1-170A, 1-179, 1-180  
1-181, 1-182, 1-183, 1-207, 1-208  
1-209, 1-210, 1-212, 1-217, 1-226  
1-235, 1-237, 1-245, 1-246, 1-252  

1-252A, 1-253, 1-255, 1-257, 1-261  
1-264, 1-302, 1-305, 1-306, 1-307  
1-312, 1-314, 1-318, 1-322, 1-327  

1-328, 1-335, 1-339, 1-339A, 1-339B 
1-359, 1-360, 1-363, 1-363A, 1-367  

1-370, 1-373, 1-382, 1-390, 1-395  
1-401, 1-404, 1-405, 1-408, 1-417  
1-508, 1-516, 1-541, 1-542, 1-703  
1-706, 1-718, 1-719, 1-722, 1-739  
1-741, 1-746, 1-747, 1-748, 1-749  
1-903, 1-911, 1-938, 1-939, 1-945  

1-948, 1-950, 1-951 
  

Borehole Logs (Dynamic Sampling) 1-136, 1-213, 1-266, 1-527, 1-529  
1-537, 1-724, 1-724A, 1-737 
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EXPLORATORY HOLE RECORDS (CONTINUED)

Borehole Logs (Dynamic Windowless Sampling) 1-113A, 1-139, 1-141, 1-178, 1-187 
1-193, 1-195, 1-197, 1-199, 1-204 
1-215, 1-216, 1-219, 1-221, 1-223 
1-228, 1-233, 1-241, 1-243, 1-256  
1-258, 1-260, 1-282, 1-283, 1-286  
1-287, 1-290, 1-291, 1-293, 1-309  

1-313, 1-317, 1-325, 1-325A, 1-331 
1-348, 1-350, 1-352, 1-355, 1-358 
1-364, 1-366, 1-376, 1-378, 1-380 
1-389, 1-398, 1-420, 1-421, 1-511 

1-708, 1-711, 1-729, 1-913, 1-913A 
1-913B, 1-948A, 1-949 

  

Borehole Log (Rotary Open Hole Drilling) 1-741A 

  

Borehole Logs (Cable Percussion Boring) 1-127, 1-152, 1-174, 1-184, 1-186  
1-191, 1-201, 1-203, 1-206, 1-211 
1-231, 1-239, 1-254, 1-259, 1-265  

1-269, 1-270A, 1-301, 1-311, 1-333  
1-341, 1-346, 1-387, 1-392, 1-410 
1-412, 1-414, 1-415, 1-509, 1-518  

1-518A, 1-524, 1-528, 1-555A, 1-715  
1-726, 1-727, 1-742, 1-901, 1-902 

1-946, 1-949A 
  

Trial Pit Logs (Machine Excavated) 1-137, 1-175, 1-225, 1-227, 1-267  
1-268, 1-270, 1-402, 1-419, 1-422 
1-519, 1-521, 1-533, 1-536, 1-553 

1-553A, 1-554, 1-555, 1-556, 1-909 
1-917, 1-937, 1-940 

  

Trial Pit Logs (Hand Excavated) 1-259A,1-533A, 1-705, 1-707, 1-714  
1-716, 1-725, 1-728, 1-735, 1-736  
1-906, 1-907,1-947, 1-954, 1-955 

  

Trial Pit Logs (Inspection Pits for CPTs) 1-702, 1-704, 1-717, 1-720, 1-721 
1-723 
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SAMPLES 
 
Undisturbed 
U 
UT 
TW 
P 
L 
CBR 
BLK 
C / CS 
AMAL 

 
 
 
Driven tube sample 
Driven thin wall tube sample           nominally 100 mm diameter and full recovery unless otherwise stated 
Pushed thin wall tube sample 
Pushed piston sample 
Liner sample from dynamic (windowless) sampling. Full recovery unless otherwise stated 
CBR mould sample 
Block sample 
Core sample (from rotary core) taken for laboratory testing. 
Amalgamated sample 
 

Disturbed 
D 
B 

 
Small sample 
Bulk sample 
 

Other 
W 
G 
 
 
ES 
EW 
 

 
Water sample 
Gas sample 
 
Environmental chemistry samples (in more than one container where appropriate) 
Soil sample 
Water sample 
 

Comments Sample reference numbers are assigned to every sample taken. A sample reference of 'NR' indicates that, while an 
attempt was made to take a tube sample, there was no recovery. 
 
Samples taken from borehole installations (ie water or gas) after hole construction are not shown on the exploratory 
hole logs. 
 
Specimens for point load testing undertaken on site (or other non-lab location) are not shown on the log. 
 

IN SITU TESTS 
 
SPT S or SPT C 
 
 
 
 
 
 
 
IV 
HV 
PP 
KFH, KRH, KPI 
 

 
 
Standard Penetration Test, open shoe (S) or solid cone (C) 
 
The Standard Penetration Test is defined in BS EN ISO 22476-3:2005+A1:2011.  
The incremental blow counts are given in the Field Records column; each increment is 75 mm unless stated otherwise 
and any penetration under self-weight in mm (SW) is noted.  Where the full 300 mm test drive is achieved the total 
number of blows for the test drive is presented as N = ** in the Test column. Where the test drive blows reach 50 the 
total blow count beyond the seating drive is given (without the N = prefix). 
 
in situ vane shear strength, peak (p) and remoulded (r) 
Hand vane shear strength, peak (p) and remoulded (r) 
Pocket penetrometer test, converted to shear strength 
Permeability tests (KFH = falling head, KRH = rising head; KPI = packer inflow);  
results provided in Field Records column (one value per stage for packer tests) 
 

DRILLING RECORDS 
 
The mechanical indices (TCR/SCR/RQD & If) are defined in BS 5930:2015 

TCR 
SCR 
RQD 
If 
NI 
NA 

Total Core Recovery, % 
Solid Core Recovery, % 
Rock Quality Designation, % 
Fracture spacing, mm.  Minimum, typical and maximum spacing measurements are presented.                      
Non-intact - used where the core is fragmented (ie no Solid Core). 
Not-applicable - used where a measurement is not applicable (eg. If, SCR and RQD in non-rock materials). 
 

Flush returns, estimated percentage with colour where relevant, are given in the Records column 
 
CRF 
AZCL 
 
 

Core recovered  in the following run (length in m) 
Assessed zone of core loss 
 
 

GROUNDWATER 
 

 
 

 
 
Groundwater entry 
Depth to groundwater after standing period 
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INSTALLATION

Standpipe/
piezometer

SP
SPIE
PPIE
EPIE

Inclinometer or 
Slip Indicator

ICE
ICM
SLIP

Settlement 
Points or 
Pressure Cells

ESET
ETM
EPCE
PPCE

Details of standpipe/piezometer installations are given on the Record. Legend column shows installed instrument depths 
including slotted pipe section or tip depth, response zone filter material type and layers of backfill.

The type of instrument installed is indicated by a code in the Legend column at the depth of the response zone:

Standpipe
Standpipe piezometer                             Plain                              Slotted                       Piezometer                         
Pneumatic piezometer                              Pipe                                  Pipe                                    Tip                               
Electronic piezometer

The installation of vertical profiling instruments is indicated on the Record. The base of tubing is shown in the Legend 
column.

The type of instrument installed is indicated by a code in the Legend column at the base of the tubing:
Biaxial inclinometer
Inclinometer tubing for use with probe
Slip indicator

The installation of single point instruments is indicated on the Record. The location of the measuring device is shown in the
Legend column. The type of instrument installed is indicated by a code in the Legend column:

Electronic settlement cell/gauge
Magnetic extensometer settlement point
Electronic embedment pressure cell
Electronic push in pressure cell

INSTALLATION /
BACKFILL 
LEGENDS

A legend describing the installation is shown in the rightmost column. Legend symbols used to describe the backfill 
materials are indicated below.

  Macadam Concrete       Grout     Bentonite        Sand       Gravel Arisings

STRATUM
LEGENDS

The legend symbols used for graphical representation of soils, rocks and other materials on the borehole logs are shown 
below. For soils with significant proportions of secondary soil types, a combination of two or more symbols may be used.

  Macadam Concrete     Topsoil        Made Ground / Fill          Peat         Void or No Information

      Clay     Silt   Sand                   Gravel Cobbles Boulders            Coal

  Mudstone Siltstone Sandstone          Conglomerate          Breccia       Limestone         Chalk

   Igneous                    Igneous                    Igneous            Metamorphic        Metamorphic      Metamorphic          Tuff                      
     (Fine)                        (Med)                     (Coarse)                 (Fine)                   (Med)               (Coarse)
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NOTES 
 

 

1 Soils and rocks are described in accordance with BS EN ISO 14688-1:2018 and 14689-1:2018 respectively and the 
guidance of BS 5930:2015. 
 

2 For fine soils, consistency determined during description is reported for those strata where undisturbed samples are 
available. Where the logger considers that the sample may not be representative of the condition in situ, for whatever 
reason, the reported consistency is given in brackets. The reliability of the sample is indicated by Probably or Possibly  
as appropriate. Hence (Probably firm) indicates the logger is reasonably confident of the assessment, but (Possibly firm) 
means less certainty. Where the samples available are too disturbed to allow a reasonable assessment of the in situ 
condition, no consistency is given. 
 

3 Evidence of the occurrence of very coarse particles (cobbles and boulders) is presented on the logs. However, because  
of their size in relation to the exploratory hole these records may not be fully representative of their size and frequency in 
the ground mass. 
 

4 The declination of bedding and joints is given with respect to the normal to the core axis. Thus in a vertical borehole this  
will be the dip. 
 

5 The assessment of SCR, RQD and Fracture Spacing excludes artificial fractures. 
 

6 Observations of discernible groundwater entries during the advancement of the exploratory hole are given at the foot of the 
log and in the Legend column. The absence of a recorded groundwater entry should not, however, be interpreted as a 
groundwater level below the base of the borehole. Under certain conditions groundwater entry may not be observed, for 
instance, drilling with water flush or overwater, or boring at a rate faster than water can accumulate in the borehole. 
Similarly, where water entry observations do exist, groundwater may also be present at higher elevations in the ground than 
where recorded in the borehole. In addition, where appropriate, water levels in the hole at the time of recovering individual 
samples or carrying out in situ tests and at shift changes are given in the Records column. 
 

7 The borehole logs present the results of Standard Penetration Tests recorded in the field without correction or 
interpretation. However, in certain ground conditions (eg high hydraulic head or where very coarse particles are present) 
some judgement may be necessary in considering whether the results are representative of in situ mass conditions. 
 

REFERENCES 
 

 

1 BS EN ISO 14688-1:2018 : Geotechnical investigation and testing - Identification and classification of soil.  
Part 1 Identification and description. British Standards Institution  
 

2 BS EN ISO 14689-1 : 2018 : Geotechnical investigation and testing - Identification and classification of rock.  
Part 1 Identification and description. British Standards Institution  
 

3 BS EN ISO 22476-3:2005+A1 : 2011 : Geotechnical investigation and testing - Field testing. 
Part 3 Standard penetration test.  British Standards Institution  
 

4 BS 5930 : 2015 : Code of practice for ground investigations. British Standards Institution 
 

  












































































































































































































































































































































































