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EXECUTIVE SUMMARY 

Project Reference 21.01.007 
Site Location Park Farm, Alvescot, Oxfordshire OX18 2QA 
OS Grid Reference 427089, 204234 
Development  
Proposals  

Demolish the existing equestrian buildings and erect six two-storey dwellings, 
with associated private gardens, public open space, structural landscaping, 
vehicle access and car parking 

Current Site Use and 
Existing Buildings 

Stables, hardstanding and equestrian exercise areas 

Topography The site is an elevation of about +79.5mOD (Ordnance Datum) on a relatively 
flat plain between Alvescot Hill to the north-east, and the valley of Clanfield 
Brook, to the south-west.  The site is also relatively flat and level, with an 
elevation difference, across the site, of about 0.5m. 

Vegetation An overgrowth of brambles and similar across much of the southern end of the 
site (cleared during this investigation).  Hedgerows along the northern side of the 
track as far as The Green and, where the track continues to the west on the site, 
a hedgerow between the track and the site.  A hedgerow between the paddock 
and the hay storage area, and the southern end of the site also contains a few 
trees 

Published Geology The site is shown to be directly underlain by the Jurassic Bedrock Kellaways and 
Cornbrash Formations 

Site History The site formed part of fields adjacent to a farmstead from the date of the 
earliest map (1881).  The site is shown to have much as the present-day 
footprint by 1994 and is not recorded to have had any significant industrial use.   
The only, potentially significant, industrial use shown in the surrounding areas is 
a Hauliers yard to the south, shown on maps between 1971 and 1994 

Unexploded Ordnance Low recorded risk 
Hydrology Within the valley of the Clanfield Brook.  The likely direction of hydraulic flow is 

to the south-west. The catchment is recorded to be Moderate overall quality. 
There are no records of surface water abstraction licenses within 500m 

Hydrogeology Wolvercote Sand and Gravel (mapped off-site) is a Superficial Secondary ‘A’ 
Aquifer of Medium Vulnerability. 
The Kellaways Clay is a Bedrock Unproductive stratum and the underlying 
Cornbrash is a Bedrock Secondary ‘A’ Aquifer of High Vulnerability 

Ground Conditions 
Encountered 

Topsoil/Made Ground (roadstone pavement) to a maximum depth of 0.80m; 
Superficial Clay (soft or firm, low to medium strength, light grey and orange-
brown, slightly sandy and, locally, slightly gravelly, intermediate plasticity silty 
clay of low volume-change potential.) to variable depths: between 0.65m and 
2.00m, suggesting deposition within erosional channels; 
Localised Superficial Gravel (medium dense, very clayey, sandy gravel); 
Kellaways Formation (firm or stiff, medium strength, becoming very stiff and high 
strength at the base, fissured, dark grey, weathering to light grey and orange-
brown near-surface, locally slightly sandy, intermediate to high plasticity, silty 
clay, of low to (characteristically) medium volume-change potential); 
Cornbrash proven to full depth of boreholes, a maximum of 5.20m depth – very 
stiff silt rapidly into rock 

Groundwater 
Encountered 

Generally, <1.0m depth 

Long-term Risks to 
Human Health 

No significant solid-, liquid-, vapour- or gaseous-phase risks 

Risks to Controlled 
Waters 

No significant risks 

Chemical Attack on 
Buried Concrete 

Design Sulphate Class DS-2, characteristic pH, 6.0 
Aggressive Chemical Environment for Concrete, AC-3z 

Remediation Required Ground remediation not required 
Geotechnical Hazards Shrinkable clay soils and nearby tree-influence.  Groundwater entry into 

excavations. 
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Foundations Spread foundations on the Superficial soils or the Kellaways Formation, at a 
minimum depth of 1.00m, with deepening if affected by trees or desiccation.  
Pile foundations or similar deep foundations may be preferred due to the 
likelihood of groundwater ingress and problems with trench instability 

Allowable Bearing 
Pressure 

For <25mm settlement on conventional 600mm wide strip footings: 85kPa at 
1.00m depth.  Where wholly within the Kellaways Formation (likely >2.0m depth): 
110kPa 

Floor Slabs Ground-bearing if remote from desiccated soils.  Alternatively, suspended.  
Roads & Hardstanding 
Design 

Preliminary design California Bearing Ratio values:  
• Superficial Clay: 2.0% 
These soils are potentially frost-susceptible 

Infiltration Measures The near-surface soils are of likely of Poor infiltration potential and the 
groundwater is high (<1m) so consideration will have to be given to alternatives 
to soakaways 

Recommendations for 
Further Work 

There are large areas of the site, such as beneath the buildings that have not 
been investigated.  We recommend, therefore, that the developer adopt a 
Discovery Strategy during demolition and groundworks: maintaining a watching 
brief for suspicious soils or ground conditions.  Should ground conditions vary 
noticeably from our Ground Model, then we recommend further assessment by a 
suitably qualified person or persons.   If, in particular, there is concern over 
contamination in the ground, then work should cease immediately, pending 
suitable assessment.  Consideration should be given to keeping a daily record of 
observations and findings and, ultimately, presenting this to the regulators. 
Supplementary coreholes may be needed to aid pile foundation design 

This executive summary should be read in conjunction with the main report. 
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GROUND INVESTIGATION REPORT 

INTRODUCTION 

A Ground Investigation has been undertaken for a proposed residential development at Park Farm, Alvescot, 

Oxfordshire OX18 2QA: at the location shown on the Site Location Plan in Appendix A.  The Ordnance Survey 

National Grid reference for the approximate centre of the site is 427089, 204234.   

Instructions to undertake the investigation were received from Emma Kirby Design, on behalf of the client, Park 

Lane Developments (Oxfordshire) Limited, in their emails dated 9th and 27th January 2021. 

This report describes the desk study and intrusive site investigation activities carried out by ListersGeo in order 

to provide an evaluation of the ground conditions and the extent of soil contamination on the site.  On the basis 

of those findings, and subsequent laboratory testing, and with regard to the proposed development, the report 

presents: initial human health and groundwater risk assessments (using the source-pathway-receptor risk 

assessment methodology); and geotechnical assessment and recommendations. 

The site has, to our knowledge, not been the subject of any previous ground investigations. 

This report has been prepared for the sole use of the client and their professional advisors.  This report shall 

not be relied-upon by third parties without the express written authority of ListersGeo.  If an unauthorised third-

party comes into possession of this report they must not rely on it and the authors owe them no duty of care 

and skill. 

SCOPE OF THE INVESTIGATION 

The scope of the investigation was to undertake a desk study and walkover survey, provide an assessment of 

the geotechnical engineering properties of the ground and the extent of soil contamination on the site.  A 

contaminated land risk assessment was undertaken based on the Contaminated Land Exposure Assessment 

(CLEA) and Environment Agency Remedial Targets Methodology (RTM) guidelines.  

PROPOSALS 

It is proposed to demolish the existing equestrian buildings and erect six dwellings, with associated private 

gardens, public open space, structural landscaping, vehicle access and car parking.  A proposed development 

layout plan is presented in Appendix A. 

SITE INFORMATION AND WALKOVER SURVEY 

A walkover survey of the site and its immediate surrounds was undertaken on the 26th January and, again, on 

8th February 2021, in conjunction with the two phases of fieldwork.  A selection of site photographs is presented 

in Appendix A, along with a plan showing the existing site layout. 

The site entrance is on the western side of The Green, 190m south of the junction with Station Road, on the 

western side of the village of Alvescot, within a mixed-use (mostly equestrian, agricultural and residential) area.   
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The site is bounded by open fields to the west and north; residential properties on The Green to the east; and 

residential properties on Oakley Close (eastern end) and grassed fields (western end) to the south and the site 

is connected to The Green by a 100m long gravelled track. 

The site is approximately rectangular on plan: extending around 85m from north to south and a maximum of 

about 125m east to west, covering an area of around 7,250m². 

Some preliminary clearance and demolition was underway during our investigations and so the state of the 

site changed.  At the time of our first visit, the site contained: a central area of hardstanding; an open-sided 

barn on the northern boundary; two attached stables within the south-eastern corner of the site, a horse 

exercise ring and surface-mounted oil storage tank along the southern boundary; and a former exercise yard, 

hay storage area, enclosed paddock and a manège arranged around the western side of the site.  Large areas 

of the southern part of the site were overgrown with brambles and similar vegetation and this cover, the 

exercise ring, and most of the stored hay, were removed during and between the two phases of fieldwork. 

The open-sided storage barn was demolished between the two phases of fieldwork. 

The site is an elevation of about +79.5mOD (Ordnance Datum) on a relatively flat plain between Alvescot Hill 

to the north-east, and the valley of Clanfield Brook, to the south-west.  The site is also relatively flat and level, 

with an elevation difference, across the site, of about 0.5m. 

Other than the overgrowth of brambles and similar across much of the southern end of the site, there are 

hedgerows along the northern side of the track as far as The Green and, where the track continues to the west 

on the site, there is a hedgerow between the track and the site.  There is a hedgerow between the paddock 

and the hay storage area, and the southern end of the site also contains a few trees. 

Inspection of the site did not reveal any obvious signs of contamination sources.  The stables were in use for 

horse stabling and so-on and the open-sided barn for temporary storage of household rubbish, field gates and 

two caravans.  The oil storage tank appeared to be empty and there was no connecting pipework, no staining 

on the surface beneath and no odours emanating from the tank or surrounding ground surface. 

Inspection of the site vicinity revealed no significant structural damage to any of the properties on the site, or 

of neighbouring properties. 
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DESK STUDY AND BACKGROUND INFORMATION  

A desk study review of the site and its history has been undertaken to assess the former land uses and the 

potential for any historically-derived sources of contamination, as well as to provide information to aid our 

geotechnical assessment.  The data obtained have been sourced from maps, aerial images, online sources 

and a third-party desk study report, a copy of which is presented in Appendix E of this report. 

The information provided is obtained from independent third-party sources.  We have relied on this information, 

but no guarantee can be given as to the accuracy or completeness of the data used.  It should be appreciated 

that such data is not exhaustive and is constantly being updated and reviewed in light of new information and 

procedures.  In such an event, or if the development commences after expiry of one year from publication of 

this report, then we recommend this report be referred to us for reassessment.   

The desk study comprises a review of the following consultations and information sources:  

! Environment Agency (EA) 

! Natural England 

! National Geoscience Information Service  

! Public Health England  

! Centre for Ecology & Hydrology  

! British Geological Survey (BGS) 

! Contemporary Trade Directories  

! Historical Ordnance Survey maps 

! Aerial Imagery 

The information has been used to develop an Initial Site Conceptual Model for use in the source-pathway-

receptor contamination risk assessments and an Initial Ground Model for use in the geotechnical appraisal.   

GEOLOGY  

Reference to the British Geological Survey 1:50,000 scale map, Sheet 236 (Witney, 1972), and other published 

geological information on the area, indicates that the site is directly underlain by the Jurassic Bedrock 

Kellaways and Cornbrash Formations.  The Quaternary Superficial Wolvercote Sand and Gravel Member (of 

the Thames Valley Formation) is mapped at surface some 85m south of the site.  As the BGS does not map 

Superficial units of less than 1m thick, it is possible that the Wolvercote Sand and Gravel extends across the 

site.   

Worked-Out Ground and Artificial Ground 

There are no records of Worked-Out Ground or Artificial Ground on, or in proximity to, the site. 

Superficial 

The Wolvercote Sand and Gravel typically comprises sand and flint and quartzite gravel.  This deposit is 

recorded to be as much as 3m thick but, if present on the site, is likely to be <1m thick. 
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Bedrock 

The Jurassic Bedrock are shown dipping gently down to the south-east and relatively free of faulting.  

The Kellaways Formation is generally represented by overconsolidated, fissured, thinly laminated, green-grey 

or dark grey, variably limestone-gravelly, locally sandy, clays, locally with thin rock beds and nodules.  The 

weathered deposit can contain crystalline or anhydrous forms of gypsum (selenite and anhydrite, respectively). 

This stratum is likely to be in the order of 3m to 5m thick beneath the site. 

The Cornbrash Formation is generally represented by poorly bedded, fragmented, limestone, locally with thin 

interbeds of mudstone.  This stratum is likely to be between 3m and 5m thick beneath the site. 

HISTORY OF THE SITE 

The history of the site has been assessed by reviewing available historical Ordnance Survey maps, online 

references and aerial images of the area and has revealed the following.   

The earliest available maps (1881) show the site alongside a farmstead (later labelled as Park Farm).  The 

western half of the site forms part of a large agricultural field with scattered trees; and the area now occupied 

by stables is part of a wooded area.  A building (likely a barn) is shown immediately south of the footprint of 

the open-sided barn at the northern end of the site.  The farmstead contains a range of buildings and fields.  

The village of Alvescot is less developed than present-day and contains a Smithy at the junction of The Green 

and Station Road, some 190m north-east of the site (last shown on the map of 1921).  Several of the properties 

around the site (and a crop field south of the site) are shown with water extraction wells.  Gravel Pits (old and 

new) are shown east of the site, the nearest being some 400m from the site, on the southern side of Station 

Road (1919). 

A Hauliers Yard is shown adjacent to the southern site boundary on the 1971 and 1972 maps, but is unlabelled 

in 1994 and, by 2003, is close to the present-day, residential, footprint. 

The site is shown to have much as the present-day footprint by 1994 and is not recorded to have had any 

significant industrial use.   

The only, potentially significant, industrial use shown in the surrounding areas is the Hauliers yard to the south.  

Such yards are used for large vehicle standing and, often, for service, maintenance, cleaning and re-fuelling. 

UNEXPLODED ORDNANCE AND BOMB SITES 

The Zetica Unexploded Ordnance Preliminary Risk assessment tool indicates that the site is at Low risk of 

encountering unexploded ordnance in the ground.  In general, further action to mitigate the risk is considered 

prudent, but not essential.  However, as the site is in relative proximity (for bombing) to RAF Brize Norton, 3km 

to the north-east, that may have been targeted by the Luftwaffe, it may be prudent for the developer to 

undertake a more detailed risk assessment prior to the groundworks. 
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HYDROLOGY 

The site is within the valley of Clanfield Brook, which is the nearest water course to the site (some 250m to the 

west), and which flows south-south-westwards towards Broadwell Brook.  The likely direction of hydraulic flow 

is to the south-west. 

The Environment Agency’s Catchment Data Explorer records the Broadwell Brook to be ‘not designated 

artificial or heavily modified’ and of generally Moderate overall quality between 2013 and (the latest reported 

period) 2019. 

There are no records of surface water abstraction licenses within 500m of the site.  

The site is recorded with the following flood risk ratings: 

! Low risk from rivers or the sea 

! A 1-in-250 year risk of 0.1m to 0.3m of surface water flooding   

! Negligible risk of groundwater flooding   

These data do not constitute a site-specific Flood Risk Assessment (FRA).  It is understood, however, that a 

site-specific FRA has been prepared by Glanville and submitted with the planning application.   

HYDROGEOLOGY 

The groundwater vulnerability and aquifer designation data are based on geological mapping provided by the 

British Geological Survey.  Groundwater vulnerability is divided, by the EA, into High, Medium and Low ranks 

(as further detailed in the appended Desk Study Report).  The aquifer designation is initially divided as below: 

! Superficial (Drift) - permeable unconsolidated (loose) deposits. For example, sands and gravels 

! Bedrock - solid permeable formations.  For example, sandstone, chalk and limestone 

And, for each of these, there are sub-classifications as Principal, Secondary A and Secondary B Aquifers and 

Unproductive Strata, each with a decreasing rank of importance. 

The EA records the Wolvercote Sand and Gravel, mapped off-site but possibly present on site, as a Superficial 

Secondary ‘A’ Aquifer of Medium vulnerability.  The Kellaways Clay Member is recorded as an Unproductive 

Stratum and the underlying Cornbrash Formation is a Bedrock Secondary ‘A’ Aquifer of High Vulnerability. 

There are two records of groundwater abstraction licenses within 1km of the site.  The nearest is 372m north-

west and is an historical record of extraction for ‘general farming and domestic’ at Butler Court Farm. 

There are no records of potable water extractions within 1km of the site and the site is not within a potable 

water Source Protection Zone. 

LANDFILL AND WASTE TREATMENT SITES  

There are no records of either current/recent or historical landfills within 500m of the site: 

There are no records of waste treatment facilities likely to significantly affect the site. 
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ENVIRONMENTAL PERMITS, INCIDENTS AND REGISTERS 

There are no records of environmental permits, incidents or registers that we considered likely to have had 

significant impact on the site. 

CURRENT INDUSTRIAL SITES 

There are no significant records of current (or recent) industrial land uses within 250m of the site. 

There are no records of fuel-filling stations within 500m of the site.  The nearest former fuel-filling station was 

188m north of the site. 

RADON GAS 

The site is recorded to be in an area not significantly affected by Radon gas for homes without below-ground 

rooms. 

POTENTIAL GEOTECHNICAL HAZARDS 

Geological 

The risk of naturally-occurring ground stability hazards at the site is recorded to be as follows:  

Ground Stability Hazard Hazard 
Rating 

Comments 

Shrink-swell clays Moderate The Kellaways Clay is shrinkable 

Running sand Low No significant thicknesses of sand thought to be present, however, 
the Wolvercote Sand and Gravel may be present with a limited 
thickness 

Collapsible deposits Very Low No significantly collapsible soils or rocks present 

Landslides Very Low Site is on relatively low-lying ground 

Compressible deposits Negligible No significantly compressible soils or rocks present 

Dissolution Negligible No significantly soluble soils or rocks present 

  

Mining 

The site is not recorded to lie within an area likely to be affected by any form of mining, with the nearest 

recorded surface workings (for sand and gravel) 374m east of the site. 

SOIL CHEMISTRY 

The BGS estimates of background levels of some heavy metals of potential concern are summarised below: 

Heavy Metal Background Level in Topsoil (mg/kg) 
Arsenic 15 to 25 
Cadmium 1.8 
Chromium 90 to 120 
Lead 100 
Nickel 30 to 45 
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POTENTIALLY SENSITIVE LAND USES 

The site is not located near to any environmentally sensitive land uses.  
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INITIAL CONTAMINATION CONCEPTUAL SITE MODEL 

A preliminary, qualitative, risk assessment has been carried out using the source-pathway-receptor 

methodology to create a conceptual model for the site.  This method is predicated on the principle that a 

pathway must exist between a potential source of contamination and a potential receptor for there to be a risk 

to that receptor.  Potential sources of contamination and potential receptors have been assessed, using the 

Environment Agency’s online guidance, Land Contamination: Risk Management, published in October 2020, 

and are detailed below, together with the possible pathways that might allow pollutant linkages.   

We understand that the development proposal is to demolish the existing barn and equestrian buildings and 

erect six dwellings, with associated private gardens, public open space, structural landscaping, vehicle access 

and car parking. 

POTENTIAL SOURCES OF CONTAMINATION 

Potential Solid-, Liquid- and Vapour-phase Contamination Sources 

The results of the desk study and walkover indicate that the following potential sources of soil or groundwater 

contamination are present at, or near, the site: 

Potential Source Potential Contaminants 

Historical use of farm buildings 

Made Ground from previous 
phases of development 

Storage and spillage of oil on 
site 

Vehicle standing on site 

Storage and spillage of fuels 
off-site, to the south 

Variable: may include heavy metals, non-metals, polycyclic aromatic 
hydrocarbons, petroleum hydrocarbons and asbestos.  (No evidence of 
agricultural chemical storage). 

Building fabric Asbestos from degradation of construction materials, such as roofs and 
downpipes, made with asbestos-containing materials 

 

Potential Gaseous-phase Contamination Sources 

Two main groups of gaseous-phase contamination have been considered: the gases (including methane and 

carbon-dioxide) that result from organic decomposition of constituents in the ground; and Radon gas that 

results from the radioactive decay of thorium and uranium (found, in varying quantities, in most soils and rocks). 

In consideration of the source-pathway-receptor methodology for ground gas risk assessment set out in CIRIA 

C665, the sensitivity of the development is high (residential). 

As the site is remote from active landfills, we have provisionally assessed the risk of ground gas impacting the 

site, by reference to the CL:AIRE research bulletin RB17, “A pragmatic approach to ground gas risk 

assessment”, 2012. 
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The following potential sources have been assessed:   

! Landfill gas migration: no credible source has been identified 

! Natural ground with gas-generation potential: the site is not thought to be underlain by such soils or 

rocks 

! Radon gas: the site is within an area of insignificant generation for buildings without below-ground 

rooms.  As the proposed development does not include below-ground rooms, the risk from Radon gas 

remains insignificant.   

Thus, no potential sources of gaseous-phase contamination have been identified for the site 

RECEPTORS 

The following receptors have been identified at the site: 

Human Health 

! Long-term risk group: end users of the site – residents 

! Short-term risk groups: construction workers (adult) and the general public (all ages) during 

redevelopment; and maintenance workers (adult) post-development 

Environmental 

! Clanfield Brook, which is the nearest water course to the site (some 250m to the west)  

! Superficial Secondary Aquifer (Wolvercote Sand and Gravel) potentially present beneath the site 

! The Bedrock Secondary Aquifer (Cornbrash Formation) beneath the site 

Infrastructure 

! Substructures  

! Buried services 

PATHWAYS 

Potential pathways, between the potential sources and the above-identified receptors, are as follows.   

For human receptors: 

! Direct soil ingestion in areas of exposed soil 

! Ingestion of soil attached to homegrown produce (long-term group only) 

! Ingestion of homegrown produce with contamination uptake (long-term group only) 

! Inhalation of indoor and outdoor vapours and dust 

! Dermal contact with contaminated soil 

! Inhalation of soil gases or vapours migrating through permeable strata into the building 
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For environmental receptors (Controlled Waters): 

! Migration of contaminants through the unsaturated zone 

! Migration of contaminants through the groundwater 

! Movement of contaminants through drain runs or services 

For infrastructure: 

! Contact with leachable or corrosive contaminants within the soil  

! Contact with leachable or corrosive contaminants within the groundwater 

POTENTIAL LINKAGES  

The relationship between a source, a pathway and a receptor is identified as the 'pollutant linkage' and, if this 

is not complete, then land does not present a risk to receptors.  The potential linkages are summarised below: 

Sources (Potential Contaminants) ! Pathways ! Receptors 

Heavy metals, non-metals, polycyclic 
aromatic hydrocarbons, petroleum 
hydrocarbons and asbestos, in near-
surface soils and (excluding asbestos) 
shallow groundwater - from possible 
historical use of farm buildings, possible 
Made Ground from previous phases of 
development. 

Oil storage on-site and possible fuel-storage 
off-site to the south although, the anticipated 
direction of hydraulic flow (to the south-west) 
would transport any such source away from 
the site 

! Contact, ingestion, 
inhalation 

! 
Construction workers and the general 
public during redevelopment and 
maintenance workers subsequently 

! End users 

! Contact ! Infrastructure 

! Migration, run-off 

! Controlled Waters 

Asbestos - from building fabric 

! Contact, ingestion, 
inhalation 

! 
Construction workers and the general 
public during redevelopment and 
maintenance workers subsequently 

! End users 

 

Based on the desk study research alone, their does not seem to be a pathway to allow significant migration of 

contaminants from the site to the remote surface watercourse some 250m away.  Furthermore, the Superficial 

Secondary Aquifer is not mapped on site and the Principal Bedrock Aquifer is anticipated to be protected, 

beneath the site, by around 5m of low permeability Kellaways Formation clays. 

Nevertheless, the sources, pathways and receptors listed in the CSM are considered to have the potential to 

be present as complete pollutant linkages.  The ground investigation and risk assessment, detailed below, 

have been conducted to test and refine this initial CSM: within the constraints detailed therein. 
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INITIAL GEOTECHNICAL CONCEPTUAL SITE MODEL 

The site has been previously developed.  Made Ground may be present and may be of variable strength and 

composition and of poor load-bearing character.  Demolition of the existing buildings and hardstanding may 

cause disturbance of near-surface soils; and previous foundations, if left in the ground, will form hard 

obstructions.  

The Wolvercote Sand and Gravel, if present, may contain beds or pockets of sand that would, in the presence 

of water, be a running sand hazard in excavations. 

The Kellaways Formation may contain calcretes, which can cause: over-dig and delays for foundation 

trenches, and obstruction to the progress of piling rigs; and high sulphate contents, which may prove 

hazardous to buried concrete. 

Fine-grained soils may present shrink-swell hazards that can affect buildings and structures. 

The fieldwork and laboratory testing have been implemented to address these main issues and to further 

assess any potential problems for foundations and the general development of the site.  
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EXPLORATION AND TESTING 

Eight exploratory holes were formed at the site, comprising: three continuous tube sampler boreholes (CT01 

to CT03); and five mechanically-excavated trial pits (TP01 to TP05); in-situ testing (including Standard 

Penetration Tests), and these were supplemented by geotechnical and chemical laboratory testing. 

The trial pits were formed on the 26th January 2021, and the boreholes on the 8th February 2021. 

The positions of the exploratory holes are shown on the Exploratory Hole Location Plans in Appendix A.  The 

logs and field test results are provided in Appendix B and the laboratory test reports in Appendix C. 

Engineering and geoenvironmental conclusions given in this report are based on data obtained from these 

sources, but it should be noted that variations, which affect these conclusions, may inevitably occur between 

and beyond the test locations.  Also, water levels may vary seasonally and with other factors. 

SAMPLING STRATEGY  

The investigation was designed to provide a spread of information across the site, within the restrictions of 

access and services.  Four of the trial pits (TP01, TP02, TP04 and TP05) were positioned, at the request of 

Emma Kirby Design, at proposed soakaway locations, with the intention of conducting infiltration tests.  The 

fifth trial pit, TP03, was position alongside the oil tank to allow inspection of the ground for evidence of 

petroleum hydrocarbon contamination from that potential source as well as migration that may have occurred 

from the former haulage yard to the south.  Access, for exploratory holes, to the inside of the buildings was not 

attempted. 

METHODOLOGY 

Prior to commencement of excavation, in order to minimise the dangers from/to buried services, the proposed 

locations were scanned using a Cable Avoidance Tool.  The hardstanding at borehole locations was broken-

out using a hand-held pneumatic breaker and, for the trial pit, a pneumatic pick attachment to the excavator.  

At the borehole locations, a service avoidance pit was dug, using hand tools, to a depth of around 1.2m bgl 

(below ground level). 

The continuous tube sample boreholes were put down using hand-tools and an Archway Competitor Dart rig 

to a target depth of 6.00m bgl but, due to ground conditions, achieved depths of between 4.50m and 5.20m.  

The boreholes were advanced using a plastic-lined steel tube sampling system, driven into the ground by a 

top-drive percussive hammer.  A near continuous, 85mm to 45mm diameter, core sample was recovered of 

the sampled materials to allow examination and sub-sampling.  Standard Penetration Tests (SPTs) were 

performed at 1.0m intervals.  On completion, the boreholes were backfilled with arisings. 

The trial pits were excavated with a tracked mechanical excavator, to depths of between 1.05m and 1.75m.  A 

log was made of the arisings and samples collected for subsequent laboratory testing.  Hand vane tests were 

conducted on recovered blocks of soil (where the block size was sufficient) and the average of three tests at 

each depth is reported on the log.  The planned infiltration tests were not conducted as significant groundwater 

inflows were encountered at relatively shallow depth.  On completion, the pits were backfilled with arisings. 
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Observations of groundwater inflows were made in all exploratory holes and, where encountered in boreholes, 

the standing level on completion of the hole. 

Correction to the field ‘N’ values (to ‘N!"#$values) for the effects of energy delivery have been applied to the 

SPT (Standard Penetration Test) results from this investigation, in line with the recommendations given in BS 

EN ISO 22476-3, 2005, National Annex A. 
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GROUND CONDITIONS 

The sequence of strata revealed by this investigation was: surfacing (mostly Made Ground, but locally Topsoil), 

Superficial Clay (most of the exploratory holes), localised Superficial Gravel, and Bedrock Kellaways and 

Cornbrash Formations.  Further details of the relative disposition and properties of each are provided below. 

TOPSOIL 

Topsoil was encountered at surface of TP02 and comprised 0.25m of dark brown, sandy, organic silty clay. 

MADE GROUND 

Made Ground was encountered in seven of the eight exploratory holes (absent from TP02), and comprised 

between 0.25m and 0.80m of limestone roadstone surfacing of gravel and, locally, cobbles, locally admixed 

(in varying proportions, up to 35%) with brown sandy clay. 

SUPERFICIAL CLAY 

Superficial Clay (possibly representing part of the Wolvercote Sand and Gravel) was encountered in seven of 

the eight exploratory holes (absent from TP05 in the south-eastern corner of the site) and, where fully proven, 

extended to depths of between 0.65m and 2.00m: in proven thicknesses of between 0.25m and 1.20m.  The 

variations in thicknesses across short distances is suggestive of channel deposition. 

The Superficial Clay generally comprised soft or firm, friable, light grey and orange-brown, slightly sandy, 

locally slightly gravelly, silty clay, with gravel (<5%) of flint.  Borehole CT01, located towards the northern end 

of the site, recorded pockets of sand and a low cobble content between 1.00m and 1.50m depths. 

The three SPT ‘N60’ values obtained were 8, 10 and 14: indicating Medium undrained shear strength.  It should 

be noted, however, that the test in CT03 passed into Superficial Gravel for the last 50mm of the 300mm test 

drive.  Hand vane tests recorded undrained shear strengths of between 48kPa and 60kPa: indicating Medium 

undrained shear strength.  

Laboratory testing revealed the following:  

Parameter Range Comments 

Water Content (%) 20 to 32 Normal range 

Liquid Limit (%) 38 to 41 

CLAY of Intermediate Plasticity (BS5930 Casagrande) Plastic Limit (%) 19 to 23 

Plasticity Index (%) 16 to 22 

Retained 425µm sieve (%) 5 to 16 BS ‘coarse soil’ fraction 

Modified Plasticity Index (%) 13 to 19 Shrinkable soil of Low volume-change potential  

(NHBC Standards) 

Passing 63µm sieve (%)  65 to 81 Fines (silt/clay) fraction 
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SUPERFICIAL GRAVEL 

Superficial Gravel (possibly representing part of the Wolvercote Sand and Gravel) was encountered in one of 

the eight exploratory holes: CT03 (located towards the south-eastern corner of the site) and was present, 

between depths of 1.40m and 1.55m, as brown, very clayey, sandy gravel of fine to medium, sub-angular flint, 

sandstone and quartzite. 

One SPT was conducted partly within the Superficial Gravel (50mm out of 300mm) and indicated medium 

dense conditions. 

KELLAWAYS FORMATION 

Horizons of the Kellaways Formation were encountered below depths of between 0.45m and 1.55m and, where 

fully proven, continued to depths of between 4.20m and 5.20m: being deeper at the northern end of the site 

(CT01).   

The Kellaways Formation comprised stiff or firm, becoming stiff and very stiff with increasing depth, fissured, 

light grey an orange-brown, becoming dark grey (less weathered) with depth, locally slightly sandy, silty clay, 

rarely with fossil shell debris and locally with some selenite.    

The SPT ‘N60’ values obtained were between 8 and 23: indicating Low to High, but generally Medium, 

undrained shear strength. 

Laboratory testing revealed the following:  

Parameter Range Comments 

Water Content (%) 15 to 29 Normal range of values for this stratum 

Liquid Limit (%) 32 to 60 
CLAY of Intermediate to High Plasticity 
(BS5930 Casagrande) 

Plastic Limit (%) 17 to 24 

Plasticity Index (%) 11 to 37 

Retained 425µm sieve (%) 1 to 15 BS ‘coarse soil’ fraction 

Modified Plasticity Index (%) 11 to 37 Shrinkable soil of Low to Medium volume-change potential 

(NHBC Standards) 

Passing 63µm sieve (%)  68 to 96 Fines (silt/clay) fraction 

  

CORNBRASH FORMATION 

Horizons of the Cornbrash Formation were encountered, in the three boreholes, below depths of between 

4.20m and 5.20m: being deeper at the northern end of the site (CT01).  And continued (for a short proven 

depth) to the base of those holes at depths of between 4.50m and 5.20m.   

Recovery in the Cornbrash was poor to none (getting less as soil gave way to rock) but where seen, it 

comprised very stiff, dark grey, calcareous clayey silt.  All three boreholes terminated on impenetrable 

obstructions, which most likely represents limestone rock. 
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GROUNDWATER 

Groundwater was encountered, in the trial pit excavations, at, in general, less than 1m depth, and deeper 

within the boreholes (where groundwater is usually slower to develop), as summarised below: 

Hole 

ref. 

Strike 

Depth (m) 

Stratum Standing 

Level (m) 

Comment 

CT01 3.00 Kellaways Formation - Dry on completion 

CT02 1.50 Superficial Clay 0.95  

CT03 - - - Not encountered 

TP01 0.95 Superficial Clay - Moderate inflow 

TP02 0.80 Superficial Clay - Moderate to fast inflow 

TP03 1.00 Kellaways Formation - Slow inflow 

TP04 0.65 Superficial Clay - Moderate to fast inflow 

TP05 1.00 Kellaways Formation - Slow to moderate inflow 

 

OBSERVED SOIL CONTAMINATION 

There was no evidence, either visual or olfactory, of potential contamination in any of the exploratory holes. 

INFILTRATION TESTING 

Infiltration testing was planned to be undertaken in all five of the trial pits at proposed soakaway locations, but, 

following shallow groundwater strikes in each, the tests were not performed. 

SULPHATE AND pH TESTS  

The results of the laboratory pH and water-soluble sulphate tests on samples of soil are summarised below: 

Stratum Water-soluble 

Sulphate 

pH No. 

tested 

 (mg/l) (pH units)  

Superficial Clay 10 to 290 6.5 to 8.5 6 

Kellaways Formation 40 & 1,270 5.4 & 8.0 2 

 

DESICCATION  

There are various techniques for assessing soil desiccation, including visual assessment based on the depth 

of root penetration and visible signs of desiccation, such as a dry appearance or friable state, and comparison 

of water contents with the Atterberg Limits.  

The indicators are summarised below in terms of the indicated possible soil desiccation depths: 
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Location 
Indicated Range of Possible Soil Desiccation from: 

Comment Roots Dry and 

friable 

Water Content Ground-water 

CT01 None None None %0.95m 

No significant desiccation evident 

CT02 None None None %0.95m 

CT03 None None None Unclear 

%1.00m TP01 None None None %0.95m 

TP02 None None None %0.80m 

TP03 None None None %1.00m 

TP04 None None None %0.65m 

TP05 None None None %1.00m 

 

It will be seen, from the summary above, that, at the time of our investigation (mid-Winter) there was no 

significant desiccation evident in any of the exploratory holes. 

It should be remembered, however, that the state of desiccation is likely to vary with the seasons and other 

factors and that the exploratory holes were, necessarily, located remote from mature trees, where the state of 

desiccation should be expected to be higher all year round. 
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GROUND CONTAMINATION ASSESSMENT 

The results of the laboratory tests from this investigation are included in Appendix C.  The following is a 

description of: the testing schedule (number of tests from each stratum and the tests performed); the guidelines 

adopted for assessing the results, and a comparison of the test results from this investigation with those 

adopted guideline values.  The implications of these comparisons are provided in the Risk Assessment 

sections that follow. 

The risk assessment has been undertaken in line with the EA’s guidance, Land Contamination: Risk 

Management, published October 2020.  The assessment has been undertaken in order to validate the 

Preliminary Risk Assessment using a generic risk assessment methodology. 

SOIL TESTING 

One sample of Topsoil and two samples of Superficial Clay were tested for a range of constituents of potential 

concern.  The test suite was selected following consultation of R&D CLR Publications, published as part of the 

Contaminated Land Exposure Assessment (CLEA), a joint venture between the Department for Environment, 

Food and Rural Affairs (DEFRA) and the Environment Agency and included the following: 

! Inorganic substances, including metals and metalloids. 

! Speciated Polycyclic Aromatic Hydrocarbons (PAHs) 

! ‘Total’ Petroleum Hydrocarbons (TPHs), with aliphatic/aromatic splits 

! Asbestos screening 

Unless explicitly stated on the laboratory report, the soil samples were tested to obtain ‘Total’ values.   

A further sample, of the Made Ground, was screened for asbestos content. 

RISK ASSESSMENT GUIDELINES – HUMAN HEALTH 

This part of the assessment does not include the risks from ground gases, which is presented in the Ground 

Gas Risk Assessment section of this report. 

The human health assessment criteria used are based on the proposed end use of the site and the standard 

‘Residential, with plant uptake’ land-use has been adopted for initial screening purposes. 

The test results have been compared with the following GAC (Generic Assessment Criteria): 

Category 4 Screening Levels (C4SL) 

Published in March 2014 by DEFRA, a small range of Category 4 Screening Levels (C4SL) were produced to 

support the revised Statutory Guidance for Part 2A of the Environmental Protection Act, 1990.  The revised 

guidance introduced a new, four-category, system for classifying land under Part 2A for cases of a Significant 

Possibility of Significant Harm to human health, where Category 1 included land where the level of risk is 

clearly unacceptable, and Category 4 included land where the level of risk posed is acceptably low.   
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Although not the primary purpose of the C4SL, the Department for Communities and Local Government’s 

‘Planning Portal’ document of June 2014 and the DEFRA letter of 3rd September 2014 (from Lord de Mauley), 

established that the C4SL are also suitable for use in planning situations. 

Suitable 4 Use Levels (S4UL) 

To supplement the small number of C4SL, a set of Suitable for Use Levels (S4UL) were produced, in 2015, by 

Land Quality Management (LQM) and the Chartered Institute of Environmental Health (CIEH), using the EA’s 

Contaminated Land Exposure Assessment (CLEA) software, version 1.06 (2009), and the revised 

assumptions used in deriving the C4SL.  The S4UL are more conservative than the C4SL and are derived to 

represent the minimal levels of risk to human health as described in the EA’s SR2 guidance, with the intention 

of being ‘suitable for use’ under planning.  

RISK ASSESSMENT GUIDELINES – GROUNDWATER 

The procedures set out in Environment Agency’s Remedial Targets Methodology (RTM) Hydrogeological risk 

assessment for contaminated land (2006), have been followed. 

RESULTS OF ASBESTOS SCREENING 

Screening for the presence of asbestos did not reveal any asbestos in the two samples examined.  

RESULTS OF TOTAL SOIL TESTS 

Results of the total soil testing have been compared to the GAC established above. For S4UL, a range of 

values have been published for the organic contaminants based on the organic matter content of the soil.  As 

a site-specific soil organic content was not determined, where S4UL have been used, test results have been 

initially compared to the most conservative value, which is that for soils of 1% soil organic matter (SOM). 

Of the determinands tested for, none recorded values higher than their relevant GACs and, so, no further 

consideration of those results is necessary. 

The conclusions with regard to human health, are provided in the Human Health Risk Assessment section, 

below. 
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HUMAN HEALTH RISK ASSESSMENT 

Following the field observations and assessment of laboratory results from this investigation, the initial 

conceptual site model can now be revised using the CLEA Guidelines. 

The following qualitative risk assessment has been carried out using the S-P-R (source-pathway-receptor) 

concept, which is predicated on the principle that a pathway must exist between a potential source and 

potential receptor for there to be a risk.   

From the initial CSM, the potential human receptors at risk are: 

! Long-term risk group: end users of the site – residents (all ages) 

! Short-term risk group: construction and maintenance workers (adult) general public (all ages) 

The risks to the two groups of human receptors and any necessary protective remedial measures resulting 

from development of the site are discussed below. 

LONG-TERM RISK GROUP (ON-SITE RESIDENTS, ALL AGES) 

The initial CSM identified heavy metals, non-metals, various hydrocarbons and asbestos as potential sources 

of contamination.  The field works revealed no obvious visual or olfactory evidence of gross contamination on 

site.  No asbestos was identified in the two samples of the Made Ground examined.   

No significant sources of contamination have been identified by the site history, site walkover or exploratory 

hole inspections.  Testing of soil samples for a wide range of potential contaminants returned determinant 

concentrations below GAC for the proposed site use.  On the basis of the works to-date, therefore, it is 

considered that there is no need for remedial measures at this site prior to the proposed redevelopment, as 

the soils seen at the site pose a very low risk to this group of human receptors.  As a portion of the site, 

particularly beneath buildings, has not been investigated, this position should be reassessed throughout the 

construction programme and with the benefit of a Discovery Strategy.   

A proportion of the site is beneath the stable buildings and concrete hardstanding and has not been 

investigated.  Our conclusions with regard to contamination risk are based on our ground model, which is 

based on those portions of the site investigated.   

We, therefore, recommend that (unless the client commissions additional investigation in these areas following 

demolition) that the developer prepare a method statement to cater for unexpected contamination uncovered 

during the groundworks.  Documentation of the findings and submission of that record to the Local Authority 

should be considered to further support the findings of this investigation. 

Should any suspicious soils be encountered that differ from our ground model, work should cease in that area 

and further assessment will be necessary by a suitably qualified geoenvironmental engineer.  This may require 

further intrusive investigation or soil sampling along with supplementary contamination risk assessment and 

potentially remediation.  Any further recommendations will require regulatory approval. 
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SHORT-TERM RISK GROUP (CONSTRUCTION AND MAINTENANCE WORKERS AND THE GENERAL 

PUBLIC) 

For construction workers and maintenance workers that are exposed to the ground, there is a short-term 

exposure risk (at each site they attend, which contributes to an overall lifetime exposure risk) and the pathway 

of primary concern is ‘direct soil ingestion’.   

Protective measures that are different to those taken to protect the long-term exposure group (such as end-

users of the site) are, therefore, required and these are outlined in the Remediation section, below.   

Demolition and redevelopment activities have the potential to create short-term pollutant linkages to the 

general public.  These risks should be managed by means of the Construction Phase (Health & Safety) Plan. 
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GROUND GAS RISK ASSESSMENT 

Landfill Gases 

The preliminary ground gas risk assessment concluded that there were no gaseous-phase contamination 

sources likely to affect the site. 

The intrusive works revealed Made Ground beneath the site that was no more than 0.8m thick and this, as 

well as the naturally-deposited ground, did not contain any significant quantities of obviously gas-generating 

materials. 

Therefore, it is considered that gas protection measures are not necessary with regard to methane and carbon 

dioxide gases. 

Radon Gas 

The site is not within an area of significant radon gas generation potential.  The proposed development is not 

thought to include any underground rooms. 

Radon gas protection measures, therefore, will not be necessary. 

Hydrocarbon Vapours 

The human health risk assessment indicated that vapour protection measures are not necessary at this site. 
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CONTROLLED WATERS RISK ASSESSMENT 

Following the field observations and assessment of laboratory results from this investigation, the initial 

conceptual site model can now be revised. 

The following qualitative risk assessment has been carried out in accordance with the procedures set out in 

the Environment Agency’s Remedial Targets Methodology Hydrogeological risk assessment for contaminated 

land (2006) and uses the S-P-R (source-pathway-receptor) concept: which is predicated on the principle that 

a pathway must exist between a potential source and potential receptor for there to be a risk.   

The potential environmental receptors, from the initial CSM, are: 

! Controlled Waters - Superficial Secondary Aquifer (Wolvercote Sand and Gravel) potentially present 

beneath the site 

! Controlled Waters - Bedrock Principal Aquifer (Cornbrash Formation) beneath the site 

The potential linkages, from the initial CSM, are: 

! Migration of potential heavy metals, non-metals, various petroleum hydrocarbons and other 

hydrocarbons into the aquifers beneath the site 

GROUNDWATER CONTAMINATION 

No gross contamination was identified in any part of the site (including concentrations of petroleum 

hydrocarbons).  Groundwater was present, at shallow depth, but the near-surface soils were present, in the 

main, as fine-grained soils.  

The Principal Aquifer (Cornbrash Formation) was seen to be present, beneath the site, at depths of between 

4.20m and 5.20m, beneath predominantly clay soils that will serve to protect this lower aquifer from migration. 

It is, therefore, considered that the above-recognised environmental receptors will not be at significant risk 

from potential groundwater pollution at the site. On the basis of the works to-date, therefore, remedial 

measures are not considered necessary to protect this receptor group, but this position should be reassessed 

throughout the construction programme and with the benefit of a Discovery Strategy.   
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INFRASTRUCTURE RISK ASSESSMENT 

SUBSURFACE CONCRETE 

The concrete design mix recommendations for subsurface concrete have been assessed in terms of BRE 

Special Digest 1, as follows: 

Type of Site  Groundwater Characteristic Sulphate Characteristic 

Soil Soluble Design 

Sulphate 
Class 

pH 

(pH 

units) 

  (mg/l) 

Brownfield Mobile 780 DS-2 6.0 

 

The above assessment provides an Aggressive Chemical Environment for Concrete (ACEC) class of AC-3z. 

UNDERGROUND SERVICES 

It should be noted that the utility companies often have their own local guidelines and standards on levels of 

shallow soil contamination in the ground that may or may not be acceptable for the installation of below ground 

services.  These standards may be different to those specified for assessing risks to human health and 

groundwater. 

The local requirements should be obtained from the particular service supply company as soon as possible to 

avoid unexpected delays or additional development costs.   

Guidance can be sought from the UK Water Industry Research (UKWIR), ‘Guidance for the selection of water 

supply pipes to be used in brownfield sites’, reference 10/WM/03/21, 2010.  This document proposes that the 

assessment of the hazard to potable water supply pipes should be based on the following pathways: contact 

with migrating groundwater, permeation of vapour, and direct contact with soil.   

Approval should be sought for the type of pipes proposed before they are installed.  
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GEOTECHNICAL ENGINEERING CONCLUSIONS 

It is proposed to demolish the existing equestrian buildings and erect six two-storey dwellings, with associated 

private gardens, public open space, structural landscaping, vehicle access and car parking.   

The investigation has revealed that the site is underlain by either Topsoil, pavement construction or buildings, 

resting, in the main, on Superficial Clay and localised Superficial Gravel, with the Bedrock Kellaways and 

Cornbrash Formations beneath.  The generalised depths to the base (and thickness) of each stratum in our 

exploratory holes, is summarised below: 

Stratum Base (m) Thickness (m) 

Topsoil or Roadstone/Topsoil admix 0.25 to 0.80 0.25 to 0.80 

Superficial Clay 0.65 to 2.00 0.25 to 1.20 

Superficial Gravel 1.55 (localised) 0.15 

Kellaways Clay 4.20 to 5.20 2.20 to 3.70 

Cornbrash >4.50 to >5.20 >0.40 
 

The Superficial Clay comprised soft or firm, low to medium strength, light grey and orange-brown, slightly 

sandy and, locally, slightly gravelly, intermediate plasticity silty clay of low volume-change potential. 

The Superficial Gravel was identified at one location and comprised medium dense, very clayey sandy gravel.    

The base of the Superficial deposits was quite variable: suggestive of deposition within erosional channels.  

Transition, between the Superficial and Bedrock deposits, across short distances, should therefore, be 

anticipated across the site. 

The Kellaways Formation comprised firm or stiff, medium strength, becoming very stiff and high strength at 

the base, fissured, dark grey, weathering to light grey and orange-brown near-surface, locally slightly sandy, 

intermediate to high plasticity, silty clay, of low to (characteristically) medium volume-change potential. 

Groundwater was struck, locally, during boring and pit excavations: around a depth of 1.00m, but as high as 

0.65m depth, with slow to, locally, fast inflows. 

Although the Superficial deposits and the Kellaways Formation should prove suitable for the proposed form of 

development, supporting traditional, moderately loaded, spread foundations, the need for groundwater control 

means that consideration should be given to a pile foundation solution. 

SITE EXCAVATION 

Conventional hydraulic plant should be satisfactory for excavating foundation and service trenches within the 

soils on site.  Specialist breaking plant will, likely, be required to assist in the removal of existing foundations. 

In line with HSE guidelines, all excavations requiring personnel access should be adequately supported to 

avoid the risk of collapse.  Consideration should also be given to the stability of open trenches where personnel 

are working in close proximity.    
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Excavations are likely to remain open, unsupported, in the absence of water, but, where water enters the 

excavation, then internal erosion and wall collapse is possible.  In the presence of water, spalling of excavation 

sides may occur and, thus, some form of temporary support may be required to keep excavations open.  

Significant groundwater ingress into shallow excavations is anticipated locally, but it must be noted that 

groundwater levels can vary significantly in response to weather and other factors.  At the time of this 

investigation, the shallow groundwater table was about 1.0m below ground surface and entered excavations 

at variable rates, from slow to fast.  It may be possible to control groundwater levels through the use of suitable 

screen sump pumping, but it would be prudent to trial some excavations prior to commencing construction. 

Consideration should be given to the effects of trees and shrubs on service runs that cross the site.  Soil 

movements brought on by the influence of vegetation can severely disrupt drain runs and mains services, and 

measures should be incorporated into the excavations to allow for future ground movements. 

FOUNDATION SOLUTIONS 

Spread foundations 

Spread foundations should bypass the Made Ground and any soft soils and be placed within the firm, or stiffer, 

natural deposits: with a minimum embedment of 0.20m.  A minimum foundation depth of 1.00m below existing 

ground level is recommended, but greater depths may be required within the zone of influence of existing or 

new planting. 

The allowable bearing pressures recommended below are made on the assumption of an acceptable total 

settlement for the proposed structures of 25mm.  Should the building design require a significantly different 

serviceability limit state (tolerance to settlement) then it is recommended that these recommendations be 

revised accordingly.   

At the minimum depth provided above an allowable bearing pressure of 85kPa may be adopted for 

conventional 600mm wide strip footings.  As there is a potential for foundation excavations to span variable 

soils, light reinforcement should be added to the base of the foundation to further protect against differential 

settlements. 

If higher bearing pressures are required, foundations would need to bypass the Superficial deposits and be 

placed entirely within the underlying Kellaways Formation (likely resulting in foundation depths of >2.00m): 

where an allowable bearing pressure of 110kPa (for conventional 600mm wide strip footings) may be adopted; 

and reinforcement to reduce the risk of differential settlement will not be necessary. 

The bearing pressures provided above allow for suitable factors-of-safety against general shear failure and 

should result in acceptable levels of differential and total vertical settlement that are likely to be substantially 

complete over a period of several months to years. 

Within the zones of influence of existing vegetation, precautions will need to be taken with respect to root 

action (both existing and proposed).  Reference should be made to the NHBC Standards (Chapter 4.2, Building 

near Trees) for appropriate guidance on foundation depths and design.  The Superficial Clay is of Low Volume-
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Change Potential and the underlying Kellaways Formation is (characteristically), of Medium Volume-Change 

Potential. 

It is recommended that foundation excavations be subject to careful inspection by an experienced professional, 

with localised deepening carried out if desiccated or root-infested shrinkable clays are encountered.  

Given the plastic nature of the foundation soils, they will be prone to softening when wetted.  In the event of a 

delay between foundation excavation, and pouring of the foundation concrete, a blinding layer of concrete 

should be placed in the base of the open excavation to prevent softening. 

Pile Foundations 

For the ground conditions encountered, with groundwater being present near-surface, we consider that CFA 

or helical screw piles, terminating on the Cornbrash, should suit the ground conditions.  Although a suitable 

alternative, the noise and vibration issues of conventional driven piles may mitigate against those. 

Screw piles could be preferred for the relative ease and speed of installation and associated reduction in waste 

disposal costs, although it would be best to check with piling contractors that their particular methods are suited 

to terminating in rock (as not all are) and will be protected against corrosion by the shallow groundwater. 

Guidance on the design of piles was not included within the scope of this investigation, but preliminary pile 

design data is presented in Appendix D: for guidance only.  We anticipate that the preferred design would be 

for rock sockets into the Cornbrash.  It should be noted that very limited penetration (maximum of 0.4m) was 

achieved into the Cornbrash and so detailed lithological information (including the possible presence of clay 

beds) and pile design information was not obtained.  The recommended parameters should be regarded as 

being quite conservative.  Higher rock socket values could, likely, be achievable but this would need to be 

corroborated by more detailed investigation using rotary coring or sonic techniques and/or a pile testing 

programme.  The carrying capacity of the pile may be governed by the pile shaft.   

We recommend that a specialist piling contactor is consulted at an early stage to advise on the most 

appropriate pile type and to ultimately provide the final pile design. This should address issues such as the 

potential clay softening/disturbance, any variations in ground profile and assessment of values for rock socket 

design.  The pile designer or piling contractor may require additional investigation. 

GROUND FLOOR SLABS 

The site is underlain by shrinkable soils  The decision as to whether ground floor slabs will be ground-bearing 

or suspended on the main foundations will, in part, depend on the considerations detailed below: 

Ground-Bearing  

A suspended floor slab will be required in shrinkable soils, even in the absence of trees and shrubs, where the 

soil is seasonally desiccated.  Under those circumstances the adoption of a suspended slab is only likely to be 

avoided if construction of the floor slab takes place during the wetter times of the year. 
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If a ground-bearing floor slab is to be adopted, then all pre-existing building foundations, Fill, Made Ground 

and disturbed or desiccated soil should be removed from beneath any proposed ground-bearing floor area and 

the exposed surface should be proof-rolled to expose any excessively soft or compressible zones, which 

should also be removed.  Coarse-grained backfill should then be placed in layers and subjected to controlled 

compaction. 

Suspended  

In accord with NHBC guidelines: if it is required to deepen the main foundations below 1.50m depth, such as 

on account of trees or shrubs, then ground floor slab to that building should be suspended.   

A void should be left below the floor slab to accommodate future moisture content-related soil movements.  

This may be achieved by use of a proprietary compressible material such as Clayboard or Cellcore. 

ACCESS ROADS AND PARKING 

In preparation for areas of pavement, the formation should be subject to inspection and heavy proof-rolling 

and any areas of very soft, very loose, very hard, organic, or otherwise unsuitable materials should be removed 

and replaced with suitable, well-compacted, coarse-grained fill. 

Some areas of the site have peripheral mature vegetation.  The presence of trees will mean that there is 

potential for ongoing desiccation issues which may affect the pavement surfacing within influencing distance. 

Thus, safeguarding against desiccation in this regard could be considered, such as lime cement stabilisation, 

which can limit the effects of shrinkage and swelling through desiccation, by altering the properties of the clay. 

Alternatively, it could be accepted that some seasonal movements may occur which could be accommodated 

through flexible surface finishes. 

The structural design of a road or hardstanding is based on the strength of the subgrade, which is assessed 

on the California Bearing Ratio (CBR) scale.  With reference to Transport and Road Research Laboratory, 

Report LR1132, and laboratory classification tests, the following CBR value is recommended for preliminary 

design purposes (on the basis of the recommendations for formation preparation, above): 

! Superficial Clay: 2.0% 

These values are based on equilibrium soil conditions, a thin pavement construction, high water table and poor 

construction conditions.  The site conditions should be reassessed at the time of construction and the 

CBR/pavement design updated accordingly, if considered necessary. 

However, these soils are potentially frost-susceptible and, for prevention of frost damage, all material within a 

suitable thickness of the surface should be non-frost-susceptible. 

INFILTRATION MEASURES  

The high groundwater and clay soils encountered strongly indicates that an alternative form of drainage (to the 

use of soakaways) will have to be adopted. 
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RECOMMENDATIONS FOR FURTHER WORK 

The ground is seldom homogenous and variations likely to affect our conclusions may, inevitably, occur 

between and beyond our test locations.  Also, there are areas of the site, such as beneath the buildings and 

hardstanding that have not been investigated.  Our conclusions with regard to contamination risk and our 

general foundation assessment is based on our Ground Model.  We, therefore, recommend that the developer 

adopt a Discovery Strategy during demolition and groundworks: maintaining a watching brief for suspicious 

soils or ground conditions.  Should ground conditions vary noticeably from our Ground Model, then we 

recommend further assessment by a suitably qualified person or persons.   If, in particular, there is concern 

over contamination in the ground, then work should cease immediately, pending suitable assessment.  

Consideration should be given to keeping a daily record of observations and findings and, ultimately, 

presenting this to the regulators. 

Supplementary coreholes, by rotary or perhaps sonic means, may be needed to aid piled foundation design. 
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View from The Green towards stables (centre) and 
open-sided barn (left)

View from The Green towards former exercise yard 
(centre, behind gates) and hay storage area (right) with 

residential properties beyond

View towards the south-western corner of the site, 
across paddock, with open fields beyond

View across manège

Surface-mounted oil storage tank.  No evidence of leaks at base
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Contents of open-sided barn

TP03: with groundwater at base TP05: with groundwater 
beginning to seep in at the 

base
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LEGEND - Soils 

 

  Made Ground  Topsoil     Sand 
 

     Silt     Boulders and Cobbles 
  

     Clay     Gravel     Peat 
 
 

LEGEND - Rocks (Sedimentary) 
 

     Chalk     Siltstone     Limestone 
  

     Mudstone     Sandstone 
 

     Coal  Conglomerate     Breccia 
 
 
 
 
  

LOG ABREVIATIONS 
 

W Water Sample 

B Bulk Sample 

D Disturbed Sample 

J Jar Sample 

U Undisturbed Sample 

(No. of blows shown in brackets for U100 samples) 

WAC Waste Acceptance Criteria Sample 

 

 

 Water Strike 

 Water (Standing Level) 

PP Pocket Penetrometer 

HV Hand Vane 

SPT Standard Penetration Test 

CPT Cone Penetration Test 

CBR California Bearing Ratio 

  * Extrapolated Value 

 

Pocket penetrometer testing provides values of unconfined compressive strength. The results have been 

converted to an approximate equivalent shear strength which should be used with due circumspection. As 

the pocket penetrometer tends to overestimate shear strength, we have used an appropriate reduction 

factor. 

 
LOG KEY 
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Test Depth at Start Spoon Field 'N' 'N60' Stratum 
Location of Test (m) or Cone Value Value

1.00 S 1 2 2 3 8 10 Sup_CL
2.00 S 1 2 2 2 7 9 KLB
3.00 S 2 2 2 2 8 10 KLB
4.00 S 3 2 4 4 13 16 KLB

CT 01
CT 01
CT 01
CT 01

5.00 S 20/30mm 0/0mm 0/0mm 0/0mm 200* 250 Cb
CT 02 1.00 S 1 2 1 2 6 8 Sup_CL
CT 02 2.00 S 2 3 3 4 12 15 KLB
CT 02 3.00 S 2 1 2 1 6 8 KLB
CT 02 4.00 S 1 4 5 8 18 23 KLB
CT 03 1.00 S 2 2 3 4 11 14 Sup_CL/GR
CT 03 2.00 S 2 3 3 4 12 15 KLB
CT 03 3.00 S 3 3 3 4 13 16 KLB
CT 03 4.00 S 6 9 18 43 76 95 KLB/Cb

0 0.00 0 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! KLB/Cb
0 0.00 0 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! KLB/Cb
0 0.00 0 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! Sup_CL/GR
0 0.00 0 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! Sup_CL
0 0.00 0 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! Sup_CL
0 0.00 0 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! Sup_CL/GR
0 0.00 0 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! Sup_CL
0 0.00 0 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! Sup_CL
0 0.00 0 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! Sup_CL/GR
0 0.00 0 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! KLB
0 0.00 0 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! KLB
0 0.00 0 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! KLB
0 0.00 0 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! KLB
0 0.00 0 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! KLB
0 0.00 0 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! KLB
0 0.00 0 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! KLB
0 0.00 0 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! KLB
0 0.00 0 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! KLB
0 0.00 0 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! KLB

0.00 0.00 0.00 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! KLB
0.00 0.00 0.00 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! KLB
0.00 0.00 0.00 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! KLB
0.00 0.00 0.00 0/0mm 0/0mm 0/0mm 0/0mm #VALUE! KLB

Key: Sup_CL = SUPERFICIAL CLAY Cb = CORNBRASH

Sup_CL/GR = SUPERFICIAL CLAY INTO GRAVEL

KLB = KELLAWAYS FORMATION

KLB/Cb = KELLAWAYS INTO CORNBRASH

Blows per 75mm Penetration 
(unless otherwise stated)

* = N-value extrapolated in accordance with CIRIA R143.  
Other corrections in accordance with BS EN ISO 22476-3, 2005, National Annex A; using Energy Ratio (75%) from current equipment calibration

Report:
STANDARD PENETRATION TEST SUMMARY 21.01.007
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TPH Chromatogram on Soil Sample: 1132813
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TPH Chromatogram on Soil Sample: 1132814
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TPH Chromatogram on Soil Sample: 1132815
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Test Methods

SOP Title Parameters included Method summary
2010 pH Value of Soils pH pH Meter

2030
Moisture and Stone Content of 
Soils(Requirement of 
MCERTS)

Moisture content
Determination of moisture content of soil as a 
percentage of its as received mass obtained at 
<37°C.

2040 Soil Description(Requirement of 
MCERTS) Soil description As received soil is described based upon 

BS5930

2120 Water Soluble Boron, Sulphate, 
Magnesium & Chromium Boron; Sulphate; Magnesium; Chromium Aqueous extraction / ICP-OES

2192 Asbestos Asbestos Polarised light microscopy / Gravimetry

2450 Acid Soluble Metals in Soils

Metals, including: Arsenic; Barium; Beryllium; 
Cadmium; Chromium; Cobalt; Copper; Lead; 
Manganese; Mercury; Molybdenum; Nickel; 
Selenium; Vanadium; Zinc

Acid digestion followed by determination of 
metals in extract by ICP-MS.

2490 Hexavalent Chromium in Soils Chromium [VI]

Soil extracts are prepared by extracting dried 
and ground soil samples into boiling water. 
Chromium [VI] is determined by ‘Aquakem 600’ 
Discrete Analyser using 1,5-diphenylcarbazide.

2625 Total Organic Carbon in Soils Total organic Carbon (TOC)
Determined by high temperature combustion 
under oxygen, using an Eltra elemental 
analyser.

2680 TPH A/A Split

Aliphatics: >C5–C6, >C6–C8,>C8–C10, 
>C10–C12, >C12–C16, >C16–C21, >C21– 
C35, >C35– C44Aromatics: >C5–C7, >C7–C8, 
>C8– C10, >C10–C12, >C12–C16, >C16– C21,  
>C21– C35, >C35– C44

Dichloromethane extraction / GCxGC FID 
detection

2760
Volatile Organic Compounds 
(VOCs) in Soils by Headspace 
GC-MS

Volatile organic compounds, including BTEX 
and halogenated Aliphatic/Aromatics.(cf. 
USEPA Method 8260)*please refer to UKAS 
schedule

Automated headspace gas chromatographic 
(GC) analysis of a soil sample, as received, 
with mass spectrometric (MS) detection of 
volatile organic compounds.

2800
Speciated Polynuclear 
Aromatic Hydrocarbons (PAH) 
in Soil by GC-MS

Acenaphthene*; Acenaphthylene; Anthracene*; 
Benzo[a]Anthracene*; Benzo[a]Pyrene*; 
Benzo[b]Fluoranthene*; Benzo[ghi]Perylene*; 
Benzo[k]Fluoranthene; Chrysene*; 
Dibenz[ah]Anthracene; Fluoranthene*; 
Fluorene*; Indeno[123cd]Pyrene*; 
Naphthalene*; Phenanthrene*; Pyrene*

Dichloromethane extraction / GC-MS
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Report Information

Key
U UKAS accredited
M MCERTS and UKAS accredited
N Unaccredited

S This analysis has been subcontracted to a UKAS accredited laboratory that is accredited for 
this analysis

SN This analysis has been subcontracted to a UKAS accredited laboratory that is not accredited 
for this analysis

T This analysis has been subcontracted to an unaccredited laboratory
I/S Insufficient Sample
U/S Unsuitable Sample
N/E not evaluated

< "less than"
> "greater than"

SOP Standard operation procedure
LOD Limit of detection

Comments or interpretations are beyond the scope of UKAS accreditation
The results relate only to the items tested
Uncertainty of measurement for the determinands tested are available upon request 
None of the results in this report have been recovery corrected
All results are expressed on a dry weight basis

The following tests were analysed on samples as received and the results subsequently 
corrected to a dry weight basis TPH, BTEX, VOCs, SVOCs, PCBs, Phenols

For all other tests the samples were dried at < 37°C prior to analysis
All Asbestos testing is performed at the indicated laboratory 
Issue numbers are sequential starting with 1 all subsequent reports are incremented by 1

Sample Deviation Codes
A - Date of sampling not supplied
B - Sample age exceeds stability time (sampling to extraction)
C - Sample not received in appropriate containers
D - Broken Container
E - Insufficient Sample (Applies to LOI in Trommel Fines Only)

Sample Retention and Disposal
All soil samples will be retained for a period of 45 days from the date of receipt
All water samples will be retained for 14 days from the date of receipt
Charges may apply to extended sample storage

If you require extended retention of samples, please email your requirements to: 
customerservices@chemtest.com
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 The working load of a single pile is the sum of the ultimate shaft resistance and the ultimate 
end bearing resistance, each divided by an appropriate factor of safety. The following unit 
ultimate values of shaft resistance and end bearing resistance are proposed for preliminary 
pile design: 

Ultimate Skin Friction   kN 

Made Ground 
From G.L to, say, 0.8m bgl (maximum depth recorded) Ignore 

Superficial Clay
0.8m to, say, 1.4m bgl (variable) 

20 x As  

Superficial Gravel
1.4m to, say, 1.6m bgl (only locally present)

10 x As 

Kellaways Beds
1.6m to, say, 4.5m bgl (variable)

30 x As

Cornbrash 
below, say, 4.5m bgl (variable) 

75 x As 

Ultimate End Bearing kN 

Cornbrash 
at, say, 4.5m bgl (variable)

150 x Ab 

Notes: 

As = area of the pile shaft (m²);  Ab = area of pile base (m²) 

Design GWL = 1.50m bgl  

Fine soils:  design guidance from LDSA (2009) wherein: 

!!!"#$%&'()*+!,-./)01!21!),!345!-*$!6&-0(*7!8-9-.(/:!;-./)01!<c, of 9.0 have been used 

Coarse soils: beta-method, on the basis of SPT N60-values and effective overburden pressure. 
Assumes the use of CFA bored piles to minimise loosening as a result of pile installation 

Rock: conservative estimate of rock socket value 

PRELIMINARY PILE DESIGN DATA Report No:  
21.01.007 
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K8 JL@ ^,SI*"0,4%,2Q*/-6+,%-60,- > > > > A

K8 JL9 X"b"#4/I-%-IT-0"G.,%-0/#"S,=I-"S, > > > > A

K8 JLD X6-0/#6."*%*6.,G-,4%6G4I-0#6"*%".06+606,-%Yc!H[ > > > > A

K8 JL8> F6.,G-,4%6G4I-0#6"*%".06+606,-%Y!"#0%)Y8[[ > > > > A

K8 JL88 F6.,G-,4%Q/**I0"G0%#,*,"-,%Y!"#0%)Y:[=Z[ > > > > A

K: JL8: ^"46/".06+,%CIT-0"G.,%)I05/#6-"06/G- > > > > A

GE A>@G 5)6$3+$#%&)+68(";$+%'.%6.3'".**$#%K('$"+ 8 > : 8 A

KK JL8J !/**I0"G0%#,*,"-,%0/%-I#3".,%P"0,#-%Y^,4%F6-0[ > > > > A

KK JL8< !/**I0"G0%#,*,"-,%0/%QIT*6.%-,P,# > > > > A

KK JL8E F6-0%8%N"GS,#/I-%CIT-0"G.,- > > > > A

KK JL8@ F6-0%:%N"GS,#/I-%CIT-0"G.,- > > > > A

KK JL89 !/**I06/G%cG.64,G0-%Y\)=]^M[ > > > > A

KJ JL8D !/**I06/G%6G+,G0/#R%-IT-0"G.,- > > > > A

KJ JL:> !/**I06/G%6G+,G0/#R%P"-0,%0#"G-3,#- > > > > A

KJ JL:8 !/**I06/G%6G+,G0/#R%#"46/".06+,%P"-0, > > > > A

!"S, C,.06/G XR4#/S,/*/SR 1G%-60, >A<>' <>A:<>' :<>A<>>' <>>A:>>>'

GL L>@ 4/=$"0)6)(*%(M/)0$" c4,G0636,4%YP6056G%<>>'[

GD L>E N$#".6O%(M/)0$" c4,G0636,4%YP6056G%<>>'[

GF L>G J"./3#K('$"%P/*3$"(Q)*)'9 c4,G0636,4%YP6056G%<>'[

AR L>A J"./3#K('$"%P/*3$"(Q)*)'9S%+.*/Q*$%".6O%")+O c4,G0636,4%YP6056G%>'[

J8 <L< B#/IG4P"0,#%+I*G,#"T6*60RA%*/."*%6G3/#'"06/G ]/G,%YP6056G%>'[

AE L>C J"./3#K('$"%(Q+'"(6').3+ > > > 8 E

JJ <L@ CI#3".,%P"0,#%"T-0#".06/G- > > > > >

AA L>T U.'(Q*$%(Q+'"(6').3+ > > > > 8

J< <LD C/I#.,%!#/0,.06/G%d/G,- > > > > A

J< <L8> C/I#.,%!#/0,.06/G%d/G,-%Y./G36G,4%"UI63,#[ > > > > A

!"S, C,.06/G XR4#/*/SR 1G%-60, >A<>' <>A:<>' :<>A<>>' <>>A:>>>'
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AD C>E 4/"0(6$%K('$"%0$('/"$+ > > 8 A A

AD C>G HY&%4/"0(6$%K('$"%Q.#9%6('68:$3'+ 8 A A A A

AD C>A HY&%4/"0(6$%K('$"%Q.#)$+ > > > A A

AT C>L HY&%J"./3#K('$"%Q.#)$+ 8 A A A A

!"S, C,.06/G ^6+,#%"G4%./"-0"*%3*//46GS 1G%-60, >A<>' <>A:<>' :<>A<>>' <>>A:>>>'

JD @L8 ^6-$%/3%&*//46GS%3#/'%^6+,#-%"G4%C,"%Y^/&^"C[ ]/G,%YP6056G%<>'[

JD @L: X6-0/#6."*%&*//4%\+,G0- > > > A A

JD @LK &*//4%N,3,G.,- > > > A A

JD @LJ )#,"-%Z,G,3606GS%3#/'%&*//4%N,3,G.,- > > > A A

<> @L< &*//4%C0/#"S,%)#,"- > > > A A

<8 @LE &*//4%d/G,%: ]/G,%YP6056G%<>'[

<8 @L@ &*//4%d/G,%K ]/G,%YP6056G%<>'[
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<E 8>LK CQ,.6"*%)#,"-%/3%H/G-,#+"06/G%YC)H[ > > > > >

<E 8>LJ CQ,.6"*%!#/0,.06/G%)#,"-%YC!)[ > > > > >

<E 8>L< ]"06/G"*%]"0I#,%^,-,#+,-%Y]]^[ > > > > >

<@ 8>LE F/."*%]"0I#,%^,-,#+,-%YF]^[ > > > > >

LD @R>D &$+);3('$#%736)$3'%H..#*(3# > > > 8 <

<@ 8>L9 Z6/-Q5,#,%^,-,#+,- > > > > >

<9 8>LD &/#,-0%!"#$- > > > > >

<9 8>L8> _"#6G,%H/G-,#+"06/G%d/G,- > > > > >

<9 8>L88 B#,,G%Z,*0 > > > > >
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<9 8>L8K !/--6T*,%CQ,.6"*%)#,"-%/3%H/G-,#+"06/G%YQC)H[ > > > > >

<D 8>L8J !/0,G06"*%CQ,.6"*%!#/0,.06/G%)#,"-%YQC!)[ > > > > >

<D 8>L8< ]60#"0,%C,G-606+,%)#,"- > > > > >

LF @R>@C V)'"('$%[/*3$"(Q*$%\.3$+ 8 > 8 > :

CR @R>@D 444Z%Z:=(6'%1)+O%\.3$+ 8 A A A A

C@ @R>@T 444Z%]3)'+ > > > > :

!"S, C,.06/G e6-I"*%"G4%.I*0I#"*%4,-6SG"06/G- 1G%-60, >A<>' <>A:<>' :<>A<>>' <>>A:>>>'

EK 88L8 M/#*4%X,#60"S,%C60,- > > > A A

EJ 88L: )#,"%/3%1I0-0"G46GS%]"0I#"*%Z,"I0R > > > A A

EJ 88LK ]"06/G"*%!"#$- > > > A A

CA @@>A 5)+'$#%N/)*#)3;+ > < E A A

CL @@>L 2.3+$"P(').3%7"$(+ 8 > > A A

EE 88LE C.5,4I*,4%)G.6,G0%_/GI',G0- > > > A A

EE 88L@ ^,S6-0,#,4%!"#$-%"G4%B"#4,G- > > > A A

!"S, C,.06/G )S#6.I*0I#"*%4,-6SG"06/G- 1G%-60, >A<>' <>A:<>' :<>A<>>' <>>A:>>>'

CD @E>@ 7;")6/*'/"(*%5(3#%2*(++)0)6(').3 B#"4,%K%YP6056G%:<>'[

CT @E>E !=$3%766$++%5(3# > > 8 A A

E9 8:LK f#,,%&,**6GS%F6.,G.,- > > > A A

E9 8:LJ \G+6#/G',G0"*%C0,P"#4-56Q%C.5,',- > > > A A

CT @E>L 2./3'"9+)#$%4'$K("#+8)=%468$:$+ > > 8 A A

!"S, C,.06/G X"T60"0%4,-6SG"06/G- 1G%-60, >A<>' <>A:<>' :<>A<>>' <>>A:>>>'

DR @G>@ U").")'9%B(Q)'('%Z3P$3'."9 > > J A A

D@ @G>E B(Q)'('%V$'K."O+ > > 8 A A

@8 8KLK 1Q,G%_/-"6.%X"T60"0 > > > A A

@8 8KLJ F6',-0/G,%!"+,',G0%1#4,#- > > > A A

!"S, C,.06/G B,/*/SR%8V8>(>>>%-."*, 1G%-60, >A<>' <>A:<>' :<>A<>>' <>>A:>>>'

DE @A>@ @RO%7P()*(Q)*)'9 c4,G0636,4%YP6056G%<>>'[

@K 8JL: )#0636.6"*%"G4%'"4,%S#/IG4%Y8>$[ > > > > A

@J 8JLK CIQ,#36.6"*%S,/*/SR%Y8>$[ > > > > A
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@J 8JLJ F"G4-*6Q%Y8>$[ > > > > A

@< 8JL< Z,4#/.$%S,/*/SR%Y8>$[ > > > > A

@< 8JLE Z,4#/.$%3"I*0-%"G4%/05,#%*6G,"#%3,"0I#,-%Y8>$[ > > > > A

!"S, C,.06/G B,/*/SR%8V<>(>>>%-."*, 1G%-60, >A<>' <>A:<>' :<>A<>>' <>>A:>>>'

DC @L>@ LRO%7P()*(Q)*)'9 c4,G0636,4%YP6056G%<>>'[

@@ 8<L: )#0636.6"*%"G4%'"4,%S#/IG4%Y<>$[ > > > > A

@@ 8<LK )#0636.6"*%S#/IG4%Q,#',"T6*60R%Y<>$[ > > A A A

DT @L>A 4/=$"0)6)(*%;$.*.;9%WLROX > 8 K 8 A

DF @L>L 4/=$"0)6)(*%=$":$(Q)*)'9%WLROX c4,G0636,4%YP6056G%<>'[

@D 8<LE F"G4-*6Q%Y<>$[ > > > > A

@D 8<L@ F"G4-*6Q%Q,#',"T6*60R%Y<>$[ ]/G,%YP6056G%<>'[

TR @L>T N$#".6O%;$.*.;9%WLROX 8 8 > K A

T@ @L>F N$#".6O%=$":$(Q)*)'9%WLROX c4,G0636,4%YP6056G%<>'[

98 8<L8> Z,4#/.$%3"I*0-%"G4%/05,#%*6G,"#%3,"0I#,-%Y<>$[ > > > > A

!"S, C,.06/G Z/#,5/*,- 1G%-60, >A<>' <>A:<>' :<>A<>>' <>>A:>>>'

TE @C>@ NJ4%N."$8.*$+ > > < A A

!"S, C,.06/G ]"0I#"*%S#/IG4%-IT-64,G.,

TA @D>@ 48")3O%+K$**%6*(9+ _/4,#"0,%YP6056G%<>'[

TL @D>E 1/33)3;%+(3#+ F/P%YP6056G%<>'[

TD @D>G 2.:="$++)Q*$%#$=.+)'+ ],S*6S6T*,%YP6056G%<>'[

TT @D>A 2.**(=+)Q*$%#$=.+)'+ e,#R%*/P%YP6056G%<>'[

TF @D>L 5(3#+*)#$+ e,#R%*/P%YP6056G%<>'[

FR @D>C J"./3#%#)++.*/').3%.0%+.*/Q*$%".6O+ ],S*6S6T*,%YP6056G%<>'[

!"S, C,.06/G _6G6GS(%S#/IG4%P/#$6GS-%"G4%G"0I#"*%."+606,- 1G%-60, >A<>' <>A:<>' :<>A<>>' <>>A:>>>'

D8 89L8 ]"0I#"*%."+606,- > > > > A

FE @T>E N")'U)'+ > > > 8 A

D: 89LK CI#3".,%S#/IG4%P/#$6GS- > > > A A

D: 89LJ gG4,#S#/IG4%P/#$6GS- > > > > >

D: 89L< X6-0/#6."*%_6G,#"*%!*"GG6GS%)#,"- > > > > A

!"#$%&"#'(%)*+,-./0(%123/#4-56#,(
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DK 89LE ]/GA./"*%'6G6GS > > > > >

DK 89L@ _6G6GS%."+606,- > > > > >

DK 89L9 `!Z%'6G6GS%"#,"- ]/G,%YP6056G%>'[

DK 89LD H/"*%'6G6GS ]/G,%YP6056G%>'[

DK 89L8> Z#6G,%"#,"- ]/G,%YP6056G%>'[

DJ 89L88 BRQ-I'%"#,"- ]/G,%YP6056G%>'[

DJ 89L8: f6G%'6G6GS ]/G,%YP6056G%>'[

DJ 89L8K H*"R%'6G6GS ]/G,%YP6056G%>'[

!"S, C,.06/G ^"4/G

FL @F>@ 1(#.3 F,--%05"G%8h%YP6056G%>'[

!"S, C,.06/G C/6*%.5,'6-0#R 1G%-60, >A<>' <>A:<>' :<>A<>>' <>>A:>>>'

FC ER>@ NJ4%^+'):('$#%N(6O;"./3#%4.)*%28$:)+'"9 8 K A A A

DE :>L: ZBC%\-06'"0,4%g#T"G%C/6*%H5,'6-0#R > > A A A

D@ :>LK ZBC%_,"-I#,4%g#T"G%C/6*%H5,'6-0#R > > A A A

!"S, C,.06/G ^"6*P"R%6G3#"-0#I.0I#,%"G4%Q#/a,.0- 1G%-60, >A<>' <>A:<>' :<>A<>>' <>>A:>>>'

D9 :8L8 gG4,#S#/IG4%#"6*P"R-%YF/G4/G[ > > > A A

D9 :8L: gG4,#S#/IG4%#"6*P"R-%Y]/GAF/G4/G[ > > > A A

D9 :8LK ^"6*P"R%0IGG,*- > > > A A

D9 :8LJ X6-0/#6."*%#"6*P"R%"G4%0IGG,*%3,"0I#,- > > > A A

D9 :8L< ^/R"*%_"6*%0IGG,*- > > > A A

DD :8LE X6-0/#6."*%#"6*P"R- > > > A A

DD :8L@ ^"6*P"R- > > > A A

DD :8L9 H#/--#"6*%8 > > > > A

DD :8LD H#/--#"6*%: > > > > A

DD :8L8> XC: > > > > A
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