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EXECUTIVE SUMMARY 
 

Investigation 
Objective 

A preliminary Phase II Ground Investigation to provide information for planning and preliminary support 
for development design for large commercial warehouses and associated infrastructure. 

Site Description The site is located at Junction 10 of the M40, approximately 1km north of Ardley village. It comprises 
two separate sites of irregular shape, west and east of the A43 dual carriageway. Both sites comprise 
essentially cropped agricultural fields. The western site is 43.9Ha in area and is bound to the 
southwest by the M40, to the east by the A43, to the north by the B4100 and fields to the west. The 
eastern site is 24.2Ha in area, bound to the west by the A43 dual carriageway, to the north by the 
B4100, to the east by fields and to the south by fields and Cherwell Valley service station beyond. The 
entire general area is noted to generally slope towards the southeast.  

Site History From the earliest map edition to the present day, the site has generally comprised several open fields. 
The earliest maps (1880-1881) show a pond in the east and buildings in the centre west with the two 
sites split by a road (later becoming the A43) present at this time. The buildings in the west were 
demolished by 2002 and another building shown to have replaced them. The area surrounding the 
sites has predominantly remained open fields, with notable exceptions including two quarries (1880 - 
1900, which by 1980 were longer mapped), the M40 and associated junction 10 adjacent to the sites 
(1992-1994), a garage (110m to the north which by 2010-2014 had been replaced by a petrol station) 
and a sewage works (450m southwest in 1980).  

Anticipated 
Geology 

Anticipated geology from BGS and historical information is suggested to comprise agricultural Topsoil 
underlain directly by the Jurassic White Limestone Formation. Superficial deposits of Alluvium are 
indicted along Padbury Brook located 35m south and southeast of the eastern site.  Head deposits are 
also indicated, potentially extending from the M40 junction into the western site. Made Ground is not 
generally anticipated, however, there is a potential for limited and localised occurrence in two areas; a 
former temporary service station and former buildings in the west. 

Other Pertinent 
Desk Study Data 

The nearest surface watercourse is the Padbury Brook located approximately 35m south of the sites 
flowing to the east.  
The alluvium is classified as a Secondary A Aquifer and the Head Deposits as a Secondary 
(undifferentiated) Aquifer. The White Limestone Formation is classified as a Principal Aquifer. Three 
groundwater abstractions are located within 500m of the centre of the site, the nearest being 146m 
northeast for household (potable) and general farming use.  Neither of the two sites is not located 
within a groundwater Source Protection Zone. 
There are no recorded historic or current landfill sites within 250m of the sites. 
There are two operational petrol stations within 250m of the sites namely Baynards Green Service 
Station operated by ESSO 110m north of the site and Cherwell Valley Service Area operated by Moto 
Hospitality 170m to the south. 

Scope of 
Investigation 

57 trial pits plus 1 soakaway test on the Eastern site and 99 trial pits plus 4 soakaway test on the 
western site undertaken based on an 70m grid. 

Ground 
Conditions 

An initial layer of agricultural Topsoil and localised Topsoil/Made Ground (two locations only) was 
proven to depths of between 0.15m to 0.45m bgl, overlying localised subsoil to depths of between 
0.30m and 0.70m bgl. Localised Made Ground and Possible Made Ground was also encountered in 
three locations proven to depths of between 0.60m and 2.10m bgl. In turn these materials overlay 
strata of the White Limestone Formation comprising an initial highly variable weathered horizon, 
grading to competent rock strength material with depth. The weathered horizon was found to extend to 
variable depths (between 0.70m and 2.49m bgl), generally noted to be thinner (<1m bgl) in the 
southwest of the western site and western margins of the eastern site and thickest (>2m bgl) in the 
central/northern parts of the western site. The underlying competent rock strength material was proven 
to depths of between 0.80m and 2.90m bgl, with all trial pits terminating within this material. 

Geo-
environmental 
Assessment 

Contamination related risks appear to be negligible and it is considered unlikely that further detailed 
assessment or remedial actions will be required for the proposed development. 

Geotechnical 
Overview 

Earthwork  testing indicates that the natural materials won on site will be suitable for re-engineering 
(as Class 2A/B, Class 2C or Class 1C earthworks materials) in order to construct the required 
development plateaus. Some materials are likely to be wetter than the acceptable moisture content 
range requiring moisture modification on site before compaction. A detailed Earthworks Specification 
will be needed including methods, controls, and verification testing with target end performance criteria.  
The in situ White Limestone Formation appears suitable to support conventional strip/trench fill or pad 
foundations, with foundation placed in either the weathered or intact competent rock strength zones, 
dependant on structural loads, settlement tolerances, and the final extent of the cut/fill earthworks 
exercise.   
Following earthworks and suitable re-engineering of site won materials, ground bearing floor slabs are 
considered suitable placed on a suitable granular mattress. Owing to the likely variations in engineered 
fill thicknesses, analysis of potential differential settlements will be required as part of detailed design. 
No special concrete design measures are required for buried concrete. 
The site is considered to be suitable for the use of soakaway drainage, however, the highly variable 
infiltration rates calculated from the soakaway testing undertaken across the site and the localised 
shallow groundwater suggest a hybrid drainage strategy (soakaways, attenuation, swales) may need to 
be considered.   
Supplementary investigations to provide information for full detailed design are advised comprising 
rotary cored boreholes, additional testing to assess settlements and facilitate a detailed Earthworks 
Specification and investigation of two localised Made Ground/Possible Made Ground areas identified.   
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1.0 INTRODUCTION 
 

1.1  Objectives and Scope of Investigation 
 
Land adjacent to Junction 10 of the M40 motorway, near Ardley is being considered 
for development by Albion Land Ltd. The land is split into two separate sites, 
located to the west and east of the A43.The proposals for both the western and 
eastern sites comprise the construction of Storage or Distribution (with ancillary 
office) buildings, together with new entrances from the B4100, associated access 
roads, service yards, HGV and car parking and hard and soft landscaping 
 
A Phase I Geotechnical and Geoenvironmental Desk Study has previously been 
produced by Applied Geology for both the western and eastern sites on behalf of 
the Albion Land Ltd in May 2015 (Report Ref. AG2255-15-V99). A brief summary of 
the key findings of this report is presented in Section 3.  

 
Applied Geology was further appointed by Albion Land Ltd to undertake a 
Preliminary Phase II intrusive ground investigation in order to provide information 
for planning and preliminary support for development design. This comprises the 
following: 
 

 An assessment of the potential for hazardous substances or conditions to 
exist at the site that might warrant mitigation or remediation appropriate to 
the intended end use proposed by the Client. 

 An assessment of geological conditions and geotechnical parameters to 
support safe and economic engineering design.  

The terms of reference/brief for the works were mutually developed between Bailey 
Johnson Hayes (Engineer to the Client) and Applied Geology and are outlined in 
our proposal and estimate reference AG21-7630let001 dated 13th April 2021. During 
development of the brief for the works, the Engineer specifically requested that the 
investigation was undertaken on a 70m grid basis across the site area.  
 
The scope of works undertaken by Applied Geology comprised: 
 

 A site inspection and walkover survey  

 Ground investigation comprising trial pitting and sampling, and a programme 
of laboratory testing. 

 Assessment and reporting of the results of the works. 

 

Underground service plans for the site were obtained by Applied Geology on 20th 
April 2021. A topographic survey drawing was not available at the time of the 
fieldwork or writing this of this report, however, an Ordnance Survey Mastermap  
drawing was provided by the Engineer for use as a base plan for drawings.  

 
1.2  Report Layout 

 
This report presents a brief description of the site and the factual results of the 
intrusive investigations carried out.  An interpretation of the ground conditions and a 
discussion/assessment of the findings is presented in the later report text sections. 
The report should be read in conjunction with the general procedures detailed in 
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Appendix F and the General Notes  given at the end of the main text, which provide 
details of investigation techniques, assessment methodology and standards, health 
& safety and limitations and exceptions of the report. Drawings and factual data 
including exploratory hole records and laboratory testing results records are 
presented in the other Appendices. 
 

2.0  SITE DESCRIPTION AND PROPOSALS 
 

2.1  Site Description 
 
The subject land is located adjacent to the north of Junction 10 of the M40, 
approximately 1km north of the centre of the village of Ardley. The Ordnance 
Survey grid reference for the centre of the site is 454583 229025 as shown on Site 
Location Plan in Appendix B. 
 
The subject land is split into two separate sites by the A43 dual carriageway which 
lies in a shallow cutting. The western site is bound to the southwest by the M40, to 
the east by the A43, to the north by the B4100 and fields to the west. The eastern 
site is bound to the west by the A43 dual carriageway, to the north by the B4100, to 
the east by fields and to the south by fields and Cherwell Valley service station 
beyond. A couple of houses and associated gardens are present in the north 
western corner of the western site. The whole area is noted to generally slope 
towards the southeast. An Exploratory Hole Location Plan, showing the main site 
features, Drawing No. AG3268-21-02 Rev 2, is presented in Appendix B. 
 
A site inspection/walkover was previously undertaken by Applied Geology (AG) on 
19th May 2015 and is described in the Phase I Desk Study Report.  
 
An updated site inspection/walkover was undertaken by Applied Geology on 21st 
April 2021 as part of this current phase of works. Access to the western site was 
gained via double metal farm gates off the B4100 in the north eastern field corner 
and access to the eastern site was gained through a gap in the boundary hedge off 
the B4100 roughly centre of the northern boundary. The two sites are discussed 
further below: 
 
Western Site 
 
At the time of the site walkover survey, the two most northerly fields in the western 
site were noted to be cropped, with the remaining four fields having been recently 
seeded and crops just starting to sprout. A disused stone barn was present in the 
middle of the western site, part of which was noted to have a possible asbestos 
cement sheet roof. During the previous AG walkover of May 2015 this barn was 
noted to be used for the storage of hay bales. An electric substation and phone 
mast were present just beyond the boundary at the west corner of the site. The 
north western, north eastern, eastern and southern boundaries of the western site 
were formed by mature and semi-mature trees, with internal hedgerows separating 
the western site into six separate fields. 
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Entrance to northeast corner of the western site, 

looking southeast. 
View across cropped fields in the western site. 

M40 in the far right of the photo. 
 

  
View of recently seeded and sprouted fields in the 

western site. 
View across recently seeded field with stone barn 

in distance. 
 
Eastern Site 
 
At the time of the site walkover survey, the eastern site was split into three separate 
fields separated by mature hedgerows, with the two southernmost fields having 
been cropped and the northernmost field having been recently seeded with the 
crops just starting to sprout. A drainage ditch was noted to run along the north 
boundary which was filled with nettles and weeds. A wooden fence and footpath ran 
along the southern margin, just outside of the site boundary, and semi mature and 
mature trees lined the western boundary of the eastern site. Hedgerows lined the 
north and eastern boundaries. 
 

  
View across site from entrance off the B4100. Cropped field in the eastern site.  
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2.2 Site Proposals  
 
At the time of writing this report, outline planning permission was being sought for 
each site for the erection of Class B8 buildings and Class Eq(i) ancillary office 
floorspace along with new site accesses from the B4100, internal access roads, 
parking and servicing, hard and soft landscaping and other associated 
infrastructure. 
 
Detailed finished level and loading information is not yet available, although it is 
understood that warehouse floor slab loadings are likely to in the order of 75 kN/m2. 
 
The proposals, which may be subject to change, are shown on a preliminary 
Masterplan , Dwg No. 20005-SK-002 by Cornish Architects dated 12th February 
2020. Preliminary level information is presented on a Concept Site Levels drawing, 
Dwg No. S1299-Ext-05 B by Bailey Johnson Hayes, dated 9th August 2021. Copies 
of these drawings are presented in Appendix B. 
 

3.0  DESK STUDY SUMMARY 
 
A Phase 1 Geotechnical and Geoenvironmental Desk Study was carried out for the 
site by Applied Geology (ref. AG2255-15-V99), dated May 2015. For full details of 
the geoenvironmental setting of the site, reference should be made to the desk 
study report (Appendix A). A summary of the key findings is provided below: 

 
 The earliest maps (1880-1881) show the sites comprising of several fields to 

the southeast, south and west of Baynards Green with a possible pond in 
the eastern site and buildings in the centre of the western site. The two sites 
are separated by a road at this time, which later becomes the A43. The 
buildings in the western site were demolished by 2002 and another building 
is shown to have replaced them. A pump was marked adjacent to the 
buildings in the western site in 1900 but by 1980 it is no longer marked. A 
quarry is present 280m to the south of the sites in 1880 and another quarry 
is labelled 350m to the south by 1900. By 1980, both quarries are no longer 
marked. The M40 and junction 10 had been constructed by 1992-1994. 
Other services in the general vicinity included a garage 110m to the north 
and sewage works 450m to the southwest in 1980. By 2010-2014 the 
garage had been demolished and replaced by a petrol station.  
 

 Anecdotal information provided by the current landowners suggests that a 
temporary service station was present approximately 25 years ago in the 
southeastern area of the western site adjacent to the A43. 
 

 The anticipated ground conditions comprise Topsoil underlain by the 
Jurassic White Limestone Formation. Superficial deposits of Alluvium have 
been identified along Padbury Brook 35m south and southeast of the 
eastern site and Head deposits were also identified extending from Junction 
10 onto the western site. Made Ground is not indicated on either site, 
however, based on the anecdotal evidence, it is anticipated that Made 
Ground may be present in the area where the temporary service station 
once stood in the southeast of the western site. Made Ground is also 
anticipated where the buildings are located in the centre of the western site. 
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 The sites do not lie within a radon affected area with <1% of homes above 
the Action Level, therefore no radon protective measures are necessary. 

 
 The sites are not indicated to be within an area of coal mining. The closest 

recorded ground workings are a former limestone quarry around 450m east. 
Historical maps are noted to show evidence of old pits and quarries in the 
general vicinity and, although none are indicated to have been present on 
the sites themselves, this cannot be fully discounted. The sites are not 
indicated to be located in an area of recorded natural cavity formation. 

 
 The nearest surface watercourse is the Padbury Brook located 

approximately 35m south and flowing to the east. There are no surface 
water abstractions within 2km of the sites but there are 21 No. licensed 
discharge consents within 500m of the sites. The closest is 29m south 
relating to emergency discharges from Cherwell Valley Services into the 
Padbury Brook.  

 
 According to the Environment Agency the alluvium is classified as a 

Secondary A Aquifer and the Head Deposits as a Secondary 
(undifferentiated) Aquifer. The White Limestone Formation is classified as a 
Principal Aquifer. 

 
 There are three groundwater abstractions within 500m of the sites with the 

nearest being 146m northeast for household (potable) and general farming 
use. The sites are not located within a groundwater Source Protection Zone. 

 
 There are no recorded historic or current landfill sites within 250m of the 

sites. 
 

 There are two operational petrol stations within 250m of the sites namely 
Baynards Green Service Station operated by ESSO 110m north and 
Cherwell Valley Service Area operated by Moto Hospitality 170m south. 
There are no other recorded industrial land uses within 250m of the sites. 

 
 There are three recorded pollution incidents within 250m of the sites for oils 

and fuels in 2002 and 2003. They were classified as having a minor impact 
on water and minor or no impact to land. 

 
 There are two Sites of Special Scientific Interest (SSSI) within 2km of the 

sites, namely Ardley Cutting and Quarry 1.25km southwest and Ardley 
Trackways 1.7km south. There are also a number of ancient and semi-
natural woodlands and ancient replanted woodlands within 2km. 

 
A Conceptual Site Model (CSM) was not derived for the site as part of the previous 
the desk study report, as the report was produced primarily for due diligence 
purposes.  A CSM has therefore been derived for the site, from the previous desk 
study information as part of this report and this is presented below: 
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Source Pathway Receptor Risk* 

Potential contaminants 
within Made Ground, if 
present locally, associated 
with previous site uses. 

Dermal contact, ingestion 
and inhalation of dust 

End users 
Neg - 
Low 

Migration and leaching  

Secondary A Aquifer, 
Secondary 
(undifferentiated) Aquifer 
and Principal Aquifer  

Watercourse - Padbury 
Brook 

Neg - 
Low 

Localised hotspots 
associated with Made 
Ground if present, 
asbestos cement building 
materials, leakages from 
farm plant, etc.  

Dermal contact, ingestion 
and inhalation of dust 

End users Low 

Migration and leaching  

Secondary A Aquifer, 
Secondary 
(undifferentiated) Aquifer 
and Principal Aquifer  

Watercourse - Padbury 
Brook 

Low 

Pesticides  Dermal contact, ingestion 
and inhalation of dust 

End users Low 

Migration and leaching  

Secondary A Aquifer, 
Secondary 
(undifferentiated) Aquifer 
and Principal Aquifer  

Watercourse - Padbury 
Brook 

Low 

Naturally heavy metal 
contamination in Topsoil 

Dermal contact, ingestion 
and inhalation of dust 

End users 
Neg -
Low 

Ground gas from onsite 
Made Ground, if present at 
significant thicknesses, or 
off-site sources. 

Inhalation End users Neg 

Potential hydrocarbon 
contamination from off site 
petrol stations. 

Migration and Leaching.  Secondary A Aquifer, 
Secondary 
(undifferentiated) Aquifer 
and Principal Aquifer  

Watercourse - Padbury 
Brook 

Low 

Elevated sulphates in 
Made Ground or natural 
soils 

Direct contact  Buried concrete Low 

* Definition of Risk Categories  
Negligible - Contaminants that might have unacceptable impact on key receptors, are unlikely to be present, or, no 
pathway is envisaged. 
Low Risk: Contaminants may be present but are unlikely to be at levels to have unacceptable impact on key 
receptors, or pathways are likely to be minimal. 
Medium Risk: Contaminants are probably present and might have an unacceptable impact on key receptors. 
Pathways may also be present therefore remedial measures may be necessary to reduce the risks. 
High Risk  Contaminants probably or certainly present and pathways are probably also present. Therefore, 
contaminants are likely to have an unacceptable impact on key receptors and remedial measures are likely to be 
necessary to reduce the risks to acceptable levels. 
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4.0  GROUND INVESTIGATION WORKS 
 

4.1  Fieldwork  
 
The following scope of fieldwork was undertaken: 

 
 156 No Machine Excavated Trial Pits (ref. TP1 to TP152, TP38A, TP72A, 

TP88A and TP121A) to depths of between 0.50m and 2.90m below ground 
level (bgl); 

 5 No Soakaway infiltration tests in trial pits (Ref. TP38A, TP72A, TP88A, 
TP121A and TP136). 
 

The trial pit records are included in Appendix C with the in-situ test results included 
in Appendix D.  
 
Soakaway infiltration testing was undertaken in TP38A, TP72A, TP88A, TP121A 
and TP136 in general accordance with BRE DG 365 Methodology but with each pit 
only filled once. The tests were carried out in the excavated trial pits of measured 
dimensions, with each pit filled with clean water and the water levels observed over 
a period of at least 6 hours per test. Upon completion of the tests any remaining 
water was bailed out using the excavator bucket and the trial pit backfilled with 
arisings. 
 
Coverage of the trial pits was based on a 70m grid which was specified by the 
Engineer. The final locations of the exploratory holes were selected by Applied 
Geology and set out on site by specialist surveyors Midland Survey Ltd. The 
locations were also cleared for the presence of underground services prior to 
excavation by a specialist utility clearance contractor (Midland Survey Ltd).  
 
The locations of the trial pit soakaway tests were discussed and agreed with the 
Engineer prior to excavation and testing. The soakaway trial pits were specifically 
targeted to the approximate location of the proposed car parking and balancing 
ponds as reflected on the preliminary layout proposals. 
 
All exploratory hole locations were levelled to Ordnance Datum and surveyed to 
National Grid. The locations of the exploratory holes are presented on the 
Exploratory Hole Location Plan, Dwg. No. AG3268-21-02 Rev 2, included in 
Appendix B and the co-ordinates and levels are included on the relevant exploratory 
hole records in Appendix C. 

 
4.2  Laboratory Testing 

 
Geotechnical laboratory testing on selected samples was scheduled by Applied 
Geology and comprised the following: 

 
 137 No Natural Moisture Content tests; 
 20 No Atterberg Limit tests; 
 20 No Particle Size Distribution tests; 
 7 No Particle Density tests; 
 10 No Moisture Content/ Dry Density Relationship (2.5kg, 4.5kg & Vibrating 

hammer) tests; 
 22 No CBR tests; 
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 34 No BRE SD1 (12 with pyrite) suite tests. 
 
No obvious sources of contamination were identified by the desk study, walkover 
and site observations during the fieldwork, with the exception of potential for 
hydrocarbons associated with the use of farm machinery onsite and pesticides. 
Therefore, samples were analysed for a general suite of contaminants.  35 No. 
samples submitted for testing were analysed for the following suite of contaminants: 
 

 Selected metals suite [arsenic, boron, beryllium, cadmium, chromium (total,), 
copper, mercury, nickel, lead, zinc, selenium, vanadium]; 

 Speciated (16 US EPA) Polycyclic Aromatic Hydrocarbons (PAH); 
 pH; 
 Soluble sulphate; 
 Organic matter; 
 Total Petroleum Hydrocarbon Criteria Working Group (TPH CWG) including 

BTEX & MTBE; 
 Asbestos (screen). 

 
Additionally, nine of the samples tested for the above suite of contaminants and one 
additional sample were also tested for trivalent and hexavalent chromium and 
speciated phenols. The one additional sample was also tested for Total Petroleum 
Hydrocarbon Criteria Working Group (TPH CWG) including BTEX & MTBE. 
 
Owing to the risk of pesticides resulting from the agricultural use of the site, ten of 
the samples were also analysed for a suite of common pesticides.  
 
At the request of the Engineer, 6 No. samples were submitted for Inert Waste 
Acceptance Criteria (WAC) testing.  
 
Nine of the soil samples tested for the above suite, were also submitted for leachate 
testing and were analysed for the following suite of contaminants: 

 Selected metals suite [arsenic, boron, beryllium, cadmium, chromium (total), 
copper, mercury, nickel, lead, zinc, selenium, vanadium]; 

 Speciated (16 US EPA) Polycyclic Aromatic Hydrocarbons (PAH); 
 Phenols (total); 
 pH; 
 Sulphate. 

 
All laboratory test results are included in Appendix E. 

 
5.0 GROUND CONDITIONS 

 
5.1  Strata Summary 

 
An initial layer of Topsoil was generally encountered across the entire site with 
localised areas of underlying subsoil, all underlain in turn by the White Limestone 
Formation, which was found to be weathered in the upper horizons of the stratum. 
Limited Made Ground and Possible Made Ground was encountered in a couple of 
localised locations. Full details of the strata encountered are given on the trial pit 
records presented in Appendix C. A generalised ground profile is presented below 
to summarise the information. 
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Stratum 

Depth to Top of 
Strata 

(m bgl) 

Thickness 
(range) 

(m) 

Comments 

Topsoil & 
Topsoil/Made Ground 

GL 0.15  0.35 
Encountered across the site. 
Topsoil/Made Ground only 

encountered in TP79 and TP94. 

Made Ground and 
Possible Made 

Ground 
GL 0.60  2.10 

Made Ground only encountered in 
TP92. Possible Made Ground 

encountered in TP24 and TP79. 

Subsoil 0.20  0.35 0.10  0.40 
Encountered locally, mainly in the 

south eastern/southern areas of the 
western section of the site. 

White Limestone 
Formation 

0.20  2.10 0.10  1.60 
Encountered across the site. Base not 

proven 

 
5.2  Topsoil and Topsoil/Made Ground 

 
An initial layer of Topsoil was encountered across the whole site from ground level 
to depths of between 0.15m and 0.35m bgl.   
 
The Topsoil generally comprised soft dark brown slightly silty slightly gravelly clay 
with occasional cobbles and occasional to frequent rootlets. The gravel comprised 
fine to coarse angular to subrounded limestone and quartzite, and the cobbles were 
of angular to subrounded limestone. 
 
Exceptions to this were where Topsoil/Made Ground and Made Ground were found 
to be present. Material classified as Topsoil/Made Ground was encountered in two 
locations (TP79 and TP94), from ground level to depths of 0.30m and 0.20m bgl 
respectively. This material was very similar to the natural Topsoil materials 
described above. However, due to the presence of Possible Made Ground soils 
underlying this material (TP79) or the presence of rare asphalt gravel and cobbles 
(TP94), it has been termed Topsoil/Made Ground and is considered likely to have 
been imported/relocated to its current location.  

 
5.3  Subsoil 

 
Subsoil was deemed to be present in forty-nine of the one hundred and fifty-six trial 
pits excavated across the site, from beneath the Topsoil to general depths of 
between 0.30m and 0.70m bgl. In one location (TP18) in the northwest of the 
western section of the site, this material was noted to extend to 0.90m bgl. These 
subsoils were encountered sporadically across the site, although were more 
predominant in the southeast and northwest of the western section and the western 
and eastern margins of the eastern section of the site.  
 
The subsoil was mainly described as soft reddish brown slightly silty slightly gravelly 
clay with rare rootlets and occasional cobbles. The gravel was fine to coarse 
subangular to subrounded quartzite and limestone and the cobbles comprised 
subangular to subrounded limestone. 
 
In TP79 material classified as Subsoil/Possible Made Ground was present. This 
material essentially identical the natural subsoils, however, due to the presence of 
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Possible Made Ground soils beneath this material it has been designated 
Subsoil/Possible Made Ground  to reflect that it may have been imported/relocated 
to its current location. 

 
5.4  Made Ground and Possible Made Ground 

 
Made Ground and Possible Made Ground was only encountered in three of the one 
hundred and fifty-six trial pits, constrained to within the western section of the site.  
 
Material deemed to be Made Ground was only encountered in TP92, located in the 
area of the former temporary service station in the far west of the western section. 
This material was encountered from ground level to a depth of 0.60m bgl and 
comprised soft dark brown slightly gravelly slightly silty clay with occasional cobbles 
and rare pieces of black plastic. The gravel comprised fine to coarse subangular to 
subrounded quartzite, limestone and rare asphalt with cobbles of the same material.  
 
Materials designated Possible Made Ground  were encountered in two locations; 
TP24 from ground level to a depth of 2.10m bgl, located on the northern edge of the 
western section of the site, and TP79 from beneath a layer of Subsoil/Possible 
Made Ground  (0.40m bgl) to a depth of 1.50m bgl, located in the northeastern 
corner of the western section of the site.  
 
In TP24 this material comprised soft to firm dark reddish brown slightly silty slightly 
gravelly clay with gravel of fine to coarse angular to subrounded limestone and rare 
to occasional near surface cobbles of limestone and rootlets. Below 1.20m bgl, this 
material changed becoming soft to firm dark orangish brown slightly mottled orange 
slightly silty clay with inclusions of black organic material. In TP79 this material 
comprised soft to firm greyish brown slightly mottled red slightly gravelly clay with 
gravel of limestone and cobbles of limestone and occasional fragments of 
decomposing wood.  
 
Two Atterberg Limit Tests were undertaken on samples of the Possible Made 
Ground, from TP24 at a depth of 1.80-1.90m bgl and TP79 at a depth of 0.90m bgl. 
The results indicate corrected plasticity index values of 19% and 13% respectively 
(based on the percentage passing the 425µm sieve) indicating the material to be of 
low shrinkability in the samples tested as defined by the NHBC standards. 
Uncorrected plastic limits of 24% and 21%, liquid limits of 47% and 43% and natural 
moisture contents of between 32.1% and 20.2% were also recorded in the samples. 
This suggests the material to be of intermediate plasticity.  

 
5.5  White Limestone Formation 

 
The White Limestone Formation was encountered across the entire site beneath 
the above surface/shallow materials. The depth to the top of the stratum was fairly 
uniform across the site, mainly being influenced only by the thickness of the 
overlying Topsoil/Subsoil or very localised Made Ground/Possible Made Ground. 
The base of this stratum was not encountered in any of the one hundred and fifty-
six trial pits, with all of the pits terminating in this stratum on competent rock 
strength material at depths of between 0.80m and 2.90m bgl.  
 
The White Limestone Formation comprised an initial variable (both in depth and 
composition) weathered horizon, which became more competent with depth, 
eventually becoming competent rock strength material. The weathered horizon was 
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found to extend to depths of between 0.70m and 2.49m bgl.  Generally, this horizon 
was thinner (extending to <1m bgl) in the southwest of the western section (the 
lowest topographically) and also in the western margins of the eastern section. The 
thickest weathered horizons (extending to >2m bgl) were noted generally in the 
central/northern parts of the western section.  
 
The weathered strata of the White Limestone Formation were highly variable, 
comprising light creamy yellowish white, light and dark orangish brown slightly 
clayey to clayey sandy gravel and soft to firm slightly gravelly to gravelly clay with 
gravel of fine to coarse angular to subangular limestone and occasional to frequent 
cobbles/boulders of angular to subangular tabular limestone. There were no 
obvious patterns or trends in the distribution of the varied materials, although clay 
horizons were more often encountered at shallower depths with gravel beneath. 
Variations across the site were extensive, with cohesive and granular materials 
sometimes either interbedded or absent.  
 
Underlying the initial weathered horizon, the materials became competent rock 
strength material at depths ranging between 0.70m and 2.49m bgl, depending on 
the depth and degree of weathering above. The depth of penetration of excavator 
into this material was noted to vary quite dramatically between 0.01m and 0.85m, 
suggesting a variable initial rock strength possibly again the result of weathering 
effects. This material typically comprised moderately strong thinly bedded light 
creamy brown and creamy brownish white fossiliferous limestone, which was 
recovered as gravel, cobbles and boulders of angular to subangular tabular 
limestone.    
 
Sixteen Atterberg Limit Tests were undertaken on samples of the weathered White 
Limestone Formation taken at depths of between 0.50m and 1.10m bgl. The results 
indicate corrected (based on the percentage passing the 425µm sieve) plasticity 
index values between 4% and 21%.  This indicates the material to vary between 
non-shrinkable and medium shrinkability with the bulk of the results in the low 
shrinkability range. Uncorrected plastic limits of 14% and 32%, liquid limits of 27% 
and 72% and natural moisture contents of between 12% and 49% were also 
recorded in the samples. This suggests the material to be of low to very high 
(generally intermediate) plasticity.  
 
Twenty Particle Size Distribution (PSD) tests were undertaken on samples of the 
weathered White Limestone Formation. The results of this testing and the resultant 
classifications are given in the table below: 

 

Location 
Depth       
(m bgl) 

Sample Proportion (%) 

Clay Silt Sand Gravel Cobbles 

TP102 0.80-0.90 12.4 10.3 34.5 42.8 

TP108 0.90 17.5 12.7 60 9.8 

TP125 0.90-1.00 87.4 9.1 3.6 0.0 

TP13 0.70 14.7 13.0 52.1 20.2 

TP138 0.60 15.9 14.4 58.4 11.3 

TP142 0.60 33.0 20.7 44.2 2.1 

TP145 0.70 19.1 19.0 52.8 9.0 
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Location 
Depth       
(m bgl) 

Sample Proportion (%) 

Clay Silt Sand Gravel Cobbles 

TP15 0.70 30.8 23.3 27.9 18.0 

TP2 0.90 26.2 13.7 27.8 32.4 

TP28 0.50-0.60 21.3 13.9 47.7 17.1 

TP38 1.60-1.70 5.4 5.4 46.3 42.9 

TP44 0.40-0.50 28.3 21.6 41.5 8.5 

TP48 0.50-0.60 8.8 21.0 70.2 0.0 

TP60 0.70-0.80 71.5 22.4 6.0 0.0 

TP62 0.50 10.5 10.4 48.3 30.8 

TP75 0.80 14.4 12.9 39.8 32.9 

TP79 0.90 76.5 22.3 1.2 0.0 

TP89 0.80 19.0 17.9 32.9 30.2 

TP94 0.70 10.4 6.5 31.4 51.7 

TP97 1.00-1.10 43.9 21.7 12.2 22.1 

 
The results of PSD testing reflect and confirm the high degree of variability that was 
observed particularly in the weathered materials. 

 
5.6  Groundwater and Soakaway Tests 

 
Groundwater was encountered in just fifteen of the one hundred and fifty-six trial 
pits during excavation. The groundwater occurrence was sometimes observed as 
discrete seepages or inflows emanating from the sides or base of trial pits or 
sometimes simply as standing water in the base of the pits.  
 
Groundwater, as standing water in the excavations, was recorded in TP74, TP88, 
TP89 and TP122 at depths of 1.60m, 1.40m, 0.90m and 1.90m respectively. All of 
these are noted to be at locations within the topographically low-lying areas of both 
the western (TP74, TP88 and TP89) and eastern (TP122) sections of the site.  This 
standing water appeared to be generally associated with the zone between 
weathered and competent rock strength strata of the White Limestone Formation. 
 
Discrete groundwater seepages were recorded in TP41, TP52, TP62, TP68, TP75, 
TP76, TP86, TP87, TP88, TP111 and TP124 at depths varying between 0.90m and 
2.00m bgl. These seepages were also generally associated with the interface zone 
between the weathered and competent rock strength strata of the White Limestone 
Formation.  
 
Soakaway tests were undertaken in TP38A, TP72A, TP88A (western section) and 
TP121A and TP136 (eastern section). Calculated infiltration rates for the western 
section ranged between 7 x 10-4m/s and 7 x 10-6m/s and in the eastern section of 
the site ranged between 1 x 10-3m/s and 2 x 10-5m/s. These quite substantial 
variations are considered likely to reflect the high degree of variability within the 
weathered rock horizons. 
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The groundwater occurrence and soakaway test results suggest variable ground 
permeability/infiltration rates across the site and also some relatively shallow 
groundwater within the topographically lower areas of the site. Whilst the infiltration 
rates included within this report will be suitable for preliminary design purposes, it 
would be prudent to consider further location specific testing in full accordance with 
BRE DG guidance, to provide final information for detailed design.  
 
Groundwater occurrences are recorded on the trial pit logs in Appendix C. The 
soakaway test results are included in Appendix D. 
 

5.7 Contamination 
 
There was no visual or olfactory evidence of contamination observed during the 
fieldwork, although the Made Ground encountered in TP92 was noted to contain 
fragments and cobbles of asphalt.  

 
6.0 GEOENVIRONMENTAL ASSESSMENT 

 
6.1 Human Health Risk Assessment  

 
The results of the chemical testing on soils have been assessed as described in 
Appendix F, with specific details as follows: 
 

 Proposed end-use  Commercial/Industrial development with perimeter soft 
landscaping; 

 Screening criteria  Commercial/Industrial, assuming 2.5% SOM; 
 A single dataset is assumed based on the history, current land-use and the 

proposed development of the site.  
 

A spreadsheet summarising the laboratory results and relevant screening values is 
presented in Appendix E. The summary spreadsheet confirms that none of the 
determinands recorded concentrations above that of the corresponding screening 
value, with many of the determinands, including the Polycyclic Aromatic 
Hydrocarbons (PAHs), Phenols (total), BTEX and MTBE being recorded below the 
limit of laboratory detection.  
 
TPH concentration were all below the relevant human health screening criteria, with 
the majority of the results having been recorded below the limit of laboratory 
detection. The only exception to this were samples from TP5 at 0.20m bgl and 
TP79 at 0.10m bgl which recorded very low total TPH concentrations of 100mg/kg 
and 23mg/kg respectively. These are noted to be well below the relevant screening 
criteria and therefore are not considered to be of concern.  
 
The pesticide testing undertaken on selected samples recorded all concentrations 
to be below the limit of laboratory detection.  
 
The Asbestos screening tests did not detect the presence of any Asbestos fibres.  
 
Based on the findings of the desk study and the testing undertaken to date, the 
risks to human health receptors associated with the proposed development of the 
site would appear to be low or negligible.  
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6.2 Controlled Waters Risk Assessment 
 
No potential sources of contamination were identified during the intrusive ground 
investigation works, with only very localised and limited Made Ground/Possible 
Made Ground having been encountered containing predominately reworked natural 
soils with occasional brick, asphalt and concrete.  
 
The soil testing has not found concentrations of any determinands above those 
values considered typical of background concentrations. 
 
Leachate testing undertaken on nine samples of soils did not identify any 
exceedances of the screening values in any of the samples. 
 
Based on findings of the desk study, together with the results of soil and leachate 
testing, the risks to Controlled Waters associated with the proposed development at 
the site would appear to be negligible to low.  

 
6.3 Disposal of Soil Arisings 
 

General comments regarding the procedures for the assessment of waste soil for 
off-site disposal purposes is included in Appendix F. 
 
The localised Made Ground encountered during this investigation would likely be 
classified as non-hazardous based on the testing undertaken to date. Waste 
acceptance criteria (WAC) testing is not required for materials classified as non-
hazardous, therefore, the results of the testing included in this report should be 
provided to the receiving landfill for confirmation of this classification.  
 
It is likely that the natural strata encountered beneath the site would be classified as 
inert waste if sent for disposal. Inert WAC testing is generally required in order to 
dispose of natural soils at an inert landfill. WAC tests were undertaken on six 
samples of natural soil. All of the results from each of the six samples tested 
demonstrated compliance with the WAC limits for inert landfills. Further testing of 
the actual waste stream will likely be required for any materials destined for landfill 
disposal. WAC testing results are included in Appendix E.  
 

6.4 Conclusions and Recommendations 
 
No obvious sources of contamination were identified by the desk study, walkover 
and site observations during the fieldwork. Furthermore, all of the testing 
undertaken on the soils as part of the investigation did not reveal any contaminants 
elevated above the relevant screening criteria.  
 
On this basis, the risk assessments have established a negligible to low risk to 
human health and Controlled Water receptors. Remedial actions are therefore not 
considered necessary based on existing information.  
 
Consideration should be given to supplementary investigation once proposed 
layouts are finalised as part of detailed design, especially within the areas where 
localised Made Ground (associated with the former temporary service station) and 
other Possible Made Ground was encountered.  
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Issues with respect to ground gas and potential effects of contaminants on buried 
concrete and water supply pipework are included in Section 7.0. 
 

7.0 GEOTECHNICAL ASSESSMENT 
 

7.1 General 
 
At the time of writing this report, outline planning permission was being sought for 
each site for the erection of Class B8 buildings and Class Eq(i) ancillary office 
floorspace along with new site accesses from the B4100, internal access roads, 
parking and servicing, hard and soft landscaping and other associated 
infrastructure. 
 
In order to achieve the above proposed development, reprofiling of both sites by 
way of a cut and fill earthworks exercise will be required. A plan showing Concept 
Site Levels , ref. S1299-Ext-05 B, dated 9th August 2021, has been provided by the 
Engineer for use within this preliminary assessment. It is understood that the 
proposals shown on this plan are indicative and therefore could be subject to 
changes.  
 
The preliminary proposals are that the western site may be reprofiled to create 
three separate development platforms to accommodate individual warehouse units, 
with finish floor levels (FFL s) of 118m, 122m and 124m AOD for Units 1, 2 and 3 
respectively. Comparison of the FFL s and topographic contours, also provided on 
the drawing suggest that both cut and fill could be up to a maximum of around 3 to 
4m.  
 
The eastern site is currently indicated to be reprofiled into two separate 
development platforms, to accommodate individual warehouse units, with FFL s of 
115m AOD (Unit 4) and 114m AOD (Unit 5). Maximum cuts of 1m and fills of up to 
3m are suggested to achieve the levels. 
 
At the time of writing this report, detailed design information (structural building 
loads etc) was not available. However, it is understood that warehouse floor slab 
loads are anticipated to be in the order of 75 kN/m2. 
 
The investigations identified an initial layer of Topsoil of between 0.15m and 0.35m 
thick across the entire site with localised areas of underlying subsoil. A few 
localised areas of Topsoil/Made Ground, Made Ground and Possible Made Ground 
were also present. In turn these materials were underlain by the White Limestone 
Formation, comprising an initial weathered horizon of varying depth and 
composition (both cohesive and granular), becoming competent rock strength 
Limestone with depth. The presence of rock strength limestone prevented any of 
the trial pits extending to depth, with all of the trial pits terminating on or within this 
material at a maximum depth of 2.90m bgl.  
 
Groundwater as standing water was encountered at the interface between the 
weathered and competent rock strength strata of the White Limestone Formation in 
the topographically low-lying areas of the site at depths of between 0.90m and 
1.90m. Groundwater as discrete seepages was also recorded sporadically across 
the site, also usually within the zone between the weathered and competent rock 
strength strata of the White Limestone Formation (depths between 0.9m and 2.0m 
bgl.) 
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7.2 Preliminary Earthworks Assessment 

 
A selection of bulk and small disturbed samples taken from the weathered White 
Limestone Formation in the likely proposed cut areas (assumed by topographical 
levels) were chosen to undergo a series of earthworks acceptability tests, in order 
that a preliminary assessment could be made as to their suitability for re-use. For 
the purpose of assessment, the testing results have been divided into sub-sections 
(studies 1  4) relating to the nature and classification of the materials, and the 
results are discussed in the following paragraphs. Testing has not been undertaken 
on organic Topsoil, Topsoil/Made Ground or Subsoil materials encountered across 
the site, or the localised area of Made Ground encountered in TP92, which are 
considered unsuitable for use in engineered earthworks.  

 
The classification of soils has been made with respect to the general requirements 
given in the Manual of Contract Documents for Highway Works, Specification for 
Highway Works [SHW]: Volume 1: Series 600: Amended 2009 and BS 6031:2009. 
It should be noted and clear reference made to the fact that the engineering 
performance of an  material can be greatly influenced by the moisture 
content at time of assessment and excavation/placement and compaction. With 
variation in the moisture content, the end performance of a material can be both 
improved and reduced, and consideration should be given to the management of 
the moisture as a key element of any earthworks control. With respect to this, the 
information included in the following sections should be used for guidance on the 
potential use of materials, with additional testing on the bulk fill required at time of 
earthworks construction to confirm acceptability. 
 
The grading limits chosen for comparison to the results of the laboratory analysis 
were taken from the SHW Table 6/2, with the description of the material being 
referenced from SHW Table 6/1 and Table 6/2.  
 
The materials have been divided for the purposes of this preliminary earthworks 
assessment as summarised below: 
 

Study Source Location Material Type SHW Class 

Study 1 

TP125 (0.90-1.00m bgl) 
Weathered White 

Limestone Formation 
(Clay) 

2A/2B 
(wet/dry cohesive) 

TP60 (0.70-0.80m bgl) 
Weathered White 

Limestone Formation 
(Clay) 

2A/2B 
(wet/dry cohesive) 

Study 2 

TP138 (0.60m bgl) 
Weathered White 

Limestone Formation 
(Gravel) 

2C 
(stony cohesive) 

TP15 (0.70m bgl) 
Weathered White 

Limestone Formation 
(Gravel) 

2C 
(stony cohesive) 

TP28 (0.50-0.60m bgl) 
Weathered White 

Limestone Formation 
(Gravel) 

2C 
(stony cohesive) 

Study 3 TP75 (0.80m bgl) 
Weathered White 

Limestone Formation 
(Gravel) 

1C 
(granular) 
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Study Source Location Material Type SHW Class 

Study 4 TP79 (0.90m bgl) 
Possible Made Ground 

(Clay) 
2A/2B 

(wet/dry cohesive) 

 
The Engineering properties obtained from the earthworks testing are summarised 
below: 

 

Natural 
moisture 

content (%) 
and number 

of tests 

Maximum 
Dry Density 

(2.5% 
rammer) 
(Mg/m3) 

Optimum 
Moisture 
Content 

(2.5% 
rammer) (%) 

Maximum 
Dry Density 

(4.5% 
rammer) 
(Mg/m3) 

Optimum 
Moisture 
Content 

(4.5% 
rammer) (%) 

Particle 
Density 
(Mg/m3) 

Study 1 
37 & 49  
(2 tests) 

1.59 & 1.62 13.7 & 17.7 1.75 & 1.76 13.5 & 14.4 2.62 

Study 4 
20  

(1 test) 
1.69 11.5 1.80 11.2 2.60 

 

Parameter 

Natural 
moisture 

content (%) 
and number 

of tests 

Maximum 
Dry Density 
(Vibrating 
Hammer) 
(Mg/m3) 

Optimum 
Moisture 
Content 

(Vibrating 
Hammer) (%) 

Particle 
Density 
(Mg/m3) 

Study 2 
13  22  
(3 tests) 

1.96  2.05 8.8 - 10.4 2.67 

Study 3 
15  

(1 test) 
1.98 10.7 2.66 

 
7.2.1 Weathered White Limestone Formation (Clay) (Study 1)  
  

 Natural moisture contents in the Weathered White Limestone Formation (Clay) 
class 2A/B ranged between 37% and 49%. The compaction studies carried out on 
this material indicated maximum dry densities of 1.59Mg/m3 and 1.62Mg/m3 allied to 
optimum moisture contents of 13.7% and 17.7% for the 2.5kg compaction test and 
maximum dry densities of 1.75Mg/m3 and 1.76Mg/m3 and optimum moisture 
contents of 13.5% and 14.4% for the 4.5kg compaction test. The materials are 
considered suitable for re-engineering at the site as Class 2A/B cohesive materials. 
A preliminary range of acceptable moisture contents of between around 13 to 20% 
has been initially estimated. Most of the measured natural moisture contents were 
found to be higher than this range suggesting that some moisture modification is 
likely to be required on site before the materials are compacted. This may be 
undertaken by air drying or the use of additives, subject to appropriate testing.  

7.2.2 Weathered White Limestone Formation (Gravelly Clay) (Study 2)  
  

 Natural moisture contents in the Weathered White Limestone Formation (Gravelly 
Clay) class 2C ranged between 13% and 22%. The relevant compaction studies 
indicated maximum dry densities of between 1.96Mg/m3 and 2.05Mg/m3 with 
associated optimum moisture contents of between 8.8% and 10.4% for the vibrating 
hammer compaction test. The materials are considered suitable for re-engineering 
at the site as Class 2C cohesive materials. A preliminary range of acceptable 
moisture contents of between around 8 to 14% has been initially estimated. The 
measured natural moisture contents fall partly with this range, although a 
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substantial proportion were found to be higher suggesting that some moisture 
modification is likely to be required on site before the materials are compacted.  
This may be undertaken by air drying or the use of additives, subject to appropriate 
testing. 

7.2.3 Weathered White Limestone Formation (Gravel) (Study 3)  
  

The natural moisture content of the Weathered White Limestone Formation (Gravel) 
Class 1C was recorded at 15%. The compaction study indicated a maximum dry 
density of 1.98Mg/m3 together with an optimum moisture content of 10.7% for the 
vibrating hammer compaction test. The materials are considered suitable for re-
engineering at the site as Class 1C granular materials. A preliminary range of 
acceptable moisture contents of between around 10 to 16% has been initially 
estimated. A single measured natural moisture content does fall within the upper 
part of this range, although this material is anticipated to be relatively free draining 
anyway and hence careful site management should ensure that it is readily suitable 
for engineering compaction. 

7.2.4 Possible Made Ground (Clay) (Study 4)  
  

The natural moisture content of the Possible Made Ground (Clay) Class 2A/B was 
recorded at 20%. The relevant compaction indicated a maximum dry density of 
1.69Mg/m3 and optimum moisture content of 11.5% for the 2.5kg compaction test 
and a maximum dry density of 1.80Mg/m3 and optimum moisture content of 11.2% 
for the 4.5kg compaction test.  

The compaction curve suggests that the Possible Made Ground material does not 
achieve <10% air voids at optimum moisture content and therefore the material may 
not be suitable for use in engineered filling works.  

7.2.5 Protection of the Works 
 

Given the grading of the soils identified in particular the presence of variable clay/silt 
fractions, rapid loss of strength may occur in wet weather conditions. It will be 
essential that provision is made for protecting the works and that the works should 
be suspended in wet weather. Following rain, it is likely that the near surface 
materials will have deteriorated and will need to be removed prior to the 
commencement of filling works.  

7.2.6 Earthworks Specification 
 

It is recommended that the results from the earthworks laboratory testing and 
design requirements (such as compaction, CBR, settlement, shear strength etc) be 
developed into a detailed Earthworks Specification for use in the construction 
contract. The testing undertaken as part of this investigation suggests essentially 
that there are likely to be two main types of earthworking material on the site, 
namely Class 2 cohesive and Class 1 granular materials.  Careful segregation will 
be necessary during excavation to enable these materials to be appropriately 
stockpiled and re-used as engineering fill materials. In order to compile the 
earthworks specification there will be a need for further testing and assessment. 

Given the anticipated depths of cut required, rock is also likely to be excavated/ 
broken out during the reprofiling exercise. Rock strength materials that are 
excavated will require processing (crushing, screening and grading) prior to re-use. 
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Therefore, this material would need to be tested, classified and assessed with 
respect to its compaction characteristics after processing.  

Prior to any filling, the site must be stripped of topsoil/subsoil and the formation 
should be carefully inspected. Any localised organic or soft material should be 
removed and replaced with compacted stone.  
 
Placement of the Engineered Fill will induce some settlement of the underlying 
strata and the settlement of the surface of the Engineered Fill will be a function of 
the thickness of placed Engineered Fill, the nature of the placement and 
compaction, and the settlement of the underlying pre-loaded soils.  Settlement of 
subsequent structures and/ or slabs placed on the Engineered Fill will be a function 
of the imposed loads and the time between placement of the Engineered Fill and 
foundation/slab construction.  It is therefore recommended that sufficient time be 
allowed following placement of the Engineered Fill for settlement to occur, before 
construction commences. Given the nature of the source materials for use as 
Engineered Fill and underlying strata together with thickness proposed, it is 
generally anticipated that settlements will occur relatively quickly. 

It should be noted that if any excavated material is to be reused on site, a Waste 
Management Plan (WMP) and/or a Materials Management Plan (MMP) will 
probably be required. Any such materials must be suitable for re-use without further 
treatment, and only the quantity necessary for the specified works should be used. 
Any materials not within these definitions may need to be considered as waste 
whereby a Waste Management Licence Exemption will may also be required. 
Reference should be made to CL:AIRE Definition of Waste Code of Practice for 
further guidance. 

7.3 Foundation Design 
 
Based on the findings of this preliminary ground investigation, the natural strata of 
the White Limestone Formation at the site are considered suitable to support 
conventional strip/trench fill or pad foundations. Depending on likely structural 
loads, settlement tolerances, and the extent of any cut/fill earthworks exercise, 
foundation may either need to be placed within the weathered or intact competent 
rock strength zones.  
 
Owing to the presence of cohesive materials of medium volume change potential 
within the weathered zones of the White Limestone Formation, a minimum founding 
depth of 0.90m bgl will apply to cater for seasonal effects. Further deepening will be 
required for existing, recently felled and proposed trees/deep rooting vegetation in 
line with current guidance, such as NHBC standards. Mature trees and hedgerows 
were noted to be present along the majority of the site and internal field boundaries. 
The deepening requirements are likely to be influenced considerably by the 
reprofiling exercise and also the variable depths of weathering.  
 
Foundation placed within the weathered in situ materials should be suitable to 
support light to moderate loads in the order of around 100  125 kN/m2. If higher 
loadings intensities are required, it may be necessary to deepen foundations to bear 
within the competent rock strength strata which would likely be suitable to support 
net bearing intensities in the order of 200-250kN/m2. Further investigation, by 
means of rotary drilling techniques, is recommended to investigate the rock profile 
and confirm allowable bearing pressures for detailed design purposes.   
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The reprofiling exercise will have a considerable influence on foundation design. 
Where cut is to occur, understood to be in the region of c. 4m for the western 
section of the site and c. 1m for the eastern section of the site, competent rock 
strength strata of the White Limestone Formation are likely to be exposed at 
formation level. Where fill is to be placed, understood to be in the region of c. 4m in 
the western section of the site and c. 3m in the eastern section of the site, it may be 
feasible to place foundations within the engineered fill, although this will depend on 
the details of loadings, fill levels and hence the anticipated total and differential 
settlements.  
 

7.4 Floor Slab and Gas Protection 
 
It is anticipated that ground bearing floor slabs will be required for the proposed 
development. 
  
As mentioned in Section 7.2, following the site strip and prior to any engineered 
filling, the exposed formation should be carefully inspected. Any localised organic or 
soft material should be removed and replaced with compacted stone.  
 
Subsequent to successful completion the earthworks, the floor slab should be 
constructed on a compacted granular mattress of appropriately designed thickness. 
 
In view of the substantial adjustments to levels and the anticipated floor slab loads 
within the high-bay warehouses, differential settlements across the footprints of 
individual units should be analysed and assessed against the tolerances of the floor 
slabs as part of the detailed design. 
 
Based on the conceptual model and the ground conditions encountered and the 
calculated GSVs the site can be characterised as Situation 1 (CIRIA C665) for 
which no special ground gas measures are required. The desk study also indicates 
that radon protection measures are not required. 
 

7.5 Excavations 
 
Excavations up to 3-4m deep are locally envisaged as part of the reprofiling works 
to create the required development platforms. At these depths excavations are 
expected to be in a combination of weathered rock strata comprising gravelly clay 
and clayey gravel and competent rock strength strata (limestone). 
 
Limited penetration into the competent rock strength strata was achieved during the 
investigation utilising a wheeled backhoe excavator (c. 8 Tonne), with all trial pits 
terminating on or within this material. Further penetration is likely to be possible 
using larger plant and within larger excavations, however, breakers or additional 
plant may be required depending on the quality of the rock strength material at 
depth. The rotary drilling needed for final foundation design will also provide further 
useful information with regards to the likely excavatability of these materials. 
 
The weathered rock materials may be prone to some short-term instability and 
spalling and may need to be graded back to a stable angle or trench support should 
be provided. Trench support or the angle of batter should be designed by an 
appropriately qualified engineer or competent person to suit the required depth and 
the ground and groundwater conditions.   
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Significant groundwater ingress is not expected across the majority of the site, 
although it is recommended that some provision for obtaining sump pumping 
equipment is made to control any minor seepage and run off in wet weather 
conditions. An exception to this would be for excavations in the south/southeast of 
the western section of the site and the south of the eastern section of the site, in 
topographically low-lying areas. In these areas groundwater was encountered, 
occurring as standing water at depths of between 0.90m and 1.90m bgl. Should 
excavations be proposed in these areas below these depths, groundwater 
interference is likely be experienced, which would need to be controlled either by 
sump pumping or alternative groundwater control measures, if larger inflows are 
encountered.  
 

7.6 Pavement Design 
 
Topsoil, subsoil and organic material should be removed from beneath any 
proposed roads and pavements.  
 
The equilibrium CBR value for the proposed Engineered Fill will be governed by the 
Earthworks Specification and the quality of the compaction and moisture control of 
the filling operation. However, provided the filling is carried out competently and is 
closely controlled/validated, then typically a minimum CBR value of 5% is likely to 
be achieved. The laboratory testing has indicated remoulded CBR values varying 
dramatically between <1% and 21% for the weathered White Limestone Formation 
at natural moisture content using standard compactive effort. For preliminary design 
purposes, it is suggested that values of 3% and 5% are assumed initially for the in 
situ cohesive and granular dominant materials respectively.   
 
Based on the visual description of the weathered White Limestone Formation during 
the intrusive investigation, the results of the Particle Distribution Test and the 
measured plasticity results, both the cohesive and granular soils are considered 
likely to be frost susceptible. Therefore, such soils should not be present in the top 
450mm of pavement construction.  

 
7.7 Soakaways 

 
The results of the soakaway testing carried out as part of this preliminary ground 
investigation are discussed in full in Section 5.6 of this report.  

 
The calculated infiltration rates from the testing undertaken demonstrate quite 
substantial variations, with the rates for the western section ranging between 7 x 10-

4m/s and 7 x 10-6m/s and the eastern section ranging between 1 x 10-3m/s and 2 x 
10-5m/s. This variation is considered likely to be as a result of the high degree of 
variability within the weathered rock horizons, with both cohesive (gravelly clay), 
granular (clayey gravel and gravel) and mixture of cohesive and granular material 
having been encountered. 
 
The results of the preliminary soakaway testing suggest that the site will be suitable 
for the use of soakaway drainage, however, the variable ground permeability/ 
infiltration rates across the site and the localised presence of some relatively 
shallow groundwater within the topographically lower areas will need to be taken 
into account. Detailed design is considered likely to result in the need for a hybrid  
surface water drainage system (a mix of soakaways, attenuation tanks, swales, 
etc).  
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Whilst the infiltration rates included within this report are considered suitable for 
preliminary design purposes, it would be prudent to consider further location 
specific testing in full accordance with BRE DG guidance, to provide final 
information for detailed design.  

 
7.8 Buried Concrete and Services 

 
The results of the testing in the soils on site indicate characteristic values as 
following: 
 

 water soluble sulphate: 0.013g/l;  
 total potential sulphate: 0.022%; 
 pH: 8.2. 

 
The results of the sulphate tests carried out have been combined into one 
assessment, given all the natural material on site were derived from the one 
geological formation and are essentially considered to be weathered in situ. The 
combined results of the sulphate tests have identified the Design Sulphate Class to 
be DS-1 with the Aggressive Chemical Environment for Concrete (ACEC) being AC-
1 as defined by the BRE Special Digest 1, Concrete Aggressive Ground, 2005 for a 
greenfield site and mobile groundwater regime. Special cements or other measures 
to counter sulphate attack are therefore not likely to be required. Further reference 
may be made to BRE Special Digest 1 for requirements in respect of types of 
cement and aggregate to be used and variations in type of concrete construction. 

Chemical testing has not identified significant petroleum hydrocarbons or any 
detectable phenols that may affect buried water supply pipes or buried concrete. 
Therefore, no special precautions are envisaged with regards to water supply pipes. 
However, it should be noted that the full suite of testing required by the UKWIR 
guidance has not been undertaken as part of this investigation and such testing 
could be required by the Water Authority once the pipeline routes are known. 
 

7.9 Conclusions and Recommendations 
 

Earthwork  testing indicates that the natural materials won from areas of cut will be 
suitable for re-engineering on site (as a combination of Class 2A/B wet/dry 
cohesive, Class 2C stoney cohesive and Class 1C granular materials) in order to 
provide the required development plateaus. A substantial proportion of the materials 
are likely to be wetter than the acceptable moisture content range and hence some 
moisture modification is likely to be required on site before compaction. It will be 
necessary to produce a detailed specification for the earthworks to include 
methods, controls, and verification testing with target end performance criteria 
geared towards the detailed structural building requirements. Some further testing 
will be needed to facilitate this. 
  
Depending on likely structural loads, settlement tolerances, and the extent of any 
cut/fill earthworks exercise, conventional strip/trench fill or pad foundations may be 
adopted either within the weathered or intact competent rock strength zones. 
Weathered in situ materials may support foundation loads in the order of c. 100  
125kN/m2, increasing to the order of 200-250kN/m2 within the competent rock 
strength strata. 
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Ground bearing floor slabs are envisaged for the proposed development placed on 
engineered fill. In view of the substantial adjustments to levels and the anticipated 
floor slab loads within the high-bay warehouses, differential settlements across the 
footprints of individual units should be assessed against the tolerances of the 
building floor slabs as part of the detailed design. 
 
Special ground gas measures are unlikely to be required for the proposed 
development. 
 
Buried concrete should be designed in accordance with DS1 AC-1 classification. 
 
The site is likely to be suitable for the use of soakaway drainage, however, the 
variable ground permeability/infiltration rates and localised presence of shallow 
groundwater will need to be taken into account in detailed design. It is understood 
that a hybrid  surface water drainage system (soakaways, attenuation tanks, 
swales, etc) is being considered. 
 
In order to confirm the findings and recommendation of this preliminary Phase II 
Ground Investigation and to provide sufficient information to enable full detailed 
design, some supplementary investigation is recommended including the following: 
 

 A series of Rotary Cored Boreholes to establish the competent rock strength 
profile.  

 Further detailed/targeted testing to assess settlements and facilitate a 
detailed Specification for Earthworks. The scope of this testing must take 
into account the final proposed cut/fill model and detailed building 
layout/loading information.  

 Localised investigation around the area of Made Ground encountered in the 
location of the former temporary service station (TP92) and the Possible 
Made Ground (TP24) to confirm conditions.   

 
This supplementary work should be undertaken when the final site layout, finished 
levels and detailed structural loading information for the site is known. Hence it 
would be prudent to allow appropriate timescales for this supplementary work within 
the programme. 
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Unit 23 
Abbey Park 
Stareton 
Kenilworth 
Warwickshire 
CV8 2LY 
 
Tel: 02476 511822 



APPLIED GEOLOGY
GENERAL NOTES

GENERAL NOTES

a) The Client has requested that a Desk Study and combined geotechnical and geoenvironmental 

development and long term usage. The scope of work is as defined in Section 1 of this report.

b)
reliance of the Client This report shall not be relied upon or transferred to any other parties without the 
express written authorisation of Applied Geology Limited. If any unauthorised third party comes into 
possession of this report they rely on it at their peril and the authors owe them no duty of care and 
skill.

c) d on information obtained 
from a variety of sources as detailed within this report, (eg desk study data, service plans, proposal 
layouts etc) and which Applied Geology Limited believes are reliable. Whilst Applied Geology Limited 
has used all reasonable care in obtaining and using this data, it does not guarantee its reliability.

d) The report represents the findings and opinions of experienced geoenvironmental consultants. 
Applied Geology Limited does not provide legal advice and the advice of lawyers may also be 
required.

e) The opinions presented in this report are based on findings derived from a site inspection and 
walkover and offsite surveys, a review of records and historical sources, comments made by 
interviewees (if relevant), and the findings of the physical investigation. The assumed subsurface 
geological profiles and other plots are generalised by necessity and have been based on the 
information found at the locations of the exploratory holes and depths sampled and tested. Other 
Conditions could exist between exploratory hole locations which have not been identified and 
therefore have not been taken into account in assessments. Applied Geology Limited has not found 
indicators that suggest that hazardous substances exist at the site at levels likely to warrant mitigation 
or consideration appropriate to the end use stated by the Client.
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View of eastern part of site, looking southwest from B4100 Depression in ground in eastern part of site

Western Part of the Site

The western part of the site comprised fields cropped with oil seed rape with a drainage ditch 
running along part of the southwestern site boundary and two buildings and a possible 
pump/hydrant near the centre. The smaller of the buildings comprised a barn with stone walls and 
a pitched roof. It was mostly empty except for some hay bales. The larger of the buildings 
comprised a barn with stone walls and a steel frame with a sloping roof of possible corrugated 
asbestos sheeting. This barn was full of hay bales. A line of deciduous trees ran through the east 
of this part of the site and a mobile phone mast and possible electricity substation in the 
southwestern corner.

View of western part of site, looking east from southwestern Barns in western part of site
corner

An Esso petrol station was noted northwest of the roundabout at the intersection of the A43 and 
the B4100 (off site).

SITE PROPOSALS

At time of this assessment proposed layouts were not available though it is understood the 
development will comprise large B8 Storage Units with associated offices and service yards.  
These are likely to be around 100,000 to 300,000 Ft2 in plan area and 15m to 20m high, with a 
total developed area of 2 to 3M Ft2.
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SITE HISTORY

Historical maps were obtained as part of the GroundSure Report, commissioned by Applied 
Geology on the 19th May 2015, in order to determine any significant past activity or land usage. 
Copies of these maps are presented in Appendix B of this report and are described below:

Site History Summary

Map 
Date

On The Site In The Vicinity Of The Site

1880-
1881

The site comprises several fields to the west, 
south and southeast of Baynards Green with a
possible pond in the eastern part of the site 
and buildings near the centre of the western 
part of the site. The two areas are divided by 
the Brackley to Oxford Road which 
subsequently becomes the A43.

A road orientated north-south is between the two site 
areas. Padbury Brook is 35m south of the eastern part of 
the site at its closest, flowing to the east. An old quarry is 
280m south of the site.

1900 A pump is marked adjacent to the buildings. Another old quarry is 350m south of the site. Woodland 
1km northeast of the site is labelled Sharman’s Pit.

1919-
1923

No significant changes. No significant changes.

1950-
1954

No significant changes. No significant changes.

1965 No significant changes. No significant changes.
1980-
1981

One building has been demolished and the 
pump is no longer marked.

The road between the two site areas has been slightly 
altered, with a roundabout constructed north of the site. 
The old quarries are no longer marked. A garage is 110m 
north of the site and a sewage works is 450m southwest of 
the site.

1992-
1994

No significant changes. The M40 together with Junction 10 has been constructed 
adjacent to the southwest of the site.

2002 The buildings have been demolished and 
replaced with another building.

A motorway service area is adjacent to the south of the 
Padbury Brook, with a tributary issuing 100m southeast of 
the site.

2010-
2014

No significant changes. The road between the two site areas (A43) has been 
widened, extending up to the western boundary of the 
eastern part of the site. The garage appears to have been 
demolished and replaced with the current Esso petrol 
station on the opposite side of the A43.

ANTICIPATED GEOLOGY

The available geological information from the 1:50,000 scale British Geological Survey (BGS) map, 
Sheet 219 solid and drift edition, suggests the following geological sequence at the site:

Made Ground/
Topsoil

No Made/Disturbed Ground is indicated on site, but is shown adjacent to the southwest 
of the site, 61m southwest of the site and 72m south of the site. Localised Made 
Ground is however anticipated around the buildings in the western part of the site. 
Topsoil is anticipated at ground surface across the remainder of the site.

Drift Geology Drift deposits are not indicated to be present on the majority of the site. Alluvium is 
identified along the line of Padbury Brook on the southeastern and southern site 
boundaries of the eastern site. A narrow area of Head deposits extends from Junction 
10 onto the western part of the site. 

Solid Geology The site is underlain by the Jurassic White Limestone Formation, which comprises pale 
grey to off-white or yellowish limestone.

BGS records There are several trial pit and borehole records available along the line of the A43 and 
within and adjacent to the western part of the site. The ground conditions generally 
comprised:

Topsoil to depths of between 0.2m and 0.5m bgl.
Soft to firm brown/yellow brown/red brown sandy very silty clay with limestone 
gravel and occasional cobbles and brown clayey silt with limestone sand and 
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gravel to depths of between 0.55m and 1.8m bgl (Highly Weathered Bedrock 
or Superficial Deposits).

Light grey fossiliferous oolitic limestone with closely spaced yellow brown clay 
infilled discontinuities and occasional vertical and sub vertical joints 
interbedded with bands of stiff dark brown grey very silty sandy clay/mudstone
to the base of the holes at a maximum depth of 12.9m bgl (White Limestone 
Formation).

Groundwater was encountered at depths of 1.73m, 4.0m and 7.0m within the 
White Limestone Formation. 

MINING/QUARRYING

The GroundSure Report identifies the closest ground workings to be a former limestone quarry 
450m east of the site. This is not shown on the historical maps. Whilst the historical maps show 
evidence of old pits and quarries in the surrounding area, there is no evidence of mining on the site 
itself, although the possibility cannot be entirely ruled out. 

A review of the DoE regional reports for Natural Underground Cavities in Great Britain (1993) 
indicates that the site is not located in an area of recorded natural cavity formation.

RADON

Reference to the BRE document 211:2007 (Radon: guidance on protective measures for new 
buildings) and the GroundSure Report indicates that the site does not lie in an area where the 
geological strata may be susceptible to radon emissions. Hence, no precautions against ingress of 
radon into buildings are necessary.

HYDROLOGY

The nearest surface watercourse is the Padbury Brook which is located approximately 35m south 
of the site and flows to the east. The Environment Agency Chemical Quality Grade for this 
watercourse is ‘A’ (excellent). 

According to the GroundSure report there are no surface water abstractions within 2km of the site.
There are many licensed discharges within 500m of the site, the nearest one being 29m south of 
the site of emergency discharges from Cherwell Valley Services into the Padbury Brook. The 
majority of the other licensed discharges are for storm overflow.

The Environment Agency web site indicates that the site lies outside of any flood zone. However 
this report is not intended to be a full hydrological study and if a flood risk assessment is needed,
additional analysis by others is recommended to confirm this aspect of the development.

HYDROGEOLOGY

According to the Environment Agency, the Alluvium is classified as a Secondary A Aquifer and the 
Head deposits as a Secondary (undifferentiated) Aquifer. The White Limestone Formation is 
classified as a Principal Aquifer.

There are three groundwater abstractions within 500m of the centre of the site, the nearest being 
146m northeast of the site for household (potable) use and for general farming use. The site is not 
located within a groundwater Source Protection Zone. The BGS suggest that there is potential for 
groundwater flooding at surface within 50m of the site.  It is expected this relates to the interface of 
groundwater at surface within the unconfined limestone aquifer adjacent to the Padbury Brook to 
the south of the site. Groundwater flooding at surface is considered unlikely across the main site 
area away from the Brook given existing levels.
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OTHER ENVIRONMENTAL DATA

Information pertaining to environmental issues was obtained from the GroundSure report, a copy 
which is included in Appendix B.

There are no recorded historic or current landfill sites within 250m of the site.

There are two currently operational petrol stations within 250m of the site, namely Baynards Green 
Service Station operated by Esso 110m north of the site and Cherwell Valley Service Area 
operated by Moto Hospitality 170m south of the site. There are no other recorded current industrial 
land uses within 250m of the site.

There are three recorded pollution incidents within 250m of the site, all for oils and fuel in 2002 and 
2003. They were classified as having a minor impact on water and minor or no impact to land.

The site is within a nitrate vulnerable zone. There are several ancient and semi-natural woodlands 
and ancient replanted woodlands within 2km of the site, the closest being 384m south of the site. 
There are two SSSI within 2km of the site, namely Ardley Cutting and Quarry 1.25km southwest of 
the site and Ardley Trackways 1.7km south of the site.

PRELIMINARY COMMENTS

Geoenvironmental Aspects

Based on the desk study carried out, it is considered there is limited potential for significant 
contamination to be present at the site as a result of its history and former uses.  Localized 
hotspots could be present associated with small areas of imported Made Ground, asbestos cement 
building materials, leakages from farm plant/refuelling etc.  The presence of elevated pesticide 
concentrations cannot be discounted but are considered unlikely.  Offsite, the nearby Petrol Filling 
Station poses a low though potential risk of hydrocarbons contamination.  Naturally elevated heavy 
metal contamination can be associated with some Jurassic strata in the region and Superficial 
strata derived from them.  Whilst unlikely to pose a significant risk in the context of the proposed 
development, it is possible that elevated concentrations in topsoil could be present, which could 
potential make such material unsuitable for re-use in a more sensitive residential end use.

GEOTECHNICAL COMMENTS

Competent natural solid geology is expected at shallow depth.  Such strata are expected to be 
suitable to support conventional shallow foundations and floor slabs.  Subject to appropriate 
selection moisture content control, compaction and possible processing, cut materials are likely to 
be suitable for use in a Controlled Earthworks programme.  Where significant cut is proposed, 
intact rock is likely to be present which may require use of high capacity plant, breakers, rippers or 
other techniques.  Current information suggests groundwater may be present at depths as shallow 
as 1.75m bgl in places, hence this would need to be carefully investigated if any significant cut or 
excavations were proposed.

The Solid Geology is likely to be suitable for infiltration drainage, subject to depth groundwater.
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Should you have any queries please do not hesitate to contact us.

Yours sincerely
For and on behalf of Applied Geology Ltd

Prepared by: Checked by:

N Laws BSc (Hons) CGeol FGS
Senior Geoenvironmental Engineer

J B Cartwright BEng (Hons) MSc FGS
Managing Director

APPENDICES

Appendix A – Site Location Plan
Appendix B – Desk Study Information
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