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0.0
Executive Summary
	Current Site Status
	The subject site is located east of Maidstone Kent and within close proximity to the village of Bearsted, the centre of the site is located at approximate National Grid Reference (NGR) 580089E, 155600N.

The proposed development consists of large industrial units, intermodal exchange with rail sidings along with associated new access roads, paved areas, and service installations.  The proposed development area is approximately 120ha.  

The main site area is approximately triangular in shape. The site is bounded to the north by the M20 motorway, to the south by the A20 trunk road and to the west by a local road leading to Cobham Manor Farm. To the east the site is bounded by Junction 8 of the M20 motorway.  The London Dover Railway line traverses and splits the site.

The site itself is predominantly agricultural land as is the surrounding land Immediately adjacent to the south of the site.

Two streams flow north to south across the site.  Both streams feed / flow into the River Len approximately 2 km south of the site.

The assessments presented herein are provided on the basis of an unspecified industrial or commercial use and not residential use. Future redevelopment of the subject site is likely to require additional contamination assessment, specific to detailed development and governing ground contamination regulation at that time. 

	Site History
	In summary, the site has been partially developed throughout mapped history. 

Significant site wide development has not occurred. 

Development within the south eastern corner has accommodated a small gas works, workhouse and petrol filling station. The London to Dover railway line has occupied central areas of the site for c.100 years. It is understood that the remainder of the site has been used for small scale agricultural activities until the present day.

Agricultural, residential and recreational landuses have historically dominated surrounding sites, in particular the town of Bearsted to the southwest. The M20 motorway and channel tunnel rail link are noted to have abutted the northern site boundary for some time

	Geology


	The expected natural general geological sequence at the site consists of Recent River Terrace Gravels overlying Gault Formation.  The Gault Formation in turn overlies deposits of the Folkestone Formation.  Both the Gault and Folkestone Formations are of Lower Cretaceous age.  

The spatial distribution of the Gault Formation is controlled by a bedding dip to the north east, beneath the North Downs. Some control is also provided by a local fault with downthrow of the Gault Formation occurring to the west.  The line of the fault runs almost in a North - South direction and is encountered approximately at the centre of the site.  

It is currently anticipated that the River Terrace Gravels may not be encountered at the site. Head Deposits may however be in evidence as soliflucted zones.  Solifluction imparts shear surfaces in the soils to shallow depth and were evident in the M20 construction, Longham Wood Cutting.

	Hydrogeology
	Strata underlying the site in southern and south eastern areas are considered by the EA as a Major Aquifer, a highly sensitive rating associated with the Folkestone Formation and lower deposits in the Lower Greensand sequence. 

Northern and western areas are classified as a non aquifer being afforded protection from the overlying Gault Clay formation.

Much of the site (i.e. southern, south western and south eastern areas) is noted to lie within a Zone III (Outer Zone) designated Environment Agency Groundwater Source Protection Zone (SPZ). The north western corner and areas abutting the northern boundary lie outside of a designated catchment zone.

	Hydrology
	Historically surface water features such as drains and the River Lilk have crossed the site, generally flowing in a southerly direction. 

The River Len is identified to flow in a westerly direction approximately 800m south of the site.

The majority of the site is not noted to lie within an Environment Agency designated floodplain. The floodplain at the confluence with between the Lilk and Len extends northwards, just onto the site. A small area surrounding the unnamed watercourse located within the centre of the site is also noted to lie within a designated floodplain.

	Initial Preliminary Ground Contamination Assessment
	Available records indicate the site does not have a strong industrial legacy, for its most part remaining undeveloped agricultural land until the present day. 

The location of a former gasworks, petrol filling station and tank storage in the south eastern corner of the site may have lead to deleterious impacts on ground conditions within the vicinity. Whether or not ground investigation or contamination / remediation works have been undertaken on or adjacent to the site is not currently known. Ground investigation works are likely to be required in order to assess source pathway receptor pollutant linkages particularly concerning the underlying Major Aquifer and surface water features. No ground investigation data or information of any previous remediation works, tank decommissioning has been identified in this assessment. 

On the basis that remediation works has not been undertaken, nor ground condition information is available the likelihood that historical ground contamination remains onsite is rated as Low to Moderate. 

The potential risk to environmental receptors, notably surface water, is assessed as Moderate. It is noted that this reflects uncertainty about ground contamination conditions at the site, and a lower risk rating may well be opened, if / when such information becomes available. In the absence of information potential risks to groundwaters from expected ground conditions cannot be discounted at this stage.

	Ground Engineering Considerations
	The key / principal geotechnical elements listed below need to be considered in any proposed redevelopment and are discussed within this Report based on the preliminary data collated; 

· The engineering properties / behaviour of the various sections of the site where engineered fill (currently anticipated to be Gault Formation won from the site excavations) is to be placed 

· The nature, spatial variation (laterally and vertically) of the underlying in-situ strata and implications for outcrop and depth to Folkestone  Formation. 

· Stability of any slopes formed to raise / lower the site to the required development platform level, natural or reinforced or retained .

· Appropriate foundation types for the main structure. 

· The potential to use ground bearing floor slabs. 

· The use of ground improvement technologies (potentially lime stabilisation of Gault Formation fill.) to improve acceptable volumes and reduce import 

· Earthworks Reuse and Specification

· Retaining walls.



	Recommendations
	· Ground Investigation works are required in order that the ground conditions beneath the site be investigated fully to assess and to generate geotechnical data and information on the underlying in-situ strata for each proposed unit as well as generally around the site. Specific targets will require supplementary investigation as the development plans become more defined.

· It is recommended that the ground conditions beneath the site also be investigated in order to assess the potential contamination risk posed by the site, adjacent sites and particularly underlying groundwater aquifers.

· Detailed discussions with the Environmental Health Officer / Contaminated Land Officer and review of data if such are available.

· It is recommended that details of any tank records and / or decommissioning records are pursued and given due consideration at the time of ground investigation planning.

	This sheet is intended as a summary of the assessment of the site in relation to ground contamination.  It does not provide a definitive engineering analysis. 


1.0
Introduction
1.1 Instruction

White Young Green Environmental Limited (WYGE) was commissioned by White Young Green on behalf of Kent International Gateway Ltd. on the 14th February 2006 to carry out a Geotechnical and Ground Contamination Desk Top Assessment for the site at the Kent International Gateway (KIG) Site at Hollingbourne, Kent in line with the accepted conditions referenced in Section 1.4.

1.2 Scope of Services

The agreed brief was to undertake a geotechnical and ground contamination desk top appraisal of the site and to characterise potential risks with respect to potential ground contamination together with a preliminary review of key geotechnical factors which may affect the site’s redevelopment and end-use options. This report is based on a review of readily available information, and some preliminary consultations with the relevant statutory authorities.  

In order to achieve the above stated aims and objectives, the following scope of works has been agreed: - 

· Present a discussion of the current site status and key ground condition influences around the site;
· Undertake and present an historical site and area review, primarily referring to historic Ordnance Survey Maps but utilising other sources as appropriate and readily available;
· Present a discussion of the general expected ground and groundwater conditions within the topographical and area context, referring to any accessible local reports;
· Details of a preliminary environmental data search, detailing relevant aspects;
· Present an assessment of geotechnical issues and potential solutions based upon and discussing the results of the database research;
· Present a qualitative ground contamination assessment based upon and discussing the results of the research above not only concerning potential on-site conditions and contamination but also an overview of the potential for migration on or off-site with respect to the surrounding neighbouring sites;
· Present a preliminary conceptual site model and a qualitative risk assessment;

· Make recommendations for a characterisation stage of physical investigation and testing, if appropriate, and present a preliminary, "in principle", overview statement of possible remedial works, if practically determinable and again if required;
1.3 Proposed Development

It is understood that to date the detailed development plans for the subject site have been developed to facilitate planning submission and the proposed development of the site comprises the establishment of a multimodal distribution centre with construction of up to eight units.  Associated with these development works and also proposed are new sidings and new access roads, hard standing areas and possible retention measures.  The site has a varying topography and an extensive earthworks operation is required to re-profile the site for development.  

The assessments presented herein are provided on the basis of an unspecified industrial or commercial use and not residential use. Future redevelopment of the subject site is likely to require additional contamination assessment, specific to detailed development and governing ground contamination regulation at that time. 

1.4 Terms and Conditions

This report has been prepared under the services definition of the accepted WYGE proposal letter (ref: bl2988\5nov05.prop) and is further subject to the standard White Young Green Environmental Terms and Conditions and the specific report conditions included in Appendix A. 

2.0
SITE DETAILS AND GEOLOGY

2.1 The Development and Site

It is intended to develop a site located in the county of Kent, to the east of Maidstone and that is approximately centered on National Grid Reference (NGR) 580089E, 155600N. The proposed development area is approximately 120ha.  The general location is shown on Drawing SK 01.

The site area is approximately triangular in shape. The site is bounded to the north by the M20 motorway, to the south by the A20 trunk road and to the west by the village of Bearsted and the line a local road leading to Cobham Manor Farm.  Junction 8 of the M20 motorway lies at the eastern extremity of the site.

The proposed development consists of eight industrial units acting as a multi modal distribution hub alongside the London to Dover railway with associated new sidings, new access roads into and around the site, paved areas for parking and hard standing, and service installations.  The industrial units are of very large dimension with large open spans required by their structural form.

A site layout plan showing the proposed development (with preliminary indicative floor levels) and the site boundary is provided on Drawing SK.02 and is based upon the information provided by Kent International Gateway.  The site topographic survey forms the background to the Drawing, the survey being supplied by Kent International Gateway.

2.2 General Geology

The British Geological Survey (BGS) Sheet 288 Maidstone, Solid and Drift Geology Edition 1978 (1:50,000) indicates that the site is underlain by Gault Formation (Gault Clay) which overlies the Folkestone Formation (Folkestone Beds) of the Lower Greensand Group.  Both the Gault and Folkestone Formations are of Lower Cretaceous age.  Local occurrences of River Terrace Gravels are also indicated to occur sporadically overlying the Gault Formation. Head deposits, derived from either of the two main strata horizons, may also be present. 

Drawing SK 03 presents a plan of the local geology thought to prevail at the site.

The descriptions of the local geology that follow are based on the information received from the BGS (BGS Borehole Records) together with a review of the readily available published BGS information.

a) Gault Formation (Gault Clay):

The Gault Formation is described as a stiff dark grey or blue grey Clay which was deposited in a marine environment during the Lower Cretaceous period.  The outcrop of the Gault Clay occurs as a continuous band along the foot of the North Downs escarpment formed of the Lower, Middle and Upper Chalk.  This escarpment runs parallel to, and north of, the site. 

The Gault Clay is noted to vary in thickness from between 50m and 80m where there is a full succession.  The material becomes silty or sandy towards its interface with the underlying Folkestone Formation sands.  

The spatial distribution and hence occurrence of the Gault Clay at the site is predominantly controlled by the shallow north easterly dip found throughout the North Downs and to some extent by local faulting.  The BGS map indicates a fault to occur approximately within the middle of the site extent, trending in a north south direction with downthrow of the Gault Clay lithology indicated to the west.

Due to frost action (freeze thaw) under periglacial conditions, the Gault Clay is normally very closely fissured at shallow depth, often with solifluction shears approaching residual strength at the time of glaciation.   Cryoturbation may also be present as a similar form of local disturbance. 
b) Folkestone Formation:

The Folkestone Beds are indicated to consist predominantly of loosely consolidated quartz sands, for the most part fine to medium grained, pale grey or yellow in colour.  Locally coarse sand is developed in the succession.   The Folkestone Beds are also noted to include masses of hard sandstone or carstone and this arises from a concentration of ferruginous (iron) cementation. 

The Folkestone Beds are estimated to vary in thickness between 45m and 55m. 

c) Pleistocene and Recent River Terrace Gravel

It is currently anticipated that the occurrence on the site of the River Terrace Gravels will be limited.  However, these deposits are described as benches of flint gravel, raging in thickness from some 100mm up to several meters.

d) Head Deposits

Local solifluction and cryoturbation across the Gault and Folkestone Formations can give rise to Head deposits that have varying composition and generally take on the overall characteristics of the main Formation from which they are derived.  Thickness of these Deposits is usually a few metres unless occupying depressions in the previous ground surface.

2.3 Site Morphology 

For ease of description the proposed site development has been split into three sections as set out below and indicated on SK.02

a) North West Section

This part of the site is the most northerly part and forms a triangle of land between the M20 motorway to the north, the railway line in the south and the local country road to the west. With an area of approximately 54 ha this part of the site is intended to house Industrial Units 01 and 02, and the Inter Modal Unit, from west to east across the area.

Along the northern boundary the M20 motorway route commences a deep cutting, Longham Wood cutting, running from north west to south east and then runs into in a shallow embankment. The railway line forming the southern boundary follows a similar trend from medium deep cutting through into shallow embankments. 

The existing ground levels are highest in the northwest corner at 67mOD and decrease forming a long south easterly facing slope to a low spot at 48mOD, associated with the first of two streams.  Together with the effects of the second stream this essentially forms the remaining land to the east into a spur of higher ground at the head of the M20 motorway cutting, around 65 mOD, with side slopes falling to both south east and south west  

Based on the Geological map this section of the site is predominantly underlain by Gault Clay, thinning to outcrops of the Folkestone Formation on the lowest ground.

b) Middle Section

This part of the site comprises the area enclosed to the north by the railway line, by local roads to the east and to west and by private properties located along the A20 trunk road to the south.  With an area of approximately 31 ha this section houses Industrial Units E and F.

At its western extent the ground levels in this part of the site generally rise from the second of the two streams noted above, rising in a south west to north east direction from 51mOD to 71mOD.  However there is also a very steep sided valley feature that crosses the site on the southern edge of the proposed construction.

It should also be noted that the junction between these two parts of the site (i.e. the North West and the Middle Sections) is marked by the fault mentioned in Section 2.2 above.  The fault is followed closely in its alignment by the second of the two streams.

It is anticipated that Folkestone Formation, that may be many meters thick, therefore mainly underlies this Middle section of the site.  Towards the north east corner, over the higher ground, the Gault Clay may then become evident overlying the Folkestone Formation.  

c) South East Section

This third part of the site is approximately the same area as the Middle Section i.e. approximately 33 ha and is bounded to the north by the railway underbridge (beneath the M20 motorway) and to the east by Junction 8 of the M20.  The southern boundary to this part of the site is marked by farmland around the property Woodall Farm, together with the A20 trunk road.  

Industrial Unit D sits atop a spur of high ground at 70mOD that is bordered eastwards by a steep south east falling slope that marks the boundary between the Gault Formation forming the spur and Folkestone Formation that is present eastwards on the lower ground.  

Industrial Units C to A are disposed alphabetically eastwards across the lower but undulating ground around 49mOD up to 55mOD.  A small stream, running north to south, bisects this eastern most area and forms the lowest ground.

It is anticipated that Folkestone Formation will generally underlie this easterly part of the site.  The BGS information also indicates that Pleistocene (& Recent) River Terrace Gravel may locally overlie the Folkestone Formation towards the M20 and to Junction 8.

3.0 SITE HISTORY 

3.1 Summary

Extracts of historical Ordnance Survey maps were reviewed for the period between 1867 and 2003 to determine the recorded sequence of site development. The information obtained is first summarised then outlined below in Section 3.2.  Extracts are presented in Appendix B.

In summary, the site has been occupied by structures by way of agricultural small holdings (in part), a small workhouse and later a small gasworks and garage (noted as a petrol filling station) since the earliest available mapping.  The first available OS extract of the site (1867) illustrates the study area to be undeveloped land with the exception of a small union workhouse located within the south eastern corner. The London, Chatham and & Dover Railway was constructed across the site c.1890.  Development outside the site, of a residential nature, did not begin to occur until c.1960s’.  The present day site setting is very much within a rural agricultural environment. 

3.2 Review of Historical Ordnance Survey Maps

Reference is made herein to the development sequence of the site. However, local infrastructure and roadways have changed substantially over the last century and as such, historical mapping and transposition of the site’s boundaries will have a degree of inaccuracy.

The 1:2,500 scale 1867-1895 OS extract indicates the site to be occupied by agricultural land with a number of small holdings across the area.  A small ‘Union Workhouse’ is located within the south eastern corner of the site. A number of footpaths and surface water drainage ditches are identified to cross the site.  A lane is noted to cross the site from the north to south within the north western area of the site.

The surrounding area is predominantly occupied by agricultural land and woodland. The village of Bearsted is located to the west of the site. A roadway is noted to abut the entire length of the southern boundary.

The 1:10,560 scale 1869-1870 OS extract indicates no notable changes to onsite features or to those in the immediate vicinity.

The 1:2,500 scale 1897 OS extract indicates the construction of the London, Chatham & Dover Railway running east to west through the centre of the site within a cutting. The small Hollingbourne Gas Works is also located on site to the southeast of the Union Workhouse, 2 No. circular tanks are noted. Allotment Gardens are noted to lie within north western areas of the site. Two unnamed watercourses are noted to flow south through the site. One is located within the north western section of the site and the other is located more centrally within the site.

No notable changes have been identified to the immediate landuses (mainly agricultural / woodland).  A small ‘Old Sand Pit’ is located approximately 200m southwest of the site.

The 1:2,500 scale 1898 OS extract indicates no notable changes to onsite features or to those in the immediate vicinity. A small Sand Pit lies adjacent to the southern site boundary, in the vicinity of the smallholding Chrismill. 

The 1:2,500 scale 1908 OS extract indicates above ground tanks are located within the vicinity of the Union Workhouse. The Sand Pit noted in the previous extract is no longer identified. A small number of additional agricultural properties are located upon the site. Chismill Lane is noted to cross the site north to south within the eastern half of the site.

No notable changes are indicated to have occurred in the land immediately adjacent to the site. 

The 1:10,560 scale 1909 OS extract indicates the absence of the Hollingbourne Gas Works within the south eastern corner of the site.  A small Nursery is located upon the southern site boundary adjacent to Common Wood.  No other changes are noted to onsite features.

A brick field is located approximately 300m west of the site boundary. A small above ground tank is noted adjacent to the sites north western boundary. A golf course is located immediately west of the subject site. No other notable changes are identified in the immediately surrounding area.

The 1:10,560 scale 1961-1962 OS extract indicates some change to onsite features. The Union Workhouse located within the south eastern corner of the site is no longer present and is replaced with ‘White Heath’. The tanks are still located within its vicinity. No other changes are noted onsite.

The village of Bearsted has developed significantly to the southwest of the site. No other significant changes are noted within the surrounding area.

The 1:10,560 scale 1965-1967 OS extract indicates no notable changes to onsite features. A subway is noted onsite, running beneath the adjacent bypass linking adjacent properties.
The A20 (M) Maidstone By-pass, has been constructed immediately abutting the northern and eastern site boundary. This roadway alternates to lie within cuttings and upon embankments.
The 1:2,500 scale 1959-1969 OS extract indicates the majority of the site to remain undeveloped. Longham Wood is no longer noted to protrude onto the site. A small garage is noted adjacent to the southern boundary in proximity to Wood Heath.  It is noted that a Roman Cremation has been found on the site in the area adjacent to Chrismill, the find dated at 1926. A number of small properties have been developed along the sites far western boundary.

Changes are noted to the surrounding areas to the site for example; a Primary School is noted adjacent west of the site and the golf course. A Pumping Station is located approximately 250m north (from central areas) of the site. Bearsted continues to develop to the southwest of the site. Much of the surrounding area remains undeveloped agricultural land.

The 1:10,000 scale 1969-1972 OS extract indicates no significant changes to onsite features. The above ground tanks located in the south eastern corner of the site are no longer noted. The area formerly used as a Nursery is now identified as Public Tennis Courts. No other notable changes are noted to onsite features.

The area to the north of the subject site remains relatively undeveloped. To the southwest of the subject site lies the growing town of Bearsted, with a small quarry, sewage works and industrial areas. To the northwest of the site it is noted that a Roman Villa has been excavated. Approximately 500m southeast of the site lies an area where a hoard of Roman Coins have been uncovered. 

The 1:2,500 scale 1978-1991 OS extract indicates no notable changes to onsite features.

No notable changes are indicated to have occurred in the land immediately adjacent to the site. A smaller Pumping Station is located approximately 700m north of the site, on the northern boundary of Longham Wood.

The 1:10,000 scale 1989-1992 OS extract indicates no notable changes to on or offsite features.

The 1:10,000 scale 2003 OS extract indicates no notable changes to on features.

The Channel Tunnel Rail link is noted to lie parallel with the motorway. A motorway services area is located approximately 250m north east of the site.
4.0 HYDROLOGY AND HYDROGEOLOGY

4.1 Hydrogeology

Environment Agency Groundwater Vulnerability Sheets 46 and 47 (1:100,000 Scale) for East Kent and East Sussex respectively indicates the south eastern corner and much of the site to the south of the railway overlies a Major Aquifer (a highly sensitive classification) associated with the Lower Greensand of the Folkestone Formation. The soils are classified as being of an intermediate leaching potential which can possibly transmit a wide range of pollutants.

Northern and western areas of the site are identified to be underlain by a non aquifer associated with the Gault Clay. This stratum is noted to be underlain by the more sensitive Folkestone Formation but it is considered that the Gault Formation affords some protection from contaminant migration.
Environment Agency records indicate there to be 4 No. active Environment Agency licensed groundwater abstraction licenses within 500m of the site. 3 No. are listed as Public Water Supply – Potable Water Supplies. Mid Kent Water Plc operate these 3 No. locations which are located 69m east, 71m northeast and 243m northeast. Refer to Section 5.1 for further details.
Groundwater Vulnerability

The site is noted by the Environment Agency to lie within a Zone III Groundwater Source Protection Zone (SPZ) Total Catchment, this designation covers the south eastern site corner, central and south western areas of the site. The north western corner of the site and areas abutting the northern boundary lie outside of a designated catchment zone. There are 3no. abstraction licenses for public water supply located within 500m of the site, as discussed above.

4.2 Hydrology

A number of surface water features dissect the site. The River Lilk flows south within the north western area of the site towards the River Len (located 2km to the south). 2 No. further (unnamed) watercourses flow south through the site towards the River Len. 1 No. flows through the central areas of the site, the other flows through the south eastern area of the site.

The nearest mapped surface water body is the River Len, located approximately 800m south of the site. There is no Environment Agency classification available for this watercourse. 

The majority of the site is not noted to lie within an Environment Agency designated floodplain. The southern mouth of the Lilk is noted, at its confluence with the River Len, to lie within a floodplain that extends northwards onto the subject site. A small area surrounding the unnamed watercourse located within the centre of the site is also noted to lie within a designated floodplain

4.3 Radon

The National Radiological Protection Board (NRPB) indicates between 1% and 3% of homes at the site would be above the action level therefore no radon specific protective measures are considered likely.

5.0 REVIEW OF PUBLICLY AVAILABLE INFORMATION

The outcome of enquiries made to the relevant authorities is given in summary below. These correspondences have been supplemented by searching an environmental database pertaining to the site and surrounding environs. This information should only be regarded as preliminary and indicative and subject to formal confirmation where appropriate.

5.1 Environmental Data Search

Information from an environmental database search was recovered to provide supplementary environmental information for the site and surrounding area. Information has been collated from various sources including the Environment Agency, the British Geological Survey, the Coal Authority Mining Report Service and the National Radiological Protection Board. 

A summary of this database search is provided below. The full Envirocheck report is included in Appendix C.

· There are 4 No. EA licensed Water Abstraction locations within 500m of the site boundary. the details are as follows:

· Mid Kent Water Plc – Public Water Supply: Potable Water Supply – Direct  (approx 69m east)

· Mid Kent Water Plc – Public Water Supply: Potable Water Supply Direct (approx 243m northeast)

· Mid Kent Water Plc – Public Water Supply: Potable Water Supply – Direct (approx 71m northeast)

· Great Danes Hotel – Impounding (481m southeast)

· There are 10 No. recorded Pollution Incidents to Controlled Waters within 500m of the site boundary. 2 No. are located on site and are classified as Category 3 – Minor Incidents relating to miscellaneous / other pollution type and deliberate disposal to drain. 5no. are identified as Category 3 – Minor Incidents relating to Plc Sewage Other, sewerage overload, general pollution – natural causes, and human actions: operator error. There 2 No. Category 2 – Significant Incidents relating to Human Actions: operator error and oils / related products. 1no. was classified as a Category 1 – Major Incident relating to General Pollution – natural causes.

· There are 2 No. Local Authority Pollution Prevention and Controls within 500m of the site boundary. The closest is located approx 129m northeast of the site for the respraying of road vehicles. The other relates to a Petrol Filling Station.

· There are 3 No. licensed Discharge Consents located within 500m of the site. these relate to Sewage Discharges – Final / Treated Effluent – Not Water Company and Trade Effluent Discharge – Site Drainage. 1 No. license discharges to land, 1 No. to an unspecified Freshwater River and the other to the River Len.

· There is 1 No. Local Authority Recorded Landfill Site located approx 106m south of the site. No reports have been supplied for its status. The site is licensed to accept inert material, mainly inert with some degradable matter. The subject site is not recorded as or being in a Recorded landfill.

· There is 1 No. Registered Landfill Site within 500m. The license has lapsed / cancelled. Authorised to accept construction and demolition wastes, excavated natural materials, low density polythene and paper / cardboard wastes this site was recorded as small (≥10,000 and <25,000 tonnes per year. The site is not noted to lie with the boundaries of this site. 

· There is 1 No. Prosecution Relating to Controlled Waters located within 500m of the site. The incident occurred in the Musketstone Stream approximately 359m southeast of the subject site related to sand entering the stream and covering stream bed.

· There is 1 No. Substantiated Pollution Incident Register located within 500m of the site. this cites Agricultural : Silage Liquor causing a significant incident to controlled waters.

· There is 1 No. operational Petrol Filing Station operated by Esso located approximately 274m east of the site.

· There are 7 No. active Contemporary Trade Directory Entries within 500m of the site. the listed Trade Directory Entries relate to: Printers; Nuts, Bolts & Fixings; Plastics – Welding; Car Body repairs; Commercial Vehicle Dealers; Waste Disposal Services; Carpet, Curtain & Upholstery Cleaners and a Petrol Filling Station.

· The site is noted to lie within a Nitrate Sensitive Zone. No other sensitive land designations are noted within 500m of the site. 

5.2 Environmental Health Department, Maidstone Borough Council, Environmental Protection Officer, Simon Wood

Enquiries were made with the Environmental Department at Maidstone Borough Council to obtain environmental information pertaining to the subject site and surrounding area. A response has been received stating that the council do not hold any information pertaining to the subject site.

5.3 Building Control Department, Maidstone Borough Council, 

The Building Control Department of Maidstone Borough Council were contacted for the purposes of this report to ascertain local ground conditions pertaining to the site and surrounding area. At the time of writing this report a response from the Building Control is awaited. When information is received this report will be updated accordingly.

5.4 Planning Department, Maidstone Borough Council

The Planning Department of Maidstone Borough Council was contacted for the purposes of this report to ascertain local planning records pertaining to the site. At the time of writing this report a response from the Planning Department is awaited. When information is received this report will be updated accordingly.

5.5 Existing Ground Investigation Data

The information reviewed in this report has been limited to that which was readily available from published sources at the time of preparation, specifically the information from the British Geological Survey (BGS) Borehole records and the published geological map as referenced in Section 2.0 of this report.

The locations of the available borehole data held by the BGS were obtained from Landmark Information Group in the Envirocheck report (refer to Appendix C) together with an interrogation of the BGS website.  The locations of selected borehole records held by the BGS are shown on Drawing SK.03 and the borehole logs are presented in Appendix E. 

The borehole data collated for this study relate to ground investigation works undertaken for the CTRL and the M20 Improvements together with several local water wells where lithology has been reliably recorded by the BGS.  All borehole information had co-ordinates to OS Grid and datum to OS Newlyn and is considered to be of good quality and reliability given its origin in the aforementioned projects.
6.0
PRELIMINARY GEOTECHNICAL PARAMETERS
The information presented in this section of the Desk Study has been prepared from the readily available BGS information and other published industry sources (e.g. CIRIA and TRL technical guidance documents).

The preliminary soil parameters presented in the following sections are therefore intended solely as an initial guide as to possible characteristic engineering properties for the lithologies that may be present at the site.  In order to properly assess the engineering properties of the materials at the site a comprehensive and site specific ground investigation with associated in-situ sampling and testing, together with selective geotechnical laboratory testing will be required.

6.1 Gault Formation (Gault Clay)

Based on the local data reviewed for the Gault Formation it is anticipated that the following plasticity data applies:

· Liquid Limit
60 to 85%

· Plastic Limit
20 to 30%

· Plasticity Index
40 to 65%

Moisture contents are, in general, 5 to 10% higher than the plastic limits, except at depth where the values are nearer to the plastic limit, typical of the increasing undrained strength and overconsolidation.  

In terms of the Plasticity Chart the Gault Clay lies above the A-line and the predominant classification is high to very high plasticity and occasionally extremely high plasticity.

Based on the data reviewed for the Gault Formation in the vicinity of the site it is anticipated that the following In-situ undrained shear strength (Cu) may be assumed for preliminary purposes:

· Cu at surface to 3m 
greater than 50 kN/m2
· Cu at a depth of 10.0m bgl
greater than 120 kN/m2 
·  Cu at a depth of 20.0m bgl
greater than 200 kN/m2 
Based on a literature review drained (effective stress) parameters, as listed below, for the Gault Formation would appear to range from: 

Intact Material

· Angle of Internal Shearing Resistance ’ 
23o to 25o
· Apparent Cohesion (c’)
0 kN/m2 to 2.5 kN/m2
Soliflucted / Cryoturbated

· Angle of Internal Shearing Resistance ’ 
14o to 16o
· Apparent Cohesion (c’)
0 kN/m2 

Consolidation parameters, derived from one-dimensional oedometers and unfactored, for the Gault Formation would normally be expected to occur within the following ranges;

· Coefficient of Volume Compressibility (mv)
0.05 to 0.30 m2/MN

· Coefficient of Consolidation (cv)
0.4 to 5.5 m2/year

Both m v and cv show the full range of values at near surface depths within the Gault Formation, then however trending to the lower values with depth.

Earthworks properties for the Gault Formation have not been located in historical information sought within the database. 

6.2 Folkestone Formation

The Folkestone Formation is for the most part fine to medium grained and highly uniform sands. The fraction of fines passing 63 microns within the sands usually varies between 5 and 25%. Locally the Folkestone formation can be silt with up to 75 / 85% fines.

Plots of available SPT-N values against the depth indicate that the Folkestone Formation to be dense to very dense with a general trend of increasing relative density with depth.

Again, based on the available SPT-N data and using published correlations of SPT-N value and the undrained/drained angle of shearing resistance , indicative values of would typically be anticipated as:

Sand Grading with limited fines

· Angle of Internal Shearing Resistance ’ 
35o to 38o
· Apparent Cohesion (c’)
0 kN/m2 

It should also be noted that the Folkestone Formation lithology is moisture content sensitive.  As such this makes these soils very difficult to work with as an engineering fill.  Therefore any handling, placement and compaction will require careful consideration and close monitoring where this lithology may form part of any proposed earthworks.

7.0 PRELIMINARY GEOTECHNICAL ISSUES

7.1 General Considerations

7.1.1 3D Geometry

The geology of the site has been described in Section 2 of this Report as comprising Gault Formation overlying Folkestone Formation. The spatial distribution of the Gault Formation at the site is controlled by a general north easterly bedding dip towards the North Downs and to some extent by a fault (trending north – south) and running approximately through the centre of the Middle Section of the site.  

The 3D geometry of the Formations present beneath the site, both as a whole and beneath the individual future units in the proposed development, has a significant potential impact on geotechnical issues in terms of appropriate foundations, foundation depths, control of settlement/heave, reuse in earthworks and slope stability.  A thorough understanding of the strata distribution is a key aspect in the successful financial development of the site. The preliminary details provided and also discussed herein should enable an improved cost model to be established for foundations.

The distribution and depth of the Gault Formation has been assessed from a preliminary interpretation of the contours for the interface between the Gault and Folkestone Formations.  The interface was established from the levels obtained from the Borehole data collated for this study and a basic construction utilising the available map information.  The results of this exercise are presented on Drawing SK.05 and also illustrated on the preliminary cross-sections on Drawing SK.04.  

The bedding dip across the contours was found to be 1 in 55, just over 1o, to the north east.  The line of outcrop of the Gault Formation based on these contours has been separately constructed and it is clear that it is close to but slightly enlarged from that shown on the BGS geological map.  Thus there is good and independent correlation that gives confidence in the contours deduced. The fault has been found to down throw to the west by approximately 10m, and its principal effect serves to increase the overall thickness of the Gault Formation sequence to the west.  

The anticipated geology at the site of each of the proposed industrial units is presented below.

	Proposed Unit 
	Ground in Cut at FFL
	Ground below Fill at FFL

	Ind - 01
	Gault Formation
	Gault Fill predominantly over Gault

	Ind - 02
	Gault Formation
	Gault Fill over Gault

	Ind - F
	Folkestone Formation
	Folkestone Fill over Folkestone

	Ind - E
	Folkestone 

(Gault essentially removed)
	Folkestone Fill over Folkestone

	Ind - D
	Gault Formation  

(only 3m to 5m thick)
	No Fill

	Ind – C 
	No Cut
	Gault Fill over Folkestone Formation

	Ind – B
	No Cut
	Gault Fill over Folkestone Formation

	Ind – A
	No Cut
	Gault Fill over Folkestone Formation


It should be noted that the above, based on Drawing SK 05, represents the geological Formations expected to be found at the excavation levels for the proposed development platform (FFL) and takes account of any earthworks that may be required to raise existing ground levels to the FFL.  The assumption has been made that the most local excavations will source the predominant fill to be used in the adjoining Industrial unit.

The differences in geotechnical engineering properties of the two key strata will lead to different considerations for the slope angle of cuttings, for the possible reuse of the fill or for the natural ground to support pavements, access roads, ground slabs and building foundation loads. 

As a consequence of the possible earthworks the development may require a mixture of cut slopes in the area of excavation and / or physical retention measures.  Similarly, in the fill areas a mixture of physical retention measures and/or fill slopes are required.

Detailed ground investigation and careful geotechnical assessment will be necessary across the site as a whole. Each proposed unit will entail a different set of considerations to be evaluated on a site specific basis.

7.1.2 Gault Formation

As shown in Section 6.1 of this Report, the Gault Formation comprises highly over consolidated clay that is of high and very high plasticity and these factors dominate the engineering characteristics. As a result the following geotechnical issues arise:

· large shrinkage and swell with general changes in moisture content;  

· large shrinkage and swell in the presence of trees;

· large swell with reduction of effective stress in excavations;

· progressive loss of strength over time requiring flatter than expected slopes formed in natural, excavated or compacted Gault;

· near surface shear planes arising from the solifluction process are quite common and where they occur can give rise to shallow slope failure at low slope angle in natural and cut slopes

· the same shear planes will also influence stability of embankments, comprising any type of fill, placed across such areas; 

· high near surface water table and moisture content;

The Gault Clay is therefore a challenging material but expedients are available to provide engineering solutions and these are discussed in principle in the following Sections of this Report.

Excavations to form the finished development platforms will largely involve Gault Clay, with only local removal of the Folkestone Beds.  The performance of the Gault as a fill material is thus of fundamental importance in the final outcome of the development works.

7.1.3 Folkestone Formation

The Folkestone Formation will largely be met as a founding horizon for structures, for ground slabs or beneath earthworks where it should be found to be a competent foundation. Variation in the fines contents should be guarded against in respect of the stratums ability to be excavated for foundation, in cut and for deterioration in condition thereafter.

Groundwater is likely to be present, the depth is however unknown at this stage. Motorway and railway cuttings in the locality may have some influence and control on the elevation of the local groundwater table.

The Folkestone Formation is a potable aquifer and as indicated in Section 4 is a Major Aquifer (a highly sensitive classification) thus the provision of drainage within the site should be reviewed critically with the Environment Agency.

Only a small volume of earthworks is likely to be derived from the Folkestone Formation, in the vicinity of Industrial Units E and F.  As noted in Section 6.1 the Folkestone Formation, though a granular material, has a reputation for difficulty as an earthworks material.

7.2 Earthworks (Reuse of Site Won Material)

Development platform levels vary across the site and range from 51mOD to 66mOD as shown on Drawing SK.02 and SK 05. Extensive cut and fill operations will be required to achieve the formation levels intended and to construct the circulation areas as roads, parking, loading areas and paved areas.  The earthworks will generally comprise excavation and filling at each individual industrial unit.  

The probable extents of the cut and fill operations that may be required for the proposed development are illustrated on Drawing SK 04 and SK.05.  Individual platforms for the larger units can attain 8m in depth of excavation and of filling.

A preliminary review of the possible earthworks in terms of cut and fill has been undertaken by others and the gross figures are presented below as a guide to the scale of the earthworks that may be required:

a) Gross Estimated Excavation (Cut)

1,521,112 m3
b) Gross Estimated Fill

1,133,646 m3
c) Net Estimated Excess Cut 

387,466 m3
These figures are under review to achieve the best cut fill balance.  However they serve to show the large scale required.  Topsoil is included within the volumes and itself could make up some 300,000 m3 of the total volumes quoted.

It should be noted that the above figures do not take account of, nor differentiate between, the various strata present at the site, bulking factors, unsuitable / unacceptable materials (from both Gault and Folkestone Formations) and general wastage.  There is no site specific information or guidance available to arrive at a percentage of unacceptable materials that may arise from say high moisture content in the derived soils, but an allowance of 10% is suggested for preliminary considerations of the cut/fill balance.  

In order to adequately control earthworks it is anticipated that an end-product earthworks specification, based on achieving a specified density and using a compaction method derived from compaction trials, will be required.  In order to prepare such a specification it is necessary to understand the engineering behaviour of the proposed earthwork materials under compaction and this will require extensive ground investigation and comprehensive geotechnical laboratory testing.

Positive drainage (drainage blankets) measures will also need to be incorporated as part of the overall earthwork programme particularly where cohesive fill materials are to overlie granular materials or where deep filling is required at the lowest parts of the site.  Any such drainage measures would need to be tied into the overall site drainage system.

7.3 Slope Stability 

As a direct consequence of the earthworks cut slopes and fill slopes will be formed in the Gault Formation and to some extent in the Folkestone Formation.  Drawings SK 04 and SK 05 present an initial review of earthworks (cut and fill) and hence the possible locations of embankment and cut slopes for the various Industrial Units together with the anticipated underlying geology.  

The following presents an initial guide as to the possible safe slope gradients in each lithology and is based upon both general experience and evidence from the construction of the M20 Motorway in the local vicinity.

Detailed ground investigation works along with comprehensive geotechnical laboratory testing to determine the local geotechnical parameters are required for detailed design of any earthwork slopes, cut or fill, at the site.

a) Cutting Slopes

The deep cutting of Longham Wood, constructed 16m deep for the M20 and initially at a slope of 1 in 3 in Gault Formation, failed within 3 years of construction. Failure, in the form of a translational slide was at shallow depth, around 2m, but occurred over a considerable length of the upper slope.  The failure was put down to relict shear surfaces arising from solifluction effects and surface saturation from prolonged  rainfall. 

With this detail in mind and based on the preliminary geotechnical parameters outlined in Section 7 it is suggested that cut slopes in Gault Formation, greater than five metres in height, are likely to require a maximum slope gradient of 1(vertical) in 4(horizontal) combined with counterfort drains.  This type of drainage measure will need to be incorporated into the slope to collect and direct storm water away, deal with any in slope seepage, and provide additional restraint and soil improvement, in order to preserve the near surface stability.  Toe drains would also need to be incorporated. Crest drains can sometimes be helpful but can also assist tension crack development in some instances.

Without these drainage measures then slopes of 1 in 6 may otherwise be conservatively necessitated.  Benches are usually incorporated every 10m in vertical slope height.

Where the current site layout incorporates or necessitates steeper gradients then slope treatment in the form of soil nails or the like would be appropriate – otherwise retaining walls will need to make up the difference in level, in whole or in part, at the bottom of the slope.  Alternatively land take for the proposed units would need to be extended.

Cut slopes in Folkestone Beds are less extensive and up to a height of 5m it is suggested that a slope of 1 in 3 is assumed for preliminary design. Seepage would require local slope drainage.  Slopes may require temporary protection from the gullying effects of rainfall and early topsoiling is recommended.

Slightly steeper slopes may be possible in Folkestone Formation following detailed investigation, testing and examination.
b) Embankment  Slopes

Where filled embankment slopes formed of Gault Formation are to be constructed it is considered that for embankment slopes up to 5m in height a maximum slope gradient of 1 in 4 may be appropriate.  Where embankment slopes in Gault Formation may exceed five metres in height additional measures such as soil nails, retaining walls or provision for reinforced earth may need to be considered to accommodate the slope. 
The underlying ground conditions beneath such slopes are also a key factor in stability and may ultimately dictate any final safe slope gradient.  Where present it is a common treatment to excavate out any shallow shear surfaces in the Gault Formation and to recompact the excavated material back into the excavation.  The fabric is therefore reconstituted and the effects of residual or near residual shear strengths are removed.  Such treatment may apply to Industrial Units 01 and 02 that have thicker fill over Gault Formation and have natural slopes beneath.

Again based on the preliminary geotechnical parameters outlined in Section 7 where embankment slopes are to be formed of Folkestone Formation it is considered that, for embankment slopes up to 5m in height, a maximum slope gradient of 1 in 3 may be appropriate.  Slopes may require temporary protection from the gullying effects of rainfall and early topsoiling is recommended.

Where it may be necessary to construct slopes that are greater in height then five metres or current land take requires steeper gradients additional measures may be required to accommodate such slopes such as soil nailing, retaining walls or provision of reinforced earth. 

7.4 Foundations

a)
Ground Movement

Because of the large dimensions of the proposed Industrial units involved in the development it is often the case that they straddle the Gault/Folkestone Formation interface and/or a cut fill line in potentially different materials.  A complex association of ground movements will thus arise from the construction conditions.  A very detailed appraisal of soil structure interaction will be required to consider the relative movements occurring at each individual Industrial Unit.

The main ground movements affecting the buildings and floor slabs at these locations will be related to heave, where excavation has taken place in Gault, and consolidation settlement, both within the placed compacted fill and in the substrate loaded by the fill, again more particularly Gault Fill over the in situ Gault. 

It should be noted that as the cut depth increases in the Gault then there is a consequential increase in the amount of heave.  Similar considerations apply to the height of embankment and effects on settlement.  This will exacerbate total movements.  Differential movements over the length of the building are inevitable, rotating very approximately around the cut fill line. 

Any reduction in overburden stress due to excavation in areas of the Folkestone Formation will have a more minor effect on the soil and thus on movements of foundations and ground bearing slabs.  Similarly where the Folkestone Formation is loaded by the increase in weight from filling some settlement will arise, but much reduced in comparison to the Gault.  Movements will take place on a more immediate basis. 

Across the site there appear to be few situations where the cut fill boundary is less in evidence or where lesser movements in the Folkestone Formation may be exploited for shallow conventional foundations and ground bearing slabs, atleast without very detailed considerations. There may be some scope at Industrial Unit D where the footprint is almost wholly in cut and Units A to C where filling is predominant and the fill is of lesser thickness compared to some areas. That is of course with the proviso that actual structural loadings and settlement criteria can be catered for.

b)    Main Structural Foundations

Overall the anticipated amount of total and differential settlement is likely to prohibit the use of conventional spread foundations for the main building columns.  

Even though quite high bearing capacity may be available in the Folkestone Formation there are few opportunities where foundations can exclusively bear on this horizon.

The bearing capacity of the Gault Formation will in any case vary considerably across the footprint from the cut/fill line, where lowest undrained strengths will be evident, across to higher strengths at the deepest part of the cut excavation.  Laterally the quality and bearing capacity of the fill also has to be considered.  These considerations would lead to varying founding levels and deep foundations in part, the economics of which may be questioned both in direct costs and indirect programme costs. 

For preliminary purposes it should therefore be assumed that all the main structural loads are carried on piles.  The pile design loads will need to accommodate the effects of heave or conversely negative skin friction from the ongoing consolidation process in the fill and underlying in-situ lithologies.  Alternatively the design could include the adoption of sleeves to cater for the effects of ground movement.

The contouring of the base of the Gault Formation will aid a more detailed assessment of pile depths for the cost model, the Folkestone Formation providing a suitable base founding level in many instances.  Consideration of pile type will have to take into account Environment Agency views in respect of the penetration into the aquifer. Elsewhere friction piles wholly in Gault may still be required.

c) Floor Slabs above Cut Areas

There is little that can be done to mitigate the effects of heave in cut areas involving the Gault Formation. Bearing pressures will in most instances be much less than the heave pressure induced and thus there is no potential for full mitigation by balance from the slab loads. 

Unless the degree of movement can be accommodated in later use, by construction joints in the slab or there is scope in the programme to allow for the heave to more fully develop prior to construction then suspended piled floor slabs become necessary. 

Piles will need to be sleeved in order to avoid the effects of uplift associated with heave.

A sustainable approach to avoid the import of granular fill to regulate and support the floor slabs and to improve bearing would be to consider soil stabilisation within the Gault to form a sub slab capping layer. 

d) Floor Slabs above Fill Areas

Where fill is to be used to support loads it will need to be specifically engineered and the method of laying and compaction as indicated in Section 7.2 above will need to be highly controlled to ensure adequate compaction and thus reduce later self consolidation.  

Self consolidation could potentially be reduced by the inclusion of soil stabilisation during the compaction process, though the requirement for such action would need to be addressed from specific information and detailed appraisal of the moisture condition of the Gault as used. 

In the areas of Gault Formation the additional load from filling will have a significant effect on the underlying soils leading to settlement of the buildings and external areas. Unless the degree of movement can be accommodated in later use, by construction joints in the slab or there is scope in the programme to allow for the settlement to more fully develop prior to construction then suspended piled floor slabs become necessary. The rate of settlement and the extent of immediate to consolidation settlement will require careful assessment against the building criteria, to address the need or otherwise of the piled solution.

Some shallower areas of fill may be considered for supporting the slabs and pavements if time for settlement from fill is built in to the programme and the material can be successfully engineered for this purpose.  

A sustainable approach to avoid the import of granular fill to regulate and support the floor slabs and to improve bearing would be to consider soil stabilisation to form a sub slab capping layer within the Gault fill. 

7.5 Pavements

Where pavements or car park are to be founded on in-situ material it is recommended topsoil and deleterious material are stripped and replaced with engineered granular fill.  The prepared sub-base should be proof rolled or preferably compacted using vibratory means.  Soft areas indicated during proof rolling or compaction should also be removed and replaced with engineered granular fill.

a) Gault Formation

The following advice is based on the available investigation data and the classification of the Gault Formation as clay of very high plasticity.  Reference to the Design Manual For Roads and Bridges (DMRB) HD 25/94 Volume 7 Section 2 Table 2.1, suggests an indicative California Bearing Ratio (CBR) design value in the region of 2% should be adopted for preliminary roads, pavements and car park design founded within Gault Formation.  This will require full pavement construction comprising capping layer (600mm) and sub-base (150mm) or other combination and relates to in situ and compacted Gault.

b) 
Folkestone Formation

Where Folkestone Formation is anticipated to form the sub-grade, reference to HD 25/94 Volume 7 Section 2 Table 2.1, suggests a CBR design value in the region of 20% be adopted for preliminary roads, pavements and car park design.  Frost susceptibility of this Formation should be checked as at the silty end of the grading a minimum thickness of 450mm of sub-base may be required.

7.6 Ground Improvement

It is anticipated that the majority of the fill derived from and to be placed at the site will comprise excavated Gault Formation.  Not all of the Gault Formation, particularly near surface, can immediately be expected to be in an acceptable moisture condition to achieve all of the compaction criteria to be met in a detailed Specification..  There is also potential for the lowering of engineering properties of the Gault Formation as a consequence of the effects of inclement weather during earthworks and perhaps after stockpiling. 

It is therefore anticipated that proposals for soil modification/stabilisation to optimise earthworks volumes, to improve the engineering properties and hence enhance performance of the Gault Formation, in situ or as fill, may well be considered for the following engineering aspects:

· Reduction of moisture content of wet fill:

· Reduction of self settlement in bulk fill; 

· Provision of sub slab capping layers in lieu of granular material;

· Provision of capping for roadways and paved areas in lieu of granular material;

Lime modification/stabilisation or stabilisation/strengthening with other additives such as cement (OPC) / PFA / Ground Granulated Blast Furnace Slag (GGBFS) may be a very useful and at times a cost effective form of treatment.  However the objectives and risks must be clearly understood and the application should not be seen as a panacea for all engineering improvements.  Earthworks are always prone to weather delay and under such conditions soil stabilisation is even more at risk of delay and difficulties with achieving end performance.

It is essential that the correct type / classification of cohesive soil is present for these processes to work.  This generally requires very detailed characterisation during investigation with technical and laboratory support in assessing the suitability of the materials under consideration.

The key risk area in lime stabilisation relates to the sulfate content of the soil, or more importantly the lack of sulfates is critical.  If there is free sulfate in the lime treated soils it will combine with the calcium in the lime to form calcium sulphate (Gypsum).  In forming gypsum it takes in water of crystallisation and this creates considerable expansion / heave.

If lime modification/stabilisation were to be considered then an extensive testing and investigation programme of the Gault formation lithology would need to be undertaken.  The most critical aspect of any such investigation would need to review the chemical properties of the Gault Formation principally:

· Sulfate testing comprising water soluble sulfur, acid-soluble sulfur, total reduced sulfur, and total sulfur.  This testing would be carried in accordance with the methodologies set out in TRL Report TRL447 (Updated) 2005 for TRL Sulfate Suites 1, 2, 3 and 4. 

· Sulphide Testing.

· pH and Organics.

· Classification testing. 

In order to complete the appraisal the investigation and initial testing phases would also have to be augmented by rigorous laboratory and then site trials to evaluate the most appropriate form of lime stabilisation and cement (OPC) / PFA / Ground Granulated Blast Furnace Slag (GGBFS) mix for the Gault Formation, in situ or as fill.  Testing would be extended into: 

· Classification testing of treated soils. 

· Compaction and Relationship testing of treated soils over a range of percentage additives.

· Swell tests on non treated and treated soils over a range of percentage additives.

For guidance only of the potential consequential costs of the application, very indicative costs for lime modified and stabilised soils may range from:

· Modified (CBR value 5%)
£6 to £10 per cubic meter of soil treated

· Stabilised (CBR value 15%)
£18 to £20 per cubic meter of soil treated;

However costs can range widely depending on many factors.

It should also be noted that the use of both PFA and GGBFS have additional cost implications and either can be used where sulphate/sulphide contents would usually make lime stabilisation difficult or preclude it.

Based on the foregoing, the key areas where the potential to utilise either lime stabilisation/modification or other additives and their potential benefits are summarised in the table below.

	Area
	Method
	Comments

	Pavements, Roads & Car Parks
	Lime Stabilisation
	Increase CBR value within Gault Formation (in-situ and fill) resulting in subsequent decrease in pavement thickness from full construction as indicated in Section 7.5

	Bulk Earthworks


	Lime Modification
	Serve to dry and improve overall moisture content (with consequent increase in stiffness) and/or breakdown clods within Gault Formation fill -  optimising acceptable material volumes and in part mitigating self consolidation settlements within the  fill mass 

	Ground Bearing Slabs
	Stabilisation
	Use or addition of cement or other appropriate additives for higher modulus sub slab levels as indicated in Section 7.4


The specialist work described above is in addition to the requirements for rigorous earthworks testing programme and subsequent earthwork specification that will aim to control earthworks and provide a target end product the Gault Formation fill.

8.0 GROUND CONTAMINATION CONCEPTUAL SITE MODEL AND QUALITATIVE RISK ASSESSMENT

8.1 General

The Environment Act 1995 (Section 57) makes provision for a risk-based framework for the identification, assessment and management of contaminated land within the UK. The provisions of the Act came into effect in April 2000 and are aimed at ensuring that actions taken with respect to contaminated land are directed by a technically well-founded assessment of risk.

Part IIA of the EPA 1990 was implemented by Section 57 of the EA 1995. The regime is detailed in the Department of Environment, Transport and Regions (DETR) circular 01/2006 which includes a statement of government policy, a description of the new regime, statutory guidance and a guide to the supporting regulations.

The regime provides a statutory definition of contaminated land based on the risk of significant harm to human health and the environment, or pollution of Controlled Waters. By adopting the principles of risk assessment and risk management the intention is to ensure that contaminated land is managed effectively, based on its current use, proposed end use and environmental setting.

Under the regime, land is only defined as contaminated if there is a significant 'pollutant linkage'. This requires evidence of the presence of a contaminant (the Source), a pathway (or Pathways) through which contaminants could travel, and a Receptor that could be harmed by the contaminant. In addition the type of receptor and any harm must meet the descriptions of significant harm given in the statutory guidance. A site where a contaminant is causing, or is likely to cause, pollution of Controlled Waters also constitutes contaminated land. 

This section of the Report provides a qualitative assessment of environmental risks associated with the site. The qualitative risk assessment is achieved by the classification of the significance of the potential harm and the probability of a pollutant linkage. The harm and probability of a linkage via an identified pathway is then compared to indicate the potential environmental risk for a pollutant linkage. The assessment has been developed with cognisance of:

· The nature, level and extent of identified contamination (this may include for duration and frequency),

· Potential contamination receptors, and

· The current site status

Risks posed by the site contamination are discussed below using a source-pathway-receptor scenario.

8.2 Potential Contamination Risk Sources 

Based on the review of publicly available information and consultations with the local council the following potential sources have been identified:

· The site, throughout mapped history, has remained for its majority, undeveloped. Early historical extracts indicate the presence of a number of surface drains crossing the site, and large areas of agricultural land and woodland. The south eastern site corner was occupied for approximately 90 years by a Workhouse. For some of that time a small gas works was also located within the south eastern area of the site. Central areas of the site have been occupied by the London, Chatham and Dover railway line for some 100 years. The materials introduced onto the site in order to construct the embankment are unknown and as such represent a potential contamination source. The landuse activities within the area of the former gasworks are not available neither is any information indicating that contamination has been encountered during subsequent redevelopment in the area. Some likelihood exists that underground structures may be present particularly beneath this area.
· Historical use of the immediately adjacent land. A review of historical mapping has not identified the presence of significant industrial uses in the vicinity of the site excepting the M20 motorway that abuts the northern and eastern site boundary. 

· Current operations / landuse have not identified significant contamination issues (although a site inspection has not been carried out to date). A detailed inspection of the non operational Petrol Filling Station located within the south eastern area of the site should be to assess the integrity of any storage tanks and infrastructure that may be present. General housekeeping should be maintained in order to prevent current site activities impacting upon the underlying ground conditions, particularly the decommissioning of any filling station infrastructure.

8.3 Potential Risk Pathways

The key environmental pathways and exposure routes by which potentially contaminative substances can reach environmental and human receptors are identified as:

Indirect

· Vertical and lateral contaminant transport through the unsaturated zone, into underlying major aquifers;

· Perched Water flows within any Made Ground present;

· Transport via existing utility conduits.

Direct

· Inhalation of gases, vapours or dusts;

· Dermal contact with and / or ingestion of soil or groundwater;

· Surface contact.

8.4 Human and Environmental Receptors

The primary identified environmental and human health receptors identified as a result of the site inspection are noted below:

· Major Aquifer and groundwater abstraction locations (Source Protection Zone);

· Surface water features;

· Current site users;

· Land quality offsite;

· Neighbouring sites/site users;

· Future site occupants and construction workers;

· Infrastructure and utilities/buildings;

· Local ecosystems, flora and fauna.

8.5 Discussion of Contamination Risks to Environmental and Human Receptors

Based upon the hazards identified within and in the immediate vicinity of the site, the following potential contamination risks are apparent in the context of a commercial end use of the site. 

Historical Site Use

Historical extracts do not indicate that site to have had a site wide industrial legacy. A small gasworks was noted for some time in the south eastern corner of the site, in the vicinity of a workhouse, unspecified tanks and a small garage location (noted as a Petrol Filling Station, now closed). The construction of the London to Dover Railway would have introduced a substantial amount of unknown fill materials to construct the embankment. The uses of adjacent sites to the south and west have not included substantial industrial activities. The presence of the motorway to the north of the site poses a potential source of contamination to the site.

In consideration of the historical use of the subject site the likelihood of contamination from historical sources is considered to be of a Moderate order in the south eastern corner of the site and Low to Moderate in central and north western areas.

Current Use

The current use of the site comprises predominantly agricultural small holdings, the London to Dover railway and a number of surface water features. (Please note a site inspection has not been carried out at this stage of the assessment). From the available information no obviously significant potential ground contaminative processes are apparent and therefore on this basis a conservative risk assessment of Low to Moderate is given to the likelihood of current activities potentially causing site wide gross contamination. Subject to continued management of any onsite activities and a detailed site inspection to assess specific agricultural activities.

Groundwater (Major Aquifer) and local abstractions

Groundwater present in the Lower Greensand exposed beneath southern aspects of the site is designated as a Major Aquifer. This aquifer is thought to be abstracted locally for public water supply purposes and is therefore regarded as particularly sensitive. Areas abutting the northern and western site boundaries are noted to be classified as a non aquifer.

The installation of new foundations during redevelopment should be mindful of the sensitivity of the underlying groundwater aquifer.

Available EA data indicates that there are 3no. active groundwater abstraction locations within 250m of the site, of which all are used to supply public water supply. The presence of unknown fill material imported to construct the railway embankment, the presence of a former Petrol Filling Station (and its unknown status) onsite and the nature of agricultural practices onsite (i.e unknown application of pesticides and storage of materials) presents a potential, identified risk to the underlying Major Aquifer. Residual ground conditions may also be present beneath the former gasworks site which has leaching potential to the underlying groundwater. Therefore the potential pollution risk to the underlying groundwater as ‘controlled water’ is assessed as Moderate.

Surface Water

The potential contamination risks from expected ground conditions to surface water receptors are considered to be of a Moderate order. This considers the presence of the River Lilk and other surface water features present on site and the potential for agricultural runoff to enter watercourses. Available EA data indicates 2no. Pollution Incidents to Controlled waters have been recorded onsite, both are classified as Category 3 – Minor Incidents relating to miscellaneous / other pollution type and deliberate disposal to drain.

Current Site Occupants

On the basis of the potential pollutant linkages associated with current occupants such as ingestion, inhalation and dermal exposure and in review of historical site use it is considered that that there is limited potential for site users to come into contact with impacted soils / groundwaters. The risks are significantly reduced by the absence of significant industrial legacy across the site. Potential contamination risks to current occupants are rated as Low to Moderate. This risk assessment is, however, made without full knowledge of, the exact nature of onsite activities and ground conditions.

Future Site Users

It is understood that future site redevelopment will be of a commercial end use with little or no provision of soft landscaping areas.

On this basis potential pollutant linkages associated with future site users such as ingestion and dermal exposure are significantly reduced by the inherent nature of the development. In addition, site wide, gross contamination, is not anticipated, although localised chemical impact should be anticipated and would require suitable building protection.

Therefore the risks considered to future site users is considered to be of a Low to Moderate order considering the future commercial site end use. The addition of landscaping and other sensitive uses may increase risks and will necessitate additional assessment and possibly mitigation.

Future Groundworkers

Groundworkers have the potential to be exposed to impacted soils and groundwater, via dermal contact, inhalation and ingestion pathways during future site redevelopment works. Given the assessment and founding information presented herein the potential risks to Groundworkers from ground conditions is considered to be of a Low to Moderate order.

Appropriate worker briefing and safety precautions should be employed complying with the Construction (Design and Management) Regulations 1994. A site specific working plan will be a pre-requisite for any ground works on the site. If the appropriate level of health and safety is adopted and appropriately managed then it is considered that the potential risks to Ground Workers can effectively be reduced to a Low order.

Adjacent Land Uses

Adjacent land is not understood to have been occupied by industrial activities throughout its mapped history. On the basis of the current study site uses and the lack of obvious evidence that on / offsite contaminant migration is occurring and that adjacent land is understood in the majority to be occupied by agricultural activities, the contamination risks associated with possible on / off site migration are rated as Low to Moderate, although the likelihood of such migration may be higher. Consideration should be made to surface water runoff migration from elevated sections of the railway and motorway embankments.

Local Ecosystems/Habitats

The site is situated in an agricultural, mainly undeveloped area. The site itself lies within a Nitrate Vulnerable Zone. The area to the north of the motorway and channel tunnel rail link is identified as an Area of Outstanding Natural Beauty. On this basis the potential risk posed to unique, sensitive local ecosystems from potential ground conditions at the site are considered to be Low to Moderate.

Infrastructure

It is typically incumbent that developers (and their advisory team and contractors) test soil characteristics to ensure development infrastructure is appropriate to the sites conditions. Such testing information has not been made available, as such specific comment on risk to infrastructure is not achievable.

8.6 Environmental Risk Assessment Summary

A summary of the potential ground contamination risks associated with ground contamination at the site with regard to the current / future use and ownership is presented in tabular form overleaf.
	Environmental
	Source
	Identified Pathways
	Receptors
	Risk Assessment 
	Proposed Remediation Strategy

	
	Locally Impacted Soils  


	Soil Leaching


	Major Aquifer Groundwater 
	Moderate 
	Requires re-investigation once site investigation information is available.

	
	
	
	Surface Waters
	Moderate
	

	
	
	
	Adjacent Land Quality
	Low to Moderate
	

	Human Health
	Locally Impacted Soils


	Inhalation of Dust 


	Current Site Users
	Low 
	None Proposed

	
	
	
	Future Groundworkers
	Low to Moderate (Low if appropriate H&S provided)
	Provision of appropriate PPE

Design of good health, safety and welfare facilities and practice during construction.

Dust suppression techniques during construction

	
	
	
	Future Site Users
	Low to Moderate
	Incorporation of a clean cover layer, buildings, hard surfacing and soil within soft landscaping areas

Incorporation of hardstanding across rest of the site

	
	
	
	Neighbouring Site Users
	Low to Moderate
	Dust suppression techniques during construction

	
	
	Dermal Contact with Soils
	Future Groundworkers
	Low to Moderate (Low if appropriate H&S provided)
	None Proposed

	
	
	
	Future Site Users
	Low (Low to Moderate locally in areas of soft standing)
	Incorporation of clean top soil in landscaped areas

	
	
	
	Neighbouring Site Users 
	Low to Moderate
	None Proposed

	OVERALL ENVIRONMENTAL RISK RATING:                         MODERATE

OVERALL HUMAN HEALTH RISK RATING:                            MODERATE


0.0 CONCLUSIONS AND RECOMMENDATIONS - CONTAMINATION

9.1 Summary Contamination

· Available records indicate an absence of notable site wide industrial heritage at the site. The southeastern corner of the site is noted to have accommodated a small gas works, petrol filling station, above ground tank and a workhouse. Central areas of the site have been occupied for much of its mapped history by the main London to Dover railway line. Much of the site is noted to have been occupied by agricultural land uses. It is unclear from available information when the Gas Works and Petrol Filling Station ceased operation.

· The site overlies both a Major and Non Aquifer.  3no. potable water abstraction licenses are identified to lie within 500m of the subject site. the majority of the site is noted to lie within an Environment Agency Groundwater Zone III (Total Catchment) Source Protection Zone (SPZ).
· The site is located approximately 800m north of the River Len. The River Lilk and other surface water courses are noted to flow in a southerly direction across the site.
· No obviously significant ground contaminative activities are evident as part of current site operations although it should be noted that a site inspection has not been carried out at this stage, good housekeeping practices should, however, be maintained.
· It is assessed that the overall risk from potential ground contamination in relation to site ownership and redevelopment to a commercial end use is potentially of a Low to Moderate order.
· A ground contamination investigation is recommended prior to redevelopment or land transfer.
9.2 Current Operations – Immediate Actions

This section discusses any contamination issues noted on site resulting from current site activity. It is recommended that any such issues are addressed immediately to prevent further impact to the environment. Immediate action may be required where pollution is noted to be occurring as a result of the current operations on site.

Current activities have been assessed and are based on publicly available information only. A site inspection has not been carried out at the time of writing this report. given the lack of industrial legacy at the site and the assumptions presented herein that much of the site remains in agricultural use, significant sources of ongoing contamination are not anticipated, with the exception of the former Petrol Filling Station and its status. The current status of this site is operational but could be further assessed as a potential contaminant source if greater information or assurance is required on this matter.

9.3 Recommendations

This section discusses the current site status and potential contamination issues on site which may present a risk to the environment during the continued use of the site in its current state. 

It is recommended that a ground investigation be undertaken to further define site wide ground conditions but particularly focusing on the former gasworks, petrol filling station and above ground tank storage locations within the southeastern corner of the site, and to further assess ground contamination risks.  This should consist of borehole and trial pits to enable the recovery of soil, groundwater and land gas data in accordance with regulator guidance. These works could be undertaken in tandem with any geotechnical investigation that may be required, and this would have the benefit of significantly reducing the costs associated with the intrusive works. 

Actions required in the short to medium term to mitigate any potential pollution incidents which may occur on or from the site to environmental receptors include an assessment of the drainage system, including any interceptors, and the status of any chemical or fuel storage tanks / infrastructure particularly at the former Petrol Filling Station, above or below ground, identified from the recommended site walkover, whether in current use or not. 

A potential exists for any ground and/or groundwater contamination to be mobilised and cause an off-site impact, for example through the progressive degradation of any retaining structures (eg fuel / chemical storage tanks) or exposure to contamination through any below ground works such as modifications to services, for example. An intrusive ground investigation, as recommended above, would facilitate further assessment of the potential risks.

1.0 CONCLUSIONS AND RECOMMENDATIONS – GEOTECHNICAL

10.1 Summary Geotechnics

· Available borehole records have been collated and these confirm the presence of Gault Formation overlying Folkestone Formation.
· Detailing of the contours for the Gault/Folkestone Formation interface has confirmed the shallow north easterly dip of the strata to be 10and the throw on the local fault to be 10m west. The distribution of strata viz their outcrop and the depth of the Gault Formation over the Folkestone Formations are now well defined.

· The cut volumes are of the order of 1.3 to 1.5 million cubic metres inclusive of topsoil these figures are under review in order to achieve a cut fill balance.  Gault Formation will be the predominant material excavated and placed.  An allowance for unacceptable higher moisture content Gault and wastage should be included, 10% is suggested for preliminary purposes.

· Because of the cut fill necessary to form development platforms differential movements will occur across the floor slabs in many of the large industrial units proposed – upward movement, heave, will occur where founded in areas where the Gault Formation is in cut and downward movement, settlement, where Gault fill is used over in situ Gault Formation.
· The scale of movement will be very site specific and detailed appraisal will be necessary to consider the total and differential movement against operational criteria, the relation between elastic and consolidation movement and the rate of consolidation settlement to be addressed before determining if the period of construction is sufficient to allow the use of ground bearing slabs.

· Piled foundations will be required for the main structural frame and it is now possible to use the geological model to refine the lengths of piles and review the cost plan. Piles should be sleeved against heave otherwise an allowance in working load capacity to be made for any settlement.

· Preliminary guidance for safe slopes in the Gault and Folkestone Formations have been indicated based on local evidence and consideration of local conditions as they are known to date and the current understanding of the slope heights required by the site layout.

	Formation
	Cut Slope

< 5m
	Cut Slope 

>5m
	Embankment Slope <5m
	Embankment Slope >5m

	
	
	
	
	

	Gault
	1 in 4
	1 in 4*
	1 in 4**
	1 in 4**

	
	
	
	
	

	Folkestone
	1 in 3
	1 in 3
	1 in 3
	

	
	
	
	
	


Notes:  

Slopes in Folkestone Formation to be topsoiled early or protected from gullying by                    rainwater; slope drains for seepages.  Steeper slopes may be considered against detailed investigation data.

Slopes in Gault Formation should be benched every 10m in height.

*Requires counterforts or alternatively slopes should be reduced to 1 in 6

** Assumes that any shallow shears are pre-treated beneath the embankment

· If such slopes are unable to be formed between the proposed units or to site boundaries than other methods would have to be employed to steepen the slope angle or reduce the slope length. These may include for example soil nails and retaining walls for cutting; soil nails, reinforced earth and retaining walls for embankments.

· Preliminary guidance values of CBR’s for pavement design are 2% and 20% for Gault and Folkestone Formation respectively.

· Improvement of fill derived from Gault Formation may be an appropriate mitigate against self settlements; lime stabilisation and/or use of other additives may be appropriate following detailed testing;

· A sustainable approach to replace granular layers sub floor slab or as sub-base capping below pavements would be to consider soil stabilisation.  Lime stabilisation and/or use of other additives may be found appropriate following detailed testing; cement or other additives are most likely to be required for the higher strength sub slab/pavement locations;

· The key risk area in lime stabilisation relates to the sulfate and sulfide content of the soill.  If there is free sulfate in the lime treated soils expansion / heave can be experienced.

10.2
Recommendations

· A ground characterising ground investigation is recommended prior to main ground investigation in order to reaffirm the details of the geological model proposed and constructed for this Desk Study Report.

· It is essential that the classification of cohesive soil is determined to confirm that stabilisation is both technically and financially feasible. Detailed characterisation during investigation with technical and laboratory support in assessing the suitability of the materials under consideration should be undertaken at an early stage if these processes are to be considered.
· In order to complete the appraisal the investigation and initial testing phases would also have to be augmented by rigorous laboratory and then site trials to evaluate the most appropriate form of lime stabilisation and cement (OPC) / PFA / Ground Granulated Blast Furnace Slag (GGBFS) mix for the Gault Formation, in situ or as fill.  
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APPENDIX A - REPORT CONDITIONS


GEOTECHNICAL AND GROUND CONTAMINATION DESK TOP REVIEW 

This report is produced solely for the benefit of Kent International Gateway Ltd. and no liability is accepted for any reliance placed on it by any other party unless specifically agreed in writing otherwise.

This report refers, within the limitations stated, to the condition of the site at the time of the visual inspections.  No warranty is given as to the possibility of future changes in the condition of the site.

This report is based on a visual site and area inspection, reference to accessible referenced historical records, information supplied by those parties referenced in the text and data consultants with regulators and Authorities.  Some of the opinions are based on unconfirmed data and information and are presented as the best that can be obtained without further extensive research.  Where ground contamination is suspected but no physical site test results are available to confirm this, the report must be regarded as initial advice only, and further assessment should generally be undertaken prior to activities related to the site.  Where test results undertaken by others have been made available these are reviewed in good faith.  The possibility of the presence of contaminants, perhaps in higher concentrations, elsewhere on and off site cannot be discounted.

Whilst confident in the findings detailed within this report because there are no exact UK definitions of these matters, being subject to risk analysis, we are unable to give categoric assurances that they will be accepted by Authorities or Funds etc. without question as such bodies often have unpublished, more stringent objectives.  

This report is prepared for the proposed end uses stated in the report and should not be used in a different context without reference to WYGE.  In time improved practices or amended legislation may necessitate a re-assessment.

The report is limited to those aspects of ground contamination specifically reported on and is necessarily restricted and no liability is accepted for any other aspect especially concerning gradual or sudden pollution incidents.  The opinions expressed cannot be absolute due to the limitations of time and resources agreed within the agreed brief and the possibility of unrecorded previous use and abuse of the site and adjacent sites.  The report concentrates on the site as defined in the report and provides an opinion on surrounding sites.  If migrating pollution or contamination (past or present) exists further extensive research will be required before the effects can be better determined.
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