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9.
Ground Conditions

9.1
Introduction

9.1.1
This Chapter describes ground conditions at the KIG site and assesses the impact of the proposed development on those conditions and any resulting environmental risks.  

9.1.2
A desk top evaluation report of ground conditions has been prepared by White Young Green Environmental (WYG) and it forms Appendix 9.1 to this Chapter.  Whilst the full appendices to the desk top evaluation report are not included, they are available on CD on request.  

9.1.3
The desk top evaluation report has been followed up by physical investigation at the site, including boreholes, trial pits, permeability testing and soils sampling for testing purposes.  This investigation is described in the report forming Appendix 9.2 to this Chapter.  

9.1.4
The assessment reviewed the history of the site, its solid and drift geology and assessed the likelihood of there being ground contamination, albeit with the risk considered to be low.  It considered the implications for the earthworks necessary to remodel the site and the geotechnical implications of constructing the proposed road/rail interchange facilities, access roads, buildings and warehouses on the existing and re-worked soils.  

9.1.5
Key issues for the engineering of the scheme are the extent of cutting and filling to form the large flat development plateaux and the techniques necessary to ensure that, so far as is practical, all soil material is re-utilised within the scheme, to negate the need for disposal of soil off-site.  

9.2
Environment Act

9.2.1
The Environment Act 1995 (EA 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.  

9.2.2
Part IIA of the Environmental Protection Act 1990 (EPA 1990) is implemented by Section 57 of the Environment Act 1995.  The regime is detailed in DCLG 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.  

9.2.3
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.  

9.2.4
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.  

9.2.5
This chapter includes 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 compared to indicate the potential environmental risk for a pollutant linkage.  This assessment has been developed with cognisance of:

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

· Potential contamination receptors; and

· The current site status.

9.2.6
Risks posed by possible site contamination are discussed using a source-pathway-receptor scenario as described in 9.2.4.

9.3
Geology


GENERAL GEOLOGY

9.3.1
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.  

9.3.2
Figure 9.1 presents a plan of the local geology thought to prevail at the site.  

9.3.4
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.  

Gault Formation (Gault Clay)

9.3.5
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.  

9.3.6
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.  

9.3.7
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.  

9.3.8
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.  

Folkestone Formation

9.3.9
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.  

9.3.10
The Folkestone Beds are estimated to vary in thickness between 45m and 55m, where there is a full succession.  

Pleistocene and Recent River Terrace Gravel

9.3.11
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, ranging in thickness from some 0.1m up to several metres.  

Head Deposits

9.3.12
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.  


SITE MORPHOLOGY

9.3.13
For ease of description the proposed site development has been split into three sections as set out below and indicated on Figure 9.2.  

North West Section

9.3.14
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 is intended to house warehouse Units 01 and 02 and the Inter Modal facility, from west to east across the area.  

9.3.15
Along the northern boundary the M20 motorway route occupies 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, varying  from medium deep cutting through into shallow embankments.  

9.3.16
The existing ground levels are highest in the northwest corner at 67mOD, falling along a 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, at around 65 mOD, with side slopes falling to both south east and south west  

9.3.17
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.  

Middle Section

9.3.18
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 warehouse Units E and F.  

9.3.19
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.  

9.3.20
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 referred to above.  The fault is followed closely in its alignment by the second of the two streams.  

9.3.21
It is anticipated therefore that the Folkestone Formation, which may be many metres thick, mainly underlies this Middle section of the site.  Towards the north east corner, over the higher ground, the Gault Clay may be evident overlying the Folkestone Formation.  

South East Section

9.3.22
This third part of the site is approximately the same area as the Middle Section (i.e. some 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 Woodcut Farm, together with the A20 trunk road.  

9.3.23
Warehouse 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.  

9.3.24
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.  

9.3.25
It is anticipated that Folkestone Formation will generally underlie this easterly part of the site.  The BGS information also indicates that Pleistocene (and Recent) River Terrace Gravel may locally overlie the Folkestone Formation towards the M20 and to Junction 8.  

9.4
Preliminary Geotechnical Issues and Assessment


GENERAL CONSIDERATIONS


3D Geometry

9.4.1
The geology of the site has been described above 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.  

9.4.2
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 Figures 9.3 and 9.4.  

9.4.3
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.  

9.4.4
The anticipated geology at the site of each of the proposed building units is presented in Table 9.1below:


Table 9.1

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

	 01
	Gault Formation
	Gault Fill predominantly over Gault

	 02
	Gault Formation
	Gault Fill over Gault

	 F
	Folkestone Formation
	Folkestone Fill over Folkestone

	 E
	Folkestone 

(Gault essentially removed)
	Folkestone Fill and Gault Fill over Folkestone

	 D
	Gault Formation  

(only 3m to 5m thick)
	No Fill

	 C 
	No Cut
	Gault Fill over Folkestone Formation

	 B
	No Cut
	Gault Fill over Folkestone Formation

	 A
	No Cut
	Gault Fill over Folkestone Formation


9.4.5
It should be noted that the above, based on Figure 9.4, represents the geological formations expected to be found at the excavation levels for the proposed development platforms (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 development platform.  

9.4.6
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.  

9.4.7
As a consequence of the 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.  

9.4.8
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.  

Gault Formation

9.4.9
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 may 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 may also influence stability of embankments, comprising any type of fill, placed across such areas; 

· possibility of high near surface water table and moisture content.

9.4.10
The Gault Clay is therefore a challenging material, but expedients are available to provide engineering solutions and these are discussed further in the following sections.  

9.4.11
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 construction works.  

Folkestone Formation

9.4.12
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 stratum’s ability to be excavated for foundation, in cut and for deterioration in condition thereafter.  

9.4.13
Groundwater is likely to be present, although the limited testing to date indicates that, at the locations that were investigated, the depth to the water table was greater than the depth of the near surface zone affected by the proposed construction works.  Motorway and railway cuttings in the locality may have some influence and control on the elevation of the local groundwater table.  

9.4.14
The Folkestone Formation is a potable aquifer and is a defined Major Aquifer (a highly sensitive classification).  It is assessed further in sub-sections 9.5 and 9.6 and Chapter 10 of the ES on Drainage.  

9.4.15
Only a small volume of earthworks is likely to be derived from the Folkestone Formation, in the vicinity of Units E and F.  As noted above, the Folkestone Formation, though a granular material, has a reputation for difficulty as an earthworks material.  


EARTHWORKS AND REUSE OF SITE WON MATERIAL

9.4.16
The proposed development platform levels vary across the site and range from 55mOD to 66mOD, as shown on Figures 9.2 and 9.4.  Extensive cut and fill operations will be required to achieve the corresponding formation levels of the buildings, roads, parking areas and loading yards.  The earthworks will generally comprise excavation and filling at each individual building.  

9.4.17
The probable extent of the cut and fill operations that may be required for the proposed development are illustrated on Figures 9.3 and 9.4.  Individual platforms for the larger units can attain 8m in depth of excavation and of filling.  

9.4.18
Those parts of the site that are rail linked, essentially all buildings north of the railway line and the Intermodal area, must tie in to existing rail levels.  In consequence, there is an excess of cut material over fill in the northern area.  This excess is absorbed in the southern area, the majority incorporated into forming the development platforms and the balance used to form landscape bunds.  Whilst a small amount of material may have to be disposed of off-site, on account of being chemically contaminated (as described in section 9.5), it is envisaged that this will be a very small proportion of the volume of the total earthworks and unlikely to exceed 0.5%.  

9.4.19
Top-soil will be stripped, stock-piled, re-utilised and excess disposed of separately from sub-soil.  The physical ground investigation revealed top-soil thickness averaging 250mm.  On this basis, the volume to be stripped is assessed at 230,000m³.  It is envisaged that approximately 25% will be retained on site and re-utilised as formed embankments, bunds and landscape areas.  The balance will be made available for re-use off-site, possibly on adjacent farmland.  

9.4.20
A proportion of the earthworks material may be expected to become unsuitable for re-use within the engineered works to form the development plateaux, typically when cohesive type soils such as the Gault clay becomes excessively wet, soft and unstable, due to inclement weather in combination with site traffic.  Such material will not be disposed of off-site, but will be incorporated into landscape bunds.  Whilst the percentage of material being, or becoming, unsuitable for use as ‘structural’ fill cannot be predicted with any more certainty than the weather that is its greatest determinant, it is considered as most unlikely, given good site management of the earthworks operation, that the volume of less suitable material cannot be incorporated into the proposed landscape (i.e non-structural) bunding.  

9.4.21
A preliminary review of the possible earthworks in terms of cut and fill has been undertaken and the gross figures (excluding top-soil) are presented below as a guide to the scale of the earthworks that may be required:

a)
Estimated Excavation (Cut) adjusted for top soil and make-up
1,835,000 m3 
b)
Estimated Structural Fill





1,564,000 m3 

c)
Estimated Landscape Fill




    263,000 m3  
e)
Material requiring to be disposed of, off-site


        8,000 m³

9.4.22
These figures represent the optimisation of earthworks, in terms of, first minimisation and second, balancing of cut and fill, given the constraints of the site topography and of the proposed levels regime, the latter taking account of rail levels and the setting of buildings at such levels that they will be visually screened from views outside the site by bunding, in conjunction with the existing rolling topography of adjacent land and existing and proposed tree planting.  

9.4.23
In order to control earthworks adequately 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 at the detailed design stage, prior to the commencement of construction.  

9.4.24
Positive drainage measures to prevent the build up of groundwater will need to be incorporated as part of the overall earthworks programme, particularly where free draining fill materials are to overlie cohesive, low permeability strata, or where deep filling is required at the lowest parts of the site.  Any such drainage measures will be tied into the overall site drainage system.  



SLOPE STABILITY

9.4.25
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.  Figures 9.3 and 9.4 present an initial review of earthworks (cut and fill) and hence the possible locations of embankment and cut slopes for the various units, together with the anticipated underlying geology.  

9.4.26
The following sub-sections present a guide as to the 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.  

9.4.27
Detailed ground investigation works along with comprehensive geotechnical laboratory testing to determine the local geotechnical parameters are required for detailed design of the earthwork slopes, cut or fill, at the site.  


Cutting Slopes

9.4.28
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 saturation of near surface soils from prolonged rainfall.  

9.4.29
With this detail in mind and based on the preliminary geotechnical parameters, 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.  

9.4.30
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.  

9.4.31
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.  

9.4.32
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.  

9.4.33
Slightly steeper slopes may be possible in Folkestone Formation following detailed investigation, testing and examination.  
Embankment Slopes

9.4.34
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 5 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.  
9.4.35
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 Units 01 and 02 that have thicker fill over Gault Formation and have natural slopes beneath.  

9.4.36
Again based on the preliminary geotechnical parameters, 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.  

9.4.37
Where it may be necessary to construct slopes that are greater in height than 5 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. 

FOUNDATIONS

Ground Movement

9.4.38
Because of the large dimensions of the proposed buildings 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.  Designing against ground movement, due to settlement and heave, short term and long term, will require appropriate consideration.  A complex association of ground movements will 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 unit.  

9.4.39
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, more particularly Gault Fill over in-situ Gault.  

9.4.40
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.  

9.4.41
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. 

9.4.42
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 by using shallow conventional foundations and ground bearing slabs, at least without very detailed consideration.  There may be some scope at 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.  

Main Structural Foundations

9.4.43
Overall the anticipated amount of total and differential settlement is likely to prohibit the use of conventional spread foundations for the main building columns.  

9.4.44
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.  

9.4.45
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 will 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.  

9.4.46
For preliminary design purposes it will 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.  Elsewhere friction piles wholly in Gault may still be required.  

9.4.47
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 penetration into the aquifer.  

Floor Slabs above Cut Areas

9.4.48
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. 

9.4.49
Where the degree of movement can be accommodated in later use, by construction joints in the slab and/or where there is scope in the programme to allow for the heave to more fully develop prior to construction, ground bearing slabs may be the practical and preferred construction technique.  However, where these factors for mitigating ground movement are not available, or when an extra high specification for slab flatness is required, then suspended piled floor slabs will be appropriate.  

9.4.50
Piles may need to be sleeved in order to avoid the effects of uplift associated with heave.  

9.4.51
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.  

Floor Slabs above Fill Areas

9.4.52
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 above will need to be highly controlled to ensure adequate compaction and thus reduce later self consolidation.  

9.4.53
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.  

9.4.54
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 consolidation settlement will require careful assessment against the building criteria, to address the need or otherwise of the piled solution.  

9.4.55
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.  

9.4.56
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.  


PAVEMENTS

9.4.57
Where pavements or car parks are to be founded on in-situ material, topsoil and any deleterious material will be stripped and replaced with engineered granular fill.  The prepared sub-base should be proof rolled and compacted using vibratory types of plant.  Any soft areas indicated during proof rolling or compaction will be removed and replaced with engineered granular fill.  

Gault Formation

9.4.58
The following advice is based on the available investigation data and the classification of the Gault Formation as a clay material 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% for roads, pavements and car parks design founded within the Gault Formation.  The corresponding full pavement construction from the DMRB, relating to the in-situ and re-compacted Gault, comprises a capping layer 600mm thick and sub-base 150mm thick or other combination of roadbases and wearing courses.  Alternative design methodolgies and construction techniques are available and the need for imported granular sub-base and capping layer may be reduced if ground improvement techniques are applied as discussed in Sections 9.4.60 to 69.  


Folkestone Formation

9.4.59
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 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.  

GROUND IMPROVEMENT

9.4.60
It is anticipated that the majority of the fill derived from and reutilised in the earthworks 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.  

9.4.61
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.

9.4.62
Lime modification/stabilisation or stabilisation/strengthening with other additives such as cement (OPC) / pulverised fuel ash (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.  

9.4.63
It is essential that the correct type and 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.  

9.4.64
The key risk area in lime stabilisation relates to the sulfate content of the soil, which must not exceed a certain amount in order for lime stabilisation to be effective.  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 which results in considerable unacceptable expansion / heave.  

9.4.65
An extensive testing and investigation programme of the Gault formation lithology will need to be undertaken, to prove the feasibility of lime modification and stabilisation.  The most critical aspect of this investigation will be 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 out 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.  

9.4.66
The investigation and initial testing phases will require 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, both in-situ or as fill.  Testing would be extended into: 

· Classification testing of the 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.

9.4.67
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.  

9.4.68
Based on the foregoing, the key areas where there is 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.

	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.


9.4.69
The specialist work described above is in addition to the requirements for the rigorous earthworks testing programme and subsequent earthwork specification, to provide a target end product for the Gault Formation fill.  

9.5
Ground Contamination Quantitative Risk Assessment


APPLICABLE LEGISLATION

9.5.1
As discussed in sub-section 2, The EA 1995 (Section 57) together with Part IIA of the EPA 1990, make provision for a risk-based framework for the identification, assessment and management of contaminated land within the UK.  


POTENTIAL CONTAMINATION RISK SOURCES 

9.5.2
Based on the review of publicly available information and consultations with the local authority, the following potential sources of contamination 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 specific land use activities within the area of the former gasworks are not known.  Neither is there 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 / land use have not identified significant contamination issues (although a detailed 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 carried out 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.  



POTENTIAL RISK PATHWAYS

9.5.3
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.



HUMAN AND ENVIRONMENTAL RECEPTORS

9.5.4
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.


DISCUSSION OF CONTAMINATION RISKS TO ENVIRONMENT AND HUMAN RECEPTORS

9.5.5
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

9.5.6
Historical extracts do not indicate the 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, in addition to 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.  

9.5.7
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

9.5.8
The current use of the site comprises predominantly agricultural small holdings, the London to Dover railway and a number of surface water features.  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.  This is subject to continued management of any onsite activities and a detailed site inspection to assess specific agricultural activities.  

Groundwater (Major Aquifer) and local abstractions

9.5.9
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.  

9.5.10
The installation of new foundations during redevelopment should be mindful of the sensitivity of the underlying groundwater aquifer.  Piled foundations in particular, should be designed and constructed with due regard to protecting groundwaters, especially when in the Source Protection Zone (SPZ).  

9.5.11
Available EA data indicates that there are 3 active groundwater abstraction locations within 250m of the site, of which all are used to obtain 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 contamination 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

9.5.12
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 that two pollution Incidents to Controlled Waters have been recorded onsite, both classified as Category 3 – Minor Incidents relating to miscellaneous / other pollution types and deliberate disposal to drain.  

Current Site Occupants

9.5.13
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

9.5.14
The proposed future site redevelopment will be of a commercial end use.  

9.5.15
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.  

9.5.16
Therefore the risks to future site users are considered to be of a Low to Moderate order, having regard to 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

9.5.17
Groundworkers, particularly during construction, 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 above, the potential risks to Groundworkers from ground conditions is considered to be of a Low to Moderate order.  
9.5.18
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 Groundworkers can effectively be reduced to a Low order.  

Adjacent Land Uses

9.5.19
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, the lack of obvious evidence that on / offsite contaminant migration is occurring and that adjacent land is understood to be mainly 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 given to surface water runoff migration from elevated sections of the railway and motorway embankments.  


Local Ecosystems/Habitats

9.5.20
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

9.5.21
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 is not yet available, which means that specific comment on risk to infrastructure is not possible at this stage.  



ENVIRONMENTAL RISK ASSESSMENT SUMMARY

9.5.22
A summary of the potential risks associated with ground contamination at the site with regard to the current / future use and ownership is presented in tabular form overleaf.

	Source
	Identified 

Pathways
	Receptors
	Risk Assessment 
	Proposed Recommendations

	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
	

	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


9.6
Recommendations and Mitigation


CONTAMINATION SUMMARY

9.6.1
In summary, the following possible contamination risks are present at the application site:

· Available records indicate an absence of notable site-wide industrial heritage at the site. The south eastern 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 Petrol Filling Station ceased operation.  

· The site overlies both a Major and Non Aquifer.  Three 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 detailed 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.  
9.6.2
A ground contamination investigation is recommended prior to redevelopment or land transfer. 


CURRENT OPERATIONS – IMMEDIATE ACTIONS
9.6.3
It is recommended that any current 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.  

9.6.4
Current activities have been assessed and are based on publicly available information only.  Given the lack of industrial legacy at the site and 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 non-operational, but could be further assessed as a potential contamination source if greater information or assurance is required in this respect.  



RECOMMENDATIONS-CONTINUING CURRENT USE

9.6.5
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.  

9.6.6
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.  

9.6.7
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.  


RECOMMENDATIONS -REDEVELOPMENT

9.6.8
It is recommended that prior to commencing work at the site, a comprehensive ground investigation shall be undertaken to define and assess further the site-wide ground conditions. This should particularly focus on the former petrol filling station and above ground tank storage locations within the south eastern corner of the site and also on other areas of ground contamination risk.  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, which would have the benefit of significantly reducing the costs associated with the intrusive works.  
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