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Geotechnical Study

1.0 INTRODUCTION

Peter Brett Associates have heen commissioned by Kent County Council ro provide an Environmenral

Starement for the proposed A228 Leybourne and West Malling By{mss.

This specialist report on the Geology of the Area has been prepared in accordance with the Deparrment of
Transport’s Design Manual for Roads and Bridges (DMRB) Volume 11, Environmenu Asscssment, It

forms parc of volume 2 of the Enviranmental Sraterment for the proposed scheme.

The following texr provides derailed information on rhe geology of the area surrounding rhe A228

together with a summary of rhe geology rthat will be encountered along the proposed route.

2.0 ASSESSMENT OF EXISTING CONDITIONS

241  GeoLosical, HIsTORY

The solid geology of the study area was laid down during the Cretaceous Period of the Mesozoic
Era. During this time the whole arca was initially a shaflow fresh warter lake (Refercnee 1) wich a
connecrion to the sea. Over a period of several million years this connection gradually widened,
rurning the water brackish, unril the sea completely invaded the lake. This area then became A
shallow marine bay into which deposits of wearhered marerial were washed down, forming a series
of inetbedded sedimentary rocks known as the Lower Greensands. These rocks were uplifted in

the Wealden Anticline where they have been exposed by weathering of the overlying rock.

The srrata that ouccrop along the route of the road are part of the Lower Greensand series. The dip
direcrion of the sequence in this area appears ro be northerly, however, local distortions in the

Hythe Beds give rise 10 a sourherly dip direction just north of the A20 (Reference 2).

22  STRATIGRAPHY

The geological maps of rthe urea (References 2 and 3} and Regional Memoir (Reference 4) indicates

that the regional geology comprises rhe following sequence:

Recent Deposits Head, Brickear(h, River Terrnce Gravels and Alluvium
Lower Grreensand Folkestone Beds
aof Sandgate Beds
Cretaceous Period Hythe Beds
Atherfield Clay

The Lower Gregnsand forms an escarpment on the noerhern limb of the Wealden Anticline, The
West Malling airfield lics on top of rhis escarpment, and where the road runs norrh from rhe
airficld, it is underlain by the Hythe Beds. The younger Folkestone and Sandgare Beds occur
‘down dip’ travelling north rowards the M20 along the line of the propesed road. The geological
maps also indicate thar Head or Brickearth occurs at the surface of the Hyrhe Beds in rhis area and

is of a variable thickness.

The regional geology in accordance with the British Geological Survey is shown on Figure | and

the anticipated genlogy around the area of interest is presented on Figure 2,
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2.3  ENGINEERING GeoLoGy

The strara in this arex lie upon the northern limb of the Wealden ancicline {(Figure 3), with a dip of
approximately 1° (0 2° to the nerth-cast. The dip of the strara hag been described g5 having

localised inclinations of up to 30° where there has been cambering or localised tolding,

The geological records (Reference 5) indicate thay 2 rormal fault with a sourherly down throw of
approximately 16m, crosses rhe raute to the north of Lavender Road, Springs are associated with
this fault line, This is the only fault indicated along the route of the rgad.

The Regional Geological Memoir (Reference 4) indicares thar cambering has occurred throughout
rhe Maidstone area. Cambering is 3 tvpe of structuee developed adjucent to valleys where hard
srrata, such as sandsrone or limestone overlying clays, are deformed by valley erosion of the ¢lay.
The harder beds are curved oyer the crests of escarpments and lowered rowards villeys. This genle
arching is accompanied by the development of fissures aligned parallel tg the conrours of the

cambered slope, and by valley-ward tilting of the strata beeween the Assures,

[n the Maidstone areq these fissures are rermed Eulls’ and have been formed as 4 resulr of the
mineralogical and recronic charagteristics of the arca. Lateral stress reficf resulting from valley
erosion has caused deformacion of the comperent Hythe Beds that cap the anticlina) escarpment
with the consequential development of the gulls’. The underlying weaker soils (incompetens
Atherfield Clay) deform and squecze into the valley to be remaved by erosion. The gulls then

become infilled with (he overlying materials such g5 Head and Brickearch,

I quarries at Tovil, less than 5 miles co the cast of the sice, gulls have been recorded with widths of
18m. These were scen to exrend to depths grearer rhan 9m and at his point ir was noged thar there
Wits no sign of their walls comung rogerher. Along the escarpment from Mereworth and Ulcombe
to the south of the site the gulls have been noted ta be well developed. One s teported to have
been 45m wide and 400m long, with ochers extending 1o depchs of more thag 25m. These fearyres
are less welt developed within wide interfluves such as the arey through which much of 1he roure
passes. However, cvidence at sites such as Kings [l Business Park would suggest (hai they are

likely 10 be present.

Natural drainage th rough the Hyrthe Beds is likely to have produged solution features thye may
have become infilled wich mofe recenr overlying material near 1o the ground surface. The salubilicy
ol hard limestone is Jow ar hormal temperatures and neucrq] pH conditions and djrect solutioning
of the hard Ragstone would scr slowly and is anly likely to be significant on a geological rime scale.
‘This process is also likely o have led 1o an Increasc in the fissure widch of pulls.

24 Detawen GEOLOGY

25 Recent Derosirs

Recent deposits within the site area comprise Head, Brickearth, River Gravels and Alluvium,

The head deposits which overlie the Hythe Beds cannor be readily distinguished from the
weathered Hyihe Beds material itself, There is no 3 sharp boundary between the unweathered

underlying rock and rhe recent deposirs bur a gradual transition from 4 highly weathered marerial
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and residual soil to slightly weathered rock. ‘These deposits are variable comprising orange brown

sandy silty clay to sandy silty clayey angular finc to coarse sandstone and limestone gravel.
The Brickearth comprises light brown very silty clay becoming a clayey sile wich depth.

It is anticipated char alluvium will be encountered over a small area associared with the scream
crossing the A20 near Pump Close. An area of flint and ragstone gravel, termed alluvial gravels,
was cncountered at the Leybourne roundabour during the ground investigation for the West

Malling Bypass.

FoLKESTONE BEDS

The Folkestone Beds or Folkestone Sand is a medium to very dense yellow fine to medium grained

sand and sandstonc. Within (his uniform sand there are some layers of clayey silc 2nd ironstone.

Sanncate BEDS

The Sandgate Beds are very variable consisting of medium dense to very dense yellow, dark grey,
dark preen clayey silty line grained sand. Associated wirh the Sandgate Bedds is a thin layer of
Fullers Earth comprising of stff dark greyish, blue grey clay of almost pure montmorillonire.

The Sandgate Beds are reporred ro have a thickness of berween 15 and 21 merres, however, a
maximurm thickness of only 12m was encountered during che ground investigation for che West

Malling Bypass.

HyTHE BED3

The unweathered | lythe Beds generally consist of interbedded limestone and sandsione.
Ovccasional medium thick layers of silestone and thin ro medium sandy silty clay layers are

also cncoun tCl'Cd.

'I'he limestonc locally knewn as Ragstone is comprised of sandy fine to medium grained limestone
which is strong to very strong, The layers of limestone are thinly ro chickly bedded. The marerial is

difficult to excavate and backhoe rype excavators are generally unsuccessful.

The sandstong, locally known as Hassock, is green grey to pale brown, poorly cemented to

ungemenred silty sand. The poor cemenring results in a very weak ro medium weak material.

The Hythe Beds ate very closcly to closely spaced sub horizontal to vertically jointed with frequenc

iran staining on rhe joints. In this area solution features and gulls are encountered.

ATHERFIELD CLAY

The Arherfield Clay typically consists of shales and mudstones, which can also be grey, blue, green
and brown mettled clays and silty clays if weathered. The wapmost part can be sandy and
glauconitic, bug the lower part of che formation can include clay ironstone and sandstone. This

strata s nat exposed in the area of study and has also not been encountered in the boreholes.

HyprOGEOLOGY

The published hydrogeological map (Reference 4) of che arca indicates thar regionally the
Folkestone and Hythe Beds act as aquifers separated by the Sandgate Beds which act as an
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aquiclude. These aquifers are confined by the Atherfield Clay below the Hythe Beds and in some
areas by the Gaule Clay overlying the Folkestone Beds.

In the areq of inrerest the overlying Gault is not present leaving the Folkestone Beds aquifer
unconfined. The Sandgate Beds which regionally act as an aquiclude, are in this area comprised of
a silty fine sand and hence permeuble. Within the Sandgare Beds, however, u layer of Fullers Earth
is known to cause locally perched water tables.

The Folkestone Beds form a porous non fissured aquifer with groundwater movement controlled

by inter-granular flow.

The interbedded and fracrured nature of the Hythe Beds causes groundwater movement to occyr
predominately via fissure flow, Where large open fissures are encountered, the effective
permeability can be very high. Springs are common both at the base of the formarion, where the
Hythe Beds overlic the Atherficld Clay, and also at the rop junction where they are overlain by the
Sandgate Beds. The ground investigation carried out by PBA for the Kings [ill Business Park
(Reference 11) noted that the more clayey horizons within the Hythe Beds prodirce perched

water 1ables.

The British Geolagical survey's ourline geological reporr (Reference 5) indicares thar the
groundwarer level is relaged generally to the wpography with 2 minimum warer level ranging
ftom + 30 ro + 45m AOD, This report also indicared thar a spring line will be associared with the

Folkestone Beds and Sandyate Beds boundary,

The KCC ground investigarion for the West Malling Bypass (Reference 7) records a well located in
Swan Sercer (Figure 4), West Malling. A ground level of 36.3 merres A.O.D. and ground warer
level of 22.5 metres A.O.D, (in the [ythe Beds) is nated. This well is located approximately 700

metres to the west of the proposed road.

A perched water wable is present to the south of Lavender Road and is associated with the layer of
Fullers Earch wirhin the Sandgate Beds (Figure 4). This high water level was recorded in the KCC
ground investigation report, The faulr linc is also a source of water seepages and cus through the
zone of the perched water table. The B.G.S. teport (Reference 5) also describes ponds thar are
associated wirh the fault line, The faulr i encountered at the northern end of the existing

Lavenders Road Cutcing,

Tiwo streams converge just 1o the north of the A20 where the proposed road crosses the A20. These
streams rise to the west and sourh west of Leybourne. The first rises some 6km away and flows
castward principally parallel to the A20. The second is fud by the lake at Manor Park Country Park
to the south of West Malling, This lake appears ro be formed by spring flow with the resulting
overflow feeding rhe stream which runs principally norch ¢ast falling over a small warecfall before
being culverted under the A20. The canverged stream continues to flow in a north easterly

direction away from the road.

The converged stream is fed by two catchment areas located to the west and south as shown in
Figure 4. The general geology of Area to the south comprises the Hyrthe Beds overlain by Head
[eposits, However, the geology passes through the younger rock sequences maving northwards,
comprising the Sandgate Beds, Folkestone Beds, Gault Clay and finally the Lower Chalk jist

outside the northern boundary of the western area.

A228  ayhoiittie andg West Malling Bypass Page 5
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3.0 ASSESSMENT OF PROPOSED SCHEME

3.1

SUMMARY OF THE GEOLOGY ALONG THE PROPGSED SGHEME

A summary of geology along the proposed route is presented by commencing ar the sourhern end

in the vicinity of the M20 and describing conditions encountered in a northerly progression.

The inrerchange over rthe M20 mortorway (see Figure 6} will comprise two averbridges, On the
northern side the ground consists of made ground and superficial depaosies averlying the Folkesrone
Beds, however, a man-made pond is located just to the north of the morarway. The banks of che
pond, and therefore the water level within it arc abour 5 ro 6m deep below the surrounding
ground level, and hence the pond is within the Folkestone Beds. The pond has a clay lining with
artesiun conditions below. Scepages have been obscrved on the side of the banks. The bridge
foorings will be founded in the Folkestone Beds. The {foundations on the southern side of the
motorway are also likely to be within the Folkestone Beds although a layer of Superficial Depuasits

15 also present here.

A shorr section of the praposed roue will be on an embankment over the Folkestone Beds from
the M2 Inrerchange ro about ch 200 where it enters a cutting until ch 1280, The road will
remain within the Folkestane Beds for mast ol this siretch until about ¢h 1030 where it passes
through the Sandgace Beds, and then into the Hyrhe Beds auabout ch 1140, The road eventually
‘daylights’ to cxisting ground level ar ch 1280 afrer it passes through a layer of Superficial Deposits,

The Falkestone and Sandgate Beds excavated from the cutting are te be used in the carthworks
embankments elsewhere on the site, The Hythe Beds may also be workable where cthey are

weathered, however the other Superficial Depasics will probably not be used,

The Patk Road Bridge, which will be diverted to ch 320, and the new Leybourne Waood Bridleway
bridge ar ch 850 will both be founded on the Folkestone Beds.

In the arca of the A20 berween ch 1280 and ¢h 1350, the road will be virtually at grade before
entering cut again. This area possesses soft alluvial deposits over the Hythe Beds, Two streams,
which canverge here, lic perched on the alluvial deposics bur rhe acrual proundwarer able lies 2 o
3m below the proposed raad level, The soft alluvium will not be used in the carthworks operarions.

The proposed A20 bridge and assaciared retaining walls will e founded on the Hythe Beds.

The road will remain in cut within the Hythe Beds from ch 1350 to ch 1700, with & maximum cut
heighr of 9.5m. The road then runs along a low embankmenr ar ahour 1m high e ¢h 2100, Alang
this strerch of the road. there is a layer of Superficial Deposits which are up to 5m thick. The raad
will rejoin the existing West Malling Bypass ac ch 1919, Between ch 2100 and ch 2260, the road
passes through a cutting within rhe Folkestone beds, The road passes over the railway bridge and is
then carried on the Railway Crossing Embankment to ch 2800. The embankment will be raised o
6.5m in height. The existing embankment overlies the Superficial Deposits which in rurn overlie
the Hythe Beds and isolated patches of the Sandgate Beds. Foundarions for the Lucks Hill
Underbridge and the raitway bridge arc likely to be founded on the Sandpare Beds.

The road enters a curting at ch 2800 until ch 3610. Along this streech, the road will lie aver the
Sandgate Beds, Folkestone Beds and occasionally the Superficial Deposits. The road also passes
over the Gl at ch 2900, The remaining sererch of the road lies on a low embankment to ch 3780
which ovetlies the Superficial Deposits and Sandgare Beds. Between ch 3780 and ch 4030, the
Bypass is currently in a cutting which passes through the Sandpare Beds inro the Hythe Beds,

AZ28 Laybourne and West Malling Bypass Page 6
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3.2

33

3.4

The following sections discuss in more detail the individual soil types that will be encountered

along the proposed rowte, together with their engineering characreristics.

TopsoiL aAND MADE GROUND

Generally the exploratory holes revealed i layer of at leasr 0,25m of Topsoil or Made Ground. Two
arcas, along the proposed Leybourne Bypass have significant thicknesses of fll.

To the north of the M20 motorway, these deposits were found 1o be up to 2.1m in thickness and

consisted of clays with flint gravel, cobbles, organic material, and brick.

The second location was idenrified to the west of Purnp Closc in an area which forms part of the
existing A20 road embankmenc. As much as 3.5m of Made Ground was encountered which
consisted of silty sands and soft clays again with flint gravel, brick and concrete. Previous old road

bases were also found beneath the surface o a depth of 3.0m below the existing A20 roud level.

SuperrFiciaL DerPOsITS

Superficial Deposits comprising head and alluvium mantle virtually the entire seceion of the

proposed road. These materials vary in composition, depending in part on the undetlying strata.

Two arcas of alluvium were encountered. These are associated wich the lakes to the norch of the
M20 {up to 2.5m thick) and the water courses in the areq of the A20 (up ro 3.0m thick). In both
areas the alluvium comprised soft grey sandy sily clay/clayey silt wich peaty luminations and layers,

The head material overlying the Folkestone and Sandgare beds comprises rypically stiff orange/red
brown clayey fine very sandy silt with some gravel. The marerial is up to 2.3m rhick and in the
northern area is frequently marked by a coarse flint gravel layer ar its base, However, where chis
marker horizon was absent and, in particular, whete it overlics the Folkestone Beds, the boundary
with the undertying macerial is very difficult to establish from visual inspecrinn. Turticle size
distribution analysis however, reveals thar generally a much grearer silt content may be associated

with the superficial marerial,

The high silt content of the majority of the superficial deposits and law plasticiey will render these
taterials moisture susceptible and problematic in compaction. These rogether with the alluvial

clays are unlikely to be used in carthworks other than for landscaping purposes,

The head deposis encountered overlying the Hythe Beds comprise orange brown sandy silty clay
to sandy silty clayey angular fine ro coarse sandscone and limestone gravel and occur as a gradual
transition (tom a highly weathered marerial and residual soil o slightly weathered rock. These
weathered materials have been used successfully in earthworks for other projects in the area and

would be suitable for use im the A228 embankments.

FOLKESTONE Beps

The Folkestone Beds were encountered below Superlicial Deposits in three arcas. These are: at the
northern end of the proposed route up to approximare ch 1000; as the capping layer to Lucks Hill
between ch 2030 and ch 2250; and in rhe arex of Lavenders Road between ch 2960 and ch 3340,
This latcer arca coincides with the position of the faulr between subway MR 116 and Lavenders
Road Bridge.

AZ28 Leyboume and West Malling Bypass Page 7
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3.5

3.6

The Folkestone Beds consist generally of 2 medium dense to very dense greenish yellow
brown/greenish grey slightly silty fine to medium grained sand. There is usually a weathered zane
of up ro abour 3m thick which tends to be slightly claycy and wich a slightdy higher silc content.

Cutting and embankment slopes will not be graded sreeper than 1 in 3 (vertical to horizoncal).

SaNDGATE BEDS

The Sandgate Beds underlic the Folkestone Beds and were encounrered helow Superficial Deposits

in six areas of the road. These are;

i) in the south facing slope of Leybourne Castle Cutting between approximate ch 1000m and
ch 1200m;

ii} possibly as a very thin layer above the wearhered Hythe Beds on the high ground of
Hermirage Junction cutting {ch 1550m);

iy two arcas on the norrhern and southern flanks of Lucks [Tl beoween ch 1800m and ch
2010m (Hermitage Embankment} where it thickens southwards, and ¢h 2250m and ch

2320 (Railway crossing embankmenr) where it thins out

iv) two arcas, one o the south of the Gl from ch 2760m to ch 2960m where ir then
underlies a thin mantle of Folkesrane Beds before this is eroded and again encountered
between ch 3360m o ch 3950m.

The Sandgate Beds typically consist of layers of very dense reddish and greenish brown clayey silty
fine sand and firm brown fine sandy siley clay. The lower beds, which include the Fullers Earth
deposit are firm ro stiff orange brown or blue grey sandy siley clays frequently inrerlaminaed with

clayey fine sands.

Cutting and embankment slopes will not be graded steeper than 1 in 3 {vertical to horizoncal).

HYTHE BEDps

The Hythe Beds were encountered directly below Superficial Deposies in three areas. The first in
the central aren (southern end of che new road section) from ch 1180m 1o ch 1750m. The secand
area is within the rilway crossing embankmenr from ch 2330m to ¢h 2740m and the third is in
the Windmill Lane area from ¢h 3980m southwards.

The Hythe Beds consist of alternaring layers of timestone ‘Ragstone’ and sandy ‘Hassock’ beds.
The Ragstone is typically a light grey/blue grey slightly weathered strong limestone with clasely
spaced sub-horizontal and 45° discontinuiries, Penetration through these layers could only he
achieved using rorary coring methods. The Hassock was found 1o be generally a creamy greenish
yellowfycllow brown/green grey moderately to highly weathered weak to moderately weak

sandstone with sub-horizonral closely o very closcly spaced discontinuiries.

The inrerbedded layers vary from 0.1m ro 0.7m in thickness, and combinations of the rwa rock

types were also evident in the form of quartzitic limeswone, and calcareous sandstonc and quarrzire.

In the arca of Pump Close and the A20 rthe valley wpography partly reflects the underlying sueface
of the Hythe Beds. ‘The ovetlying alluvium however, mantles and smooths out the variations in the

rock elevation. A variable and potentially steeply inclined rock surface may be encountered.
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A slope angle of 2 to | (vertical to horizontal) is proposed for the tomperent Hythe Bed material in

the Hermitage Curting.

3.7 EngiNesriNg GeoLoay

Natural drainage through the interbedded limesrones and sandstones of the Hythe Beds js likely 10
have produced solurion fearures thar may have become infilled with more recent overlying materiz
near to the ground surface, These sinkhole type features have been observed ar adjacent sites and

may combine wirh ‘gulls’ (rension cracks assaciated with cambering) ro form zones of instability, as

experienced clsewhere.

Large diameter conventional soakawiys could be adopred within borh the Folkestone and Sandgare
Beds although the fines content of cach strata will result in a reladively poor soakage rate. Higher
discharge rares can be achieved within the Hythe Beds where soakage will be dictated by fissure
flow. Deep bored soakaways will be required in this strar, designed in accordance with the Keng
Counry Council design guide, in order to avoid the potential of causing instability to adjacenc
solution features, An appropriate groundwater proteciion vone will be adopred to ensure thar

soakaway discharge is resericeed to the unsaturated zone,

3.8 HvorogeoLogy

In summary the published dagy indicate chat regionally rhe Folkesrone and Hythe Beds acr as an
aquifer separaced by the Sandgate Beds which act us an aquiclude. However, the Sandgate Beds
which although tegionally acring as an aquiclude, are in this area composed of silty fine sand and
hence are permeable, Wager level readings in standpipe piezomerers installed during the various
phases of investigarion and rhose placed by (KCC) during their pround investigation arc shown on
Table 1,

Three areas alang the route of the bypass are noted For their near surfyee groundwater levels, see
Table 1. These are in the vicinity of the proposed junction with the M20; the valley area ar Pump
Close; and to the south of the fault ac ch 2910,

In the first area immediately to the south of the M20 a groundwater level was tecorded ac 10,4m
AQD. The standing warer level in the ponds to the north of rhe Motorway is approximarely 6.7m
AOD. The window sampled boreholes and dynamic probe undertaken through the pond base
indicated sub-artesian water after penetrating a layer of clay with the water rising to ground level
which ig at approximately 7,.0m AQD. Seepages were also nored in the fice of the slope between
the motorway and the ponds at an elevation of approximatcly 7.7m AQD.

in the second area of Pump Close rwo streams converge just to the north of the A20, where it is
crossed by the proposed road. These streams rise o the west and sourh west of Leybourne and the
converged stream continaes 1o flow in 4 north eastecly dirccrion away from the A20. The lacest
investigation indicares that these strearns lie ‘perched’ upon the lesy permeable alluvial clays. The
water table within the weathered Hythe Beds varies seasonally bur rypically exists some two me(res
below the strcam level ar an clevation of between 17m and 18m AOD,

Within the third area to the south of Lavender Road and the faule ac Ch 2910m the layer of Fullers
Earth within the Sandgate Beds resulis in 4 perched water table ar an approximate elevation of 58m
AOD rising to 60m AOD ar Ch 3350m.

AZ2E Loybourre and Wast Malling Bypass Page 9
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EXPLANATION OF GEOLOGICAL
SYMBOLS AND COLOURS

River Gravels
g

PLEISTOCENE AND RECENT

10/
[

©
Ow

Nailbourne Deposits

Landslips

DRIFT

Calcareous Tufa |

Alluvium

River Brickearth

fst Terrace

2nd Terrace

3rd Terrace

4th Terrace

5th Terrace

Dry Valley and

Head

Head Gravel

Head Brickearth

Clay with-flints

Horwzantal strata

Inclined strata. dip in degrees
Geological boundary, Drift
Geological boundary, Solid

Fouts, o usr ark indicates
downthrow side

Broken es denote uncertar 'y
Borehole

Water well o: borehole

For detailed description see explanatory Memoir

CRETACEOQUS
e

SOLID

GENERALIZED VERTICAL SECTION

CHALK
A

LOWER GREENSAND

WEALDEN
A

Scale: 1 inch to 200 feet

Uppe: Chalk (up to 120 feet)
Horizon ol Chalk Rock |

Middle Chalk (180 to 250 feet)

Melbourn Rock

Lower Chalk (190 to 250 leet)

Upper Greensand (0 fc 42 leel)

Gault (225 to 325 leet)

Folkesione Beds (105 to 225 feet}

Sandgate Beds (2 1o 20 leet) EEEERSSEIE)

Hythe Beds (up to 200 feet)

Athertield Clay (30-50 feet)

Sandstone

Large - Paludina’ limestone

Weald Clay (up to 1100 feet)

Sandstone

Sandstone

Small- 'Paludina’ Iimestone
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From BGS (1971) Sheet 287, §
Sevenoaks, 1:63,360 and BGS
(1976) Sheet 288, Maidstone,
1:50,000 Geology Maps
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