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BRIEF

This report describes the findings of a mround investigation carried out by Geotechnical and
Environmental Associates Limited {GEA), on the instructjons of Stephen Howard Homes, with respect to
the construction of two new three storey blocks of flats together with associated basement parking and
tandscaping aveas. The purpose of the investigation has been ko identify the ground conditions, tv assess
the extent of any contamination and to provide information to assist with the design of suitable
foundations. A desk study has previously been carried out by GEA (report ref J07229, dated Augost
20073

GROUND CONDITIONS

Beneath a generally moderate thickness of made ground, extending o a maximum depth of 1.5 m,
varlably silty sandy clay sofls graded info clayey sandy gravel of the Glacial Sand and Gravel which
extended 1o depths of hetween 2.00m and 5.3 m. Beneath this stratum, Upper Chalk was encounterad and
was proved to the maximum depth investigated of 20.0 m.

A hydrocarbon odour was noted within the made ground at'a single location and grey staining and a
malodour was noted within the glacial deposits at two locations and the chatk below a depth of &.0 m.

Ground water was encountersd within the Glacial Sand and Grave) at two locations at & depth of 3.5 m
and within the chalk at depths of between 6.1 m (93,75 wWTBM) and 3.4 m (91.24 m TBM) during the
investigation and was subsequently measured at depths of 2.4 m {974 mTRA), 3.0 m (97.0] m TBM) 2nd
2.6 1 {95.89 m TBM) during the monjtoring of the standpipes.

Results of chemical analysis have identified hydrocarbon cottamination o be present within the magde
grountd, glaciai deposits and Upper Chalk and the groundwater has also been signifteantly impacted by
bydrocarbon contamination, Results of 50il gas monitorin & have revealed anomalous soil gas conditions
around the location of the tank farm in the southern part of the site,

RECOMMENDATIONS

A basement rafi foundation placed in the clay, chalk gr gravel may be the most apprapriate Foundation
solution as this would result in a reduced net applied foundation pressure and provide a ceduced risk of bejng
affected by any possible solution features.  Alternatively, should a raft foundation not be considered
structurally appropriate for the proposed buildings, consideration could he given to the use of reinforced
steip finandations designed to span anotional 3 m diameter void which should be also extended atthe comers
ef each building to provide a simitar spanning capability. A piled foundation woukl alse make a switable
alternative,

Elevated concentrations of hydrocarbons have been identified within the made ground, gravel and chalk
and ground water, Remedial measures will therefore he required and are likely to involve the remaval of
tanks that are present below the southern part of the site and the treatinent of the ground water, Further
investigation will however be required fo a)low the required remediation to be detennined,

Gas protection measures are unlikely to be required unbess the proposals change,
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Part 1: INVESTIGATION REPORT

This section of the report details the objectives af the investigation, the work that has been cartied out to
meet these objectives and the results of the investigation. Tnterpretation of the findings is presented in
Part 2,

1.0 INTRODUCTICN

Ciegtechnical and Environmental Associates (GEA) has been commissioned by $tephen Howard
Homes to cany out a ground investigation at 253 Watford Road, Croxley Green, A desk study
was previously carried out by GEA (report ref: 107229, dated August 2007} and has been referrad
to where appropriate.

1.1 Proposed Development
Consideration is being given to the construction of tweo new three storey apartment blocks with
basement car parking, together with the provision of soft landscaping, This report is specific to
the proposed development and the advice herein should be reviewed if the development prapasals
are amended.

iz Purpase of Work

The principal technical objectives of the wark carried out were as follows.

o to determine the ground conditians and their engineering properties;
Q to provide information on the design of spread and piled foundations;
m| to investigate the soil gas conditions; and

o to provide an assessment of the presence of contamination.

1.3 Scopa of Work

In arder to meet the above objectives, a ground investigation was carried out whicl com prised, in
surinsary, the following activities

u] a series of small diameter borehales advanced vsing window sampling equipment;

] a series of dynamic probes;

a three cable percussion boreholes drilled to a maximum depth of 20,0 m;

O installation and monitoring of these pas and ground water monitoring standpipes;

] a 50il vapour survey

o laboratory testing of selacted soil samples for geotechnical purposes and for the pEsente
of contamination; and _ '

o provision of 8 report presenting and interpreting the above data, together with our advice

Rl fO722 0 I
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2.0

2.1

2.2

and recommendations with respect to the proposed developmend,
Limitations

The conclusions and recommendations made in this report are limited to those that can be made
o the basis of the investigation. The resufts of the work should be viewed in the context of the
range of data sources consulted, the number of locaticns where the ground was sampled and the
nuber afsoil, gas or groundwater samples tested; no Hability can be accepted for information in
other data sources or conditions not reveated by the sampling or testing. Any comments made gn
the basis of information obtained from the client or ofher third parties are given in good faith on
the assamiption that the information is accurate; no independent validation of such information
has been made by GEA,

THE SITE

The site is located between Rickmansworth and Watford approximately 200 m 0 the west of
Croxley Green railway station, It is bounded by Watford Road to the south, houses to the west, a
public house car park to the east and a railway embankment and car sales and vehicle repair
garage tg the noeth. [t can additionally be located by Tational Grid Reference J0RG10, 195900,

Whilst the history and deseription of the site has been discussed in the previous veport, the saljent
points are included betow.

The site is oveupied by a used car sales garage with 6 showrgon in the western part of the site
and some warkshap £ garages in the novthern and eastern parts. A hand car wash is present in the
northeastern corner and the remainder ofthe site is gocupied by cars. An above ground oil tank is
located adjacent to the novthern boundary and the local petroleum officer has revealed the
presencs of five buried fucl tanks in the southern part of the site, one in the west and faur in the
east. The site is devoid of vegetation.

Site History

The site was first developed at some time between {914 and 1932 with a garage and elsctrical
engingers. The site remained wnchanged until the 19705 when the layout and vsage of the site
changed to inclede a bogk manefactorer and a service station. The site has most recently been
used as a used car sales centre and workshop, The desk study revealed that thers are five
underarownd foel storape tanks which have reportedly been decommissioned and filled with
cament slurry. There are also two additional disuzed tanks present below the site although no
further information was available on the condition of these.

The Geological Burvey map of the area shows the site to be undetlain by Glacial Sand and Gravel
over the Upper Chalk. Information obtained during the desk stody revealed that the site ks located
in an ates whers solution features are prevalent.

Preliminary Rlsk Assessmeant
The ongoing uze of the site as a parage which seld petrol and regularly servieed and mwaintained

mgtor vehicles indicates a risk of a range of potential contaminants. Reference to the relevant
Dok Industry Profile’ indicates the main following potential contaminants:

! Dpartmens of the Favironment Tndustey Frafite (19961 Rood wehick felling, serwices and vepaiv: gerages ond Miling
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a engine and lubricating nils;
] lighter ails from machining operations,
a lead from foels;
O copper from engine bearings and otber metals from engine parts:
£ petrotenm hydrocarbons from spillages and leakages;

3.0

a1

i glvcols and ethers from brake fluids;
a arange of solvents used in degreasers, thinners, fiflers, adhesjves, strippers and paints,

On the basis of the above it £ considered that there is a moderate risk of there being
contamination beneath this site as a result of former activities.

EXPLORATORY WORK

Tn order (o meet the objectives described in Section 1.2, three cable percussion horehiodes were
drilled in accessible locations 0 2 maximum depth of 20,0 m to provide information on te
strengtlt of the chalk and to facilitate the installation of gas and ground water monitoring
standpipes. A serfes of 14 window serapler boreboles was advanced to a maximum depth of 6.0 m
to mvestigate the shaltow ground conditions and facilitate sample collection across the site for
coffamination purposes. A soil vapour survey was also carried out using a Photo-ionigation
Detector {PID). Nine dynamic probes were advanced to check for the presence of loose zones
indicating solution features. All of the work was supervised and coordinated by a geotechnical
engineer from GEA,

Sampling Sirategy

The borehote |ocations were chosen on site with dus regard to the propesed layout and to
investigate the presence of any contamination, The window sampler borcholes and dynamic
probes were located to provide a pood coverage of the site, whilst additional window sampler
bareholes were concentrated around the tank farm. Insity Standard Penstration Tests {SPTz} were
cartied gut at regular intervals in the cable percussion boreboles and distorhed samples were
recovered for subsequent geotechnical and contamination tasting.

(as and ground water motitoring standpipes were installed in the cable percussion horeholes to
depths of between 7.0 m and 9.3 m and bave heen monitored on a sin gle accasion, approximately
two wecks after installation,

The analytical suite of testing was sefected to investigate for the presence of the contaminants
identified by the desk study. For this investigation the analytical suite included a range of metais,
speciated total petrolenm hydrocarbons (TPH), poiyeyclic atomatic hydrocarbons {PAH), total
cyanide, and monchydric phenels, and a range of specific fuel related hydrocarbons and fuel
additives incloding YOCs and $VOCs, Samptles of ground water were also analysed for a range
of metals and speciated hydrocarbons. The comtamination analyses were carcied out at an

stations, S0
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4.1

42

4.3

MCERTs accredited laboratory with the majority of the testing suite accredited to MCERTS
stondards. A summary of the MCERTSs accreditation and test methods are included with the
attached results and further details are available npon request.

The borehole and probe records and results of the laboratory analyses are appended, together with
a site plan indicating the exploratary positions. The Ordnance Dhatm (0D} levels shown on the
cable pereussion horshole recards were measured on site and relative to a manhole cover which
was assigned a temnporary benchmark valne of 100 m THM.

GROUND CONDITIONS

The investigation has encountered the expected ground conditions in that, beneath & moderate
thickness of made ground, initially clay soils of the Glacial Sand and Gravel were encountered
and underlain by Upper Chalk.

Made Groundg

Beneath a coucrefe or tarmae surface, a generally moderate thickiess of made Eround was found o
extetd to depths of between 0.1 m and 1.5 m and comptised a mixture of rubble and brown silty
sandy clay with gravel, brick, concrete and clinker, Some of the boreholes were terminated on
concrete obstructions witlin the made ground towards the seuthern part of the site.

Visual and olfactory evidence of hydrocarbon contamination was ohserved at a single location in
Borzhole No 7 upstream of the tanks and selected samples of the made ground were analyzed figr 5
range of cofitsminants as a precawtionary measurs and the results arc summmarised in Section 4.5,

Glacfal Sand and Gravel

This stratum was proved ta depths of between 2.0 and 5.3 m and injtially conprized firm brown
occasionally samdy clay with occasional gravel which graded into brown clavey gravel, SPTs
indicated the gravel fo be in a generally medium dense condition. A lnose TONeWas encountared in
Barchole Mo b ata depih of arpund 4.45 m.

Results of laboratory tests have indicated the clay to be of low valnme change potential.

Some evidence of fyydrocarbon contamination was identified withio the gravel below a depth of
3.8 minBotehole Nos 16 and 7, located upstream from the tanks in the soutlier part of the site
and in Borehale Mo 7 befow a depth of 3.5 1. Four saniples of this material were analysed for
spevisted hydrovarbons and three for VOCs and SVOCs and the results are surmmarized in Section
4.5,

Upper Chalk

On the basis of the spection of recovered samples, the chalk has been ¢lassified in accordance
with CIRLA Report C374¢2002), Enginceriug in Chalk, with the chalk Zeoerally comprising gravel
sized vlasts of chalk in a comminuted chalk matrix, which was proved to the full depth of
fvestigation of 20.0 m. The chalk was initially assessed as Grade De in the hareheles, although
the sampling will have resulted in disturbance ofthe material and the recovered samples will not be
indicative of the insity condition.

Ref 72200 ‘
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4.5

In Barehole Mo 2, imivediately to the west of a tank, a grey discolouration and & malodowr was
noted from adepth of around 9.0 m and the driller noted, that during drilling, the casing appeared to
be seraping alongside an obstruction, probably a tank, Grey discolouration and a bydrocarbon
odeur was also noted below a depth of 4.0 m in Borehale No 6 in the northem part of the site and
Mos 10aand 11 upstream of the tanks,

The results of the insity testing carried out in the boreholes have been used to provide additional
information on the material properties of the chalk. With reference to the tahle below, the resglts
of SPTs jndicate that the chaik is generally maoderately sound becoming sound.

Appr
SPTH' Value Classiflcatlan

([spoon)

<10 Highly Weathered
10 b 20 Wieathergi
2l to 30 Moderstely sound
Mo 30 Saund

=3 Wery Soumd

The results of laboratory analysis of a single sample haz identified the chalk to be of low den =ity
with a measured intact dry density of 1.54 Mg/m?®.

Four samples of chalk were analysed for speciated liydrocarbons and a single sample for VOCs
and SV 0OCs and the results are summarised in Section 4.5.

Ground Water

Groundwater was encountered in Berehole Nos 7 and 9 within the Glacial Sand and Grave] at a
tepth of 3.5 o and ground water was encountered during drilling at depihs of between 6.1 m
(93.75 mTBM) and 8.4 m {21.24 m TBM} within the chalk, Water levels were measured in the
standpipes inatafled fn Borelwole Nos 1, 2 and 3b ar depths of 2.4 m (974 mTEM), 3.0 m
(%01 m TBMD and 2.6 m (96.89 m TBM) respectively.

The boreliole levels indicate groundwater to be flowing in a southeaster]y direction towards the
River Gade.

Theee samples of ground water were analysed for speciated hydrocarbon analvsiz and the regults are
dizcussed in Section 4.6,

Soil Contamination

Pait I1A of the Environmental Protection Act 1990, which was {nserted into that Act ty Section
57 of the Envirenment Act 1993, provides the main regulatory regime for the identification and
remediation of contaminated land, The determination of contaminated sites [s based on a
“slitable for use™ approach which involves managing the risks pased by contaminated land by
making risk-based decisions. This risk assessment is carried out on the basis of & source-
pathway -receptor appraach.

The use of a risk-based approach, whicl is presented in Pagt 2 of this repart, means that it is oot
appropriate {o determing the significance of contamination test results by simply comparing
individual contamiinant concentrations to a single “bigger™ or “target® concentration. The
significance of the results is therefore considered in more detail in Part 2, whilst the tahle below
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gets out the range of values measured within 15 samples of made ground teseed for s Beneral stlite
of contamitanes and indicates the statistically weighted dVETage crocentrations.
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bound of the: rangs witlhin which it ¢am ba stated wilkh $5% confidoikes lat the Emae moan eencenication of the dala sel
;;!mlerﬂ Il andicates conecniration il exeess of cisk-based soil muideling valuos, as disepszed in Pat 2 of [his report

& sample of made ground from Borehole Mo | recorded a TPH concentration of 3100 medkg
althotgh statistical analysis has revealed this result to be a statistical outlier and as such it has
Been omitted from the ahove table.

Mine samples were additionally selected for speciated hydrocarbon analysis and a maximuem TEH
conceltration of 4500 mefkg was identified within a sample of made grotnd from Borchiole Na 7.,
The speciation revealed the higher concentrations to be in the C21-C35 range which indicate
diesel range organics ot some form of heating or lubrication ofl.,

The highest eotal concentration recarded within the sand and gravel was 2000 nigfkg in Borehole
Mo 7 and was aiso in the same range. The samples of the chalk that were tested did ot reves
any elevaterd concentrations to be present although it is apparent from visual examinstion of the
samples that they had been impacted by bydrocarbons to some extent.

46  Ground Water Contamination
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Threa samples of ground water were callected during the monitoring visit. The resnlts have beon
commpaved to the Environmental Quality Standards for surface water (EQSY and the Drinking Water
Standards, No concentrations of metal contaminants were recorded above EQS levels although
elevated concentrations of liydrocarbons were recorded above the drinking water standards at depths
of 24 m (574 mTBM) and 3.0 m (97.0 mTRM). Concentrations of 0.58 mgl and 15.91 mg/l
upstreatn in Borehole Nos 1 and 2 in the noth of the site and fmmediately adjacent to the tank farm
respectively. Speciation of the results shows the higher cotcentrations to be in the Cé to C10 rangs
which js indicative of petral range organics.

Soil Gaz

The soil vapeur survey around the location of the tanks recorded a maximum readin E of 312 ppro
although this exercise was severely hampered by the presence ofshallow abstructions in this area.
A single round of gas monitaring bas been carried out and has revealed elevated concentrations of
methane and carben diaxide and depleted concentrations of oxygen to be present in Borehole Mo 2.
A nominal flow rate was also recorded in Barehole Na 3h,

1 Wnter Framenack Direstive, Kergmean ¢smmtinas, Decansber 2000
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Part 2: DESIGN BASIS REPORT

This section of the repert provides an interpretation of the findings detailed in Part 1, i the form of a
ground model, and then provides advice and recommendations with respect to foundation options and
contamination issues,

5.0 INTRODUGCTION

Congideration is heing given to the redeveloptmant of the site through the construction of two new
three storey blocks of flats together with basements, areas of car parking and soft landscaping.
Loads are ot known at this stage but are expected to be moderate and thus typical for tis type of
development.

6.0 GROUND MODEL
The desk study revealed that the site has hiad a potentially contaminative history hawing been

nccupled by a garage and having a tank farm present on site. On the hasis of the fieldwaork, the
ground conditions at this site can be characterised as follows,

o A generally moderate thickness of made ground was proved to a maximum depth of
1.3 m;,
o the underlying Glacial Sand and Gravel senerally comprized firm brown clay which

graded into clayey pravel and extended to depths of between 2.0 m and 5.3 m;

u] weathered Upper Chalk was encountered which hecame moderately sound and was
proved to the maxinum depth investigated of 20.0

m] groundwatey was éncountered during the investigation at levels of hetween 93.75 mTEM
and 924 m TBM and was subsequently measured at levels of 97.4 mTBM and $6.50 m
TEM : :

O the results of the soil contamination analyses indicate that elevatad concentrations of

hydrocarbons are present in the made ground and natural soil; and

n] the results of the ground water contamination analysis bas identified that it has been
significantly impacted by hydrovarbons.

5.1 Contaminants of Concern

The use of a risk-based approach has been adopted to provide an initjal screening of the test
results to assess the need for subsequent site specific risk assessments. To this end the table
below indicates those contaminants of concern that have 1JS95 values in excess of a geperic
human health risk based guideline value whicl is either that of the CLEA Soil Gurideline Value
where available, or is & Generic Guideline Value calculated usin g the CLEA UK Beta Version 1.0

CLE T 12002) Arrenangny af naks i Semom demieh o e senioiiveiam: ar orgii of e sgveiopmens of soif gidefig
virllney soeel vednieid peveweck: CLRE (20023 Priorin: contatitnee fr thy oaeessmes gl fand C1R 9 (2001) Camtaniemes i sofl:
wolfation of inwdcalagienl dag firel teke vatuer; CLR A0 (2000) The crimminated fmod expazers o fOERAL rchuices brsis
el anloniidons, and repores CLE TOX1-25 and SR SGVI-19, 15 and 146; 2l DEERA and Enviraniment Agrmca.
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software assuming a residential end use. Where contaminant concentrations are measured in
excess of these values i is consjdered that there iz a potential for there to be same risk to human
health and hence site specific risk assassment. soil remediation ot risk management may ke
required. Yalues measured at concentrations below these values are not deemed to require fiarther
consideration with regard fo hnman health,

The proposed development of the site comptises the construction of a new block of flats with
associated areas of soft landscaping and therefore the site will have a “residential™ end use,

The tables of genetic sereening valees derjved by GEA and an explanation of how gach value has
been derived are included in the Appendix,

Within the made ground elevated concentrations of TPH have been recorded in Borehole Heos 1
and 7 and are likely to be attribotable to a localised spillages located towards the north of the site. -
In Borehole No7, a TPH concentration of 2000 mg'kg was also noted within the natural anils,
which is approximataly five times the ghjdeling vafue.

The ground water containg TPH concentrations of 0,58 mefl and 15.91 mg/l in Borelole Mog 1
and 2 respectively which significantly exceed the acceptable Drinking W ater levels of 001 trgl.
Borehole Mo 2 was advanced adjacent to a tank and it is fikely that the watet recorded at thiz
Incation is more representative of water perched within the tank excavation rather than reflecting
the general ground water concenteations, particularly as Boreliole Mo b, tocated downstream of
the tanks did not record an elevated TPH concentration. As Borehole Me | is located upstream
of the tanks, the concentrations theasured at this iocation may be criginating from the garage
ilmmediately to the notth or from ather former source on the site. Inspection of the carbon
bandings indicates that the sources of the containination identified in Borehods Moz 1 and 2 are
likely to be differenr,

In determining fhe significance of soil gas concentrations both the gas concentrations and
borehole flow rates are used to define a characteristic situation for a site based on the limiting
borchole gas volume flow, renamed as the Gas Screening Value (GEV) for methanc and carben
dioxjde. in this case the following GSVs have been determined, in accordance with guidance
provided by CIRIA Y

Max concentration Ave flow rate
@as % ol Ithr GSv
Mathare ne 3 ERLNE
Carbog dinscede 2 0.3 0.036
o the basis of the above the site is therefore defined as Characteristic Situation | and as having

very low risk. O the NHBC “traffic light” system’ the site may

The implications of these results are discussed in Section 7.6,

Wilkson, 5, Glivar, 5, dfallcit,
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7.0  ADVICE AND RECOMMENDATIONS

Although the proposed [oads are nnt known, it is |
could be supported by spread foundations bear ngj
of the Giacial Sands and Gravels.

Some remedial measares will

hydrocarbon contatmination identified by this investigation,

7.1 Basament Construction

Monitaring of the standpipes has indicated that Eronfidwater

the 3.0 m depth of basement excavat on,
and to jdentify any significant seasonal

standpipes may not however be ag sign
excavation. For example, a high level of water mes
tis représents anty a small volume of water which |
tanks. Tt would therefore be prudent to CRETY DUt a
to the fuli basement depth as possible, to provi

conditions

The design of basermnent supportin the t
the need to maintain the stabiij
ground water inflows, in onder to achieve
appropriate selution if continged standpipen
inflows will affect the excavation and cou
permaneit works and may be able to provi

ty ofthe excavation and surroundi

The ground movements associated with

excavation and support and the overal|
condition. Thus, asuitable amount of progping will e required to proy
this respect the timing of the provision of suppait to the wall will
mavements, The ratlway embankment is close to the proposed block
and a check should be made onee propesals have been

ificant as

ikely that the praposed three storey building
nthe fitin clay or mediom dense granu)ar soils
be required with respect to the

is likely to be encountered within
although ntonitoring should be continued o con firm this
fluctuation in the level. The water levels measured in
the volume of water that may flow into the
sured in A standpipe may not be s anificant if
nay for example be trapped around the buried
numbet of trial excavations, to depths as close
de an indication of the likely ground water

snporary and pertanent conditions needs to take account of
ng structures and to protect against

these aims a secant bored pile wall will be the most
entitaring or trial excavations indicate that croundwater
Id have the advantage of being ingorporated into the

adversely affected by the basement excavation,

The fallowing paramaters are sugzested for the design

Basement Retalning Walls

de support for structural loads,

the basement excavation will depend on the method of
stiffness of the basement

structure i the temporary

ide the necessary rigidity. In
bave an important effect on
of flats in the north of the site
finalized that the embankment will not be

vf the permanent basement retaining walls,

Stratum

Eulk Cren siby
fknfm’)

Effecfive Cahealon
~ kN

e

Effective Frictfon Angle
(3" = degrapa)

hleele Cretand

(05

e

23

{ctay soilz)

Glacial Sand and Gravels

LOGG

Fera

23

The investigation has indicated that ground water js |
basement excavation. Reference to Clause 3.4 of BS BSA102: 1900
Apainst Water fiom the Ground" Clause 3.4

would be advisable o assume a design water

ikely to be present within the 3 m deep
"Protection of Structures
mdicates that, for basements less than 4 m deap, it
levei of threg-quareers the firli depth below ground,

subject toa minfmum of 1 m below ground level, Whereas, for basements that are deeper than 4

m a design water leve] of three-quarters the fuli

depth befow ground should be adopted.
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7.1.2 Basement Heave

7.2

7.3

The basement excavation will lead to some heave movements, byt 8y maovements within the
Glacial Sand and Gravel are likely to oecur ag imimediate movements and are walikely 1o be ofa
sighificant magnitude. It is however recommended that analysiz is undertaken on the potsitial
inagnitude of heave once final levels and loads are knowen,

Spread Foundations

Although the site is located in an area which is prone to solution features, none have been
Mentified during this investigation. A basement raft foundation placed in the clay, chalk or gravel
may be the most appropriate foundation solution as this would resnft in a reduced net appiied
foundation pressure and provide & reduced risk of befng affected by any possible solution famtures,
Il imust be designed to span a notional 51w diameter void and additicnal settlermnent analyses should
be carried cut, although at this stage it is considered that the loads associated with the proposed
buildings, when appiied across a raft toundation, are unlikely to resuit in excessive settlements,

Altematively, traditional trench £l strip foundations may be appropriate to support the anticipated
relatively light to moderate foundatinns Joards which are envisaged. Moderately sized strip
foundations bearing within the firg clay, chalk or mediom dense granular sgils of the Glacial
Sand and Gravels at a depth of 3.0 m may he designed to apply a net ailowahle bearing pressure
of 130 kM. This value Incorporates an adequate factor of safety against bearing capacity
failure and should ensure that settlements remain within tolerable limits. Foundations spanning
both cohesive and granular layers should be suitably reinforced.

It order to mitigate the risks associated with possible solution features, strip or pad fundations
should be suitably reinforced and designed to span a 5 i diameter void; the foundations should be
extended beyond the cormers of each building to provide & simifar spanning capability,

Piled Foundations

For the ground conditions at this site some farne of driven pile is likely to be the mast appropriate.
A cotiventional rofary angered pilke is unlikely to be practical in view of the itlows of ground
water within the grave) and high risk of consequent instability of pile bores. A continuous ff; it
auger (cfa) pile wonld however be sujtable.

The fallowing parameters, based upon the guidance provided by CIRIAS for pites in chalk, are
consicered suitable for the preliminary desi gn of steaight-shafied bored pifes ingtailed using cfy
techniques. The Glacial Sands and Gravel ave heen assumed to be predominately gravel for the
purposes of these caloulations in order to provide miore conservative pile design paraineters,

Ultimate Skin Friction kMN/m®
Basement Excavation GLtaddm Ignare
Glacial Sands and Gravel I0mio5.0m .5

{assuming gravel)

Upper Chalk A0 mte 200 m . 40

g
7

Lugineariag in Chaly CIRIACS? (2002
Sl Frtcnm s ofer prifer i ehald, CTREA Project Repen 46 2003
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7.4

7.3

75

77

O the basis of the above coefficients it has been estimated that a 450 m diameter pile founding
at & depth of 200 m below existing ground level should provide 2 safe working load of gboyt
330 kM. These examples are based upodt an overall factor of safoty of 25

Care should be taken in the construction of cfa piies in these types of soifs. Carefui coftbrof of
concrete pressures and drilling rate will he required to maintain the pile shait integrity in the
made ground and care will need to be taken in the granular soils to avoid excessive overbrealk,
particalarly if a pile diameter of 300 nwn or less is adopted. In addition, as with any sitoation
where bored piles are constrgeted in chalk, consideration will need 1o be given to the possibility
of variations in the level and quality of the chalk znd the pessibility of undetected significant
variations between borehole positions, .

Prospective contractors should be consaliad to determine how they intend to controf and monjtor
the pile instaliation and with regard to their experience in similar ground conditions, The
contractors should be provided with all of the eXploratory data,

Excavations
Accurate assessient of the likely ease and stabiilty of shallow excavations for foundat ong, pile

caps and setvices is not readily availahle from the investigation technigues used; however on the
basis of the borehole findings it is considered likely that it wilf be feasibie to form relatively

“shallow excavations terminating within the made Broutd without the requirement for latera)

suppart, although lrcalized instabilities MY Qecur.

Perched waterm 3y be encountered within the made ground, particularhy in the vicinity of exfsting
foundations and other buried stryciures aithaugh these occurrences shouid e adequately dealt
with by sump pumping.

Basament Floor Slabs

The formation ievel of the basement fl aar slab will be within the finm clay and the formation leve
shonld therefore be proof rolled and any soft spats filled with a suitably compacted pranglar
matevial prior to forming a ground beating floor gtab,

Effect of Sulphatas

Chetnical analyses of selected soi] saitiples have revealed generally low concentrations of soluble
sulphate, corresponding to Class DS-1 and DS-2 and AC-15 of Tahle C2 of BRE Special Digest !
2005, The guidelines contained in the above digest should be followed [0 the design of any new
foundation concrete,

Contamination Risk Assessment

One of the requirements of the Environment Act (1995) is that local authotities CATEY oot
Inspections of their area with a view te identifving sites that may be contaminated. When
assessitg whether a site is contaminated the lpcal authotity will abtenipt to estabiish fie presence
af a ‘pollution inkage®, A poilution itnkage requires there to be a source of contamination, a
sensitive receptor that can be adversely affecter by the contamination and 3 pathway via which

Ref M7339a 12
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contamination can reach the target. At this site, hydrocarbon contamination has Leen fonend
within the nataral soils and groundwater beneath the site. The highest recorded concentration is
likely to be representative of water perched around the tank and the boretole which is
downstrear of the tanks has not recorded elevated concentrations of TPH, Borehole Mo 1, which
is approximately 40 m upstresm from the tanks, has identifted a slightly different TPH
conposition, suggesting that it is not sssociated with the tanks and could have originated from
anather source of from the site to the nortl,

The following table provides a summary of the risk assesstient and indicates where a poitution
linkage has been established for which remedial action will be required, The linkages are hased
an tie existing ground model and the comments indicate how remediation of the site will hreak
the linkages.

SOURCE RECEPTOR FATHWAY COMMENTS
e droesrbon ond ugers ¥A[I0urs pecvistan of zas protection measres for the praposed
roiaminglion buildings i the immediate vicinity depending upon
pevittin natieal soils the post remediation £as fegime
tnd ground warer Elant uptake Tmpattation of cleen topsgil
grivand arater Zround water the; grovindwater has been fund 1o be im pacted by

fuet related hydrecarhens o an ueaceeptable lovel,
Bemedial sotinn will be required.

peccolation Lintil vecently, percodation hag hesn restricted o
eiisting buildings and hardstaudings  Tndrodnetion of
lamdscaped aveas may intradace a new pulhwgy

adjacent Fites graund waier Suurce ramewal and remedia? mesUces will reduce
liabiliny

Eite Wisrkers ingastion of [Wotection from hydracorkan Lontamitiants dufing site

during contaminated soil [works will ke provided by adkarence to ormal Iugh

canstrectian or dust, skin standards of gite safory

contact, inhaladion

plasiic services  [direet contact protecdion frem residual ydeoonrban contaminwir
Afer remediation of hon plastic pipes requireil should
il nat be possible to diverd services vy from the
rren ol concern

Each of the potentizl poliution tinkages is considered in inore detail helow and remedial megsures
to address each linkage are discussed in Section L.

Protection of End Usarg
Olrect Confact

tew areas of landscaping are propesed at ground foor leve) and elean tepsoil and subsoil will he
réquired in these areas to provide g suvitahle growing medium for platts. At this skape it is
recommended that a cover thickness of imparted subsoil and topsoil of 450 mm jn thickness
should be specified to ensure successful plant growth, in accordance with recemmendations from
BRE®. It may be possible to reduce the final thickness of cover required, but this will need to be
deterrnined once final levels have heen established and the concentrations of potential
cantaminants within the imported material iz kboewn. Any soil brought anto the site shogld he

ERE {2004} Clovgr spardans far et ragameraian, Fhickaerr r:",l'-zm:l:r3}.:rr:nrx_,f::l}'r_'o.u.'ﬂ_llfl'.llrdc:.rﬁ?.lld_ HARE pik 445
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7.1

certified as clean with appropriate documentation,

The remaining areas of the site will be covered with hardstanding, thus preventing - pathway
from being formed,

Vapours

The precautions required to prevent a build-up of noxigus fisines and vapours within the proposed
basement car pack should provide sufficient protection against the risk of vapours from any
residual liydrocarbons following removal of the tanks and surrounding contaminated soils. [fthe
proposed use of the basement changes this advice wili beed to be reviewed,

Ground Water

TPH concentrations off 0.54 mgdl and 15.97 mgl have been recorded in Borehole Mos 1 aod 2
respectively although the later is likely to be representative of water perched within the tank
excavation. Aliphatic / aromatic speciation of the ground water resulis has identified some
carbon chains to be present in excess of their solubility thresholds which indicates the presence of
free product which is likely to be present as a smear zone above the water; however the imajority
of the recorded concentrations are within solubility limits and therefore likely to be present in the
ground water, On the basjs of thase results, the Environment 4 gency may require a Detailed
Quantitative Risk Assessment (DQEAY to be carried out and forther sampling is likely to he
required in this respect. Mevertheless, the downstream boreliole has not revealed elevated
concendrations (0 be present and therefore further sampling is recommended following the
removal of the tanks and contamminated groundwater to re-gssess the impact on the groundwater,
If contamination is shown to be eiitering the site from the norih, & physica) barrier may also be
required (o probect the site fram further contamination, '

Site Workers

High concentrations of potentially carciftogenic hydrocarbons have been measured in the snils
and ground water beneath the site,

Site workers should be made aware of the possible presence of contamination and g programine
of working should be identjfied to protect workers handling any sofl. The method of site wiorkii
should be in accordance with puidelines set out by HSE" and CTRIA™ and the requirements ofthe
Local Authority Environmental Health Officer, If any suspicious substances are encoudterad
diuring site work, these should he assessed by a geoenvironmental engineer.

Waste Dispasal

Any spoil artzing flom excavations or landscaping works may need to be disposed of to a
licensed tip. Under the European Waste Directive landfiils ave classified as aceepting Inert, Non-
hazardous or Hazardous wastes in accordance with Waste Acceptance Criteria (W AT which, for
Hazardous and Tnert wasies are based upon the results of CEN method bl leaching tests or
percolation tests,

Based upon the reaults of the atialyses carvied out and the technical guidanee provided by the

q

L4

HEE {10020 FISIE66 Mraotian af warkaer ard e general paitg e the decefapman af camtmmmand Jaod
HME .
A griche far e working on gartaminnied sitas, Bepaud |32, Congdruction Meusine Ressarch anl Infermatica Assacintian
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Environment Agency™ it is considered likely that the made ground witl be classified as 3 Won-
Hazardous waste and the natural soils may be classified as an Inert waste, Soils that have been
significantly impacted by the ydrocarbon contanyination and are stained o have a lydrocarbon
odour are likely to attract a more onergus classification, Hewever, these classifications should be
confirmed by the recelving landfill once the suils to be discarded liave been identified. In arder
tg finalize this classification it will probably be Necessary b carty out forther analyses including
WAC CEN method bulk leaching tests if a classification of Inert waste is to be considered, Such
tests should be carried out upon representative samples from the waste stream onee the extent of
the materials to be discarded has been established.

Nem-hazardous and hazardous wastes will need to be pre-treated prior to disposal. The pre-
treatment process must be physical, thermal, chemical or bivlogical, including sorting. It must
change the characteristics of the waste in crder to reduce jis volume, hazavdous naturs, facilitate
handling or ephance recovery. The waste producer can carry out the treatrment bt they will peed
to provide docamentation to prove that this has been carvied out. Alternatively, the treatment can
be carried out by an approved contractor, The focai waste regulation department of the
Environgient Agency (EAY should be contacted tg obtain details of tips that are ficensed to accept
the soil represented by the test pesuits. The tips will e able to peovide costs for disposiog of this
material and may require testing b be carried o,

FURTHER WORK

This tirvestigation has indicated tha presence of contamination and preliminary recommendations
have been made for the mitigation of this ¢ontamination in tight of the current development
proposals. This report shouid be viewed as fhe first StAgE in & process which culminates in the
provision of a Completion Report confirming that the remediation has been carried ot
satisfactarily. The next stage in this process should be consultation with the Local Environmental
Health Officer (EHOY and Envitonment Agency (EA} and the provision of Remediation
Proposals that can be agreed with these parties as g basis for the remediation of the
contamioation,

The BA may requite further investigation and analysis to allow a detaifed quantitative risk
agsessient o be carried out The resuits of the iervestization carvied out to date should therefore
e used to as the basis of g discussion with the E4 and EHO i order to detesmine their concerns
with regard 1o the impact of this contamination upon the underlying soils and grovndwater.

The removal of the tanks and excavation of the basements should be monitored and validated bya
gecenvironmental engineer to ensure that any potential sources of soil ar ground water have been
removed. Further ground water treatment may also be required and if an off-site source is
identified, additional protective measures may be required,

Quiline Remediation Proposals

On the basis of the discussion of pollution linkages in the preceding section the fllowing
pessible remedial ohjectives can be identified:

n) protect end vsers in landscaped areas;

Environmichl Apency 2003, Hozardons e Trtergrraeitan: of fie dafirittan and chassifemtie af rzardon waste Tecluica)
Cruidneee Whi2
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] remove potential lydracarbon contamiration;
m| improve ground water conditions both on and off-site;
m| protect site workers

The nature and scope of any soil and groundveater remediation will nead ko be agreed with the EA
preor to the adeption of any particular remediation scheme. It is likely however that the EA wil]
require at least the remaval of the undeiground fue] storage tanks and any associated gignificantly
contaminated soils. The excavation ofthe basemment and the remeoval of the Lamiks wilk need to be
menitorad and validated,

Depending upon the gutcome of the discussion with the reguiatory autharities, some additional
ground water treatment may be required. The most appropriate method of ground water
treatment will probably be the installation of a sump from which ground water and can be
pumped and treated. This treatment may be catried out using on-site pient by & specialise
cohtractor, under the supervizion of 2 suital| ¥ experienced environimenta) enginesr, which would
minimize the disniption to the moposed development programme. bonitaring of the ground
water will need o be carried out to determine the efficacy of the system and hence the point at
whith the hydrocarbions concentrations within the ground water have been reduced to an
acceptable level, as detennined in conjunction with the EA.

Whilst the excavation of the basernent and the removal of the tanks will remove the majority of the
comtaminated soil, a watching brief should be Inaintaifted in these areas and there may be a
requirement for further investization and removal of contaminated soil. 1t is understood that the
design of the proposed scheme wil only include Hinited aress of soft communal landseaping and it 3
only in these areas where precautions will be reguired 6o protect end nsers.
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APPENDIX

Borehole Records

Dynamic Probe Records

SPT Resnlts

Geotechnical Laboramry‘ Test Results
Chemical Analyses (Soil)

{Gaz)

{Ciroundwater)

teneric Guideline Valyes

Site Plan
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