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2.0 Ground Investigation Report
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August 2011 Ref: 10M8172

August 2011

Report on a Ground Investigation

At
16 DALEHAM GARDENS

16 Daleham Gardens, Belslze Park, London, NW3 5DA
LONDON, NW3 5DA

For

Elliott Wood Partnership

1.0 INTRODUCTION
REPORT ON A GROUND INVESTIGATION

Al the request of the Elliott Wood Parinership, Censulting Engineers, acting on behalf of the
house owner Mr Chriz Holm, a ground investigation was carried out in connection with a
proposed basement development at the above site. A Phase 1 Preliminary Risk Assessmant

was prasented under separate cover in a Site Analytical Services Limited report {Project Mo.
11118172-1) dated August 2011,

The information was required for the design and construction of foundations and
infrastructure for a refurbishment of the upper floors and lowering the existing part basement
of the property, It is envisaged that the excavation for the new basement will be a mixture of
secant pilad retaining walls and underpinning to the existing walle. Information was alsc
required to assess whether any remediation was required for the protection of the end-user
from the presence of patential contamination within the soils encounterad.

The recommendations and comments given in this repert are based on the ground
conditions encountered In tha exploratory holes made during the investigation and the
resulls of the tests made in the field and the laboratory. It must be noted that there may be
special conditicns prevailing at the site remote from the exploratory hole locations which
have not been disclosed by the investigation and which have not been taken into account in

Prepared for the report. Na liability can be accepted for any such conditions.
Elliott Wood Partnership LLP Consulting Enginears This repart does not constitute a full environmental awdit of either the site or its immediate
ENVIrons.
Acting on behalf of
Mr Chris Holm
Reg Oifaze: Units 14 + 15, Hiver Road Business Park, - '|
d3 Awer Aoad, Barking, Bssex 1571 DEA I’\' :i}
e e T ) Rafl: 118172 1
Business Fep. No. 2255615 C h 4 301
aonstieti B | neasienen rnm
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2.0 THE SITE AMD LOCAL GEOLOGY

(Mational Grid Reference: TQ 267 848)

2.1 Site Description

The site iz situated on the east side of Dalaham Gardens in the Belsize Park area of Londan,

MW3 5DA, The site Is currently occupied by a large four-storey unoccupied residential
property with a rear garden at a lower level,

The site i surrcunded by large detached residential houses zlong both sides of Daleham
Gardens and the general area is mainly residential in nature, although there is a health clinic
and the Tavistock Centre approximately 120m south of the site.

The site comprises of a large unoccupied four-storey detached house with three-stories
evident at the frent and a part basement or lowsr ground floer af the rear. There is a small
overgrown front garden with access paths to the front door and side access to the rear at the
north end, as well as a limited drive leading to a single-storey side garage at the south end.

The rear garden is relatively large and comprises of an overgrown lawn with a gazebo in the
north-east comer and shrubbery adjacent to the housa,

The garden iz bounded on the east side by a high brick wall and by close hoard fencing to
the north and south,

The site lies on ground sloping down 1o the south and east towards Swiss Coltage and has
considerable amounts of vegetation. The rear garden iz surrounded by mature frees with a
large tree close to the house and overgrown bushes along the rear of the house where a
narrow path is present. A row of small trees is present along the westermn boundary behind a
low brick wall adjacent to Daleham Gardens.

2.2 Geology

The 1:50000 Geological Survey of Great Britain (England and Wales) covering the area
(Sheet 256, ‘Morth London’, Solid and Drift Edition) indicates the site to be underlain by
Superficial Head deposits overlying the London Clay Formafion.

4.0 SCOPE OF WORK

3.1 General
The scope of the investigation was agreed by the Consulting Engineers and comprisad:

» The drilling of three cable percussive boreholes o a depth of 20m below ground level,
using a spacialist demountable cut down drilling rig.

SAS Site Analytical Services Ltd.

+ The placement of a gas and groundwater monitoring standpipe ta a depth of Sm below
ground level in each of the boreholes (Boreholes 1, 2 and 3).

 The drilling of six continuous flight auger boreholes to a depth of 5m below ground level
(CFA 1 to CFA 8 inclusive).

« The excavation by hand of three trial pits to depths of up to 1.20m below ground level,
two to expose the existing foundations of the building, confirm the near surface soil
conditions and obtain furtther samples for laboratory testing together with a further trial pit
to attempt to locate an underground sewar (Trial Pit 3).

« Sampling and in-situ testing as appropriate to the ground conditions encounterad in the
boraholes and trial pits.

« Interpretative reporting on foundation options for the proposed building works and
infrastruciure.

« A study into the possibility of the presence of toxic substances in the soil, together with
limited comment on any remediation required and Waste Acceptance Criterla (WAC)
analysis in order to classify soils for disposal purposes,

3.2 Ground Conditions
The locations of the boreholas and trial pits are shown an the site sketch plan (Figure 1).

The exploratory holes revealed ground conditions that were generally consistent with the
geclogical records and known history of the area and comprised between 0.25m Ian«:l 1.60m
thickness of made ground locally overlying a thin layer of Superficial Head Deposits followed
by materlals typical of the London Clay Formation.

For detailed information on the ground condilions encountered in the borehole and trial pits,
reference should be made to the exploratory hole records presented in Appendix A

The made ground extended down to respective depths of 0.80m, 0.45m, 1.60m, 0.60m,
0.50m, 0.50m, 0.50m, 0.50m and 1.50m below ground level in Boreholes 1, 2 and 3 and
CEA 1 to CFA 6 inclusive and to respective depths of 0.2Bm, 0.25m and 1.50m below
ground level in Trial Pits 1 and 2 and 3. The thickest development of made ground was at
the front of the house where the ground had been built up to form a level access from
Daleham Gardens.

The made ground generally consisted of a surface layer of grass covered topsoil or, in the
case of Trial Pits 1, 2 and 3, concrele set on compacied brick rubble generally undgrlain by a
heterogeneous mixiure of silty sand, stiff sandy clay, occasional fine to medium flint gravel,
ashes, brick rubble and concrete fragments. Roots up to 10mm in diameter were noted
within the made ground in CFA 1, 4, 5 and 6.

Red: 11718172 2 Rel 11418172 3
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The underlying natural material in CFA 1, CFA 2, CFA 3, CFA 4 and CFA 5 consisted of firm
mottied sandy silty clay with occasional fine to medium flint gravel up to 0.30m in thickness,
although this stratum was absent in the remaining exploratory holes. These materials are
typical of Superficial Head Deposits and extended down to a maximum depth of 0.80m
below existing ground level. Roots up to 3mm in diameter were noted within these deposits.

The head deposits, where present, were underlain by firm becoming stiff and then very stiff
mottled sty clay with occasional partings of silty fine sand and eccasional small gypsum
crystals. These deposits represent weathered London Clay and extended to respective
depths of 8.50m, 7.70m and 9.50m below ground level in Boreholes 1, 2 and 3 and to the full
depihs of investigation of 5.00m below ground level in CFA 1 to CFA 8 inclugive.

The underlying material comprised of very stiff fissured silty clay with occasional partings of
silty fine sand, occasional weak claystone nodules and scaftered small gypsum crystals,
These materials are typical of the more competent unweathered London Clay Formation and
extended down to the full depths of investigation of 20.0m below ground level in Boreholes
1,2 and 3.

1.3 Groundwater

Groundwater was not encountered in any of the exploratory holes during boring and
excavation and the material remained essentially dry throughout.

It must be noted that the speed of excavation and boring is such that there may well be
insufficient time for light seepages of groundwaler fo enter the boreheles and trial pits and
hence be detected, parficularly within more cohesive soils of low permeability.

Groundwaler was subsequently recorded at respective depths of 4.86m, 4.92m and 4.95m
below ground level in the monitoring standpipes installed in Boreholes 1, 2 and 3 after a
period of approximately three weeks but was not encountered in the final monitoring visit,
approximately four weeks post site works, above a depth of Sm below ground level.

|salated pockets of groundwater may be present perched within any less permeable material
found at shallower depth on other parts of the site espacially within any made ground,

It should be noted that the commenis on groundwater conditions ara based on cbservations
made at the time of the investigation (June, July and August 2011) and that changes in the
groundwater level could occur due to seasonal effects and also changes in drainage
conditions.

3.4 Existing Foundations and services

Trial Pits 1 and 2 wers excavated internally adjacent to the flank walls of the property in
arder to expose the existing foundations and founding stratum.

Raf: 11418172 4
Avgust 2011

SAS Site Analytical Services Ltd.
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Trial Pit 3 was excavated along the access road in order to determine the depth of an
existing drain which runs along this area of the site. Whilst the pit was excavated to 1.50m
below ground level, six hand augers were made along the course of the pit to depths of
2.60m to determina the depth of the drain. However, the drain was not encountered during

the works and further testing in the form of ground penetration radar and CCTV survey work
is recommeandad,

The locations of the tral pits are shown on the site sketch plan (Figure 1) and skeiches of

the foundafticns exposed in the trial pits and other parinent details are presented on Figures
2, 3and 4.

4.0 IN-SITU AND LABORATORY TESTS

4.1 Standard Penetration Tests

The results of tha Standard Penetration Tests carried out in the natural soils (London Clay)
are shown on the exploratory hole records in Appendix & SPT ‘N’ values range betwean 8
and 40 with a gradual increase in 'N° value with depth being apparent. Based on the
methods outlined by Stroud and Buller (1975) the resulls indicate the London Clay to ba of a
firm becoming stiff consistency to depths of between 3.00m and 4.00m and then of a stiff

consistency to a deplh of aboul 17.0m below ground level and then very stiff material was
encountered.

The comelation between SPT "N' value and meassured cohesion is genesrally taken as a
multiplier of between 4.5 and 5 on the SPT 'N' value accoerding to Stroud and Butler (1975)
and has generally proved to be reliable.

The results of the tests are shown on the appropriate borehole records and summary sheet
presented in Appendix A

4.2 Undrained Triaxial Test Results

CQuick Undrained Triaxial Tests were mada on twenty selected undisturbed 100mm diameter
samplas taken from the natural cohesive materials encountered in Borehales 1, 2 and 3. The

results show the samples tested fo be of a stiff becoming very stiff consistency with
increasing depth below ground level.

The results of the tests are presented on Tables 1 and 1a, contained in Appendix B.

4.3 In-Situ Mackintosh Probe and Shear Vane Tests

In the natural cohesive soils encounterad in CFA 1 to GFA & inclusive at the site, in-situ
shear vane tesis were made at regular depth intervals in order o assess the undrained
shear strength of the material and indicated that it was of a firm becoming stiff and then stiff
to very stiff consistency with increasing depth below ground level.

Ref: 1118172 5
Avugust 2041
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In the made ground encountered in CFA 6, a Mackintosh Probe test was made in order to
assass the relative density or undrained shear strength of the material based on the
normally accepted correlation as follows:

Mackintosh N75 X 0.38 = 8PT 'N' Valua
or
Mackintosh N300 X 0.1 = SPT 'N' Value

The results of the in-silu tests are shown on the appropriate exploratory hole records
containad in Appendix A

4.4 Classification Tests

Atterberg Limit tests were conducted on iwelve selected samples taken from the cohesive
natural soils encountered at shallow depth in the boreholes and showed the samples tested
to fall into Classes CH and CV according to the British Soil Classification System.

These are fine grained sometimes sandy silty clay soils of high and very high plasticity and
as such generally have moderate bearing and setflement characteristics, have a low
permeability and a generally high susceptibility to shrinkage and swelling movements with
changes in moisture content, as defined by the NHBC Standards, Chapter 4.2. The results
indicated Plasticity Index values batween 35% and 55%, with ten of the samples being at or
above the 40% boundary between soils assessed as medium swelling and shrinkage
potential and those assessed as high swelling and shrinkage potential and the other two
samples falling just below this boundary and being assessed as being of medium swelling
and shrinkage potantial (20-40%).

The test results are given in Table 2, contained in Appendix B.

4.5 Sulphate and pH Analyses

The results of the sulphate and pH analyses made on five natural scil samples selected to
be close to anticipated foundation level and to give a range of depth are presented on Table
3, whilst further results are contained within the contamination analyses, both contained in
Appendix B. The results show the natural soil samples to have water soluble sulphate
contents of up to 2.28g/litre associated with near neutral pH values and the samples of
made ground to have water soluble sulphate contents of up to 0.52gllitre, associated with
near nautral to slightly alkaline pH values.

4,6 In-sltu Falling Head Permeability or Soakage Tests

In order to assess the soil infiltration characteristics of the natural superficial soils at the site,
in-situ falling head permeability tests were carried out in Boreholes CFA 3 and CFA 4 using a
combination of the methods detailed in Bullding Research Establishmant Digest 36511991
and British Standard 5830:1%81. The resulis of the tests are given on Tables 5 and 5a
contained in Appendix B,

Ref: 1148172 8
August 2011

SAS Site Analytical Services Ltd.
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4.7 California Bearing Ratio Tests

Two California Bearing Ratio tests (CER) were conducted in the laboratory on samples taken
at depths of 0.50m below ground level from Boreholes BH3 and CFA 6 using the methods
outlined in British Standard BS 1377 : Part 4 : 1990, Clause 7. The CBR method is
eszentially an empirical method of flexible pavement design in which a design curve is used
to estimate pavement thickness appropriate to the CBR value of the soil.

The results of the tests are contained in Appendix B and indicate CBR values ranging from
B,3% to 35%.

5.0 CONTAMINATION TESTING

5.1 General

Samples were obtained from 0.25m below ground level in Boreholes CFA 2, CFA 3 and CFA
5, from 0.50m dapth below ground level in Boreholes 1, CFA 1, CFA 4 and CFA 6 and from
1.20m depth below ground level in Borehole 3. The locations of the exploratory holes are
detailed on the site skeich plan (Figure 1). Samples were analysed from this depth below
ground level as it is felt that these soils will be representative of those of highest end-user
exposure through the dermal contact, dust inhalation and soil ingestion pathways. Samples
for Waste Acceptance Criteria testing were analysed from 1.00m depth in Borehole 1 and
frarm 0.50m depth in Borehole 2 on-site.

5.2 Interpretation of Findings

The hazard caused by the presence of a substance or element is not absolute but depends
on the proposed end usa of the site.

It is understood that the site is to be developed for residential purposes and as such the Sail
Guideline Values for residential use have been used in the following soil assessmeant.

Site data has been assessed against current generic assessment criteria (GAC) / guideline
values in accordance with current industry practice and statulory guidance; chemical
toxicology (TOX), Soil Guideline Value (SGV) reports developed using the new
Contaminated Land Exposure Assessment (CLEAw1.06) framework and CLR 11
(Environment Agency, 2008,

However, it must be remembered that GAC are not binding standards but can be useful in
forming judgements regarding the level of risk i.e. unacceptable or acceptable, Exceedance

of GAC does not automatically result in the requirement for remedial / risk management work
but would warrant further assessment.

Ref: 11/18172 r
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5.2 Soil Guideline Values, CLR Documents & Chartered Institute of Environmental
Health Values

From January 2009 revised Soil Guidance Values for certain contaminants were issued in
the Contaminated Land Reports (CLR) by the Environment Agency in conjunction with
Department of the Environment, Food, Agriculture and Rural Affairs. These values and the

CLEA methodology used to derive them have superseded CLEA and TOX reports for soil
contaminants.

The CLR Documants are a series of contaminated land guidance documents developed by
various past and present government agencies involved with protection of the environment.

These documents aim to provide a set of generic Soil Guideline Values and a site specific
modalling programme based upen tolerable predicted uptakes from experimental data for a
variety of commen indusirial toxic contaminants. In instances of carcinogenic and
mutanagenic substances the guideline values are set on the basis of "As Low As
Reasocnably Practicable" (ALARF), as theoretically mutation can ccour on exposure to a
single particle of the contaminant.

At the time of writing this report generic soil guideline valies are anly In place for Selenium
(350mglkg), Nickel (130mgikg), Mercury (1-170mg/kg), Inorganic Arsenic (32mgfkg),
Benzena (0.33mglkg), Ethylbenzens (350malkg), Xylenes (230-250mgfkg), Toluene
(610mgikg), Cadmium (10mga/kg) and Phenols (420mglkg) - for & residential scenario.

The Environment Agency has also released a new version of the CLEA software and its
handbook to help assessors estimate risks. The Chartered Institute of Environmental Health
Generle Assessment Criteria for Human Health Risk Assessment adopt the Environment
Agency's CLEA UK (Beta) Model and as such have derived guideline values that are
compatible with current English legislaticn, policy and technical guidance.

Generic Assessment Crilaria for Human Health Risk Assessment for Chromium compaounds
have been produced by Chartered Institute of Erwironmental Health. These are Trivalent

Chremium (Chromium 1) at §27mgikg and Hexavalent Chromium (Chremium Vi) at 4.3mg/kg
for a residential scanario.

Assessment criteria for selected individual Polycyclic Aromatic Hydrocarbons have been
produced by Chartered Institute of Environmental Health; however no values have been
attached to Total Polycyclic Aromatic Hydrocarbons. Sideen individual Polycyclic Aromatic
Hydrocarbons with attached screening values include Benzo(a)pyrens (0.83-1.0mglkg),

Dibenzo(ah)anthracens (0.78-0.90mglkg), Fluorene (160-7B0mgikg) and Maphthalene (1.5-
8.7Tmgkg) for a residential scenario,

The cencentrations of the phylotoxic substances Total Copper, Total Zinc and Boron have
been assessed against the Chartered Institute of Environmental Health Generlc Assessmeant
Criteria for Human Health Risk Assessment of 2330mgfkg, 3750mgka and 291mglkg
respectively which assumes a residential scanario.

The concentrations of Tetal Pefroleum Hydrocarbons have been assassed against assessmeant
criteria for individual Aromatic and Aliphatic carbon band ranges produced by Charlered
Institute of Environmental Health for a residential scenario.

Rel: 11/18172 B
Aurguest 2017
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As no genaric UK derived guidance is currently available for acceptable concentrations of Total

Cyanide a screening value of 20mg/kg (Thiocyanate) has been used as a preliminary screening
tool to identify where potential risks may axist.

As no generic UK derived guidance is currently available for acceptable concentrations of Tatal
Lead a previous Soil Guideling Value of 450mgikg for residential land use has been used to
identify where potential risks may exist,

As described in Using Soll Guideline Values — Ervironment Agency 2009, chemical data from
the analysis of samples generated during the intrusive investigation have been used to create a
data set for the site. The entire data set, as opposad to individual results has been analysed on
the assumption that the samples from the site investigation are to some degree representative
of the contaminant concentration throughout the area or volume of soil investigated. The most
appropriate method for assessing a given datase! ks dependent upen a range of speacific factors
together with the quantity and quality of the data generated.

In accordance with the recommendations provided within Guidance on comparing soil
contamination data with a critical concentration — CIEHICL:AIRE, 2008, we have selected the
one sample ttest at a 95% confidence level as the most appropriate statistical tool for
generating site representative soil concentration values and have assumed that the data is
normally distributed. We have assumed that this stafistical test is required to draw concluslons
aboul the condition of the land under scruting as part of a planning scenario as opposed to the
Part 2A scenario. Under a planning scenario, comparison is made between a value larger than
the sample mean, in this case the Upper Confidence Limit and the critical concentration.

In instances where the Upper Confidence Limit exceeded the given critical value, then the
Grubbs Test has been used lo identify upper outliers to assess whether the highest vale
balongs to the genaral population of the dataset or is representative of an outhier.

5.4 Assessmant of Soil Analyses

It is understood that the site is to be developed for residential purposes and as such the Soil
Guideline Values for residential use have been used in the following soil assessment. The
samples selected for contamination assessment were sub-contracted to i2 Analylical Limited
and OTS Envirenmental Limited (both UKAS and MCERTS accredited laboratories) and
their reports are contained in Appendix B.

5.5 Discussion

Generally, the concentrations of zootoxic heavy metals (Total Arsenic, Total Cadmium, Total
Selenium and Total Nickel) encounterad did not exceed the Soil Guideline Values for
residential use in the samples analysed. As such there is not considered lo be any
potentially significant level of end-user risk associated with the concentrations of these
contaminants encountered.
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A marginal concentration of Total Mercury was ercounterad in the sample from 0.25m depth
in CFA 5 at 1.6mag/ka, compared to CIEH Generic screening value of 170mg/kg for Inorganic
Mercury and 1mg/kg for Elemental Mercury. It is considered that in excess of 89% of
marcury encountered within soils would be within the inorganic form and as such it is not
believed that the concentrations encountered would be sufficient to pose a significant risk to
end-users of the site in a residential scenario,

Elevated concentrations of Total Lead were encountered in the samples from 0,25m depth in
CFA 2 and from 0.25m depth in CF A5 at B40mg/kg and 460mg/'kg respactively, in excess of
the Soll Guideline Value for residential use of 450mg/kg. It was therefore decided to
undartake statistical analysis of the data set, using the arithmetic mean and standard
deviation for Lead. A particularly elevated concentration of Lead was encouniered in the
sample obtained from CFA 2 and an outlier test identified this as not representative of the
rest of the sample population, This is indicative of a locally affected area or "hot-spat” of
contamination and the soil should be treated accordingly. Following a test scenario from a
planning perspective and using samples from the remainder of tha site, it was concluded that
the frue mean of the sample population did not exceed of the CIEH Generic scraaning
values for residential use and as such thare is not anticipated to be potential risk to the end-
users of the site from the concentrations encountered across the remainder of the site after
the removal of the CFA 2 *hot-spot”.

The concentrations of Trivalent Chromium and Hexavalent Chromium ancounterad did not
exceed CIEH Generic screening values for residential use.

The concentrations of Total Cyanide were below the screening value of 20mgkg and the
concentrations of Total Phenol were below the Soil Guideline Value for residential uze and as

such there are nat considered to be any significant risks to end-users of the site from these
contaminants.

Elevated concentrations of Banzo{a)pyrene wera encountered in the samples from 0.50m
depth in CFA 1 at 1.2mg/kg and 0.25m depth in CFA 5 at 1.3mg/kg, in excess of the CIEH
Generic screening value for residential use of 0.94mglkg at 2.5% SOM. It was therefore
decided to undertake statistical analysis of the data set, using the arithmetic mean and
standard deviation for Benzola)pyrene. Following a test scenario from a planning
perspective, it was concluded that the true mean of the sample population did not exceed of
the CIEH Generic screening values for residential use and as such there is not anticipated to
be potential risk to the end-users of the site from the concentrations encountarad.

The concentrations of Petroleum Hydrocarbons encountered within individual Aromalic and
Aliphatic carbon band ranges in the samples analysed did not exceed the generic screening
values produced by Chartered Institute of Environmental Health for a residential scenario.

The concentrations of BTEX substances (Benzene, Toluene, Ethylbenzene and Xylenes)
encountered did not exceed the Soil Guideline Valuss for residential use in the samples
analysed. As such there is not considered to be any potentially significant level of end-user
risk associated with the concentrations of these contaminants encountersd,

There was no MTBE detected within the samples analysed.

Ref 11718172 10
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The concentrations of the phytotoxic substances Total Copper, Total Zine and Boron
encountered in the samples cbtained were below the CIEH Generic screening values for
residential use and are not considered to be a significant risk to end-users of the site, o
sufficient to Impair the successful growth of plant species on site.

Concentrations of Total Sulphide did not exceed 3.3mgikg in the samples abtained from the
site. It is therefore not anticipated that sulphides will present any human health risk at the
site and are not considered sufficient to affect construction or service materials.

The concentrations of Total Sulphate did not exceed the BRE guidance level of 2400mg/kg
in the samples analysed, From the watar soluble sulphate concentrations BRE Special
Digest 1 : 2005, Tables C1 and C2 would classify the samples analysed as up to Class DS-
2. As such reference should be made to the appropriate BRE Guidance decuments when
salacting construction materials on-site.

&l samples were analysed using the ‘Catwastesoll’ assessmant tool, which concluded that
all of the samples from the site were nen-hazardous in nature.

Two samples of soil (BH1 @ 1.00m and BH2Z @ 0.50m) were analysed for Waste
Acceptance Criteria Testing in order to classify soils for disposal purposes.

For the purpose of waste disposal, the soil samples would ba classified as follows:
Borehole 1@ 1.00m Inert Waste

Barehole 2 @ 0.50m inant Waste

§.6 Conclusions

Overall the contaminant of concern with respect to end-user protection which was
ancountered at the site was a “hot-spot” of elevated Lead encounterad in the sample from
0.25m depth in CFA 2 on-site. There remains the potential for some level of end-user risk
posed by the concentrations of contaminants encauntered,

Remedial measures to protect human health are considered necessary as part of the
development at the site to break exposure pathways. After removal of the “hot-spot’ of
slevated |lzad in the CFA 2 location, the average site soil conceniration of Total Lead will be
reduced to a level below the SGV of 450mg/kg and thereby mitigating the potential end-user
risk from the concentrations of contaminants encountergd.

The soils which are represented by the “hot-spot” of lead contamination including CFA 2
have been delineated on the appended "Remediation Site Sketch Plan" (Figure 1a). It is
considered that the remedial measures are necessary within the areas marked on the
sketch plan as remediation areas.

It is anticipated that the protection of the and-user may be achieved by the following:

fraf: 11718172 1
Auguaf 2011

QFO034/ver_03

54 of 95

elliott wood partnership lip

August 2011



16 Daleham Gardens, London NW3 5DA

Basement Impact Assessment Appendices

: "‘ elliottwood

SAS Site Analytical Services Ltd.

Areas of proposed hardstanding within the remediation area (e.g. building footprint,
roadways ete.)

In areas of permanent hardstanding such as the building footprint and roadways etc., the
development itself would adequately break axp-usure_palhway's to human health and
therafora further remedial measures may not be required in these areas.

Sansitive end use areas within the remediation area (garden areas, patio's etc.)

In areas of sensitive end use such as gardens, palic’s etc. the materials represented by the
marked remediation areas should be removed from the site to mitigal.e_l.he rizks to end-users
and break exposure pathways. It would be recommendad that the _smlg- be exca\rat&d down
to natural soils or at least 500mm and replaced with a clean cohesive fill material of at leasl
G00mm thickness.

Any materials brought onto the site (soils and { or clay) should be valic_lal:ad gither at sourca
or once |aid at site. Given the nature of the ground conditions, appropriate health ;md saifslyr
practices should be adhered to in order to protect gite workers, Anyl waste material leaving
site for off-site disposal (soll and / or water) should be handled in accordance with the
current Waste Management and Duty of Care Regulations.

The abave conclusions have been drawn on the results of the tests carried out on the sail
samples analysed and address remediation issues for the pmt.ev:tlnn of the end-user qnl:.r. It
is recommended that any remedial measures suggested in this report should be subject to
formal approval by local Environmental Health andfor Planning Depariments a!nd a_appm-.ral
should be obtained prior to any works being undertaken. The comments mada in this report
do not address any third party kability.

6.7 Gas and Groundwater Monitoring Results

The standpipes installed in Boreholes 1, 2 and 3 were monitored for gas and groundwater
levels on 268" July and 2™ August 2011 and the results are presented on Table 4 and 4a,
eontained in Appendix B.

Groundwater was recorded at respective depths of 4.96m, 4.92m and 5. 95m balow ground
level in the monitoring standpipes installed in Boreholes 1, 2 and 3 after a period of
approximately three weeks but was not encountered in the final monitoring  visit,
approximately four weeks post site works.

5.7.1 Methane

Methane is a flammable asphyxiating gas, the flammable range being 5 to 15.‘}1: by volume in
air. If such a methane-air mixture is confined in some way and ignited it will explode. The
5% by volume conceniration Is termed the lower explosive ILmit_{LEL}. Methane is a bm:uyar_lt
gas having a density about two-thirds that of air. Carbon Dioxide is & non-flammable toxic
gas, which is about 1.5 times as heavy as air.

SAE Site Analytical Services Ltd.
|

Various guidelines have been published to help determine mitigation measures for landfil
gas. ‘Landfill Gas’ includes gas which may be generated in natural scils such as organic

alluvium peat. Methane presents an explosion and asphyxiant hazard and Carbon Dioxide
an asphyxiant hazard,

Building Ressarch Establishment Report BR212 "Construction of Mew Buildings on Gas-
Contaminated Land’, states that if Methane concentrations in the ground are unlikely to
exceed 1% by volume and a house or small building is constructed in accordance with its
racommaendations, then no further protection iz required. The recommendations include
installing granular under slab venting and sealing floor slabs,

CIRIA Report CEGS (2007) "Assessing risks posed by hazardous ground gases to buildings®
provides guidance on the monitaring and confrol of landfill gas. The report suggests a
classification system which is summarized in Table B.5 in the document and employs a
method which uses both gas concentrations and borehole flow rates to define a
characteristic situation for a site based on the Gas Screening Value (alzo named the limiting
borehale gas volume flow) for methane and carbon dioxide.

§.7.2 Carbon Dioxide

Building Research Establishment Reporl BR212 "Construction of New Buildings on Gas-
Contaminated Land’, 1991 states that if carben dioxide concentrations are above 1.5% by
voluma then protection should be considered lo prevent gas ingress. |f concenirations
excead 5% by wolume, such protective measures are required. This has been superseded

by CIRIA Report CBES (2007), states that if carbon dioxide concentrations are above 5% by
valume then protection should be considerad to prevent gas ingress.

5.7.3 Carbon Mornoxide

The occupational exposure standards for carbon monoxide are 30 ppm for long term
exposure {8 hours calculated from the HSE Guidance Mote EH40, 1991) and 200 ppm for

short term exposurs (15 minutes calculated fram the HSE Guidance Note EH40, 1991)
{CIRIA Repart CGES).

5. 7.4 Hydrogen Sulphide
Hydrogen sulphide is toxic at low concentrations. The occupational exposure standard for

hydrogen sulphide is 10 ppm for 8-hour time weighted average reference pariod and 15 ppm
for short-term exposure (10 minutes reference period) (HSE Guidance Mote EH40, 1841).

5.7.5 Resulls
The Gas Screening Value is calculated as follows:

The Gas Screening Value (itres of gas per hour) = maximum borehole flow rate (Ifh) =
maximum gas concentration (%)
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On-site menitoring has shown emissions of methane in air of 0.0% and carbon dioxide in air

of up to 6.7% recorded during the initial meonitoring visits. The maximum borehole flow rate
was 0.0 h.

As such the Gas Screening Value for methane at site i 0.0 h and the Gas Screening Value
far carbon dioxide at site is also 0.0 Uh. As such the worst case value for the site would be
lezs than 0.01 litres of gas per hour.

Carbon monoxide and Hydrogen Sulphide were not detected above the detection limits of
the gas monitoring instrument in the boreholes monitored during the monitering programme.

As such the Gas Screening Value for methane at site is 0.0 I/h and the Gas Screening Value
for carbon dioxide at site is also 0.0 Ith, As such the worst case value for the site would be
lags than 0.01 litres of gas per hour. This typically equates to a Characteristic Situation 1;
however, due to the concentration of Carbon Dicxide being in excess of 5%, it is
recommended that the site be classified as Characteristic Situation 2 which requires the
following precautions:

a) Reinforced concrete cast in-situ floor slab (suspended, non-suspended or raft) with
at least 1200 DPM and underfloar venting

b} Beam and block or pre-cast concrete and 2000 g DPM / reinforced gas membrane
and underfloor venting

All joints and penetrations sealed.

Employing the NHBC “traffic light' characterisation system, the site would be classified as
Amber 1 in accordance with CIRIA Report CB85. Table B.7 using the maximum gas
concentration for carbon dioxide and which require the following precautions:

Low to intermediate gas regime identified, which requires low-level gas protection
measures, comprising a membrane and ventilated sub-floor void to creale a
permeability contrast to limit the ingress of gas into buildings. Gas protection measures
should be as prescribed in BRE Report 414 (Johnseon, 2001). Ventilation of the sub-floor
void should facilitate a minimum of one complete volume change per 24 hours.

For further infermation on design and construction details, discussions should be sought
with a specialist contractor. Guidance may also be obtained from the BRE Report BR212
‘Construction of New Buildings on Gas-Contaminated Land' and CIRIA Report C665 (2007},
It may also be prudent to contact the local Environmental Health Officer in order to comply
with the Local Authority requirements.

It is recommended that further gas monitoring is undertaken at the site in accordance with
CIRIA report CBB5 which recommends a minimum of 6 visits for residential developmeants.

Rail: 11418172 14
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6.0 FOUNDATION DESIGN

6.1 General

It is proposed to carry out a refurbishment of the upper floors of the property and lower the
existing part basement of the property. It is envisaged that the excavation for the new
basement will be a mixture of secant piled retaining walls and underpinning to the existing
walls, Exact details of the finalised structures, layout and loadings were not available at the
time of preparation of this report although foundation loads for the proposed building are
expected 1o be moderate and of the order of 100-150kM/m®. Ground slab loadings are
axpected to be of the order of 10-15kN/m?,

6.2 Conventional Spread Foundations

A resull of the inherent variability of uncontrolled fill, (Made Ground) is that it is usually
unpredictable in terms of bearing capacity and settlement characleristics. Foundations
should therefore, be taken through any made ground and either into, or onto a suitable
underlying natural strata of adequate bearing characteristics.

Based on the ground and groundwater conditions encountered in the boreholes, it could in
theory be possible to support the proposed new development on conventional spread
foundations taken down below the made ground and any weak superficial scils and placad
In the stiff weathered Londen Clay deposits encountered at a depth of 1.30m to 3.00m
below existing ground laveal in the boreholes.

Such foundations placed within natural solls could be designed to allowable net bearing
pressures of the order of 200kN/m® at 2.00m depih increasing to approximately 270kN/m? at
3.00m depth in order to allow for a factor of safety of about three against general shear
failure. The actual allowable bearing pressure applicable would depend on the form of
foundation used, its geometry and depth in accordance with classical analytical methods,
dafails of which can be obtained from “Foundation Design and Construction®, Seventh
Edition, 2001 by M J Tamlinson (see references) or similar texts.

In addition, foundations would naed to be taken deeper where they are within the zones of
influence of both the existing trees and any proposed tree planting. The depth of foundation
required to avoid the zone likely to be affected by the root systems of trees is shown in the
recommendations given in NHBC Standards, Chapter 4.2, April 2003, "Building near Trees"
and it Is considered that this document is relevant in this situation.

6.3 Piled Foundations

In the event that the use of conventional spread foundations proves either impracticable or
uneconomical due to the size and depth of foundation required, a piled foundation will be
required. In these ground conditions, it is considered that some form of bored and in-situ
cast concrele piled foundation with reinforced concrete ground beams should prove
satisfactory,

The construction of a piled foundation iz a specialist activity and the advice of a reputable
contractar, familiar with the type of soil and groundwater conditions encounterad at this site
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should be sought prior to finalising the foundation design. The actual pile working load will
depend on the particular type of pile chosen and method of installation adopted.

To achieve the full bearing value a pile should penetrate the bearing stratum by at least five
times the pile diameter,

Where piles are to be constructed in groups the bearing value of each individual pile should

be reduced by a factor of about 0.8 and a calculation made to check the factor of safety
against block failure,

Driven plles could also be used and would develop much higher working loads
approximately 2.5 to 3 times higher than bored piles of a similar digmeter at the same depth.

However, the close proximity of adjacent buildings will in all probability preclude their use
due o noise and vibration.

6.4 Retaining Walls

It is proposed to lower the existing basement by approximately 1m depth in the main area
and 3m depth in the swimming pool area. Exact details of the structure, layout and loadings
were not avallable at the time of preparation of this report.

The results of the investigation indicated that made ground extended to depths af 0.25m and

1.60m locally overlying a thin layer of Superficial Head Deposits followed by materials typical
of the Lenden Clay Formation.

Retaining walls should generally be designed as self-supporting cantileverad retaining walls,
The excavations for a basement must not affect the integrity of adjacent structures and
therefore will need to be supported. Two forms of support could be considered, these being
tempaorary works i.e. sheet piling which could be remaved after the earth retaining walls have
been constructed or as permanent works incorporated into the final design.

Generally, cantileverad piled walls have an open face to embedded ratio of about one to twio,
i.e. a supported face three metres in height would require a panetration into the ground of
about six metres below the base of the excavation. Should the piled retaining wall be puraly
an unsupported cantilever, then it is likely that quite deep section sheet piles or large diameter
bored piles would be required.

The section of the sheet or the diameter of the piles could be reduced by installing a braced
waling to the wall. Piles placed as part of the permanent works would be propped by the roof
io the basement and would nat be acting purely as a cantilevered support in the long term.

Ta reduce the likelihood of loss of ground if a sheet piled wall was adopted when removing the
sheets, it is considered that the shest piles should be incorporated into the final wall design.
Assuming that the earth retaining wall will be propped, Le. have its base slab and first floor
slab cast in place soon after excavation, it is unlikely that full if any earth pressures will act on
the wall while it is not propped. The greatest force acting on the wall, in the short term, is likedy

to be from the hydrostatic head should water parcolate and be retained to tha rear of the earth
retaining structure.

The design parameters for each element of seil recorded in the relevant exploratory holes are
provided in Table A below. The depth of pile penetration can be calculated once structural
details of the prapesed basemant are known.
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Founding Depth 1o | Descriplion ThAngle  of | Cosficient | Coeficent | Presumed
fateral 1ap () Shearing aclive passive Safe
Fesislance prEssune resistance Bearing
{degrees) (Ka) (Kl Capagity g5
(®) (kPa)
Head 050 1o Firm sandy silly 23 0.4 2.2 100-150kPa
Deposis 060 CLAY wilh graval
and roots
Weathared | 02510 Firm bacoming stiff | 22 05 24 200-250kPa
London Clay | 1.60 and then wary stiff
sty CLAY
Londen Clay | 7.70 1o Very stiff sity CLAY | 21 0.45 2.2 250-300kFa
8.50

Table A, Summary of design paramaters for proposed basement foundation
Motes:

1. Calculated using guidance from BSB002

2. As the depth and structural details of the proposed basement are unknown these values
should be used as guidance only.

The main phase of uplift or heave wil come immediately following the excavation of the
basemant when the greatest elastic rebound of the soil (caused by the loss of the overburden
pressure) will occur, Heave can be reduced by proceeding with the excavation in stages and
observing and recording any movement that occurs over a set period of time. It may therefore
be advaniageous to delay the construction until an adequate proportion of the uplift has
occurred. Onee this menitoring period has elapsed and a suitably qualified engineer is
confident that the majority of uplift has occurred, basement construction can commence.

Should a basement raft foundation be adopted, then there is also a potential for some total
and differential settiement and consequently the foundation should be constructed on a
300mm thick proof rolled layer of gap graded granular fill and be of a sufficient stifiness to be
capable of allowing for a minimum of two linear metres loss of support. Any service entry and
exit points should be designed to accommadate settiement by the use of sealed flexible joints.

These processes and other ways of dealing with ground movements are described af langih in
BS8004 (British Standard Code of Practice for Foundations).

6.5 Basement Floor Slab

Due to the potential for swelling within the natural cohesive soils it is recommended that the
ground slabs should be designed as being fully suspended.
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6.6 Excavations

Shallow excavations for foundations and services are likely to require nominal side support
in the short term and groundwater is unlikely to be encountered in significant quantities once
any accumulated surface water within the made ground has been removed. Deeper and
longer excavations below approximataly 1.0m below exisling ground level will reguire close
side suppaort and some inflows of groundwater are likely to be encountered,

Mo particular difficullies are envisaged in removing such water by conventional internal
purmping mathods from open sumps.,

MNormal safety precautions should be taken if excavations are to be entered,

8.7 Pavement Design

The results of the |aboratory California Bearing Ratio tests made on samples taken at a
depth of about 0.50m indicate CBR values of between 8.3% and 35%. A study of the

borehole records indicates that essentially cohesive soil is likely to be encountered at
formation level.

According to the Transport and Road Research Laboratory Road Moie 29, the estimated
laboratory CBR value for a heavy clay with a Plasticity Index of 40% and a groundwater
level greater than 800mm below formation level is 3%. The estimated CBR Equilibrium
Suction Index, from Table C1 of the TRRL Laboratory Report 1132, for similar matenal is

also given as 3% for the average construction conditions Indicated by the exploratory hole
records,

Although an overall design CBER value of mare than 8% is indicated by the labaratory test
results, the CBR value does not predict the long-term differential zettlements that may occur

in the made ground and it is therefore recommended that a lower value of 3% be adopted at
the site as given in the standard tables detailed above.

Any soft or loose layers encountered in otherwise competent formations should be removed
and replaced with well compacted imported gramular fill,

The engineering characteristics of any clayey and silty soils at shallow depth are particularly
sensitive to changes in soil moisture content and will soften considerably when exposed to

free water. It should therefore be prudent to programme pavement construction fer the dry
summer manths.

5.8 Soakaway Design

The resultz of the in-situ permaability or scakage tests indicate an average soil infiltraticn
rate of about 3 x 10"m/sec.

The soil infiltration rate given above lies within the range of published data for weathered

and fissured clays and is classed as very low permeability material and of poor drainage
characteristics.

The results of the test indicated that the soil infilfration rate was low and near surface
convenfional soakaways will not prove entirely satisfactory at the site. Should they be
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adopted then they should be designed in accordance with the recommendations of Building
Research Establishment Digest 365:1881,

6.9 Chemical Attack on Buried Concrete

The results of the chemical analyses show the natural soil samples to have water soluble
sulphate contents of up to 2.28gflitre associated with near neutral pH values and the
samples of made ground to have water scluble sulphate contents of up 1o 0.52g/itre
associated with near neutral to slightly alkaline pH valuss.

In these conditions, it is considered that deterioration of buried concrete due to sulphate or
acid altack ie likely to occur unless precautions are taken. The final design of buried
concrete according to Tables C1 and C2 of BRE Special Digest 1:2005 should be in
accordance with Class DS-3 conditions,

In addition, segregations of gypsum were noted within the London Clay and scatterad small
gypsum crystals were also noted at depth. Consequently, it is cgnaidarad thatl any huried
concrete at depth may be attacked by such sulphates in solution and that it would be
prudent to design any such deep buried concrete in agccordance with full Class DS-3
conditions.

p.p. SITE ANALYTICAL SERVICES LIMITED

_._'_._l-_-\-
4’:’/
A P Smith BSc (Hons) FGS, A Davidson BSc {(Hons) MSc DIC
Gaolechnical aar Enviranmental Enginser
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