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1. INTRODUCTION

It is proposed to undertake structural modifications to the existing property at 51 Calthorpe
Street, London (Drawing 15.116/Phs2/01).

Following a ground investigation carried out by A F Howland Associates Limited (AFHA)
that provided an assessment of the potential contamination aspects at the site (AFHA, 2015),
a second phase investigation was undertaken to provide information on the geotechnical
parameters needed for design purposes by Create Consulting Engineers Limited, Engineer for
the project, and to provide data to address certain conditions attached to the planning consent

for the proposal.
This report provides the factual details of the fieldwork and laboratory testing undertaken

during the second phase investigation, and discusses the findings with respect to issues raised

by the local planning authority and the design requirements of the Engineer.
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2. FIELDWORK

The fieldwork related to the second phase of investigation was carried out on 16, 17, 19, 20
and 23 November 2015. No work was undertaken on 18 November at the instruction of the
Client.

The fieldwork comprised two boreholes, referenced BH102 and BH103, undertaken by a
demountable cable percussive rig and three hand dug trial pits, referenced TP101 to TP103.

The exploratory holes were set out in general accordance with the requirements of the
Engineer, as shown approximately on Drawing 15.116/Phs2/02. The National Grid reference
of the positions, and the elevation relative to Ordnance Datum, were measured using a
Hemisphere S320 VRS GPS (RTK) system by AFHA.

A cable avoidance tool (CAT) was used to sweep the location and the immediate surrounding
area to locate any potential underground services and the position adjusted as necessary.
Also, at the borehole locations a starter pit was excavated by hand to a depth of 1.20 m to

provide direct inspection for services or obstructions.

Sampling and in situ testing were carried out in general accordance with the
recommendations of BS EN1997-2:2007 Eurocode 7 and its UK National Annex supported
by BS 5930:2015 (BSI, 2015a), and as specified by the Engineer. Open tube drive samples
(U100) were taken in cohesive materials to allow laboratory testing of undisturbed material.
Further disturbed samples were taken for laboratory testing and to allow later inspection of
the materials encountered and facilitate accurate logging.

Standard penetration tests (SPT) were carried out using a split barrel sampler or a solid cone,
as appropriate, to obtain complementary strength information in cohesive material and made
ground, and to assess the condition of granular strata. The N value was taken as the number

of blows for 300 mm of penetration, following a seating drive of 150 mm or 25 blows.
Borehole BH103 was sited at ground level on the frontage of the property and BH102 in a

light well/access way to the rear and on the west side of the property. They were taken to a
maximum depth of 20 m, albeit that BH103 was extended then to 22.25 m by continuous
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standard penetration tests following further advancement by boring techniques not being
possible.

The boreholes were monitored for groundwater ingress during advance. Upon encountering
inflow, drilling was temporarily stopped to allow the level to stabilise, recording the water
level at five minute intervals for a period of twenty minutes. Samples of groundwater were

also taken for possible laboratory analysis.

However, groundwater observations are affected by the permeability of the ground, the rate
of progress of the hole and the boring technique in operation. The general procedures used
do not allow precise measurements of the groundwater conditions, but give only a general
guide to the overall situation. Fluctuations in any groundwater table can also occur as a

result of seasonal or climatic effects, as well as other outside influences.

To allow a longer term assessment of the groundwater condition, a standpipe piezometer was
installed in each of the boreholes. These comprised a slotted uPVC access tube, surrounded
by a granular filter, and sealed at the top by bentonite. Both AFHA and the Engineer returned

to site to carry out subsequent groundwater monitoring.

The trial pits, were located adjacent to the property walls and were excavated by hand to a
depth adequate to expose the foundation at each location. Samples were taken from the trial
pits for subsequent logging.

TP101 and TP102 were located in the light well that was adjacent to No 49 Calthorpe Street.
TPO1 was excavated along the front elevation of No 51 Calthorpe Street and TP102 adjacent
to the party wall with No 49. TPO03 was excavated inside the basement of No 51 adjacent to
the party wall with No 49 and a pillar of structural interest to the Engineer.

Details of the strata encountered, the sampling, in situ and laboratory testing are shown on
records appended to this report.

For ease of reference, the borehole from the previous investigation (AFHA, 2015), and a

window sample probe hole carried out by others (HGE, 2013) are appended.
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3. LABORATORY TESTING

3.1 GENERAL

Subsequent to the fieldwork a programme of laboratory testing was carried out to provide
additional quantitative data on the materials encountered. The tests were completed in
accordance with the procedures laid down in BS1377: 1990 unless stated otherwise and

consisted of:

- Natural moisture content

- Atterberg limits

- Particle size distribution

- Undrained shear strength in triaxial compression without measurement of pore
pressure

- One dimensional consolidation

- Sulphate content and pH value

- Total sulphur

3.2 TEST PROCEDURES
3.2.1 Natural Moisture Content

The natural moisture content is determined according to BS1377: Part 2: 1990: clause 3.2.
This represents the mass of moisture content retained by the soil in its natural state as a
percentage of its dry mass. For organic soils and peats care should be taken to avoid heating

the sample above 50°C to prevent irreversible physical changes to the material.

3.2.2 Atterberg Limits

The Atterberg limits are determined in the laboratory by the procedures given in BS1377:
Part 2: 1990. The liquid limit (LL) is the moisture content of the soil at the point that its
behaviour passes from that of a plastic solid to that of a liquid. The test procedure given as
clause 4.4 was used based on the cone penetrometer in which the penetration of a free-fall
cone into moistened and cured samples of the soil is measured. The plastic limit (PL) is the
moisture content of the soil at the point that its behaviour passes from a plastic solid to a
brittle solid. This point is measured according to clause 5.3 and is the point at which a thread

of the soil rolled to 3 mm diameter begins to crumble.
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Together the Atterberg limits can be used to define the plastic range of the soil. The plasticity
index (PI) is the difference between the liquid and plastic limit and is broadly correlated to
the engineering behaviour of the soil. When used with the natural moisture content of the

soil they can also give an indication of its in sifu condition.

3.2.3 Particle Size Distribution

A quantitative assessment of the particle size distribution of the soil down to the fine grained
sand size is made according to BS 1377: Part 2: 1990: clause 9. In this the percentage of
certain sized fractions of the soil are found by determining the weight retained on a variety of
sieve sizes through which the material is allowed to pass. The combined silt and clay fraction
is determined by the difference between the sum of the retained weights and the original
sample weight. Variations of the test procedure allow the silt and clay fraction to be removed
from the coarser fraction by wet sieving during which the fine material is washed from the

surface of the coarser material.

3.2.4 Determination of the Undrained Shear Strength in Triaxial Compression without

measurement of Pore Pressure

The undrained shear strength of the soil was measured, as stated in BS 1377: Part 7: 1990:
clause 8, by axial compression of 100mm diameter cylindrical specimens cut from U100
undisturbed samples. The nature of the test is such that no change in moisture content of the

specimen is allowed during shear.

The theory of behaviour of saturated clay materials in undrained shear failure gives that the
strength will not be influenced by the confining pressure such that the measured angle of
internal friction for the material will apparently be equal to zero. Experience has shown that
this is true only for samples of unweathered heavily overconsolidated pure clays. Where the
material is weathered or it contains a significant granular content a plastic rather than a brittle
failure develops which produces a strain hardening during shear. In this situation measurable
apparent undrained angle of internal friction is produced. A similar situation develops in
partially saturated materials. The test results are also influenced by sample variation, and in

particular the presence of natural fissures or inclusions within the sample.

The use of large diameter specimens is preferred as this compensates for the scale effects of

random features in smaller specimens. One of two tests are carried out according to the soil
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characteristic. Unweathered specimens of heavily overconsolidated clays which have a
brittle failure in shear are tested in a single stage. The confining pressure is taken as the total
overburden pressure of the sample in sifu. It is then failed by axial compression and the
measured deviator stress reported as the apparent undrained cohesion. Specimens of
weathered clay or the clays with granular contents are tested in a multistage manner
according to BS 1377: Part 7: 1990: clause 9.

The test procedure is similar to the single stage but at the point that failure begins the
confining pressure is increased and the specimen compressed for a further 2% of vertical
strain at which point the confining pressure is again increased and held for a further 2%
strain. The deviator stresses at each of the confining pressures are used to plot the Mohr
envelope and the apparent undrained cohesion and if appropriate the undrained angle of

internal friction.

3.2.5 One Dimensional Consolidation Test

This determines the rate and magnitude of the consolidation of a saturated specimen of the
soil in the form of a disc, confined laterally and subjected to a vertical axial pressure and
which is allowed to drain freely from the top and bottom surfaces. The procedure is carried
out according to BS 1377: Part 5: 1990: clause 3.5 in which the total load is applied

incrementally.

In this instance the loading sequence was modified to provide a measure of the response of

the soil to reduction and re-application of the vertical load.

3.2.6 Sulphate Content and pH Value

In order to aid the evaluation of any aggressive tendency of the subsoil or groundwater to
buried concrete the pH and soluble sulphate of a number of samples were determined using
in-house procedures based on British Standard methods. The pH of a groundwater sample, or
a soil suspension was determined electrometrically according to BS 1377: Part 3: 1990:
clause 9.5. The water soluble sulphate content was undertaken using a procedure based on
BS 1377: Part 3: 1990: clause 5.5 in which the sulphate is analysed by ICP-OES in a distilled
water filtrate from the soil or a groundwater sample. The total sulphate of a soil was

measured on a filtrate following digestion of the soil by 10% hydrochloric acid.
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3.2.7 Total Sulphur Content

To aid the evaluation of aggressive tendency of the subsoil to buried concrete as a result of its
pyritic potential, the total potential sulphate content can be determined from the relationship
between the total (acid soluble) sulphate content and the amount of total sulphur present. The
total sulphur content is determined by a laboratory in-house method based on the Methods for

the Examination of Waters and Associated Materials (Environment Agency, 2006).

A dried portion of the soil is extracted at 115 °C for 75 minutes using 100% aqua regia and
potassium bromate/bromide oxidizing mixture. The principle of this digest is to oxidize all
sulphur to sulphate, and use the aqua regia acid mixture to digest the sample. The resultant
digest solution is then filtered and analysed by ICP-OES. The results are expressed as % S,
and include water soluble and acid soluble sulphates and total reduced sulphur, as well as

insoluble sulphates and organic sulphur.
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4. DISCUSSION AND ENGINEERING INTERPRETATION

4.1 GENERAL

The purpose of the further investigation was to satisfy certain conditions attached to the
planning consent for a change of use for the existing building from offices to 17 number flats,
to include an additional storey, the incorporation of a mezzanine floor and the excavation of a

lower basement.

The particular conditions to be addressed required:

e confirmation of the order of strata below ground level. In particular, to relate to an
apparent discrepancy between mapped regional geology and the previous borehole
record';

e confirmation of the direction of groundwater flow and how the basement would effect
this considering that the neighbouring property also has a deep basement;

¢ to confirm the possible influence of a scour feature of the former River Fleet; and to

¢ confirm foundation depth and type of the neighbouring property.

In addition, the investigation was required to allow the determination of certain design

parameters to assist the Engineer with the structural design of the scheme. These included:

e Stratum thicknesses;
e Bulk weight of each stratum;
e Stratum type :
o Cohesive/Cohesionless;
o Normal/Over consolidated;
o Drained/Undrained;
e Coefficient of earth pressure at rest, Ko;
e Soil friction angle;
e (Cohesion :
o Drained;
o Undrained;
e Young’s modulus;

e Poisson ratio; and

e  Water table elevation.

' BHO1 reported by AFHA, 2015

A F Howland Associates
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It is understood that the design concept was for the basement to form a watertight mini-piled
(secant piled) retaining wall box in which a two storey basement could be excavated whilst
keeping water out (assuming that the basement excavation level was within or very close to
the ground water table level). However, the findings indicated the presence of a thick layer
of made ground and sand/gravels to be present which was at variance with an expected

presence of the London Clay.

The comments and recommendations contained in the report address the issues raised by the
planning consent and the design requirements as understood, and are based on the data
obtained from the site investigation. Extrapolation between and to other parts of the site is
considered within the light of the geological setting as interpreted, but no responsibility can
be accepted for varying geological and geotechnical conditions from those on which the
report is based. It should be noted that the solutions discussed reflect the design proposals
and information supplied at the time of reporting and must be subject to re-assessment if

changes are made at a later date.

4.2 GENERAL GEOLOGY

The geology as mapped for the area by the British Geological Survey (BGS, 2016) indicated
a solid geology at about the contact of the Lambeth Group and overlying London Clay
Formation with the solid geology being overlain by superficial soils termed the Hackney
Gravel Member (dwg 15.116/Phs2/03).

The Lambeth Group is of Eocene Age and comprise the laterally contemporaneous beds of
the Woolwich and Reading Formations which together comprise a variable sequence of very
heavily overconsolidated clays and shelly clays, with occasional beds of limestone
interbedded with sand and gravel units, generally becoming more sandy and gravelly towards
the base. These sediments are interpreted to have been deposited in a back lagoon
environment, behind a marine bar, through which periodic marine incursions occurred;

therefore the deposits are both laterally and vertically variable.

The more easterly soils associated with the Woolwich Formation include a variety of
lithologies, thought to have been laid down in a lagoon or estuarine environment. Most
widespread is an overconsolidated shelly clay, the 'Woolwich Shell Beds.! The formation is

also characterised by grey-brown and grey, thinly bedded, interlaminated sands, silts and
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clays. Other lithologies include ferruginous or lignitic sands (locally cemented by silica) and

occasional beds of limestone.

The more westerly Reading Formation predominantly comprises an overconsolidated
multicoloured mottled clay, typically shades of red, brown and blue-grey, with subordinate
silts and fine sands. These sediments are believed to represent the deposits of an alluvial
mudflat, subjected to subaerial exposure during dry periods. The formation also contains
beds of medium grained sand, which may include silica and iron concretions and are

interpreted as the deposits of river channels crossing the mudflats.

The London Clay Formation is a heavily overconsolidated clay of the Eocene Series. It
contains varying amounts of silt and fine sand, with silt generally more abundant at the base
and the top of the formation. In its unweathered state the London Clay is typically very stiff,
fissured to a varying degree and dark grey or purplish grey in colour. Beds of calcareous
concretions, some of which are septarian, are found intermittently throughout the formation.
Phosphatic and pyritic nodules also occur, selenite crystals are characteristic. The clay
weathers to brown and the more sandy beds to an orange-brown colour, deteriorating in

consistency to firm or even soft.

The London Clay is the most widespread of the Palacogene deposits and is stratigraphically
of significant thickness. At the scale of most sites it is often regarded as homogeneous for
much of this thickness with any variation generally related to the development of a

weathering profile.

Stratigraphically, the Harwich Formation exists at the base of the London Clay lying
unconformably over the Lambeth Group and below the marine transgression marking the
base of the London Clay Formation. However, it is more evident in the northeast of the
London Basin and East Anglia where it comprises a sequence of silty clays and sandy, clayey

silts with subordinate locally glauconitic silts and sands.

The Hackney Gravel Member is one of a series of river terrace deposits of the River
Thames. These were derived from the chalk and younger Eocene deposits during the
Pleistocene and laid down while the river was flowing with a greater discharge than its does
today. Subsequent readjustment of the river level has left the deposits as terraces along its

valley sides and as lag deposits along the floor of the present day valley and its tributaries.
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They terrace deposits comprise flint sand and gravel, locally displaying vertical sorting.
Some terraces may be capped by finer alluvium, but often this has been removed by later
erosion. Towards the edges of the terraces the material has often been reworked and
transported so that it may be found draped over lower levels than those at which it was

originally deposited.

The particular morphology of the site and its geology is such that the natural sequence and
expected stratigraphic levels have been prone to disturbance by particular periglacial
processes, and also to fluvial scour. The consequence being that the natural sequence can be
disrupted and the materials weakened. Also, it causes the over-lying superficial soils to
extend to greater depths than the regional stratigraphy would suggest to be the case. A
particular incidence has been recorded in the vicinity of the site where published work
suggests that the course of the former River Fleet probably crosses the site and that a
substantial fluvial scour is present within the vicinity (Berry, 1979; Banks et al, 2015). The
work by Berry, which is based on the ground conditions encountered during the construction
of a post office tunnel that lies below Calthorpe Street where it runs adjacent to the site, and
to a number of boreholes in the vicinity, suggests a complex and variable sequence to be
present at anything down to elevation of — 20 m OD?. The removal of the London Clay by
the scour action is evident by the elliptical shaped exposure of the underlying Lambeth Group

in the vicinity of the site as shown on drawing 15.115/Phs2/03.

4.3 SITE GEOLOGY

The boreholes proved an overall similarity of sequence in that all the boreholes, including those
from the earlier investigations showed made ground to be present to up to 8 m below road level
and that this overlay over a sequence of natural materials. However, the character and condition
of the natural soils differed significantly both within and between boreholes (Dwg
15.116/Phs2/04).

The made ground comprised a variable sandy clay that contained gravel and occasional cobble
size pieces of brick, flint, concrete, chalk, charcoal and slate. Organic odours were noted
locally below about 5 m depth. The materials were assessed as very soft or soft and this was

supported by in situ standard penetration testing that gave N-values that ranged between 2 and

2 See Appendix F of the report for pertinent extracts from Berry (1979)
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10 with one anomalous higher value that is likely to have influenced by an obstruction (Dwg
15.116/Phs2/05).

The initial borehole, BHOI proved a natural cohesive deposit immediately below the made
ground at a depth of 8.0 m (approx 10.2 mOD) from street level. This consisted of dark brown
clay; it was also organic and included rootlets. At 8.4 m it became firm, brown and grey, and
variably silty and sandy, and included sand partings. Atterberg limits determinations indicated a
clay of intermediate to high plasticity, with a plasticity index ranging between 17 and 25%. A
single undrained triaxial test result from an undisturbed sample gave an apparent cohesion

value of 52 kNm™, while the assessed strength was also confirmed by an N-value of 17.

The clay gave way to granular deposits at 10.9 m that comprised brown slightly silty sand
containing flint gravel. Standard penetration tests indicated a medium dense condition, albeit

that some blowing conditions developed during boring.

At borehole BH103 from the current phase of investigation the natural sequence was broadly
similar to that at BHO1. Initially, sandy gravelly clay was recorded to 9.5 m but which
changed at about 9.0 m from a firm to a soft consistency. Other than for a thin gravel band at
9.5 m, this continued to about 12.0 m, albeit that it improved in consistency again to firm.
The upper levels of the cohesive material were similarly organic to that found in BHOI. The
presence of brick and ceramic material within the material at BH103 was interpreted to be
due the action of drilling, rather than represent a locally deeper development of the made
ground. Testing of a sample of the clay suggested a soft condition, although the sample may
have suffered some water softening during boring. An Atterberg limit determination
indicated a clay of intermediate plasticity with a plasticity index of 23% and as such

suggested the material was comparable to that in BHOI.

At 12.0 m, the clay in BH103 gave way to granular material. This extended to a depth of
22.05 m. However, the borehole was advanced only to 20.0 m with the findings below that
being based on the results and recovery from continuous SPTs. Therefore, the lower level
data and interpretation should be treated with some caution. Variation was also present
within the granular sequence at BH103 with the upper and probable lower sections being
dominated by the fine and medium sand fraction and an intermediate section by more coarse

sandy gravel.
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At BH102, the natural soils showed some initial similarity in that a sandy clay of
intermediate plasticity was also present immediately below the made ground and proved to be
in a soft to firm, improving to a firm condition, based on the results of an SPT and a single

undrained triaxial compressive test.

This initial clay was less thick in BH102 and although it gave way to a granular soil, this also
was more thinly developed than was the case in BHO1 and BH103.

Below the granular material, a more persistent clay was proved to the base of BH102. This
was slightly silty, locally sandy in places and was initially of a firm to stiff consistency and
became stiff with depth. It was initially grey in colour and contained fine sand sized selenite
crystals. However, from a depth of 13.0 m, it became very stiff and mottled grey and brown
with occasional red mottling, and an absence of selenite crystals. Atterberg limit
determinations of the upper grey clay showed this to be of high and very high plasticity and
otherwise characteristic of that expected of the London Clay. However, the mottling of the
underlying clay was characteristic of that associated with the underlying Lambeth Group and
it is possible that the borehole crossed the geological contact between the two. If so, no

evidence for the Harwich Formation was identified.

4.4 GROUNDWATER

At each borehole groundwater inflow took place as a sub-artesian strike on entering the
granular soils below the made ground, although an earlier strike was also recorded in the
made ground at BHOl. In each instance, the water rose during a break in boring.
Groundwater monitoring instrumentation installed in each borehole were monitored
subsequent to their installation and suggested a groundwater level of 10.85 mOD". A higher
level recorded in the previous window sample hole was considered anomalous and to reflect
a residual influence at the base of the instrument (dwg 15.116/Phs2/06).

4.5 GROUND CHEMISTRY

Selected samples of the made ground, clay and groundwater were subject to pH and sulphate

testing, with sulphur determinations made to complement the sulphate testing according to

* This is based on two readings taken within a few weeks of each other, albeit that the results are supported by
an earlier reading of the instrument in BHO1 taken in April 2015. In view of the sensitivity of many
construction procedures to groundwater further monitoring of the instruments would be prudent to confirm a
longer term persistency of groundwater regime.
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the recommendations of Building Research Special Digest 1 (BRE, 2005). Combining the

results from BHO1, they can be summarised as follows:

e pH values in soil between 7.2 and 8.4, while values of 6.8 and 7.2 were recorded in
groundwater

e sulphate (SO3) concentration of 0.13, 0.17 and 0.37 gl in groundwater

e water soluble sulphate (SO3) concentrations in soil from 0.04 to 0.77 gl

e acid soluble sulphate (SO4) between 0.02 and 0.21%

e total sulphur concentrations from 0.01 to 0.83

The sulphur determinations were made to complement the sulphate testing according to the
recommendations of Building Research Special Digest 1 (BRE, 2005). This establishes if a
material is pyritic and uses a relationship between total sulphur, acid soluble and water
soluble sulphate, and Total Potential Sulphate (TPS), to determine whether it is necessary to
increase the Design Sulphate (DS) class. This produced oxidisable sulphides above the 0.3%
trigger concentration, suggesting that certain of the soils may contain pyrites.

4.6  EXISTING FOUNDATIONS

A review of historical Ordnance Survey maps suggests that the building was built as a school,

later became a drill hall and more recently took on its present use as an office block.

The foundation pits along the external walls exposed a corbelled brick lower wall acting onto
a concrete footing. However, it was not possible to establish whether this was a common
foundation with No 49 as the option also to excavate within No 49 was not available. The
likelihood, or otherwise that they have a common foundation would need to be inferred from

the structural arrangement and integrity of the superstructure of the buildings®.

TP103 that was excavated internal to the building at basement level on the boundary between
the two properties and showed a founding level for the base of concrete slab of approximately
14.1 m OD. The founding levels at the other two pits that were located in the light well on
the front elevation differed from this, but in each instance, the foundations were found to be

acting onto the made ground.

* This aspect is outside of the remit of this report.
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Made ground is generally considered to be an unsuitable founding strata in view of its
heterogeneous nature and an associated weak and compressible character, unless it is an
engineered fill with more certain properties.

It is understood that properties in the vicinity, and No 49 in particular, have experienced
movement in the more recent past, which suggests that the founding soils remain subject to
influences other than those of soil consolidation alone.

Subject to an understanding of those additional influences, which is unlikely to be possible,
but which may include vibration from increased traffic, local engineering works and ground
water level changes, the allowable bearing capacity, qa, of the made ground, if taken to be

largely cohesive in character can be determined by:

ga = 1 (Nc x Cu)
F
where;
Nc is a bearing capacity factor related to footing geometry
Cu is the undrained shear strength of the stressed soil , and
F is a factor of safety against bearing capacity failure

If an undrained shear strength of 20 kNm? is taken for the made ground, being the lower
bound value for soft soil, the allowable bearing stress increase, qa, for a factor of safety of 3
is:

ga = 1(6.1x20)
3

= 40.67 kNm™

It should be noted that a conservative value for the bearing capacity factor Nc has been
adopted in this approach.

4.7  PROPOSED SUBSTRUCTURE WORKS

4.7.1 Excavations
The excavation for the new basement is anticipated to be taken to an elevation of

approximately 12.5 mOD. This will be contained within the made ground and above the
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regional groundwater table’ albeit that some perched water may be present above (dwg
15.116/Phs2/04).

The made ground is heterogeneous but generally cohesive in character, although coarser
bands may be present. In view of the consequences of sidewall failure, the made ground
should be regarded as being incapable of self-support and the construction system should be
devised accordingly. In particular, the concept for a proposed watertight mini-piled (secant
piled) retaining wall box would need to ensure that it is adequate to prevent any lateral
displacement of the retained soil in both the permanent and temporary conditions.

Excavations that remain above the groundwater will, in essence, remain dry and would not be
expected to affect the groundwater, or be affected by it. However, as the water level is
approached it is generally the case that the soils become more soft. Excavations that need to
be taken below the water table will encounter more adverse conditions that would need

additional consideration.

4.7.2 Retaining Structures

Although the walls of the new basement excavation will extend some 2 to 3 m below the
existing basement, they will need to be capable of accommodating the stresses induced by the
full depth of soil; subject to the precise detail of the existing soil/structure interaction. In the
worst case this will be the depth of soil from street, or ground floor level plus the surcharge
load of any foundations acting at a higher level than the base of the excavation. In addition,
as the water pressure acting on a retaining structure requires only the presence of water on the
back wall, and in the absence of drainage measures in the wall, this can develop irrespective
of the regional groundwater table. Consequently, the system should also assume water
loading over the full depth from street, or ground floor level.

4.7.3 Characteristic Soil Parameters

The soil parameters that have been indicated by the Engineer as necessary to assist with the
assessment of the temporary and permanent works aspect of the construction proposal are
listed in Section 4.1 above and values for each are given in Table 1, below.

> See footnote 3, page 13
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Parameter Made Ground Natural cohesive | Natural granular | London Clay (LC)
soils (not LC) soils

Stratum thickness' 8 m from street level | Variable Variable Variable

(base approx 10.5
mOD)

(has the potential to
be present to the full

(has the potential to
be present to the

(has the potential to
be to be present to

depth investigated) full depth the full depth
investigated) investigated)
Stratum Type1 Cohesive Cohesive Cohesionless Cohesive
State of Not applicable Over-consolidated, Not applicable Over-consolidated

Consolidation?

unless fully softened
by disturbance

Bulk weight, 7 17.510 20 19.0 t0 20.0 17.0t0 20.0 20.0
(weight density)3
Undrained strength, | 20.0 20.0 increasing to Not applicable 40.0 increasing to
kNm?* 40.0 where the 150.0 with depth
strata is thicker
Drained strength,c’ | 0/25 0/25 0/30 0/20
kNm?/ ¢’ degrees®
Coefficient of earth 0.75 0.75 0.40 (loose or 1.00
pressure at rest, medium dense
Ko®
0.80 (dense)
Poisson’s ratio® 0.2t00.3 0.4t00.5 0.20 0.4t00.5
Youn%’s Modulus, 0.5to 5 (very softto | 5 (soft) 30 to 80 (loose) 4 to 7 (firm)
MNm ™28 soft) ) . .
5 to 8 (firm) 80 to 160 (medium 7 to 20 (stiff/very
dense stiff)
160 to 320 (dense)
Water table 10.85 10.85 10.85 10.85

elevation, moD'

Table 1 : Soil Parameters

NB. Data source:

1 — Borehole records;
3 -BS 8002 (BSI, 2015b);

2 — Geological provenance derived from geological setting;

4 — Derived from Sl data;

5 - Tomlinson (1996); 6 - www.geotechdata.info/parameter/soil-young's-modulus.html.

Natural materials are variable in character and condition. This is notably the case at the site
as a result of the particular geological processes that have been active in the area. Thus, the
parameters provided in Table 1 should not be taken to represent an innate property of the soil

and the values will vary not only as result of the variability of the soils but also by the context
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in which the parameter will apply. Any analysis would be enhanced by a sensitivity analysis

for the parameters as a means to determine the impact of the uncertainty of each.

4.7.4 Underpin piled foundations

It is understood that the proposed secant piles that will be used to support the excavation are
intended also to underpin and accommodate the structural loads of the building. Unless
individual piles are extended below the level that is required to support the sidewalls of the
basement extension, the pile group will act as a deep strip foundation, with the benefit of the

friction developed along the internal and external faces of the pile group.

Although the soils have been found to have a significant variability, the structural integrity of
the construction system in such loads will be distributed to some degree within the group.
However, the potential exists for differing behaviour as some of the variability in the soils is
at a large scale. For example, a pile system acting into the London Clay from below the
made ground would have a differing response to that where the granular soils of the over-
deepened superficial soils are present. It would seem prudent therefore that the design
approach focussed on the settlement response of the system acting into each soil type in order
to ensure that differential movements were of an acceptable level, rather than the load

capacity alone.

4.7.5 Buried Concrete

Specific chemical analysis were undertaken in order to evaluate the aggressive tendency of
the ground to buried concrete. Considering the results together with those from the previous
investigation (AFHA, 2015), the pH results indicated slightly alkaline conditions, with one
sample of made ground showing a more positive alkaline value. The soluble sulphate results
correspond with a design sulphate class of DS-1 and DS-2 (BRE, 2005).

The digest identifies a number of different site categories, which include those with natural
soil conditions, those that have been subject to brownfield development and also those sites
that contain pyrite bearing ground that would be subject to future disturbance and could result
in pyritic oxidation. Based on the presence of made ground to depth, a brownfield character
should be adopted. It is also necessary to take into account other factors related to the
environment into which the concrete is placed i.e. the pH of the material and the mobility of
the groundwater table. An ACEC (aggressive chemical environment for concrete) class can

then be assigned. Given that the piles will need to be taken below the groundwater and that
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significant thicknesses of granular soils are present, a mobile groundwater condition has been
adopted. As the pH is higher than 6.5, in a natural ground setting the guidelines indicate that
ACEC classification of AC-2 would be appropriate for buried concrete in contact with
undisturbed deposits. This assumes that any concrete is cast according to good construction
practices, in direct contact with the ground, and where the soils have not been allowed to
deteriorate beforehand. That is the pyritic soils that are locally present would not be
disturbed such that oxidation of the pyrite might occur which would require a greater level of

protection to the buried concrete.

A F Howland Associates
Geotechnical Engineers




AFH/15.116/Phs2 Page 20
18 January 2016

3. SUMMARY

1. The investigation sought to address a number of issues raised by the planners and

required to assist with the structural aspects of the proposed development.

2. Inresponse to the particular planning conditions;

e The additional investigation confirmed the ground profile and proved it to be variable
in character and condition as a result of a particular geological phenomenon
associated with localised enhanced fluvial scouring which created a deepening to the
base of the superficial granular terrace deposits and significant disruption and
weakening of the underlying materials of the solid geology. This accounts for the
discrepancy with the sequence expected from the mapped regional geology;

e For the period monitored the groundwater level is consistent in the area of the site at
about 10.85 m. This suggests that groundwater is hydrostatic and that no significant
flow is taking place, although an overriding regional flow pattern could not be
determined from the evidence of a limited area. In view of the significant
permeability of the soils that would be present below the property, the presence of the
properties are not likely to impact on the groundwater regime;

e Further to the comment above, the additional boreholes confirmed the presence of a
probable scour feature of the former River Fleet and discussed its possible influence
on the proposals;

e The external wall of No 51 adjacent to No 49 had a foundation that comprised a
corbelled footing acting onto a probable concrete raft with a formation level to the
concrete of about 14.1 mOD.

3. The significant variability of the soils, both vertically and laterally will need to be taken

in account within the design process and consequent construction procedures. Notably:

e Soils varied from fully cohesive to fully cohesionless;

e (Cohesive soils varied from soft to firm, and cohesionless soils from medium dense to
dense with no clear logical pattern to the variation in either case;

e Groundwater was present below the formation level of the basement extension, but
perched water may exist above that;

e Parameters for the soils have been tabled for use in analysis, but they are not innate
properties and sensitivity assessments should be included in the design process;

e Water pressure should be assumed to act on any retaining structure.
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4. An ACEC classification of AC-2 is considered appropriate for buried concrete in contact
with undisturbed ground.

K P Blanke Dr A F Howland

BSc (Hons) MSc PhD DIC CEng FIMMM CGeol FGS
A F HOWLAND ASSOCIATES

18 January 2016
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APPENDIX B: CABLE PERCUSSIVE BOREHOLE RECORDS

¢ £ © w

X blows

XF

SPT

SPT(C)

X,X/X,X,X,X

X*Y

X/Z

dd/mm/yy: 1.0
dd/mm/yy: dry

Borehole BHO1 from previous investigation (AFHA, 2015)

Borehole BH102 and BH103 from the current investigation

Bulk disturbed sample

Small disturbed sample

Water sample

Nominal 100 mm diameter undisturbed open tube sample
Environmental sample

The associated figure ‘X’ is the number of blows to drive the sample tube over
the given depth range

Undisturbed sample not recovered after ‘X’ number of blows to drive the
sample tube

Standard penetration test using a split spoon sampler. N Value is uncorrected,
but the hammer energy ratio is given in the remarks.

Cone penetration test using a solid cone

Blows per increment during the standard penetration test. The initial value
relates to the seating drive (150 mm) and the remaining four to the 75 mm
increments of the test length

SPT blow count ‘N’ given by the summation of the blows ‘X’ required to drive
the full test length (300 mm)

Incomplete standard penetration test where the seating drive could not be
completed. The blows ‘X’ represent the total blows for the given length of
seating drive Y’ (mm)

Incomplete standard penetration test where the seating drive was achieved but
the full test length was not. The blows ‘X’ represent the total blows for the
given test length ‘Z’ (mm)

Date, water level at the borehole depth at the end of shift
and the start of the following shift

Each sample type is numbered sequentially with depth and relates to the depth range quoted

All depths and measurements are given in metres, except as noted

Strata descriptions complied by visual examination of samples obtained during boring, after BS
EN1997-2:2007 Eurocode 7 and its UK National Annex supported by BS 5930: 2015 and modified in
accordance with laboratory test results where applicable
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A F Howland Associates Stte Nomber
- - 51 CALTHORPE STREET, LONDON WC1X OHH
Geotechnical Engineers BHO1
Boring Method Casing Diameter Ground Level (mOD) | Client Job
Number
Cable Percussion 150mm cased to 14.50m 18.19 Mr Simon Firth 15.116
open hole to 15.00m :
Location tes Engineer Sheet
16/04/2015
530932 E 182459 N Create Consulting Engineers Limited 1/2
Depth Casing | Water . Level Depth e 3
(m) Sample / Tests Depth | Depth Field Records (mOD) ~(m) Description Legend| &
(m) (m) (Thickness) =
— (020 T
1700 ( .23 | CONCRETE T
0.30-0.50 B1 £ MADE GROUND (Soft brown and grey very sandy very
c gravelly clay with occasional angular cobble sized brick
E fragments. Gravel is angular to subrounded fine to coarse
—  (1.00) | flint, brick, chalk and concrete)
0.70 ES1 E
0.70-0.90 B2 £
1.00-1.20 B3 =
16.99 1.20 MADE GROUND (Very soft brown with occasional orange
% gg% gg SZT(C) N=2 DRY | 1/1,1 = brown mottling sandy gravelly clay. Gravel is angular to
£ subrounded fine to coarse flint, brick, chalk, concrete and
E charcoal)
2.00-2.45 SPT(C) N=3 1.50 DRY | 1/1,1,1 e
2.00-2.50 B5 =
—  (2.80)
3.00-3.45 SPT(C) N=3 3.00 DRY | 1,2/1,1,1 o
3.00 D1 =
3.00 ES2 =
_ 1419F— 400 :
4.00-4.45 SPT(C) N=3 3.00 DRY | 1/1,1.1 C MADE GROUND (Brown sandy gravelly clay, recovered in a
4.00-5.00 B6 e very soft condition. Gravel is angular to subrounded fine to
= coarse flint, brick, concrete, slate and rare chalk)
5.00-5.45 SPT(C) N=5 4.50 DRY | 1,2/1,2,1,1 =
5.00-6.00 B7 =
= (2.60)
E ¥
5.62 w1 E
6.00-6.45 SPT(C) N=7 6.00 DRY | 2,3/3,2,1,1 =
6.00-7.00 B8 ==
159 = ((?fg') MADE GROUND (Black slightly silty slightly sandy slightly
6.70 ES3 11.34 B 6 85 gravelly clay with a weak organic odour. Gravel is angular to Vi
Medium(1) at e . 1 subrounded fine to coarse flint and brick) ‘
6.85m, rose to £ . ’ . .
5.62m in 20 mins F (0.65) | MADE GROUND (Brown with black mottling slightly silty
sealed at 7.50m. = slightly sandy slightly gravelly clay with occasional angular
’ ' = cobble sized brick fragments and a weak organic odour,
7.50-7.95 SPT N=6 750 DRY | 1,2/1,2,1.2 10.69 — 7.50 1 recovered in a very soft condition. Gravel is angular to
7.50-7.95 D2 = 0.50) rounded fine to coarse flint, brick and concrete)
= ’ MADE GROUND (Greyish brown silty slightly sandy slightly
8.00-8.20 D3 10.19 — 8.00 — gravelly clay with a weak organic odour, recovered in a very
: : £ soft condition. Gravel is fine occasionally medium flint and
= (0.40) || prick)
8.40-8.65 | D4 979 & 840 1 5ot o firm dark brown slightly silty slightly sandy CLAY with
== numerous infilled rootlets and an organic odour o
e 0.60
- ¢ ) Firm greyish brown with occasional orange brown and blue
019 F— 900 L9ey mottling very silty sandy CLAY. Rare flint gravel
9.00-9.45 U1l 9.50 DRY | 33 blows e el e - - X ‘
= Firm greyish brown to grey with occasional orange brown
- mottling silty slightly sandy becoming sandy CLAY with
— occasional orange brown fine to medium sand partings
9.45 D5 E
9.50 w2 E
Remarks
1. Location CAT scanned prior to excavation. (agg%ex) Ié())/gged
2. Hand dug inspection pit to 1.20 m.
3. Groundwater struck at 6.85 m and rose to 5.85 m in 5 mins., 5.62 m in 10 mins. and 15 mins. and 20 mins.
4. Groundwater struck at 10.90 m and rose to 8.63 m in 5 mins., 8.27 m in 10 mins., 8.22 m in 15 mins. and 20 mins. 1:50 KPB
5. Piezometer installed to 11.80 m.
6. SPT Hammer Energy Ratio = 67.66% Figure No.
15.116.BHO1
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A F Howland Associates site Borehole
- - 51 CALTHORPE STREET, LONDON WC1X OHH
Geotechnical Engineers BHO1
Boring Method Casing Diameter Ground Level (mOD) | Client Job
Number
Cable Percussion 150mm cased to 14.50m 18.19 Mr Simon Firth 6
open hole to 15.00m 15.11
Location tes Engineer Sheet
16/04/2015
530932 E 182459 N Create Consulting Engineers Limited 2/2
Depth Casing | Water . Level Depth e 3
(m) Sample / Tests Depth | Depth Field Records (mOD) ~(m) Description Legend| &
(m) (m) (Thickness) =
L (1.90)
= .... CLAY becomes brown
10.50-10.95| SPT N=17 7.50 DRY | 1,2/2,4,5,6 :j
10.50-10.95| D6 E -
; 7.29 — 10.90 - : _|V2
Quick(2) at 10.90m, F— (0.20) | Orange brown slightly clayey medium to coarse SAND -
rose to 8.22min 7.09 = 11.1 - - - -
20 mins, not = Light brown slightly silty gravelly fine to coarse SAND.
sealed. = Gravel is angular to rounded fine to coarse flint (blowing
E conditions)
13.00-13.50| B9 F (3.90)
14.00-14.50| B10 o
14.50-14.95| SPT(C) N=12 14.50 1,1/2,2,3,5 :j .... medium dense
_ 319 — 15.00
16/04/2015:8.50m = Complete at 15.00m
Remarks

7. Unable to take SPT at 12.00 m and 13.50 m due to blowing sand.

Scale Logged
(approx) | By

1:50 KPB

Figure No.
15.116.BHO1
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A F Howland Associates site Borehole
- - 51 CALTHORPE STREET, LONDON WC1X OHH
Geotechnical Engineers BHO1
Installation Type Dimensions Client Job
Single Installation Internal Diameter of Tube [A] = 19 mm Number
Diameter of Filter Zone = 150 mm Mr Simon Firth
15.116
Location Ground Level (mOD) | Engineer Sheet
530932 E 182459 N 18.19 Create Consulting Engineers Limited A
Legend § Instr (anee/)eDl) D(ﬁ,lp)th Description Groundwater Strikes During Drilling
L 2505 1799 020 | Concrete _ Depth Casmlqu Readings Depth
Bentonite Seal Date Time | Struck Dept Inflow Rate ) - ) ) Sealed

(m) 5min | 10 min | 15 min | 20 min (m)

17.19 1.00 16/04/15 6.85 6.00 Medium 5.85 562 |5.62 5.62 7.50

r 16/04/15 10.90 |7.50 Quick 8.63 8.27 |8.22 8.22 NOT

Groundwater Observations During Drilling
Start of Shift End of Shift

Date ) Depth Casmr%; Water | Water . Depth Casmg Water | Water

Time Hole Dept Depth | Level | Time Hole Dept Depth | Level
(m) (m) | (mOD) (m) (m) | (mOD)

16/04/15 15.00 14.50 8.50 9.69

v Topfill
A4
Instrument Groundwater Observations
Inst. [A] Type : Standpipe Piezometer
e \ &)

Instrument [A]

Date Remarks
epth | Level
m

(mOD)

=0

Time

~0

30/04/15| 13:30 7.36| 10.83
20/11/15| 11:35 7.33| 10.86
08/12/15 7.40| 10.79 | Taken by Create Consulting

/ 7.79 10.40 )
Bentonite Seal

q

~
N
©

10.90

2
hot]

Gravel Filter

q%ua
4

o
043,

<1500
0

11.50
11.80 | Piezometer Tip
12.00 | Gravel Filter

o

G0 et o
o)
D
o

fmog%”o
R
oo
2w
©©

&

General Backfill

3.19 15.00

Remarks
1. Water sample taken 30/04/2015
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A F Howland Associates site Borehole
- - 51 CALTHORPE STREET, LONDON WC1X OHH
Geotechnical Engineers BH102
Boring Method Casing Diameter Ground Level (mOD) | Client Job
0mm cased to 8.00m Number
Demountable Cable 150mm cased to 9.00m 15.39 Mr Simon Firth 6
Percussion Drilling Rig open hole to 17.00m 1511
Location Dates Engineer Sheet
16/11/2015-
530923 E 182477 N 17/11/2015 Create Consulting Engineers Limited 1/2
Depth Casing | Water . Level Depth e 3
(m) Sample / Tests Depth | Depth Field Records (mOD) ~(m) Description Legend| &
(m) (m) (Thickness) =
1533 ((9_-1093 ] MADE GROUND (Concrete) o
1514 0.25 o
0.30-0.50 B1 15.09 £ 0.30 || MADE GROUND (Brown sandy clay and angular brick fill)
0.50-1.00 B2 :f MADE GROUND (Beige weak mix concrete)
:: MADE GROUND (Brown very sandy very gravelly clay fill.
- (1.20) | Gravel is angular to sub angular fine to course flint, brick,
E concrete, charcoal, and occasional clinker. Occasional
E angular coble sized brick fragments)
1389 — 150 :
1.50-1.95 SPT(C) N=4 1.50 DRY | 1,1/1,1,1,1 il MADE GROUND (Soft brown sandy gravelly clay fill. Gravel
1.50-2.00 B3 = is angular to subangular fine to coarse brick, concrete,
E charcoal, clinker and rare chalk)
= (150)
2.50-2.80 SPT(C) 50/150 | 2.50 DRY | 1,1/1,49 =
2.50-3.00 B4 =
1239 — 3.0
3.00-3.45 SPT(C) N=3 3.00 DRY | 0,1/1,1,0,1 = MADE GROUND (Very soft brown and dark brown to black
3.00 D1 — mottled slightly silty slight sandy slightly gravelly clay. Gravel
E is angular to subangular fine medium flint and brick)
3.50-4.00 B5 e
4.00-4.45 SPT(C) N=9 4.00 DRY | 1,1/2,2,2,3 (210 v
4.00-4.50 B6 E 1
4.50 w1 :f
5.00-5.45 SPT(C) N=10 5.00 DRY | 1,1/1,3,3,3 1029  5.10 : ] : —
5.00-5.50 D2 e ’ Soft to firm greyish green with brown speckling silty slightly | -
= sandy CLAY
5.50-6.00 B7 E
= (1.30)
6.00-6.45 U1 6.00 4.25 | 30 blows e ... becoming stiff
Medium(1) at 899 640 "Fedium dense brown grey sandy angular to rounded fine to
6.50-7.00 B8 6.40m, rose to = coarse flint GRAVEL
4.20m in 20 mins, E (0.60)
not sealed. —
16/11/2015:4.25m 839 7.00
S E——— T E ’ Medium dense brown very gravelly fine to coarse SAND.
17/11/2015:4.25m = Gravel is angular to rounded fine to coarse flint
= (0.90)
7.50-7.95 SPT(C) N=10 7.50 4.20 1,1/2,2,3,3 =
7.50-8.00 B9 =
TASE (07296) Firm brown with occasional orange brown mottling silty
8.00 D3 7.29 - 810 f slightly sandy CLAY
8.20 D4 — Firm to stiff grey with occasional light grey veins silty CLAY
E with fine sand sized selenite crystals
9.00-9.45 | U2 9.00 | DRY | 35blows  (1.90)
9.50 D5 E
10.00-10.45| SPT N=14 9.00 1,2/2,3,4,5 =
Remarks Scale
1. Location CAT scanned prior to excavation. (approx)
2. Hand dug inspection pit to 1.20 m.
3. Groundwater struck at 6.40 m and rose to 6.40 m in 5 mins., 5.80 m in 10 mins., 4.90 m in 15 mins. and 4.20 m in 20 mins.
4. Chiselling Required from 2.50 m to 2.70 m for 0.5 hr 1:50 KPB
5. Slotted Standpipe installed to 8.00 m.
6. SPT Hammer Energy Ratio = 72 % Figure No.
15.116.BH102

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved




A F Howland Associates site Borehole
- - 51 CALTHORPE STREET, LONDON WC1X OHH
Geotechnical Engineers BH102
Boring Method Casing Diameter Ground Level (mOD) | Client Job
0mm cased to 8.00m Number
Demountable Cable 150mm cased to 9.00m 15.39 Mr Simon Firth 6
Percussion Drilling Rig open hole to 17.00m 1511
Location Dates Engineer Sheet
16/11/2015-
530923 E 182477 N 17/11/2015 Create Consulting Engineers Limited 2/2
Depth Casing | Water . Level Depth e 3
(m) Sample / Tests epth | Depth Field Records (mOD) ~(m) Description Legend| &
(m) (m) (Thickness) =
539 — 10.00
10.00-10.50| D6 = Stiff grey silty CLAY with occasional light grey veins and fine

E sand sized selenite crystals. Slightly sandy in places
11.00 D7 = =
11.00-11.45 | U3 No Recovery | 9.00 DRY | 50 blows E "

— (300 =
11.50-12.00 | B10 = ( ) * ;
12.50 D8 = L

239  13.00 = : : «
13.00-13.45| U4 9.00 81 blows j Stiff blue grey and brown mottled slightly silty CLAY * )

= (0.50) El

189 [ 1350 : : :
13.50-13.95| SPT N=21 9.00 2,2/4,5,5,7 = Very stiff brown blue grey and occasional red mottled - —_
13.50 D9 = slightly silty CLAY -
13.50-14.00| D10 E x
15.00-15.45| U5 9.00 100 blows =

E (3.50) L
15.50 D11 E x
16.00 D12 ?
16.50-16.95| SPT N=29 9.00 2,3/6,7,8,8 F x
16.50-17.00| D13 - - =

. 461 F— 17.00 x
17/11/2015: = Complete at 17.00m
Remarks

Scale Logged
(approx) | By

1:50 KPB

Figure No.
15.116.BH102
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A F Howland Associates site Borehole
- - 51 CALTHORPE STREET, LONDON WC1X OHH
Geotechnical Engineers BH102
Installation Type Dimensions Client Job
Single Installation Internal Diameter of Tube [A] = 50 mm Number
Mr Simon Firth
15.116
Location Ground Level (mOD) | Engineer Sheet
530923 E 182477 N 15.39 Create Consulting Engineers Limited A
Legend § ”(‘Egr (anee/)eDl) D(ep)th Description Groundwater Strikes During Drilling
G 15191 020 | Gongrele seal ) Depth Casmlqu Readings Depth
Date Time | Struck Dept Inflow Rate N N N N Sealed
(m) 5min | 10 min | 15 min | 20 min (m)
14.39 1.00 .
—r— 16/11/15| 1600 |6.40 6.00 Medium 6.40 5.80 |4.90 4.20 NOT
Topfill
Groundwater Observations During Drilling
Y. Start of Shift End of Shift
Date ) Depth Casmr%; Water | Water ) Depth Casmg Water | Water
Time Hole Dept Depth | Level | Time Hole Dept Depth | Level
(m) (m) | (mOD) (m) (m) | (mOD)
16/11/15 6.45 6.00 4.25 11.14
17/11/15 6.45 6.00 4.25 11.14 17.00 | 9.00
A 9.39 6.00
Bentonite Seal
8.39 7.00
a‘s".?;? Slotted Standpipe
Sl
45
o 7.39 8.00
= . Instrument Groundwater Observations
— . Bentonite Seal
) x 6.39 9.00 Inst. [A] Type : Slotted Standpipe
- — Instrument [A]
: x Date Remarks
= : Depth | Level
% Time (mp) (mOD)
x 23/11/15| 14:00 452 | 10.87
* N 08/12/15 456 | 10.83| Taken by Create Consullting
* N General Backfill
it -1.61 | 17.00
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A F Howland Associates Stte Nomber
- - 51 CALTHORPE STREET, LONDON WC1X OHH
Geotechnical Engineers BH103
Boring Method Casing Diameter Ground Level (mOD) | Client Job
0mm cased to 9.00m Number
Demountable Cable 150mm cased to 20.00m 18.27 Mr Simon Firth 6
Percussion Drilling Rig open hole to 22.52m 1511
Location Dates Engineer Sheet
19/11/2015-
530942 E 182465 N 23/11/2015 Create Consulting Engineers Limited 1/3
Depth Casing | Water . Level Depth e 3
(m) Sample / Tests | Depth | Depth Field Records (mOD) ~(m) Description Legend| B
(m) (m) (Thickness) =
E (0.30) | MADE GROUND (Dark brown very sandy very gravelly
1797 0.30 clayey fill. Angular to subangular fine to coarse flint, brick,,
0.30-0.50 B1 SE : concrete, charcoal and ceramic. Occasional angular cobble
— sized brick fragments)
0.50-1.20 B2 =
£ MADE GROUND (Dark brown very sandy very gravelly
E (1.00) clayey fill. Angular to subangular fine to coarse flint, brick,,
C concrete, charcoal and ceramic. Occasional angular cobble
E sized brick fragments)
1.20-1.65 SPT(C) N=6 1.20 DRY | 1,1/1,1,2,2 16.97 1.30 "\{ADE GROUND (Very soft brown sandy very gravelly clay
1.20-1.70 B3 — fill. Gravel is angular to subangular fine to coarse flint, brick,
E concrete, charcoal and clinker)
2.00-2.45 SPT(C) N=3 2.00 DRY | 1,0/1,0,1,1 e
2.00-2.50 B4 =
E (2.:80)
3.00-3.45 SPT(C) N=7 3.00 DRY | 1,1/1,2,2,2 o
3.00-3.50 B5 E
4.00-4.45 SPT(C) N=7 4.00 DRY | 1,1/1,2,2,2 1417 410 i
4.00-4.50 B6 = MADE GROUND (Very soft brown and greyish brown
= mottled sandy gravelly clay. Gravel is angular to rounded
= fine to coarse flint, chalk, concrete, brick and charcoal)
E (0.90)
500550 | B7 19/11/2015: 1827 5.00 "HADE GROUND (Very soft brown grey and green mottied
= silty slightly gravelly clay. Gravel is angular to subangular
20/11/2015: = fine to medium brick, flint and concrete. Organic odour
5.00-5.45 SPT(C) N=2 5.00 DRY | 1,0/1,0,0,1 =  (0.80) | possible reworked Alluvium?)
1247 553 [ MADE GROUND (very soft biack silty siightly sandy very
6.00-6.45 SPT(C) N=3 6.00 DRY | 1,1/1,01.1 1227— 6.0 —‘ g;i\/kegxé:lﬁi%t)c‘ravel is angular to subangular fine to coarse
6.00-6.50 B8 =
E MADE GROUND (Very soft black slightly silty slightly sandy
[ slightly gravelly clay with an organic odour. Gravel is angular
E to subangular fine to coarse flint and brick)
= (1.50)
. - 1077 — 750 = S
7.50-7.95 SPT(C) N=10 7.50 DRY | 1,1/2,2,3,3 = Firm black and grey mottled slightly silty slightly sandy
7.50-8.00 B9 E slightly gravelly CLAY with an organic odour. Gravel is
= angular to sub angular fine to coarse flint, brick and
E ceramic) (possible that brick and ceramic could be present
; due to drilling action)
= (1.50)
9.00-9.45 SPT(C) N=10 9.00 DRY | 1,1/2,2,3.3 921 = 9.00 mEm greyish brown and black mottled silty very sandy
9.00-9.50 B10 = (050 slightly gravelly CLAY with thin layers of soft to firm brown
- ’ and black mottled slightly silty CLAY. Gravel is angular to
8.77 E 9.50 | rounded fine to coarse flint and rare brick (possible made
9.50-9.80 B11 = : ground - rare brick may have been pushed down from
E (0.30) above)
9.80 D1 8.47 9.80 - -
E Black slightly sandy angular to rounded flint GRAVEL
Remarks
1. Location CAT scanned prior to excavation. (agg%ex) Ié())/gged
2. Hand dug inspection pit to 1.20 m.
3. Groundwater struck at 11.80 m and rose to 11.80 m in 5 mins., 11.70 m in 10 mins., 11.60 m in 15 mins. and 20 mins.
4. Water added from 13.00 m to 15.70 m approx 2000 litres, 15.70 m to 20.00 m approx 2000 litres 1:50 KPB
5. Slotted Standpipe installed to 19.00 m.
6. SPT Hammer Energy Ratio = 72% Figure No.
7. BH progressed by continuous CPT from 20.00 m to 22.52 m. 15.116.BH103
8. On extraction of continuous CPT Grey Clay was observed on the CPT shaft. e
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A F Howland Associates site Borehole
- - 51 CALTHORPE STREET, LONDON WC1X OHH
Geotechnical Engineers BH103
Boring Method Casing Diameter Ground Level (mOD) | Client Job
0mm cased to 9.00m Number
Demountable Cable 150mm cased to 20.00m 18.27 Mr Simon Firth 6
Percussion Drilling Rig open hole to 22.52m 1511
Location Dates Engineer Sheet
19/11/2015-
530942 E 182465 N 23/11/2015 Create Consulting Engineers Limited 2/3
Depth Casing | Water . Level Depth e 3
(m) Sample / Tests epth | Depth Field Records (mOD) ~(m) Description Legend| &
(m) (m) (Thickness) =
10.00-10.45| U1 10.00 DRY | 32 blows F Firm grey and green grey mottled silty very sandy CLAY with
= occasional roots and rare angular to subangular fine to
= coarse flint gravel
10.50-10.95| SPT N=7 10.00 DRY | 1,1/1,2,2,2 :j
10.50 D2 =
10.50-11.00| D3 = (200
:f ek 4
647 & 11,80 — : i 1¥1
11.80 D4 Slow(1) at 11.80m, "B (0.20) | Firm orange brown and brown mottled silty very sandy CLAY .
rose t[O 11.60m in 6.27 E— 1'2'0
12.00 D5 20 mins, not = Medium dense orange brown silty fine to coarse SAND with
12.00-12.50| B12 sealed. £ occasional angular to subangular fine to medium flint gravel
12.00-12.45| SPT N=11 12.00 11.60 | 0,1/2,2,3,4 =
F— (200
13.50-13.95| SPT N=37 13.50 10.10 | 2,3/5,9,11,12 =
13.50 D6 =
13.50-14.00| B13 =
4.27 — 1400 Medium dense brown slightly silty slightly gravelly fine to
= coarse SAND. Gravel is angular to rounded fine to coarse
= flint
E (2.00)
20/11/2015:4.50m e
. 227 — 16.00 - -
23/11/2015:7.03m il Medium dense brown sandy angular to rounded fine to
= coarse flint GRAVEL
16.50-17.00| B14 =
E (180)
17.00-17.45| SPT(C) N=6 17.00 4.00 | 0,1/1,1,2,2 o
17.00-17.50| B18 =
0.47 = 17.80 Medium dense brown fine to coarse SAND with rare angular
— to rounded fine to coarse flint gravel. Occasional thin gravel
= bands
18.50-18.95| SPT N=15 18.50 4.00 | 1,1/2,3,4,6 :f
18.50-1.95 D7 ;
19.80-20.30| B16 =
20.00-20.45| SPT(C) N=11 20.00 4.00 | 0,0/2,3,2,4 E
Remarks
Water added from 13.00m to 15.70m. Water added from 15.70m to 20.00m. (agg%ex) Ié())/gged
1:50 KPB
Figure No.
15.116.BH103
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A F Howland Associates site Borehole
- - 51 CALTHORPE STREET, LONDON WC1X OHH
Geotechnical Engineers BH103
Boring Method Casing Diameter Ground Level (mOD) | Client Job
0mm cased to 9.00m Number
Demountable Cable 150mm cased to 20.00m 18.27 Mr Simon Firth 6
Percussion Drilling Rig open hole to 22.52m 1511
Location Dates Engineer Sheet
19/11/2015-
530942 E 182465 N 23/11/2015 Create Consulting Engineers Limited 3/3
Depth Casing | Water . Level Depth e 3
(m) Sample / Tests Depth | Depth Field Records (mOD) ~(m) Description Legend| &
(m) (m) (Thickness) =
| (425
20.45-20.90| SPT(C) N=32 20.00 4.00 | 5,7/9,9,7,7 =
20.90-21.35| SPT(C) N=49 20.00 4.00 | 7,6/10,10,15,14 ;
21.35-21.80| SPT(C) N=77 20.00 4.00 | 14,16/24,18,19,16 E:
21.80-22.25| SPT(C) N=113 20.00 4.00 | 15,21/23,25,33,32 ::
22.05-22.50| D8 -3.78 :: 22.05 Grey slightly silty slightly sandy CLAY
E (0.47)
) 425 — 2252
23/11/2015:4.00m = Complete at 22.52m
Remarks Scale | Logged
(approx) | By
1:50 KPB
Figure No.

15.116.BH103
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A F Howland Associates site Borehole
- - 51 CALTHORPE STREET, LONDON WC1X OHH
Geotechnical Engineers BH103
Installation Type Dimensions Client Job
Single Installation Internal Diameter of Tube [A] = 50 mm Number
Mr Simon Firth
15.116
Location Ground Level (mOD) | Engineer Sheet
530942 E 182465 N 18.27 Create Consulting Engineers Limited A
Legend § ”(‘Egr (anee/)eDl) D(ﬁ,lp)th Description Groundwater Strikes During Drilling
L L 18.07) 020 | Lonerele seal ) Depth Casinlgq; Readings Depth
Date Time | Struck | Dept Inflow Rate N N N N Sealed
17.27 1.00 (m) (m) 5min | 10 min | 15 min | 20 min (m)
20/11/15 11.80 |11.50 Slow 11.80 11.70 |11.60 |11.60 NOT
Groundwater Observations During Drilling
Topfill Start of Shift End of Shift
Date i Depth Casinr%; Water | Water | _ Depth Casinﬁ; Water | Water
Time Hole | Dept Depth | Level | Time Hole | Dept Depth | Level
(m) (m) (m) | (mOD) (m) (m) (m) | (mOD)
19/11/15 5.00 |4.50
20/11/15 5.00 4.50 15.70 |15.50 |4.50 13.77
23/11/15 15.70 7.03 11.24 22.52 | 20.00 |4.00 14.27

Instrument Groundwater Observations

Inst. [A] Type : Slotted Standpipe

Instrument [A]

Date Remarks
: Depth | Level
Time (mp) (mOD)
24/11/15| 11:35 7.30| 10.97
08/12/15 7.42| 10.85| Taken by Create Consulting

Remarks
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APPENDIX C: TRIAL PIT RECORDS

Trial Pits TP101 to TP103 from the current investigation

Bulk disturbed sample

Small disturbed sample

Water sample

Nominal 38mm diameter undisturbed driven open tube sample

Hand penetrometer test

< = c 2 9w

Pilcon hand vane test (results in kPa)
Each sample type is numbered sequentially with depth and relates to the depth range quoted
All depths and measurements are given in metres

Strata descriptions complied by visual examination of samples obtained during excavation, after BS
EN1997-2:2007 Eurocode 7 and its UK National Annex supported by BS 5930: 2015 and modified in
accordance with laboratory test results where applicable

/\W_ A F Howland Associates
Geotechnical Engineers




A F Howland Associates site fial it
- - 51 CALTHORPE STREET, LONDON WC1X OHH
Geotechnical Engineers TP101
Excavation Method Dimensions Ground Level (mOD) | Client Job
Number
Hand dug inspection pit 0.75m x 0.40 m x 0.85 m 15.18 Mr Simon Firth
15.116
Location Dates Engineer Sheet
16/11/2015
530926 E 182461 N Create Consulting Engineers Limited 1/1
Depth Water _ Level Depth o 3
(m) Sample / Tests Depth Field Records (mOD) ~(m) Description Legend| &
(m) (Thickness) =
15.13 0.05 1 MADE GROUND (Concrete slab)
15.08 — 0.10 G -
L MADE GROUND (Weak mix concrete base)
0.20-0.30 D1 L MADE GROUND (Brown very clayey very sandy very
L gravelly mixed fill. Gravel is angular to subangular fine to
L coarse brick, concrete, clinker and flint. Occasional angular
L cobble sized brick fragments)
(0.75)
0.70-0.85 B1 N
14.33 - 0.85
— Complete at 0.85m
Remarks
1. Location CAT scanned prior to excavation.
2. Hand dug inspection pit to 0.85 m.
3. No groundwater encountered
4. 150mm diameter clay pipe encountered at 0.07 mbgl|
Scale (approx) Logged By Figure No.
1:20 KPB 15.116.TP101
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Not to Scale at A4
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/\l/r A F Howland Associates
Geotechnical Engineers

Site: 51 CALTHORPE STREET, LONDON WC1X OHH

FOUNDATION PIT (TP101)

Client : Mr Simon Firth

Date : January 2016 Dwg :15.116/TP101




A F Howland Associates site fial it
- - 51 CALTHORPE STREET, LONDON WC1X OHH
Geotechnical Engineers TP102
Excavation Method Dimensions Ground Level (mOD) | Client Job
Number
Hand dug inspection pit 0.45mx0.38mx0.75m 15.18 Mr Simon Firth
15.116
Location Dates Engineer Sheet
16/11/2015
530925 E 182461 N Create Consulting Engineers Limited 1/1
Depth Water ) Level Depth o 3
(m) Sample / Tests Depth Field Records (mOD) ~(m) Description Legend| &
(m) (Thickness) =
15131 0.05 '] MADE GROUND (Concrete slab) \
L MADE GROUND (Brown very clayey very sandy very
L gravelly mixed fill. Gravel is angular to rounded fine to
— coarse flint, brick, concrete and occasional charcoal and
r (0.70) clinker. Occasional angular cobble sized brick fragments)
0.63-0.75 D1 L
1443 0.75
— Complete at 0.75m
Remarks
Scale (approx) Logged By Figure No.
1:25 KPB 15.116.TP102
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/\l/r A F Howland Associates
Geotechnical Engineers

Site: 51 CALTHORPE STREET, LONDON WC1X OHH

FOUNDATION PIT (TP102)

Client : Mr Simon Firth

Date : January 2016 Dwg :15.116/TP102




A F Howland Associates site fial it
- - 51 CALTHORPE STREET, LONDON WC1X OHH
Geotechnical Engineers TP103
Excavation Method Dimensions Ground Level (mOD) | Client Job
Number
Hand dug inspection pit 060mx0.85mx1.21m Mr Simon Firth
15.116
Location Dates Engineer Sheet
19/11/2015
Create Consulting Engineers Limited 1/1
Depth Water _ Level Depth o 3
(m) Sample / Tests Depth Field Records (mOD) ~(m) Description Legend| &
(m) (Thickness) =
0.03
(0.12) } MADE GROUND (Screed concrete)
0.15 ] MADE GROUND (Concrete)
MADE GROUND (Dark brown clayey sandy gravelly mixed
0.30-0.50 D1 fill. Gravel is angular to subrounded fine to coarse flint,
concrete, brick, charcoal, ceramic and glass. Occasional
angular cobbles sized brick fragments)
(1.06)
1.10-1.20 D2 121

Complete at 1.21m

Remarks

1. Location CAT scanned prior to excavation.
2. Hand dug inspection pit to 1.21 m.
3. No groundwater encountered

Scale (approx) Logged By Figure No.

1:25 KPB 15.116.TP103
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Not to Scale at A4
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/\l/r A F Howland Associates
Geotechnical Engineers

Site: 51 CALTHORPE STREET, LONDON WC1X OHH

FOUNDATION PIT (TP103)

Client : Mr Simon Firth

Date : January 2016 Dwg :15.116/TP103




APPENDIX D: WINDOW SAMPLE PROBE HOLE RECORD

Window sample probe WS1 undertaken previously (HGE, 2013)

Groundwater monitored at 4.82 m bgl by Create Consulting Engineers
Limited on 8 December 2015

/\W_ A F Howland Associates
Geotechnical Engineers




harrisongroup

Window Sample Record

Ws1

Sheet 1 of 1

Project: 51 Calthorpe Street

Logged By: G. Pursey
Checked By: J. Keay

Fi-Hn-R-3081 Print Date:07/01/2013

Project ID: GL17050 Coordinates: Ground Level:
o 0.D. Remarks .
Description Level Sample Test and Installations
(m) Type Depth (m) Test Results
- CONCRETE
B1 0.20-0.50
MADE GROUND. Brown and dark grey mottied grey ES1 0.25
and red slightly clayey gravelly SAND with low cobble
content. Gravel is very angular to subangular B2 0.50-1.00
brick, concrete, flint, clay pipe, chalk, glass
and wood.
ES2 1.00
At 1.20m: brick cobble
£53 1.50
o1 200
From 2.30m to 2.60m: pocket of grey clay with
brick fragments ES4 2.50
D2 3.00
At 3.30m: rare concrete cobble
) . ESS 350
From 3.50m to 4.00m: light grey greyish brown clay
pockets
- - D3 4.00
MADE GROUND, Dark grey slightly gravelly silty
SAND. Grave! is angular to subangular fine and
medium flint and brick.
£55 4.50
S D4 5.00
Window Sample Complete at 5.00 m
Water Level Observations
Drive Records Water Standing Standing Casing Depth
Diameter {mm) From {m) To (m) Recovery (%) Date Strike (m) Time (Mins) Level {m) Depth {m) Sealed (m)
87 1.20 2.00 100
75 2.00 3.00 76
65 3.00 4.00 50
§5 4.00 5.00 50
Client: Create Gonsulting Engineers Limited Remarks:
Engineer:  Harrison Group Envionmental Limited | |- Inspection pit excavated from GL to 1.20mbgl.
N . L 2. Groundwater was not encountered,
Contractor: Harrison Group Environmental Limited 3. Installation details: 50mm diameter HDPE standpipe instalied from 5.00mbg! to GL. Slotted
Date: 11/12/2012 from 5.00mbg! to 2.00mbgl, plain from 2.00mbgl to GL. Finished with gas tap, end cap and flush
i . i i fitting cover.
Plant: Premier Window Sampling Rig 4. Backfill details: Grave! filter packs from 5.00mbgt to 2.00mbgt, bentonite peliets from
Drilled By:  P. Kirnig 2.00mbg! to 0.20mbgl and concrete from 0.20mbgl to GL.

Harrison Group Environmental Ltd, Unit A11, Poplar Business Park, 10 Prestons Boad, London E14 9RL




A F Howland Associates site Borehole
- - 51 CALTHORPE STREET, LONDON WC1X OHH
Geotechnical Engineers WS1(HARRISON
Installat'ion Type Dimensions Client Job
Standpipe M Si Firth Number
r Simon Firtl 15.116
Location Ground Level (mOD) | Engineer Sheet
18.19 Create Consulting Engineers Limited A
Legend § ”(‘Egr (anee/)eDl) D(ﬁ,lp)th Description Groundwater Strikes During Drilling
I Concrete ) Depth Casmlqu Readings Depth
2t [ e ] Date Time | Struck Dept Inflow Rate N N N N Sealed
17.99 0.20 (m) 5min | 10 min | 15 min | 20 min (m)
Bentonite Seal Groundwater Observations During Drilling
Start of Shift End of Shift
Date ) Depth Casmr%; Water | Water . Depth Casmg Water | Water
Time Hole Dept Depth | Level | Time Hole Dept Depth | Level
(m) (m) | (mOD) (m) (m) | (mOD)
16.19 2.00
Instrument Groundwater Observations
Inst. [A] Type :
Instrument [A]
Date Remarks
: Depth | Level
Time (mp) (mOD)
08/12/15 4.82| 13.37
Slotted Standpipe
13.19 5.00

Remarks
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APPENDIX E: LABORATORY TESTING

Natural moisture content

Atterberg limits

Particle size distribution

Undrained shear strength in triaxial compression without measurement of pore pressure
One dimensional consolidation

Sulphate content, sulphur content and pH value

/\W_ A F Howland Associates
Geotechnical Engineers




A F Howland Associates

Geotechnical Engineers

Laboratory Test Results

Site

Client

: 51 CALTHORPE STREET, LONDON WC1X OHH

: Mr Simon Firth

Engineer: Create Consulting Engineers Limited

Job Number
15.116

Sheet

1/1

DETERMINATION OF MOISTURE CONTENT, LIQUID LIMIT AND PLASTIC LIMIT
AND DERIVATION OF PLASTICITY AND LIQUIDITY INDEX

Natural

Sample Passing
425pm Sieve

Liquid Plastic | Plasticity i
Borehole/ Depth Moisture s v Liquidit Grou P
Trial Pit (nEl)) Sample Content Percentage Moisture Llnr/mt Llor/nlt Inéi/ex Icr{1de><y Symbgl Laboratory Description
% % 9€| Content ° ° ©
%

BH102 | 4.00 B6 29 85 34 39 21 18 0.72 Cl Very soft brownish grey and very dark grey organic
slightly gravelly slightly sandy silty CLAY with
occasional red brick fragments. Gravel is black and
brown fine to coarse angular and subangular flint

BH102 5.50 B7 27 90 30 40 18 22 0.55 (¢]] Very soft mottled bluish grey and olive slightly gravelly
slightly sandy silty CLAY with dark grey organic
pockets and rare recently active roots. Gravel is brown,

black and white fine to coarse angular and subangular
flint

BH102 6.00 Ul 21 98 22 43 14 29 0.28 (o] Stiff mottled greyish brown, yellowish brown and light
grey gravelly sandy CLAY

BH102 | 9.00 u2 30 100 30 72 23 49 0.14 Ccv Stiff grey CLAY

BH102 |11.50 B10 30 100 30 58 21 37 0.24 CH Grey clay.

BH102 | 13.00 u4 23 100 23 63 22 41 0.02 CH Stiff greyish brown CLAY

BH102 | 15.00 us 25 100 25 65 26 39 -0.03 CH Very stiff greyish brown with light grey mottling CLAY

BH103 | 10.00 U1 27 100 27 36 13 23 0.61 (¢]] Soft to firm brownish grey CLAY with rare fine sand.

Water softening to most of the surface

Method of Preparation : BS 1377:PART 1:1990:7.4 Preparation of samples for classification tests BS 1377:PART 2:1990:4.2 & 5.2 Sample preparations

Method of Test

Remarks

1 BS 1377:PART 2:1990:3 Determination of moisture content 1990:4 Determination of the liquid limit BS 1377:PART 2:1990:5 Determination of

the plastic limit and plasticity index

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved




A F Howland Associates
Geotechnical Engineers

Laboratory Test Results

Job Number
Site : 51 CALTHORPE STREET, LONDON WC1X OHH
15.116
Client  : Mr Simon Firth
Sheet
Engineer: Create Consulting Engineers Limited 1/5
DETERMINATION OF PARTICLE SIZE DISTRIBUTION
Borehole/ | Depth L
. . Sample Laboratory Description
Trial Pit (m)
BH102 6.50 B8 Black, brown and white slightly silty very sandy angular to rounded flint GRAVEL. Sand is brown
-7.00
Sieve / %
Particle | Passing
Size
100 50 mm 100.0
90 37.5 mm 95.1
28 mm 89.9
80 20 mm 76.7
70 14 mm 67.1
10 mm 55.8
60 6.3 mm 43.4
50 5 mm 38.2
2mm 30.2
40 1.18 mm 28.0
30 600 pm 23.3
425 um 15.2
20 300 um 6.4
10 212 ym 2.4
150 pum 14
0 e =
0.002  0.006 0.02 0.06 0.2 0.6 2 6 20 60 200 600 63 um 1.0
‘ Fine Medium Coarse | Fine Medium | Coarse Fine Medium Coarse ‘
I CLAY COBBLES | BOULDERS !
| SILT SAND GRAVEL |
Grading Analysis Particle Proportions
D85 25.1 mm Cobbles + Boulders -
D60 11.5 mm Gravel 69.8%
D10 351.4 ym Sand 29.2%
Silt -
Uniformity Coefficient 32.7 Clay -

Method of Preparation : BS 1377:PART 1:1990:7.3 Initial preparation 1990:7.4.5 Particle size tests

Method of Test

Remarks

1 BS 1377:PART 2:1990:9 Determination of particle size distribution

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved




A F Howland Associates
Geotechnical Engineers

Laboratory Test Results

Site

Client

: 51 CALTHORPE STREET, LONDON WC1X OHH

: Mr S

imon Firth

Engineer: Create Consulting Engineers Limited

Job Number
15.116

Sheet

2/5

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Borehole/ | Depth o
. . Sample Laboratory Description
Trial Pit (m)
BH103 12.00 B12 Yellowish brown slightly gravelly clayey fine and medium SAND. Gravel is white, brown and grey fine and medium subangular and
subrounded
Sieve / %
Particle | Passing
Size
100 [P ———— 63mm | 1000
90 5 mm 99.1
2mm 97.1
80 118mm | 96.3
70 600 pm 93.6
425 um 85.5
60 300 pm 60.9
50 212 pm 32.4
/ 150 pm 20.5
40 63 um 10.9
30 36 pm 9.9
25.6 um 9.4
20 18.2 ym 9.2
10 >€_,,_;<'—><)9<">< = 9.4 um 8.7
6.7 um 8.5
0
0.002  0.006 0.02 0.06 0.2 0.6 2 6 20 60 200 600 4.8 pm 8.0
T - - - - - - ‘ 3pm 7.5
Fine Medium | Coarse | Fine Medium | Coarse Fine Medium | Coarse
I CLAY COBBLES | BOULDERS ' 1.4 pm 71
| SILT SAND GRAVEL | ' '
Grading Analysis Particle Proportions
D85 422.3 ym Cobbles + Boulders -
D60 297.2 ym Gravel 2.9%
D10 38.5 um Sand 86.3%
Silt 3.5%
Uniformity Coefficient | 7.7 Clay 7.3%

Method of Preparation : BS 1377:PART 1:1990:7.3 Initial preparation 1990:7.4.5 Particle size tests

Method of Test

Remarks

1 BS 1377:PART 2:1990:9 Determination of particle size distribution

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved




A F Howland Associates
Geotechnical Engineers

Laboratory Test Results

Site : 51 CALTHORPE STREET, LONDON WC1X OHH

Client

: Mr Simon Firth

Engineer: Create Consulting Engineers Limited

Job Number
15.116

Sheet

3/5

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Borehole/ | Depth o
. . Sample Laboratory Description
Trial Pit (m)
BH103 13.50 B13 Yellowish brown slightly silty gravelly fine and medium SAND with rare soft and firm grey clay lumps. Gravel is black, white and brown
-14.00 fine and medium angular to subrounded
Sieve / %
Particle | Passing
Size
100 0 4mm | 1000
| s
% Lo | 10 mm 98.6
6.3 mm 96.4
80 5 mm 95.7
70 2mm 92.3
1.18 mm 91.4
60 / 600 pum 89.1
50 425 um 81.8
/ 300 pum 63.4
40 212 ym 30.0
30 150 pm 13.1
63 um 5.0
20 //
10
0
0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60 200 600
‘ Fine Medium | Coarse | Fine Medium | Coarse Fine Medium | Coarse !
I CLAY COBBLES | BOULDERS '
| SILT SAND GRAVEL |
Grading Analysis Particle Proportions
D85 500.7 um Cobbles + Boulders -
D60 291.1 pm Gravel 7.7%
D10 117.2 um sand 87.3%
Silt -
Uniformity Coefficient 2.5 Clay -

Method of Preparation : BS 1377:PART 1:1990:7.3 Initial preparation 1990:7.4.5 Particle size tests

Method of Test

Remarks

1 BS 1377:PART 2:1990:9 Determination of particle size distribution

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved




A F Howland Associates
Geotechnical Engineers

Laboratory Test Results

Job Number
Site : 51 CALTHORPE STREET, LONDON WC1X OHH
15.116
Client  : Mr Simon Firth
Sheet
Engineer: Create Consulting Engineers Limited 4/5
DETERMINATION OF PARTICLE SIZE DISTRIBUTION
Borehole/ | Depth o
. . Sample Laboratory Description
Trial Pit (m)
BH103 16.50 B14 Black, brown, grey and white very sandy fine to coarse angular to subrounded GRAVEL. Sand is orangey brown medium and coarse
-17.00
Sieve / %
Particle | Passing
Size
100 / 375mm | 1000
90 28 mm 98.0
/ 20 mm 93.5
80 14 mm 825
70 10 mm 69.7
6.3 mm 54.9
60 5mm 50.3
50 2mm 36.4
1.18 mm 30.2
40 600 pm 19.3
30 425 um 95
300 um 3.7
20 212 um 1.3
10 150 pum 0.8
x/ 63 um 0.5
0
0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60 200 600
‘ Fine Medium | Coarse | Fine ‘ Medium ‘ Coarse Fine Medium | Coarse !
I CLAY COBBLES | BOULDERS '
| SILT SAND GRAVEL |
Grading Analysis Particle Proportions
D85 15.4 mm Cobbles + Boulders -
D60 7.6 mm Gravel 63.6%
D10 433.9 pm Sand 35.8%
Silt -
Uniformity Coefficient 17.4 Clay -

Method of Preparation : BS 1377:PART 1:1990:7.3 Initial preparation 1990:7.4.5 Particle size tests

Method of Test 1 BS 1377:PART 2:1990:9 Determination of particle size distribution

Remarks

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved




A F Howland Associates
Geotechnical Engineers

Laboratory Test Results

Site : 51 CALTHORPE STREET, LONDON WC1X OHH

Client  : Mr Simon Firth

Engineer: Create Consulting Engineers Limited

Job Number
15.116

Sheet

5/5

DETERMINATION OF PARTICLE SIZE DISTRIBUTION

Borehole/ | Depth
Trial Pit (m)

Sample

Laboratory Description

BH103 19.80
-20.00

B16

Brown slightly silty very gravelly SAND with occasional soft brown clay lumps. Gravel is black, brown, grey and white fine to coarse

angular to rounded

Sieve / %
Particle | Passing
Size
100 375mm | 100.0
90 28 mm 96.2
20 mm 92.5
80 14 mm 83.9
70 10 mm 76.5
6.3 mm 68.3
60 5 mm 67.0
50 2mm 60.0
1.18 mm 56.3
40 600 pm 475
30 425 pm 32.9
300 pm 13.9
20 212 pm 7.1
10 150 um 5.6
Senmmell 63 um 48
0
0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60 200 600
‘ Fine Medium | Coarse | Fine Medium | Coarse Fine Medium | Coarse ‘
I CLAY COBBLES | BOULDERS '
| SILT SAND GRAVEL |
Grading Analysis Particle Proportions
D85 14.8 mm Cobbles + Boulders -
D60 2.0 mm Gravel 40.0%
D10 249.5 ym Sand 55.3%
Silt -
Uniformity Coefficient 8.0 Clay -

Method of Preparation : BS 1377:PART 1:1990:7.3 Initial preparation 1990:7.4.5 Particle size tests

Method of Test

Remarks

1 BS 1377:PART 2:1990:9 Determination of particle size distribution

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved




A F Howland Associates

Geotechnical Engineers Laboratory Test Results

Job Number
Site : 51 CALTHORPE STREET, LONDON WC1X OHH
15.116
Client  : Mr Simon Firth
Sheet
Engineer: Create Consulting Engineers Limited 1/1

DETERMINATION OF DENSITY, MOISTURE CONTENT AND UNDRAINED SHEAR STRENGTH
IN TRIAXIAL COMPRESSION WITHOUT MEASUREMENT OF PORE PRESSURE

. : Angle of
Moisture Bulk Dr Cell Deviator | Apparent f
Bﬁ?grg:f/ DenE])th Sample| Content Density Dens:,/ily Pressure Stress Cgﬁesion R%g?sigﬂge Laboratory Description
(m) % (Mg/m?) | (Mg/m?) | (kNim3) | (kNim?) | (kNim?) e
grees)
BH102 | 6.00 Ul 21 2.02 1.66 60 115 51 2.7 Stiff mottled greyish brown, yellowish brown and light grey
120 121 gravelly sandy CLAY
BH102 | 13.00 U4 23 2.12 1.73 130 184 90 0.5 Stiff greyish brown CLAY
260 187
520 190
BH102 | 15.00 us 25 2.06 1.64 150 182 78 3.8 Very stiff greyish brown with light grey mottling CLAY
300 191
600 226
BH103 | 10.00 Ul 27 2.08 1.63 100 21 10 Soft to firm brownish grey CLAY with rare fine sand. Water

softening to most of the surface

Method of Preparation : BS 1377:PART 1:1990:7.4.2 Moisture content 1990: Preparation of undisturbed samples for testing BS 1377:PART 2:1990:7.2

Method of Test 1 BS 1377:PART 2:1990:3 Determination of moisture content 1990:7 Determination of density BS 1377:PART 7:1990:8 Undrained shear strength
1990:9 Multistage loading

Remarks

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved




BS1377 : Part 5 : Clause 3 : 1990

Determination of One Dimensional Consolidation Properties of Soil

J Sturges (Ops Mgr)

Date: 21/12/2015

Project Name:

Project Ref.; 15.118

51 Calthorpe Street, London WC1X OHH

Borehole No.: BH102 Description:
Sample Ref.: u2
Depth (m): 9.00 .
Depth within original: 9.15 Stiff grey CLAY
Orientation within original: Vertical
Specimen preparation: Undisturbed
0.750 4 (S I I I
. =
=~ ~
0.740 < .\\ ----- Swells -
N\
N\
0.730
N\
N
0.720 - N\
N
N\
0.710 - \
o)
IS
X  0.700 s \
g N \
(@]
> 0.690
N \
N \
0.680 S \
< \\
0.670 - N \
~N
0.660 -
0.650
10 100 1000
Pressure (kPa)
Initial Conditions:
Initial
Height (mm) 18.3 Moisture Content (%) 30
Diameter (mm) 76.2 Voids Ratio 0.754
Area (mm?) 4556.8 Bulk Density (Mg/m?®)  2.00
Volume (cm?) 83.4 Dry Density (Mg/m?)  1.54
Laboratory Temperature (°C) 20 Particle density (Mg/m?®) 2.7 (Assumed)
Pressure Range my cy Time Fitting . .
(kPa) (M2IMN) (m?lyear) Method Void Ratio
0-45 - Specimen swelled - 0.749
45 -90 0.14 1.2 t50 0.738
90 - 180 0.17 0.40 t50 0.711
180 - 360 0.15 0.33 t50 0.666
360 - 90 0.078 0.32 (Sv) t50 0.701
90 - 360 0.091 0.57 t50 0.659
360 - 90 0.078 0.32 (Sv) t50 0.693
Checked and Approved by ||Project Number: GEOLABS|"
GEO /23461 :

Test Report by GEOLABS Limited

Bucknalls Lane, Garston, Watford, Hertfordshire, WD25 9XX
Client : A F Howland Associates, The Old Exchange, Newmarket Road, Cringleford, Norfolk, NR4 6UF

Page 1 of 1
(Ref 6,359.4167)



A F Howland Associates

Geotechnical Engineers Laboratory Test Results

Job Number
Site : 51 CALTHORPE STREET, LONDON WC1X OHH
15.116
Client  : Mr Simon Firth
Sheet
Engineer: Create Consulting Engineers Limited 1/1

DETERMINATION OF pH, SULPHATE CONTENT AND TOTAL SULPHUR OF SOIL AND GROUNDWATER

Concentration of Soluble Sulphate

Percentage
Soil Total of sample
Bﬁ?grg:f/ D(eng;h Sample| Total S04 S03in 2:1 Grougc}rvater S“'foh“r 2r§)1?nsssline%e pH Classification Laboratory Description
% water:soil %
g/l
BH102 | 3.50 B5 0.33 0.38 7.2 DS-1 Brown loam and clay.
BH102 | 4.50 w1 0.13 7.2 DS-1 Water Sample
BH102 | 5.50 B7 0.04 0.15 0.03 7.5 DS-1 Very soft mottled bluish grey and olive slightly
gravelly slightly sandy silty CLAY with dark grey
organic pockets and rare recently active roots.
Gravel is brown, black and white fine to coarse
angular and subangular flint
BH102 | 9.50 D5 0.14 0.77 0.83 7.7 DS-2 Grey clay and sand.
BH102 | 11.50 B10 0.09 0.69 0.42 7.7 DS-2 Grey clay.
BH102 | 15.50 D11 0.03 0.16 0.03 8.4 DS-1 Brown clay.
BH103 5.00 B7 0.15 0.67 0.14 7.3 DS-2 Grey clay and loam.
BH103 | 6.00 B8 0.21 0.61 0.40 7.3 DS-2 Grey loam and clay.
BH103 | 10.50 D3 0.06 0.38 0.26 7.5 DS-1 Grey clay and sand.

Method of Preparation : BS 1377:PART 1:1990:7.5 Preparation of soil for chemical tests BS 1377:PART 3:1990:5.2, 5.3,5.4 & 9.4

Method of Test

Remarks

: Laboratory in-house methods based on BS1377: Part 3 for contents of water soluble sulphate, total sulphate and pH. Laboratory in-house
method based on MEWAM (Environment Agency, 2006) for total sulphur

: Classification relates to Design Sulphate Class of BRE Special Digest 1 (2005)

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved




APPENDIX F: PERTINENT EXTRACT FROM BERRY (1979)
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LATE QUATERNARY SCOUR-HOLLOWS IN CENTRAL LONDON 23

was probably formed before the diminutive drainage
line of the historical river was established.

Sa Gray’s Inn Road, Calthorpe Street. (Fig. 16;
Anonymous, 1928; IGS Internal Report PD 69/9,
1969; Wakeling & Jennings 1976; TWA Drawings
XH17.) This hollow was discovered during tunnelling
works for the Post Office railway beneath Mount
Pleasant sorting office and Calthorpe Street in 1915-
16, when disturbed solid strata (Reading Beds) and
water-saturated gravels were encountered, leading to a
run-in. The hollow was not apparent from the line
surveys. It is bisected by a ridge or pinnacle of solid
strata, through which one access shaft (Shaft 4) was
sunk. Three separate records refer to the strata en-
countered here as ‘mottled clay’, ‘brown clay’, or ‘blue
clay’, but the deposit is likely to be entirely Reading
Beds. Two separate records of the tunnel have been
combined to produce the annexed section of the hol-
low (Fig. 17).

This large feature was encountered again during site
investigation for the ‘Times’ new building, (known as
‘New Printing House Square’) from 1969 to 1971, on
the south side of. Calthorpe Street, where trial holes
showed the extent of the hollow and later excavations
for a deep basement provided extensive sections and
opportunities for sampling.

Contouring suggests a major hollow about 305 m
across from north-east to south-west. The feature
obviously extends to the north-western side of Calth-
orpe Street, but there is no data available in that area.
The hollow lies within a slight channel-like depression,
apparently cut into the western margin of the well-
developed bench at about 13.5m OD which extends
across Islington and Hackney towards the Lee Valley.
The Fleet and a smaller tributary have re-excavated
some of this sub-drift topography in more recent
times.

There are marked differences in fill between the two
lobes of the hollow. In the western half, a gravel layer

1825 -

1822 ; {
5306 53

1

Fic. 16. Grey’'s Inn Road-Calthorpe Street (5a) GIR=
Grey’s Inn Road; CS=Calthorpe Street; FR = Farringdon
Road. Based on 25 borehole records and numerous tunnel
levels.

of variable thickness underlies a thick lens of well
laminated, silty, fine-grained deposits (the ‘black de-
posit’ of the TWA drawing) which form the basal
lining of the hollow, and gravels lie within or above
this material. The historical course of the Fleet crosses
the eastern lobe and it might be thought that the
differences were due to stream development of more
recent times. However, the Fleet is known to be
graded in this stretch to a base level of about 5.2 m
OD and seems unlikely to have achieved the capacity
for extensive vertical scour.

Samples from the laminated clayey silts obtained
from the ‘Times’ building excavations were found to
contain a freshwater fauna of Mollusca and Ostracoda,
also fragmentary mosses and seeds of aquatic and
marsh-frequenting angiosperms and the oogonia of a
freshwater alga (Chara). The matrix was found to be
heavily over-consolidated and much fissured, generally
resembling, in both hand-specimen and thin section,
some parts of the London Clay. It also contained
derived London Clay and Chalk foraminifers. There-
fore it is not, perhaps, surprising that the deposits have
been variously attributed in unpublished accounts and
communications to the Tertiary system, the underlying
beds of gravel being thought of as Blackheath Beds;
they have also been classified, rather loosely, as Fleet
River deposits and, from the testimony of the rather
catholic species of Ostracoda present, as Recent. At
one stage, the whole feature was regarded as a ‘land
slip’, although the nature and location of the material
supposed to be slipping were not defined. Among the
Mollusca, however, are two species of small bivalves
or ‘pea-mussel’ now extinct in Britain (Pisidium vin-
centianum Woodward, and P. obtusale lapponicum
Clessin) which are characteristic of the older Pleis-
tocene and generally colder conditions. There can be
no doubt that the sediments aggrading the hollow are
of Pleistocene age and, as they are unlikely to be
younger than the adjacent and next lower terrace
bench (Upper Floodplain Terrace), are probably pre-
Devensian, and earlier than Last Interglacial.

The levels of the London Clay/Woolwich & Read-
ing Beds junction are locally rather variable, but rise
towards the eastern margin of the hollow. Scouring
has removed the London Clay over much of the area
of the hollow and it marks a local and unmapped inlier
of Reading Beds.

6 Ravensbourne

The rock-head features and the erosional history of
the lower part of the Ravensbourne valley are not at all
well known. The broad tract of drift above Catford
conceals two bench features, but there is no evidence
that these are dissected by the kind of extended chan-
nels or scoops which mark some of the principal
terraces in central London. Channels however, begin
to appear further downstream at Rushey Green, but



RIVER FLEET shaft 4
V

Ady3d O 4

Fig. 17. Grey’s Inn Road-Calthorpe Street anomaly (5a) based on TWA Drawing XH17 and Anonymous, 1928; true-scale
vertical section along tunnel alignment. MC = mottled clay (Reading Beds); LC = London Clay; coarse stipple = gravels; fine
stipple =sands; vertical bars = fine-grained alluvium. Base of made ground (fill) in course of Fleet shown by pecked line.
S =slip plane.

vZ



APPENDIX G: DRAWINGS

Drawing 15.116/Phs2/01
Drawing 15.116/Phs2/02
Drawing 15.116/Phs2/03
Drawing 15.116/Phs2/04
Drawing 15.116/Phs2/05

Drawing 15.116/Phs2/06

Site Location Plan
Exploratory Location Plan
Geology Plan

Nominal Section

SPT vs Reduced Level (mOD)

Water level (mOD) vs Time Plot

A F Howland Associates
Geotechnical Engineers
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North Box indicates approximate position of drawing 15.116/Phs2/02 A F Howland Associates
Geotechnical Engineers

Site: 51 CALTHORPE STREET, LONDON WC1X OHH

SITE LOCATION PLAN

Scale 1: 50,000 @ A4 Client : Mr Simon Firth

Reproduced by permission of Ordnance Survey on behalf of the Controller of Her Majesty's Date : January 2016 Dwag : 15.116/Phs2/01
Stationery Office © Crown Copyright Licence No. AL 100002157 ) y g: :
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Elevation (mOD)
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A F Howland Associates

Geotechnical Engineers Nominal Section

Site Date Drawn Date Checked Sheet Job Number
51 CALTHORPE STREET, LONDON WC1X OHH 11/12/2015 1/1 15.116
Client Drawn By Checked By Scale Figure No.
Mr Simon Firth 1:100[V] 15.116/Phs2/04

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved




SPT Blow Count, N

5 10 15 20 25 30 35 40 45 50 55 60
20
I I I I I I I I I I
19 Street level (approx 18.2 K—e\L -
moD) Q Made Ground (sandy gravelly clay)
18 D Natural Soils at BHO1 (Cohesive) 7
Natural Soils at BH102 (Upper cohesive
v FO O XX (Upp ) _
© X@X Natural Soils at BH102 (Upper granular)
16 . . ]
Approx level of existing g@ Natural Soils at BH102 (Lower cohesive - London Clay?)
O O foundations (14.0 to 14.5 ) )
15 moD) /\ Natural Soils at BH103 (Cohesive) —
O 777777777777 /\ Natural Soils at BH103 (Granular)
14 |
—~ Approx formation level for new
@] 13 O O basement (12.5 mOD) O —
c = - ____________
E o
S b O .
()]
0 O
11 -
kS
o 10
>
= VAN |
[} 9
o
8 A XX B 7
7 _
6 _
° AN N
) O i
3 _
2 % .
1 _
0 VAN N
1 XX 7
2 AN 7
-3 —
-4
[ Title
A F Howland Associates
. . SPT vs Reduced Level (mOD)
Geotechnical Engineers
Site Date Drawn Date Checked Sheet Job Number
51 CALTHORPE STREET, LONDON WC1X OHH 13/01/2016 15.116
Client Drawn By Checked By Scale Figure No.
Mr Simon Eirth 15.116/Phs2/05

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved




Water Level (mOD)

13.50

13.30

13.10

12.90

12.70

12.50

12.30

12.10

11.90

11.70

11.50

11.30

11.10

10.90

[

10.70

23/04 30/04 07/05 14/05 21/05 28/05 04/06 11/06 18/06 25/06 02/07 09/07 16/07 23/07 30/07 06/08 13/08 20/08 27/08 03/09 10/09 17/09 24/09 01/10 08/10 15/10 22/10 29/10 05/11 12/11 19/11 26/11 03/12 10/12

2015

Key

BH/WS
BHO1

BH102
BH103

WS1(HARRISON)

Time (Weeks)

A F Howland Associates
Geotechnical Engineers

Site

51 CALTHORPE STREET, LONDON WC1X OHH
Title

Water Level (mOD) vs Time Plot
Drawn Checked Approved Job No.

15.116
Date Date Date Figure No.
15/01/2016 15.116/Phs2/06

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all rights reserved




JAZEAN

A F Howland Associates
The Old Exchange
Newmarket Road

Cringleford
Norwich
NR4 6UF

Tel: 01603 250754
Fax:01603 250749

Email: admin@howland.co.uk
www: http://www.howland.co.uk



mailto:admin@howland.co.uk

A REPORT ON A GROUND INVESTIGATION
AT 51 CALTHORPE STREET,
LONDON WC1X 0HH

CLIENT: Mr Simon Firth
ENGINEER:  Create Consulting Engineers Limited

Date: 20 May 2015
Reference: GNB/15.116
A F Howland Associates

The Old Exchange
Newmarket Road

Cringleford

Norwich

NR4 6UF

Tel: 01603 250754
Fax: 01603 250749

A7 AN

A F Howland Associates



CONTENTS

1. INTRODUCTION 1
2. FIELDWORK 2
3. LABORATORY TESTING 4
3.1 GENERAL 4
3.2 TEST PROCEDURES 4
4. CONTAMINATION ASSESSMENT 9
4.1 BOREHOLE FINDINGS 9
4.2 GROUND CONTAMINATION 10
APPENDICES

APPENDIX A: REFERENCES

APPENDIX B: CABLE PERCUSSIVE BOREHOLE RECORD
APPENDIX C: LABORATORY TESTING

APPENDIX D: DRAWINGS

A F Howland Associates
Geotechnical Engineers



CLIENT: Mr Simon Firth

ENGINEEER: Create Consulting Engineers Limited

A REPORT ON A GROUND INVESTIGATION
AT 51 CALTHORPE STREET,
LONDON WC1X 0HH

Reference: GNB/15.116

Date: 20 May 2015

1. INTRODUCTION

It is proposed to redevelop an existing property at 51 Calthorpe Street in the London Borough

of Camden (Drawing 15.116/1). This will include the construction of an additional basement.

At the instruction of Mr Simon Firth, an investigation was carried out to provide information

on the subsoil conditions and relevant geotechnical parameters for design purposes, to install

groundwater monitoring equipment, and to assess potential contamination in the ground.

This report provides the factual details of the fieldwork and laboratory testing undertaken

during the investigation, and discusses the findings with respect to possible contamination

risks to construction workers and end users, as well as providing information for waste

disposal.
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2. FIELDWORK

Fieldwork was carried out on 16 April 2015 and comprised a single borehole set out in
general accordance with the requirements of the Consulting Engineers for the project (Create
Consulting), as shown approximately on Drawing 15.116/2. The National Grid reference and
the elevation of the hole position relative to Ordnance Datum were measured using a
Hemisphere S320 VRS GPS (RTK) system by A F Howland Associates.

A cable avoidance tool (CAT) was used to sweep the location and the immediate surrounding
area to locate any potential underground services and the position adjusted as necessary. A
starter pit was also excavated by hand to a depth of 1.20 m to provide direct inspection for
services or obstructions.

The borehole was taken to a depth of 15m using conventional cable percussive techniques
(‘shell and auger') in 150 mm diameter casing. Sampling and in situ testing were carried out
in general accordance with the recommendations of BS EN1997-2:2007 Eurocode 7 and its
UK National Annex supported by BS 5930:1999+A2:2010, and as specified by the Client.
An open tube drive sample (U100) was taken in cohesive material to allow laboratory testing
of undisturbed material. Further disturbed samples were taken for laboratory testing and to
allow later inspection of the materials encountered and facilitate accurate logging.

Standard penetration tests (SPT) were carried out using a split barrel sampler or a solid cone,
as appropriate, to obtain additional strength information in cohesive material and the made
ground, and to assess the condition of granular strata. The N value was taken as the number
of blows for 300 mm of penetration, following a seating drive of 150 mm or 25 blows.

Specialist environmental samples were taken during fieldwork. They were placed in
dedicated containers, stored temporarily in cool boxes and delivered to a UKAS accredited
facility for analysis of potentially contaminating substances.

The borehole was monitored for groundwater ingress during advance. Upon encountering
inflow, drilling was temporarily stopped to allow the level to stabilise, recording the water
level at five minute intervals for a period of twenty minutes. Samples of groundwater were
also taken for possible laboratory analysis.

é A F Howland Associates
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However, such observations are affected by the permeability of the ground, the rate of
progress of the hole and the excavation techniques in operation. The general procedures used
do not allow precise measurements of the groundwater conditions, but give only a general
guide to the overall situation. Fluctuations in any groundwater table will occur as a result of

seasonal or climatic effects, as well as other outside influences.

To allow a longer term assessment of the groundwater condition, a piezometer was installed
upon completion of the borehole. This comprised PVC access tubing fitted with a porous tip,
surrounded by a granular filter, and sealed at the top by bentonite. AFHA returned to site to
carry out groundwater monitoring on one occasion, but it is understood that Create
Consulting have continued and taken further readings.

Details of the strata encountered, the sampling, in situ and laboratory testing are shown on

records appended to this report.

] A F Howland Associates
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3. LABORATORY TESTING

3.1 GENERAL

Subsequent to the fieldwork a programme of laboratory testing was carried out to provide
additional quantitative data on the materials encountered. The tests were completed in
accordance with the procedures laid down in BS1377: 1990 unless stated otherwise and
consisted of:

- Natural moisture content

- Atterberg limits

- Particle size distribution

- Undrained shear strength in triaxial compression without measurement of pore
pressure

- Sulphate content and pH value

- Total sulphur

- Contamination testing

- Waste Acceptance Criteria (WAC) testing

3.2 TEST PROCEDURES
3.2.1 Natural Meisture Content

The natural moisture content is determined according to BS1377: Part 2: 1990: clause 3.2.
This represents the mass of moisture content retained by the soil in its natural state as a
percentage of its dry mass. For organic soils and peats care should be taken to avoid heating
the sample above 50°C to prevent irreversible physical changes to the material.

3.2.2 Atterberg Limits

The Atterberg limits are determined in the laboratory by the procedures given in BS1377:
Part 2: 1990. The liquid limit (LL) is the moisture content of the soil at the point that its
behaviour passes from that of a plastic solid to that of a liquid. The test procedure given as
clause 4.4 was used based on the cone penetrometer in which the penctration of a free-fall
cone into moistened and cured samples of the soil is measured. The plastic limit (PL) is the
moisture content of the soil at the point that its behaviour passes from a plastic solid to a
brittle solid. This point is measured according to clause 5.3 and is the point at which a thread
of the soil rolled to 3 mm diameter begins to crumble.

fl [ A F Howland Associates
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Together the Atterberg limits can be used to define the plastic range of the soil. The plasticity
index (PI) is the difference between the liquid and plastic limit and is broadly correlated to
the engineering behaviour of the soil. When used with the natural moisture content of the
soil they can also give an indication of its in situ condition.

3.2.3 Particle Size Distribution

A quantitative assessment of the particle size distribution of the soil down to the fine grained
sand size is made according to BS 1377: Part 2: 1990: clause 9. In this the percentage of
certain sized fractions of the soil are found by determining the weight retained on a variety of
sieve sizes through which the material is allowed to pass. The combined silt and clay fraction
is determined by the difference between the sum of the retained weights and the original
sample weight. Variations of the test procedure allow the silt and clay fraction to be removed
from the coarser fraction by wet sieving during which the fine material is washed from the
surface of the coarser material.

3.2.4 Determination of the Undrained Shear Strength in Triaxial Compression without
measurement of Pore Pressure

The undrained shear strength of the soil was measured, as stated in BS 1377: Part 7: 1990:
clause 8, by axial compression of 100mm diameter cylindrical specimens cut from U100
undisturbed samples. The nature of the test is such that no change in moisture content of the
specimen is allowed during shear.

The theory of behaviour of saturated clay materials in undrained shear failure gives that the
strength will not be influenced by the confining pressure such that the measured angle of
internal friction for the material will apparently be equal to zero. Experience has shown that
this is true only for samples of unweathered heavily overconsolidated pure clays. Where the
material is weathered or it contains a significant granular content a plastic rather than a brittle
failure develops which produces a strain hardening during shear. In this situation measurable
apparent undrained angle of internal friction is produced. A similar situation develops in
partially saturated materials. The test results are also influenced by sample variation, and in
particular the presence of natural fissures or inclusions within the sample.

The use of large diameter specimens is preferred as this compensates for the scale effects of
random features in smaller specimens. One of two tests are carried out according to the soil

A F Howland Associates
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characteristic. Unweathered specimens of heavily overconsolidated clays which have a
brittle failure in shear are tested in a single stage. The confining pressure is taken as the total
overburden pressure of the sample in situ. It is then failed by axial compression and the
measured deviator stress reported as the apparent undrained cohesion. Specimens of
weathered clay or the clays with granular contents are tested in a multistage manner
according to BS 1377: Part 7: 1990: clause 9.

The test procedure is similar to the single stage but at the point that failure begins the
confining pressure is increased and the specimen compressed for a further 2% of vertical
strain at which point the confining pressure is again increased and held for a further 2%
strain. The deviator stresses at each of the confining pressures are used to plot the Mohr
envelope and the apparent undrained cohesion and if appropriate the undrained angle of
internal friction.

3.2.5 Sulphate Content and pH Value

In order to aid the evaluation of any aggressive tendency of the subsoil or groundwater to
buried concrete the pH and soluble sulphate of a number of samples were determined using
in-house procedures based on British Standard methods. The pH of a groundwater sample, or
a soil suspension was determined electrometrically according to BS 1377: Part 3: 1990:
clause 9.5. The water soluble sulphate content was undertaken using a procedure based on
BS 1377: Part 3: 1990: clause 5.5 in which the sulphate is analysed by ICP-OES in a distilled
water filtrate from the soil or a groundwater sample. The total sulphate of a soil was
measured on a filtrate following digestion of the soil by 10% hydrochloric acid.

3.2.6 Total Sulphur Content

To aid the evaluation of aggressive tendency of the subsoil to buried concrete as a result of its
pyritic potential, the total potential sulphate content can be determined from the relationship
between the total (acid soluble) sulphate content and the amount of total sulphur present. The
total sulphur content is determined by a laboratory in-house method based on the Methods for
the Examination of Waters and Associated Materials (MEWAM Environment Agency, 2006).

A dried portion of the soil is extracted at 115 °C for 75 minutes using 100% aqua regia and

potassium bromate/bromide oxidizing mixture. The principle of this digest is to oxidize all
sulphur to sulphate, and use the aqua regia acid mixture to digest the sample. The resultant

M A F Howland Associates
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digest solution is then filtered and analysed by ICP-OES. The results are expressed as % S,
and include water soluble and acid soluble sulphates and total reduced sulphur, as well as
insoluble sulphates and organic sulphur.

3.2.7 Contamination Testing

In order to determine the presence of other chemical contamination not otherwise naturally
present in the ground, a signature suite of tests was undertaken to provide data on a broad
mix of inorganic and organic potential contaminants. This comprised the total content of
antimony, arsenic, beryllium, cadmium, chromium, chromium VI, lead, mercury, selenium,
copper, nickel, vanadium, zinc and cyanide, together with speciated polycyclic aromatic
hydrocarbons (PAH), pH, phenols and the organic matter content.

The presence of asbestos was also screened, while specific hydrocarbon analysis in the form
of total petroleum hydrocarbons using the Criteria Working Group (CWG) suite took place in
both samples. This provides the split between the aliphatic and aromatic fractions in the C5
to C35 ranges. It also includes specified hydrocarbons: benzene, toluene, ethylbenzene,
xylenes (collectively known as BTEX) and methyl tertiary butyl ether (MTBE).

“Product identification” was also carried out by extraction/dilution with dichloromethane
followed, with analysis by gas chromatography mass-spectrometry. The chromatogram can
then be compared against a library of known chromatograms

The samples were tested using a variety of analytical techniques, and carried out to MCERTS
accredited methods, where applicable, or to UKAS accredited or other acceptable
methodologies, which are fully listed in the relevant appended test report.

3.2.8 Waste Acceptance Criteria Testing

Waste Acceptance Criteria (WAC) assessment was undertaken to assist with disposal of
excavated material. Waste materials fall into three categories, namely ‘inert’, ‘non-
hazardous’ and ‘hazardous’, with each category defined by leaching limit values for
acceptance at the relevant landfill site. Leaching is carried out with a liquid/solid ratio of 2:1
and 8:1 and then the 10:1 is determined. The components analysed are arsenic, barium,

cadmium, chromium, copper, mercury, molybdenum, nickel, lead, antimony, selenium, zinc,

A F Howland Associates
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chloride, fluoride, sulphate, together with dissolved organic carbon and total dissolved solids;

phenols are only relevant to the inert waste category.

Additionally, the inert classification requires the determination of BTEX (a combination of
the volatile organic hydrocarbons defined above), polychlorinated biphenyls (total of the EC7
PCBs), mineral oil (in the Cyg to Cyp range), and polycyclic aromatic hydrocarbons. These
suites of tests are not required for the non-hazardous and hazardous categories. pH is
determined for non-hazardous waste acceptance and loss on ignition for the hazardous class,
while the acid neutralisation capacity is measured for both, and total organic carbon for all

three.

A F Howland Associates
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4. CONTAMINATION ASSESSMENT

4.1 BOREHOLE FINDINGS

The borehole proved a sequence of made ground over natural clay strata in turn underlain by
granular deposits.

The made ground extended to a depth of approximately 8.0 m and comprised variably sandy
clay layers that contained gravel and occasional cobble size pieces of brick, flint, concrete,
chalk, charcoal and slate. Organic odours were noted below about 6.6 m depth. The materials
were assessed as very soft or soft and this was supported by in situ standard penetration testing
that gave N-values between 2 and 7.

The upper natural cohesive deposits consisted initially of dark brown clay that was also
organic, and included rootlets. By 8.4 m it became firm brown and grey variably silty sandy
clay that included sand partings. Atterberg limits results from laboratory testing indicated clays
of intermediate to high plasticity, with a plasticity index between 17 and 25%. A single
undrained triaxial test result from the undisturbed sample gave an apparent cohesion value of
52 kNm?, while the assessed strength was also confirmed by an N-value of 17.

These materials overlay granular deposits at 10.9 m depth that comprised brown slightly
silty sand containing flint gravel. The typical grading was indicated by the particle size
distribution during laboratory testing. In situ standard penetration testing was disrupted
initially by blowing conditions, but a successful test at 14.5 m depth suggested a medium
dense condition. The granular material continued to the limit of the investigation at 15 m
depth.

Groundwater inflow took place initially within the made ground, with a short-term standing
level at 5.6 m depth. A further water strike took place at the top of the sand at 10.9 m and
rose rapidly to 8.2 m,

Selected samples of the deeper made ground, clay and groundwater were subject to pH and
sulphate testing, with sulphur determinations made to complement the sulphate testing
according to the recommendations of Building Research Special Digest 1 (BRE, 2005). The

results can be summarised as follows;
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s pH values in soil between 7.2 and 8.0, while values of 6.8 and 7.2 were recorded in
groundwater

o sulphate (SO;) concentration of 0.17 and 0.37 gl”’ in groundwater

o water soluble sulphate (SO;) concentrations in soil from 0.04 to 0.52 gl

» acid soluble sulphate (SO4) between 0.02 and 0.13%

s total sulphur concentrations from 0.01 to 0.37

4.2 GROUND CONTAMINATION

4.2.1 Background and Assessment Methodology

As part of the current investigation two samples of made ground were analysed to determine
the concentrations of a range of potential contaminants to establish whether there are
implications with regard to human health and to aid the disposal of any surplus soils.

For human health, the results were assessed using methods based on the CLEA software
version 1.04 or 1.06. Where available, results were compared to generic Soil Guideline
Values (SGVs), for residential end-use with gardens (Environment Agency, 2009). When
relevant SGVs were unavailable, results were compared to ATRISK**" Soil Screening Values
(SSVs) derived from WS Atkins Consultants Limited (Atkins, 2011). These SSVs have been
based on 2009 guidance (Final SC050021/SR2 (the TOX report) and Final SC050021/SR3
(the CLEA Report)) for categories which include commercial, residential and other land uses
(Environment Agency, 2009a and 2009b).

It should be noted that the SSVs for chromium V1 and lead have been temporarily suspended
from ATRISK™ on the basis that recent toxicological information indicates that these
compounds are more toxic than previously considered. In these instances, the concentrations
have been compared to the Category 4 Screening Values given by Contaminated Land:
Applications in Real Environments (CL:AIRE, 2013), which has also been developed using
the CLEA software. The derivation of C4SLs uses the concept of a low level of toxicological
concern (LLTC), which represents the estimated concentration of a contaminant that would
pose an ‘acceptably low’ risk to human heaith. They also usc a range of values which are
based partly on exposure limits and conditions; in this case the lowest most conservative
LLTCs have been used for comparison purposes.

Furthermore, the SGVs and SSVs are formulated from research into long-term chronic
exposure pathways, and are not directly applicable to short-term contact such as that

M A F Howland Associates
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experienced by construction workers. Nevertheless, without any current UK guidelines that
allow an assessment of the potential risk to workers from contaminated soils the CLEA
software and Atkins ATRISK®" (2011) approach provide the most applicable assessment
criteria.

4.2.2 Results and Implications of Contamination

A conservative approach has been taken and a residential end-use assumed with plant up-
take, while a soil organic matter content has been taken to be about 1% on average.
Comparison with the relevant assessment criteria shows that most of the metals and inorganic
compounds did not exceed guideline values for females with lifetime exposure via all
exposure routes or were below the limits of detection. The only exception was lead, where
values of 280 and 770 mg/kg exceeded the C4SL upper and lower bound values of 82 and

210 mg/kg.

Similarly, both samples analysed for organic compounds contained levels of phenol,
polyaromatic hydrocarbon (PAH) compounds, oil/fuel compounds (aliphatic and aromatic
CWG banding) and the monoaromatics (BTEX and MTBE) below the relevant guideline
values. The attempts to undertake an identification of hydrocarbon product confirmed that
none was present.

No asbestos was detected.

Overall, concentrations of contamination in the soil were found to be generally below levels
of concern, which indicates that no special measures are necessary with respect to the long-
term human residential end users. Although elevated lead concentrations were identified the
made ground will be separated from contact with residents by the construction materials of
the new basement. It may be a potential problem if garden areas are proposed.

The test results also suggest that short-term contact with spoil during the construction period
would not pose a hazard. Nevertheless, in view of the need for partial demolition during
redevelopment of the building, it would be prudent to make construction and other workers
on site aware of the possible hazard of contact with ‘contaminated’ ground, and to ensure that
the minimum precautions are implemented through ‘toolbox talks’ and site inductions.

M f A F Howland Associates
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During the process of development, workers coming into contact with potentially
contaminated soil should be equipped with appropriate protective equipment and should
always adopt good hygiene procedures when handling excavated soils. As long as standard
hygiene rules and procedures are followed on-site such as wearing gloves, overalls and
provision of suitable welfare facilities then the material will not prove a hazard to the
construction workforce.

4.2.3 Waste Management and Disposal

The legislative regime on waste seeks to minimise the amount of material taken to landfill by
actively requiring re-use, or improving it by further processing. Where spoil is to be disposed
of from site, the waste generator is required to establish the nature and character of the
materials to the satisfaction of the waste receiver, although the practicalities of this are not
firmly established. The situation is mitigated if the material has value, in which case it does
not constitute waste, per se. Consequently, where the soils are suitable for a purpose such as
earthworks, landscaping or backfill, an assessment of risk necessary to demonstrate adequate
duty of care may be all that is required.

The proposed scheme may generate a quantity of excavated material that will be need to be
addressed in terms of waste management. The ‘waste’ could be re-used on site, used
elsewhere or sent to landfill.

The ground conditions encountered at the borehole position indicate that the materials that
could arise from the construction process, will comprise made ground which was essentially
cohesive in nature, often very soft and became organic at depth. It contained extraneous
materials such as brick and concrete and in practical terms it is more likely that excavated
soils will require disposal.

Waste Acceptance Criteria (WAC) assessment of the made ground were made to assist with
the disposal of excavated soil. The main categories for disposal are ‘inert waste landfill’,
‘stable non-reactive hazardous waste in non-hazardous landfill’, and ‘hazardous waste
landfill’. The regulations dictate that to be classified in the lowest category as ‘inert’, the
waste must meet all of the following criteria:

« it will not undergo any significant physical, chemical or biological transformations
« it will not dissolve

» it will not burn

M A FHowland Associates
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+ it will not physically or chemically react
« it will not biodegrade

« it will not adversely affect other matter with which it comes into contact in a way
likely to give rise to environmental pollution or to harm human health

« it has insignificant total leachability and pollutant content
« it produces a leachate with an insignificant ecotoxicity (if it produces a leachate).

The tested samples appear to conform with most of the factors listed above, with the WAC
analyses showing that the concentrations of all the determinands were generally below the
leaching limits for waste acceptance at landfill for ‘inert waste’. Total organic carbon, BTEX
(benzene, toluene, ethyl benzene and xylenes), polychlorinated biphenyls, mineral oil (as
total petroleum hydrocarbons in the Cl10 to C40 range) and the polycyclic aromatic
hydrocarbons also fell into this category. pH is within the acceptable limit for ‘non
hazardous waste’, while loss on ignition is within its acceptability range. However, the
exceptions were the leaching limits for sulphate within the made ground at 3 m and antimony
within the deeper made ground at 6.7 m.

The sulphate concentration of 1500 mg/kg exceeded the inert waste landfill limit of
1000 mg/kg, while the antimony value of 0.22 mg/kg exceeded the inert waste limit of 0.06
mg/kg. However, both results are within the acceptance levels for stable non-reactive
hazardous waste in non-hazardous landfill and may still be acceptable as inert waste, as it is
ultimately the decision of the landfill operator to make the judgement based on all the test
results. It may be noted that although lead had been identified as an elevated total
concentration for risks to human health, its leachate concentration did not exceed the inert
waste limit for lead.

Furthermore, the complete assessment of waste should be made in the context of current
legislation that governs usage, handling and movement of the materials (Environment
Agency, 2015). The management of waste partly depends on the classification and coding
within the European Waste Catalogue (EWC) codes. The made ground may classify as 17 05
04 i.e. ‘soils and stones’ as a result of construction, but could require further analyses in order
to prove that it does not classify as code 17 05 03 which relates to ‘soils and stones that
contain dangerous substances’. It may be more practical to analyse the actual spoil taken
during construction as it would be mixed state and more representative,
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APPENDIX B: CABLE PERCUSSIVE BOREHOLE RECORD

Bulk disturbed sample

Small disturbed sample

Water sample

Nominal 100 mm diameter undisturbed open tube sample
Environmental sample

The associated figure ‘X’ is the number of blows to drive the sample tube over
the given depth range

Undisturbed sample not recovered afier ‘X’ number of blows to drive the
sampie tube

Standard penetration test using a split spoon sampler. N Value is uncorrected,
but the hammer energy ratio is given in the remarks.

Cane penetration test using a solid cone

Blows per increment during the standard penetration test. The initial value
relates to the seating drive {I150 mm) and the remaining four to the 75 mm
increments of the test length

SPT blow count *N° given by the summation of the blows ‘X’ required to drive
the full test length (300 mm)

Incomplete standard penetration test where the seating drive could not be
completed. The blows ‘X’ represent the total blows for the given length of
seating drive 'Y" (mm)

Incomplete standard penetration test where the seating drive was achieved but
the full test length was not. The blows *X’ represent the total blows for the
given test length ‘Z’ (mm)

Date, water level at the borehole depth at the end of shift
and the start of the following shift

Each sample type is numbered sequentially with depth and relates to the depth range quoted

All depths and measurements are given in metres, except as noted

Strata descriptions complied by visual examination of samples obtained during boring, after BS
EN1997-2:2007 Eurocode 7 and its UK National Annex supported by BS 5930:1999+A2:2010 and
modified in accordance with laboratory test results where applicable
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Cable Parcussion 150mm cased to 14.50m 18.19 Mr Simon Firth 15";1:
open hote to 15.00m .
Location Dates Engineer Sheet
16/04/2015
530932 E 182459 N Creats Consulling Engineers Limited 12
DERN | SamplesTests | Tonnt? | Boneh | Fiold Rocoras | (ot | _ OeRi Description Logend]
P | ) (Thidtlass) ° 2
- (0.20
1789 (0'23 CONCRETE
0.30-0.50 B1 = MADE GROUND (Soft brown and grey very sandy ve
E— ?ravelly clay with occasional angular cobble sized bric
- ragments. Gravel is angular to subrounded fine to coarse
= (1.00) | fiiny, brick, chalk and concrete)
0.70 ES1 E
0.70-0.90 B2 E
1.00-1.20 B3 16.99 = 120
= =EE ! MADE GROUND (Very soft brown with occasional orange
}gg:}?g ng(C) N=2 DRY | 111.1 E brown maottling sandy gravelly clay. Gravel is angular o
v ' = subroundad fine to coarse flint, brck, chalk, concrate and
= charcoal)
2.00-245 | SPT(C)N=3 150 | DRY | 11,11 e
2.00-2.50 BS =
£ (280)
3.00-3.45 SPT(C) N=3 3.00 DRY | 1,211,141 =
3.00 D1 =
3.00 ES2 =
~ 1499F— 400
4.00-4.45 SPT(C) N=3 3.00 DRY | 11,14 = MADE GROUND ({Brown sandy gravelly clay, recovered in a
4.00-5.00 B6 ~ very sofl condition. Gravel is angular to subrounded fine 1o
o coarse flint, brick, concrete, slate and rare chalk)
5.00-5.45 SPT(C) N=5 450 DRY | 1,211,211 F—
5.00-6.00 BY E
= (280
562 w1 =
€.00-6.45 SPT(C) N=7 6.00 DRY | 2,323,213 :__
6.00-7.00 88 =
N9 g (gfg, MADE GROUND (Black sightly silty sighiiy sandy siighily
8.70 ES3 134 - 6.85 gravelly cleaJ with a weak organic odour. Gravel is angular to
Medium(1}) at TTE y ] subrounded fine 1o coarse fiint and brick)
B i i = (0.65) | MADE GROUND (Brown with black motiling slightly silty
saaled al 7.50m. = slightly sandy slightly gravelly clay with occasional angular
= cobble sized brick fragmenis and a weak organic odour,
7.50-7.95 SPT N=b 7.50 DRY | 1.21,21.2 1089~ 7.50 precovered in a very sofl condition. Gravel is angutar to
7.50-7.95 D2 = (0.50) rounded fine to coarse flint, brick and concrete
E ’ MADE GROUND (Greyish brown silty slightly sandy slighily
B.00-8.20 D3 10.195—  B8.00 [y gravelly clay with a weak organic odour, recovered in a very
. ' - soft condilion, Gravel is fine accasionally medium flint and
£ (0.40} | brick)
8.40-B85 | D4 979 B40 5o to firm dark brown sightly silty slightly sandy CLAY with
— 0,50 numerous infilled rootlets and an organic adour
= (060) Fim greylish brown \lwilh ucgasécm %rang?l brown aul'ld blue
= ray mottfing very silly san . Rare flinl grave
9.00.945 | WA 950 | DRY | 33blows 9.19 F—  o.p [, 904 TOVRO YOV STy SAY : 2
= Firm greyish brown 1o grey with accasional orange brown
= mottling silty stightly sandy becoming sandy CLAY with
- occasional orangs brown fine to medium sand partings
9.45 D5 o
9.50 w2 =
Remarks
1. Localion CAT scanned prior lo excavation. (apcoie, | Boued
2. Hand dug inspection pit lo 1.20 m.
3. Groundwaler struck a1 6.85 m and rose to 5.85 m in § mins., 5.62 m in 10 mins. and 15 mins. and 20 mins.
4. Groundwater struck al 10.90 m and rose to 8.63 min 5 mins., 8.27 m in 10 mins., 8.22 m in 15 mins. and 20 mins. 1:50 KPB
5, Piezometer installed to 11.80 m.
6. SPT Hammer Energy Ratio = 67.66% Figure No.
15.118. BHO1

Produced by the GEOtachnical DAtabase SYstem (GEODASY) (C) all rights reserved




/\l/( A F Howland Associates =D e
: . 51 CALTHORPE STREET, LONDON WC1X 0HH |
Geotechnical Engineers BHOT |
Boring Method Casing Diameter Ground Level (mOD) | Client :Iub .
Br
Cable Percussion 150mm cased to 14.50m 18.19 Mr Simon Finh ‘:":ﬂﬁ
open hole o 15.00m | I
Location Dates T TEngInur Sheet
530932 E 182459 N Create Consulting Engineers Limiled 22
Dapth | Casing | Watar | Lavel Dapth
{m) Sample / Tests | Dﬁg;l‘h Drrggh Field Records | (mOD} (Thi émzess)__ Description
| 1.90) |
i 199) ... CLAY becomes brown
10.50-10.95| SPT N=17 7.50 ORY | 1,212,456
10.50-1095| D& |
i
Quick{2) a1 10.90m. 7.28 (0% Orange brown siighlly clayey medium (o coarse SAND I
2rgsn?|i:11. hotm " L ) | Light brown slightly silty gravelly fine to coarse SAND.
sealed, Gravel is angular to rounded fine 1o coarse flint (blowing
| conditions)
13.00-13.50| B9 (3.80)
14.00-1450| B10
14.50-14.95| SPT(C)N=12 14.50 112,235 ... medium dense
319 500}
Complete at 15.00m

16/04/2015:8. 50m

|||||||||||.||||!||| ||!.||!||.||..|..|..|||-||.||-||.|.|.|:.|.|||.|.,-l|||||||:|||||:|||I.|||||||||||||,I|||||||||!|.|||||,|||||i||.||||-|-|||||||||||.I.|||p! |||||||I||| |||.||||||||||

Remarks
7. Unable to take SPT at 12.00 m and 13.50 m due 1a blowing sand.

Scale Logged
(approx) By

1.50 KFB

Figure Na.
15.116.8H01

Produced by the GEOtechnical DAtabase SYstem (GEODASY) (C) all righis reserved




/\W_ A F Howland Associates Site Borshole
. . 51 CALTHORPE STREET, LONDON WC1X OHH
Geotechnical Engineers BHO1
Installation Type Dimensions
Single Installation Internal Diameter of Tube [A] = 19 mm Client 'I!I?J?nber
Diameler of Filter Zone = 150 mm Mr Simon Firth 15118
Location Ground Level (mOD) | Englneer Shest
530932 E 182459 N 18.19 Create Consulting Engineers Limited "
| ol | Tean Description Groundwaler Strikes During Drilling
SRR 4788 0.20 | Concrele Depth | Casing Readings epth
i Date | Time |Struck | De Inflow Rat led
. = | | e R e min | 10 min | 15 min | 20 min g?m)'
1 q7ae| 100 16/04/15 6.85 |6.00 Madium 5.85 562 |562 |562 7.50
7 / 16/04/15 1090 |7.50 Quick B.63 827 (822 |822 NOT
A
/ ? Groundwater Observations During Drilling
] d Start of Shift End of Shift
/ / Date Depth | Casing| Waler | Wale Depth | Casing| Water | Wate
Time I?ge Dapth v{ Time l{gln Da, ig Depth E’w
%% o) | | (| (Moo m)_|_(h)_ | ()" | mob)
/ / 16/04/15 15.00 {1450 |850 9.69
/ / Topfill
/ / Instrument Groundwater Observations
j ; Inst. [A] Type : Standpipe Piezometer
| S Instrument [A]
// / Date Remarks
}
; /// mime | GEB" | (0B)
/ / 30/04/115| 1330 7.36| 1083
id
& _/_ 7.79] 1040
Bentonite Seal
7.29| 1090
Gravel Filter
6.69 11.50
6.39 11.80 | Piezometer Tip
6.19 12.00 | Gravel Filter
General Backfill
319| 1500
Ramarks
1. Water sample taken 30/04/2015

Produced by the GEQOtechnical DAtabase S5Ystem (GECDASY) (C) all rights reserved




APPENDIX C: LABORATORY TESTING

Natural moisture content

Atterberg limits

Particle size distribution

Undrained shear strength in triaxial compression without measurement of pore pressure
Sulphate content, sulphur content and pH value

Contamination testing

WAC testing

/\W_ A F Howland Associates
Geotechnical Engineers




| /\W_ | A F Howland Associates |
| Geotechnical Engineers Laboratory Jest Results

Job Number
| Site + 51 CALTHORPE STREET, LONDON WC1X OHH
| 1518 |
Client  : Mr Simon Firth I
Sheat
Engineer: Create Consulling Engineers Limited 11
]
DETERMINATION OF MOISTURE CONTENT, LIQUID LIMIT AND PLASTIC LIMIT
AND DERIVATION OF PLASTICITY AND LIQUIDITY INDEX
l _— - ’ | I .
|Borshole! | Depth g ! b {:: Liguld Plastlc | Plasticlty | | 0gity | Group |
Trial Pit {m) smple Cogzam !Plrcamna- ng:;:::ﬂ,: Ll‘gll Liml lng.cx ] index ' | Symbot Laboratory Description
I B | S| I S | | E—| I o |
BHO1 = 800 03 | 36 | 100 3 | 53 i 28 25 032 | CH | Fiondark greyish brown organic slightly sandy CLAY
i | | with rare fine flint gravel |
BHO1 8.40 D4 24 100 4 40 19 21 0.24 Cl Firm alive grey slightly sandy silty CLAY with
| | oecasional yellowish brown mottiing and rare fine and |
| medium flint gravel
|
| BHOt 945 D5 | 24 100 24 9 18 21 020 | Cf Firm olive gray sandy silty CLAY
BHOT 10.50 D& 24 100 24 38 21 17 PR ]} | Cl Firm yellowish brown slightly sandy silty CLAY with
occasional orange mottling
| | |
| | | |
I 1 &

. - L el | — i L — | - — -

Method of Preparation : BS 1377.PART 1.1990:7.4 Preparation of samples lor classification tests BS 1377.PART 2:1990:4.2 & 5.2 Sample preparations

Method of Test : BS 1377.PART 2:1990:3 Determination of moisture content 1930:4 Determination of the liquid fimit BS 1377.PART 2:1990:5 Determination of
tha plastic lirmit and plasticity index
Remarks

Produced by the GEQtechnical DAtabase SYslem (GEODASY) (C) all rights reserved




/\W—y\ A F Howland Associates Lab
: . aboratory Test Results
Geotechnical Engineers Y
Job Number
Site : 51 CALTHORPE STREET, LONDON WC1X 0HH 15116
Chient : Mr Simon Firth
Sheet
Engineer: Creata Consulting Engineers Limited I n
| DETERMINATION OF PARTICLE SIZE DISTRIBUTION
i -
Borshola ! | Depth
borat
Trial Pit (m) I Sample Laboratory Description
|
BHD 113305% | Bg Yellowish brown slightly silty gravelly SAND. Gravel is brown, white and black angular and subangular
Sieve / %
Particle | Passing
| Size
| 100 : [ i 1 r T /./‘/T' "1 T 2Bmm | 1000
| ' —— e
90 -1 | | OB 1T ! | 20mm | 984
| | ] -
| : J_,,—""_ 14 mm 96.4
BO 1 ] " 1] f '] 1 -: r | e e —_
% | | 10 mm 93.8
70 - : FLed | 1-1 [ 144.] 6.3mm 80.4
| ; Wt 1] ] Smm | B95
60 | T el I | Tom | 848
| | I N—
50 I . R H AR 1.18mm | 821
| | | *-' l i | | 600 um 75.1
40 =T f- — T T T
i | | ."l 425 ym 63.3
| a0 III = e e e 300 um 41.4
| : | / 5 l 212um | 188
20 —_ il ——— - e ] e oo — - i
| | i JF | | | 150 pym i 66
0 | [ e ; I
0.002 0.008 0.02 .06 0.2 0.6 2 6 20 60 200 G600
Fine Medium | Coarse | Fine Medium | Coarse | Fine Medium | Coarse i
CLAY COBBLES BOULDERS
| SILT SAND GRAVEL
Grading Analysls Particle Proportions
D85 23mm Cabbles + Boulders E
[AUREEEE
D10 167.3 pm Sand 82.2% |
sht E .
Uniformity Coefliclent 2.4 Clay =

Method of Test

Remarks

Method of Preparation : BS 1377:PART 1:1990:7.3 Inilia! preparation 1980.7.4.5 Particle size tests

+ BS 137T:PART 2:1990(:9 Determinalion of parlicle size distribulion

d by the GEO

SYstem (GEQDASY) {C} all rights reserved




A F Howland Associates

WAS

Geotechnical Engineers sopratary Jest Results
= = - =T i T Jot Number
| Site 1 51 CALTHORPE STREET, LONDON WC1X 0HH o
Client : Mr Simon Firth _ =
Sheet
Enginesr: Creala Consulting Engineers Limited | 111
DETERMINATION OF DENSITY, MOISTURE CONTENT AND UNDRAINED SHEAR STRENGTH
IN TRIAXIAL COMPRESSION WITHOUT MEASUREMENT OF PORE PRESSURE
: : s=—d s
l'aorehola] Denth Moisture | Bulk Dry Cell ! Dgviator | Asparent | Sngle of
| 1‘?5::‘9" ! (ﬂ‘:l Isamplu Cru.:énnt 3:;'::' ﬂ;;;l' P‘r:':l::,r]n | {kmm’) | € (kNl Ion ||}=:|':::.g), Laboratory Description
TBaor Teo0 | w1 | 21 | 208 e | ggg f }gg a2 05 | Firm dark greyish brown slightly sandy silty CLAY
' 720 | 113
, |
|
| | i |
I i
|
i
| f
i i
| |
I |
| |
L |
| |
| | !
| ; .
| [
|
| | |
|
|
. : ' |
- SR A A o = il A J|_ | = ! 1 e : {

| Method of Preparation : BS 1377:PART 1:1980:7.4.2 Moistura content 1980: Preparation of undisturbed samples for testing BS 1377:PART 2:1990:7.2 |

Mathod of Test : BS 1377:PART 2:1990:3 Datermination of moisture content 1990:7 Delermination of density BS 1377.PART 7.1990.8 Undrained shear strength

1990:9 Muliislage loading

I Remarks

Produced by the GEOtachnical DAlabase SYstsm {GEODASY] (C) all rights reserved
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Site + 51 CALTHORPE STREET, LONDON WC1X 0HH

A F Howland Associates
Geotechnical Engineers

Client : Mr Simon Finth

Enginser: Creala Consulting Engineers Limited

Laboratory Test Results

" Job Number |

DETERMINATION OF pH, SULPHATE CONTENT AND TOTAL SULPHUR OF SOIL AND GROUNDWATER

[ Concentration of Solubls Sulphate | Percentage
[ Ik sTr%l nlunl\“ d
e | o) |samete| Vowrsa | sa3imza | SUGH g o ,,',’,",;;5,,%, BH Laboratory Description
% ol |
ga | !
e Tsee Wi ' 037 | 72 Water Sample o 1

BHO1 6.70 ES3 ' 0.13 0.52 i 0.37 75 Black clay and sand
BHO1 | 800 [D3 | 008 0.48 [0 72 Brown CLAY and sand
BHO1 9.45 D5 0.02 0.04 : 0.01 8.0 Light brown CLAY and sand
BHO1 | 950 | w2 017 | 6.8 Water Sample

[ [

Methad of Praparation : BS 1377.PART 1:1990:7.5 Preparation of soil for chemical tests BS 1377:PART 3:199052,63,54 4984

Maothod of Test

Remarka

: Laboratory in-house methods based on BS1377. Part 3 for contents of water soluble sulphate, total sulphate and pH. Laboratory in-house
method based on MEWAM (Envircnment Agency, 2006) for total sulphur

d by the GEOtechnlical DAtab

SY¥stem {GEODASY} (C} all rights reserved



Gill Bond

AF Howland Assoclates Geotechnical Engineers

The Old Exchange
Newmarket Road
Cringleford
Norwich

Norfolk

NR4 6UF

t: 01603 250 754
f: 01603 250 749
&; gbond@howland.co.uk

Project / Site name:
Your job number:
Your order number:
Report Issue Number:

Samples Analysed:

signea: ((SW0x2.

=]
3]
&
E h
]
=
<

Science

12 Analytical Ltd.

7 Woodshots Meadow,
Croxley Green
Business Park,

Watford,
Herts

WD18 8YS

t: 01923 225404
f: 01923 237404

e: reception@i2analytical.com

Analytical Report Number : 15-7036

51 Calthorpe Street, London WC1X OHH

15.116

GNB/15.116/00/01

2 soil samples

Dr Claire Stone
Quality Manager

For & on behalf of i2 Analytical Ltd.

Other offica located at: ul. Pionierdw 39, 41 -711 Ruda $laska, Poland

Standard sample disposal times, unless otherwise agreed with the laboratory, are :

Excel copies of reports are only valid when accompanied by this PDF certificate,

Samples received on: 23/04/2015

Samples instructed on: 23/04/2015

Analysis completed by: 05/05/2015

Report issued on: 05/05/2015
Signed: -

Rexona Rahman
Reporting Manager

For & on behalf of i2 Analyticatl Ltd.

soils - 4 weeks from reporting
leachates - 2 weeks from reporting

waters
asbestos

This certificate should not be reproduced, except in full, without the express permission of the laboratory.
The results included within the report are representative of the samples submitled for analysis,

- 2 weeks from reporting
= 6 months from reporting

Iss No 15-70368-1

Page 1 of 7



7ICERTS

Analytical Report Number: 15-70368

Project / Site name: 51 Calthorpe Street, London WC1X OHH
Your Order No: GNB/15.116/00/01

Environmental Sclience

JLab Sample Number 436919 436920
BHOt BHO1
ES2 ES3
3.00 6.70
16/04/2015 16/04/2015
None Supplicd | None Suppiied
Analytical Parameter § g 5 g 5
(Soll Analysis) § ; g g
E]
Stone Content % 0.1 NONE 18 <0.1
Moisture Content % NfA NONE 14 20
Total mass of sample received kg 0.001 NONE 16 1.5
[Asbestos in Soil [ Twe | WA I15017025] Notdetected | Not-detected | |
neral b
H punts | wyA | mcerts 7.5 2.5
Total Cyanide ma/kg 1 MCERTS <1 <1
nic Matter % 0.1 | MRS 0.9 26
Tatal Phenol
Tata) Phenols {monchydric) I mog |1 [wcemrs | <10 <10 | ]
mafkg 0.05__]_MCERTS < 0.05 < 0.05
magfkg 0.1 | MCERTS <0.10 <0.10
mgfkg 0.1 | MCERTs <0.10 <0.10
mgkg 0.1 | MCERTS <0.10 < 0.10
ma/kg 0.1 | MCERTS <010 < 0.10
ma/ig 0.1 | meeRrs <0.10 <0.10
me/kg 0.1 | MCERTS <010 <0.10
mg/kg 0.1 | MCERTS <0.10 <0.10
_mafkg 0.1 MCERTS < 0.10 < 0.10
ma/kq 1 0.05 MCERTS = 0.05 < 0.05
mafkq 0.1 MCERTS < 0.10 < 0.10
mafikq 0.1 | McERTS <0.10 <0.10
mafkg 0.1 | MCERTS < 0.10 <0.10
mofka 0.1 MCERTS <010 =0.10
mofkg 0.1 | MCERTS < 0.10 <010
mofky | 005 | MCERTS < 0.05 < 0.05
Total PAH
[specisted Totl EPA-16 PAHS [moa | 36 [wcems | <t60 <180 | ]
ma/kg 1 150 17025 1.5 8.2
mg/kg 1 MCERTS 11 15
mofig | 0.06 | MCERTS 0.6 0.8
mafkq 0.2 MCERTS =02 =02
mgfig 4 MCERTS <4.0 <4.0
mafkg 1 MCEATS 21 23
mafkg 1 MCERTS 63 1300
rg/ky 1 MCERTS 280 770
mgfkg 03 | meerTs 0.6 29
mafkg 1 MCERTS 18 22
mg/kg 1 MCERTS <10 <10
mg/kg 1 MCERTS 3 40
_mgjkg 1 MCERTS 58 120

This certificate should not be reproduced, except in full, withoul the express permission ol the laboratory.
The results included within 1he report are representative of the samples submitted for analysis.

Iss No 15-70368-1

Page 2 of 7



MCERTS

Sclence
Analytical Repart Number: 15-70368
Project / Site name: 51 Calthorpe Strest, London WC1X OHH
Your Order No: GNB/15.116/00/01
Lab Sampte Number 436019 436920
Sample Reference BHOD2 BHO1
|Sample Number ES2 ES3
D m 3.00 6.70
Dates Sampled 16/04/2015 16/04/2015
Time Taken None Supplied None Suppliad
Analytical Parameter § § i g g
(Sofl Analysls) § 2 & g
a
Monoaromatics
pg/kg 1 MCERTS <10 <10
pa/kg 1 MCERTS <1.0 <1.0
pa/kg 1 MCERTS <1.0 < 1.0
pg/kg 1 MCERTS <1.0 <10
paskg 1 MCERTS <1.0 <10
pa/kg i MCERTS <10 < 1.0
Petroleum Hydrocarbons
[TPH-CWG - Aliphatic >ECS - EC6 myig |01 | mcemts <01 <0.1
TPH-CWG - Aliphatic >ECS - ECB ma/kg 0.1 MCERTS <0.1 < 0.1
TPH-CWG - Aliphatic >ECH - EC10 ma/ky 0.1 MCERTS <Dl <01
[TPH-CWG - Aliphatic »EC10 - EC12 mgfkg 1 MCERTS < 1.0 <1.0
TPH-CWG - Aliphatic »EC12 - £C16 mefkg 2 MECERTS < 2.0 < 2.0
[TPH-CWG - Aliphatic >EC16 - EC2) mafkg 8 MCERTS _ <80 <80
[TPH-CWG - Aliphatic >EC21 - £C35 i 8 MCERTS <B.0 B.5
[TPH-CWG - Aliphatic (ECS - EC3S) mokg |10 | momrs <10 <10
TPH-CWG - Aromatic >ECS - EC7 mog | 01 | mceris <0.1 <0.1
[TPH-CWG - Aromatic >EC7 - ECB mokg | 0.1 ] meeRTs < 0.1 <0.1
TPH-CWG - Aromatic >ECB - EC10 mafkg 0.1 MCERTS <0.1 <0.1
TPH-CWG - Aromatic >EC10 - EC12 mgfkg 1 MLERTS < 1.0 < 1.0
TPH-CWG - Aromatic >EC12 - EC16 mafkg 2 MCERTS <20 <20
TPH-CWG - Aromatic >ECI6 - EC21 ma/kg 10| mcerts < 10 <10
TPH-CWG - Aromatic >EC21 - ECIS o/ 10| mcERts < 10 <10
TPH-CWG - Aromatic {(ECS - EC35) ma/kg 10 MCERTS < 10 <10
Miscellaneous nics
[Product 10 NA_ | none | seenmached | Seeattached | |

This certificate should net be reproduced, except in full, without the express permission of the laboratory.
The results included within the repart are representative of the samples submitted for analysis.

Iss No 15-70368-1
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Science

Analytical Report Number : 15-70368
Project / Site name: 51 Calthorpe Street, London WC1X DHH

* These descriptions are only iMended to BcT As & cross chedk if sample identities are questioned. The major constituent of the sample is Intended to act with respect to MCERTS
validation. The ksboratory is accredited for sand, day and topsoi/loam soil types. Data for unaccredited types of solid should be interpreted with care.

Stone content of 8 sample Is cakulated as the % weight of the stones not passing a 10 mm sieve. Results are not comected for stone content.

Lab = ph o
Number Reference Number Depth (m} |Sample Description *
436919 BHO1 ES2 30 Light brown clay and sand with stones.
436920 BHO1 ES) 5.70 Black clay and sand.

Iss No 15-70368-1

This certificale should not be reproduced, except in full, without the express permission of the laboratory.

The results included within the report are representative of the samples submitted for analysis. Page 4 of 7



MCERTS

Science
Analytical Report Number : 15-70368
Project / Site name: 51 Calthorpe Street, London WCIX OHH
Water matrix abbreviations: Surface Water (SW) Potable Water (PW) Ground Water (GW)
Analytical Test Name Analytical Method Description Analytical Method Reference Moy | Sl | Meemen
[Asbestos identification I sol [Asbestos Identiication with the use of pojarised  |In house method based on HSG 248 AO0L-FL ) 150 17025
|light microscopy In conjunction with disperion
staining techniques.
|B6TEX and MTBE in <ail WDete:mlnation of BTEX in soil by headspace GC [Tn-house method based on USEPAB260 LO735-PL w MCERTS
MS.
Hexavalent chromlum in soil Determination of hexavalent chromium In soll by }ln-hnuse method L080-PL w MCERTS
extraction in water then by acidification, additlon of
1,5 diphenylcarbazide foliowed by colorimetry.
Metals In soll by ICP-OES |Determination of metals in soil by agua-regla In-house method based on MEWAM 2006 L038-PL b MCERTS
digestion followed by ICP-QES. Methods for the Determination of Metals In
Soil.
Maoisture Content Molsture content, determined gravimetricaily, In-house method based on BS1377 Part 3, | LO19-UK/PL w NONE
1990, Chemical and Electrochemical Tests
Monohydric phenals in soil Determination of phenols in soil by extraction with [In-house method based on Examination of LD80-PL w MCERTS
|sodium hydrowlde followed by distillation followed  |Water and Wastewater 20th Edition:
by lorimetry. Oescerl, Greenberg & Eaton (skalar)
Organic matter In soil Determination of organic matter In sall by oxidising |851377 Part 3, 1990, Chemical and LD23-PL D MCERTS
with potassium dichromate followed by titration Electrochemical Tests
with [ron {II) sulphate.
pH In soil (autornated) Determination of pH In soll by addition of water In-house method based on BS1377 Part 3, LO99-PL D MCERTS
foilowed by electrometric measurement. 1950, Chemical and Electrochemical Tests
Froduct 1D |Cetermination against standard chromatograms.  |In-house method L0G4-PL W NONE
Spediated EPA-16 PAHS in soi Detarmination of PAH compounds in soil by In-house method based on USEPA 8270 LO&4-PL D MCERTS
extraction In dichloromethane and hexane followed
ity GC-MS with the use of surmogate and Intemal
standards.
Stones content of sofl Standard preparation for all samples unkess In-house method based on British Standard | LO19-UK/PL [2] NONE
otherwise detalled. Stones not passing through a  |Methods and MCERTS requirements.
10 mm sleve Is determined gravimelrically and
reported as a percentage of the dry weight.
Sample results are not comected for the stone
content of the sample.
Total cyanide in soil Determination of total cyanide by distillation in-house method based on Examination of LO80-PL w MCERTS
followed by colorimetry, Water and Wastewater 20th Edition:
Clascer], Greenbery 8 Eaton (Skalar)
TPHOWG (Soil) Deterrnination of hexane extractable hydmcarbons [in-house method LO76-PL w MCERTS
in 50 by GC-MS/GC-FID,

For method numbers ending in 'UK’ analysis have been carried out in our laboratory in the United Engdom.
For method numbers ending in 'PL’ analysis have been carried out in our labaoratory in Poland.

Soll analytical results are expressed on a dry welght basls. Where analysis is carried out on as-received the results obtained are multiplied by a molsture
comection factor that is determined gravimetrically using the moisture content which is carried out at a maximum of 300C.

This certificate should not be reproduced, except in full, without the express permission of the laboratory.

The results included within the report are representative of the samples submitted for analysis.

Iss No

15-70368-1

Page 5 of 7
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CERTS

Gill Bond

AF Howland Associates Geotechnical Engineers
The 01d Exchange

Newmarket Road

Cringleford

Norwich

Norfolk

NR4 6UF

t: 01603 250 754
f: 01603 250 749
e: gbond@howland.co.uk

i2 Analytical Ltd.
7 Woodshots Meadow,

Croxley Green
Business Park,
Watford,

Herts,

wD18 8YS

t: 01923 225404
f: 01923 237404

e: reception@i2analytical.com

Analvtical Report Number: 15-7

Project / Site name: 51 Calthorpe Street, London WC1X 0HH
Your job number: 15.116

Your order number: GNB/15.116/00/01

Report Issue Number: 1

Samples Analysed: 2 wac multi samples

Signed: chbtl

Dr Claire Stone
Quality Manager
For & on behalf of i2 Analytical Ltd.

Other office located at: ul, Pionierdw 39, 41 -711 Ruda $iaska, Poland

Standard sample dispasal times, unless otherwise agreed with the laboratory, are :

Excel copies of reports are only valid when accompanied by this PDF certificate.

Samples received on: 23/04{2015
Samples instructed on: 23/04/2015
Analysis completed by: 05/05/2015
Report issued on: 05/05/2015
s
Signed:

Rexona Rahman
Reporting Manager

For & on behalf of i2 Analytical Ltd.

solls - 4 weeks from reporting
leachates - 2 weeks from reporting
waters - 2 weeks from reporting
asbestos - 6 months from reporting

This cerlificale should not be reproduced, except in full, without the express permission of the laboratary.
The results included within the report are representative of the samples submitted for analysis.

Iss No 15-70369-1

Page 1 of 6
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wu  IRCERTS L T
i2 Analytical Telephone: 01923 225404
7 Woodshots Meadow Fax: 01923 237404
Croxley Green Business Park email:reception@|2analytical.com

Watford, WD1B 8YS

|Waste Acceptance Criteria Analytical Results _
|Report No: 15-70369
Client:  AFHOWLAND
Location 51 Calthorpa Strewt, London WCIX OHH
Landflll Waste Acceptance Critarta
Lah Raference {Sample Number) 436921 I.Imﬂ:n
Sampling Data 16/04/2015 ~— Stabie Non-
Sample 1D BHDI £52 reactive
netWaste | HAZARDOUS Hazandous
Lanafil waste in pon- Waste Landfill
Depth (m) .00 hazardous
Landfil

Sofld Wasta Analysi
TOC {%)** 0.5 3% 5% 5%
Lots on Ignition (%) ** [ - - 10%
BTEX (k) ** <10 5000 . .
Sum of PCBs (ma/kg) ** <030 1 - =
Miseral O (maskg) < 10 500 - e
Total PAH (WAC-17) {markg} <16 100 = =
o (urits]** 75 - >6 -
Azid Neutrabsation Capacry (mol / kg} 34 = To be evakuated | To be evaluated
Eluate Analysis 1 Bl Curnutative 10:¢ |——Um& values for compliance lesching test | |
{85 EN 12457 - 3 preparation utiising end over end leaching using DS EM 12457- 8t 'S t0 kg (mg/ig)
procedure) mgfl marl ma/kg
Arsenic * < 0.010 <0.010 0.053 0.5 2 25
Barium * 011 0.026 0.36 20 100 300
Cagmium * < D.0005 < 0.0005 < 0.0020 0.04 1 5
o . 0.0012 0.0011 0.011 0.5 10 70
Copper * 0.0037 0.0034 “oo3s F] 50 100
Mercury * < 0.0015 < 0.0015 < 0.010 0.01 0.2 2
Molybdenum * 0.053 0.017 022 0.5 10 30
Nickel * 0.0012 0.0012 0.012 0.4 10 40
Lead * 0.0077 < 0.0050 0.032 0.5 10 50
[antmony * 0.0070 < 0.0050 0.048 0.06 0.7 5

. <0010 < 0.010 < D.040 0.1 0.5 7
Zinc 0.004 0.0023 0.026 4 0 200
Chioride * <40 <40 <15 800 4000 25000
Ruoride < 0.050 < 0.050 042 1t 150 500
[Suphate * &0 75 1500 1000 20000 50000
™5 €80 140 2100 4000 60000 100000
Phenok Index (Monhydric Phenais) * <013 <013 <050 1 . -
noc 38 23 x5 500 800 1000
Leach Test Information
Stone Contert (%) 18
Sampie Mass (k) 16
ey Matter (%) [
Motsture (%) 14
[Stage 2
volume Eluate L2 {itres) 0.3
Fitered Eluate VE] (fitres) 0.3
[‘le__- LT e e p—————y——
mmnhmmnl}mummmnmwww

*= UKAS accredited (fiquid eluate analysis onty)
** = MCERTS accrediited

153 No 15-70369-1
This carlficats shoukd not ba repreduced, axcepl in full, withaul the u:pmu parmission of the laboralary
The results includad within the report are ol the itted for analysis. Page 2ol 6




i2 Analytical Telephone: 01923 225404
7 Woodshots Meadow Fax: 01923 237404
Croxley Green Business Park email:reception@i2analytical.com

Watford, WD18 8Y5

|Waste Acceptance Criteria Analytical Results
Report No: 15-70369
Client: AFHOWLAND
Location 51 Calthorpe Street, London WCIX OHH
Landfill Wasta Acceptance Critarla
Lab Referance {Sampla Numbar) 436922 Dimits
Sampling Dats 16/04/2015 Stable Non-
1D BHOI £53 reactive
Tnert Waste | HAZARDOUS Hazardous
Landfill waste [n non- Waste Landfill
Dayth (m) 6.70 hazardous
Landfin
Salid Wasta Anatysis
TOC {%)°* 1.5 % 5% %
Loss on Ignition (%) ** 5.3 ~ - 10%
|EIVEX (i) ** < 10 6000 = =
Sum of PCBt (mg/kg) ** <030 1 - o
Mineral Od {mg/kg) < 10 500 - -
Tolal PAH (WAC-17) (mg/kg) <16 e o -
pH (units)** 7.5 - »6 -
Acid Neutralsation Capactty (mol / kg} a8 - Ta be evaluated | To be evaluated
Eluats Analysls 21 Bl Cumulative 10; 1 it values for compliance leschinqtest |
{B5 EN 12457 - 3 preparation utising end over end leaching using BS EN 12457-3 at L5 10 Vg {mg/ig)
procedyrs) g/l mg/l maikg
Arsenic * 0011 < 0.010 0.069 0.5 2 25
lmm . 0.10 0.039 0.46 20 100 W00
|cagmium + < 0.0005 < 0,0005 < 0.0020 .04 1 5
Chromium * < 0.0010 < 0.0010 0.0061 0.5 10 70
Copper * 0.004 0.0070 0.072 2 50 100
Mercury * < 0.0015 < 0.0015 <0.010 0.0 0.2 2
Maiybdenum * 0.085 0.015 0.36 05 10 30
Nickel * 00044 0.0026 0,028 0.4 10 40
Lead * 0.0093 < 0.0050 0.050 0.5 10 50
Antimony * 0.031 0.021 0R 0.06 0.7 5
Selenium * < 0.010 < 0.010 < 0.040 0.1 0.5 7
Zinc * 0.0043 0.0038 0.039 4 50 200
Chloride * 12 <4 24 BlD 4000 25000
Fhuoride < 0.050 < 0.050 047 10 150 500
Sulphate * 180 56 590 1000 20000 50000
DS 200 100 1100 4000 60000 100000
Phenol Index {Monhydric Phencls) * <0.13 <0.13 < 0.50 1 -
DOC n 9.2 11D 500 800 1000
Luach Test
Stone Contertt (%) <0.1
|Sampe Mass {kg) 1.5
Dry Matter (%) 80
Motsture (%) 20
Sge L
volume Euate L2 {htres) 0.31
[Fitered Euate VE1 (inres} 0.18
oo lilon oy dnbipock i pybipic bl jirige CRCEE TN

*= UKAS accredited (liquid eluate analysis only)
*= = MCERTS accrediited

Iss No 15703691
This cemtificats should nol be repraduced, except in full, without the Bxpress parmisskn of the laboratary
Tha resulls included within the repor ae of the ] for analysis. Page Jof 6




Analytical Report Number : 15-70369
Project / Site name; 51 Calthorpe Street, London WC1X OHH

* These descriptions are only intended to act as a cross check if sample identities are questioned. The major constituent of the sample Is intended to act with respect to MCERTS
validation. The laboratory is accredited for sand, clay and topsoilfloam soil types. Data for untattredited types of solid should be interpreted with care.

Stone content of a sample is calculated as the % weight of the stones not passing a 10 mm sieve. Results are not corrected for stone content.

Lab Pl Sampl P
Number Reference Number Bepth (m) |Sample Description *

436921 BHO1 ES2 3.00 t brown clay and sand with stones.
436922 BHDL ES3 6.70 Black clay and sand.

Iss No 15-70369-1

This certificate should not be reproduced, except in full, without the express permission of the laboratory.
The results included within the report are representative of the samples submitted for analysis. Page 4 of 6



MCERTS

Analytical Report Number ; 15-70369
Project / Site name: 51 Calthorpe Street, London WC1X 0HH
Water matrix abbreviations: Surface Water (SW) Potable Water (PW)} Ground Water [GW)

Prep)

by electrometric measurement.

Methods for the Examination of Water and
Waste Water, 21st Ed.

Method Wet / D Accreditatiol
Analytical Test Name Analytical Method Description Analytical Method Reference il It il harorsin
Acid neutralisation capacity of soil Determination of acld neutralisation capacity by in-house method based on Guidance an Lo46-PL w NONE
addition of acid or alkall followed by electronic Sampling and Testing of Wastes to Meet
lprobe, Landfill Waste Acceptance
BTEX (Sum of BTEX compounds) In  [Determination of BTEX In soll by headspace GC-MS.WIn-house method based on USEPAB260 10735-PL w MCERTS
soll Individual components MCERTS accredited
Chloride In WAC leachate (BS EN Determination of chioride In leachate by Gallery 1n-house method based on Standard LOB2-PL [ 150 17025
12457-3 Prep) discrete analyser, Methods for the Examination of Water and
Waste Water, 21st £d.
DOC In WAC leachate (BS EN 12457-3 Determination of dissolved organic carbon in 1in-housa method based on Standard Lo37-PL w NONE
Prep) leachate by the measurement on a non-dispersive |Methods for the Examination of Water and
Infrared analyser of carbon dioxide released by Waste Water, 21st £d.
acidification.
JFluoride In WAC leachate (BS EN Determination of fluoride In leachate by L:lratlo  |In-house method based on Standard L033-PL w NONE
12457-3 Prep) with a buffer solution followed by Ion Selective Methods for the Examination of Water and
Electrode. Waste Water, 215t Ed.
JLoss on ignition of sofl @ 4500C Determination of loss on ignition In soil by In-house method based on B51377 Part 3, LO47-PL 3] MCERTS
gravimetrically with the sample being ignited Ina  |1990, Chemical and Electrochemical Tests
muffle fumace.
Metals in WAL leachate (BS EN 12457 Determination of metals in leachate by acidification |In-house method based on Standard LD39-PL [ 150 17025
3 Prep) followed by 1CP-OES, Methods for the Examination of Water and
‘Waste Water, 21st Ed.
Mineral Ol In Sall |Determination of dichioromethane/hexane In-house method based on USEPA B270 L064-PL D NONE
extractatie hydrocarbons In soll by GC-MS.
Moisture Content [Moisture contant, determined gravimetrically. In-house method based on B51377 Part 3, | LO1S-UK/PL w NONE
1990, Chermlcal and Electrochemical Tests
|PCB's by GC-MS in soll Determination of PCB by extraction with acetone  |In-house method based on USEPA BOB2 LO27-PL D NONE
|and hexane (ollowed by GC-MS,
pH In soil Determination of pH in soll by addition of water In-house method based on BS1377 Pant 3, LOOS-PL w MCERTS
Jfollowed by electrometric measurement. 1990, Chemical and Electrochemical Tests
Phenol Index in WAC leachate (BS EN [Determination of monohydric phenols In leachatz  |In-house method based on Examination of £080-PL w 150 17025
12457-3 Prep) by continuous flow analyser. Water and Wastewater 20th Editlon:
Clescer], Greenberg & Eaton (skalar)
Seciated WAC-17 PAHs In soil Determination of PAH compounds in soil by In-house method based on USEPA 8270 LO64-PL 2] NONE
extraction in dichloromethane and hexane followed
by GC-MS with the use of surrogate and intemal
standards,
Stones content of soil Standard preparation for all samples unless In-house method based on British Standard | LO19-UK/PL D NONE
otherwise detalled. Stones not passing through a  |Methods and MCERTS requirements.
100 mim sieve Is determined gravimetrically and
reported as a percentage of the dry welght. Sample|
results are not comected for the stone content of
the sample.
Sulphata in WAC leachate (BS EN Determination of sulphate In leachate by In-house method based on Standard LO39-PL w 150 17025
12457-3 Prep) acidification followed by ICP-OES. Methods for the Examination of Water and
Waste Water, 215t Ed.
[TOS in WAC leachate (BS EN 12457-3 | Determination of total dissolved solids In leachate [In-house method based on Standard LD04-PL w NONE

This certificate should not be reproduced, except in full, without the exprass permission of the laboratory.

The results included within the report are representative of the samples submitted for analysis.

Iss No 15-70369-1

Page 50of 6



72CERTS

Analytical Report Number ;: 15-70369
Project / Site name: 51 Calthorpe Street, London WC1X OHH
Water matrix abbreviations: Surface Water (SW) Potable Water (PW) Ground Water (GW)

Method Wet / Dry | Accreditation
Analytical Test Name Analytical Method Description Analytical Method Reference b Analysis Status
In-house method based on B51377 Part 3, L023-PL D MCERTS

Total organic carbon in sofl

|Betermination of organic matter In soil by oxidising
with potassium dichromate followed by titration
with iron (II) sulphate.

1590, Chemical and Electrochemical Tests

For method humbers ending in UK’ analysis have been carried out in our laboratory in the United ﬁngdcm.
For method numbers ending in 'PL' analysis have been carried out In our laboratory in Poland.
Soil analytical results are expressed on a dry weight basis. Where analysis is carried out on as-received the results obtained are multipiled by a moisture

correction factor that is determined gravimetrically using the moisture content which is carried out at a maximum of 300C.

This cerlificate should not be reproduced, except in full, without the express permission of the laboratory.

The results included within the report are representative of the samples submitted for analysis,

1ss No 15-70369-1

Page 6 of &
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SITE LOCATION

T £

T t et ;_._t

North Bax indicates approsimate position of drawing 15.116/2 A F Howland Associates
/§ Geotechnical Engineers

Site: 51 CALTHORPE STREET, LONDON WC1X OHH

SITE LOCATION PLAN
Scale 150,000 @ A4 Client : Mr Simon Firth
Reproduced by permission of Ord Sutvey on behall of the Caniroller of Her Majasty's Date : May 2015 Dwg : 15116/

Stationery Offica = Crown Copyright Licence No. AL 100002157




APPENDIX D: DRAWINGS

Drawing 15.116/1 Site Location Plan

Drawing 15.116/2  Borehole Location Plan

/\W_ A F Howland Associates
Geotechnical Engineers
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A7 AN

A F Howland Associates
The Old Exchange
Newmarket Road

Cringleford
Norwich
NR4 6UF

Tel: 01603 250754
Fax:01603 250749

Email: admin@howland.co.uk
www: http://www.howland.co.uk
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