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INTRODUCTION

1.1

1.2

1.3

1.4

Roxhill Developments Limited

Introduction

RSK Environment Limited (RSK) has been commissioned by Roxhill Developments
Limited (the Client) to carry out a Preliminary Ground Investigation Interpretive Report
for the site of the proposed commercial development at M1 Junction 15 west.

This report is subject to the RSK service constraints given in Appendix A.

RSK has produced a Preliminary Sources Study Report (reference 312598 - 01 (00),
October 2014) and a Factual Ground Investigation Report (reference 312598 - 02 (00),
October 2014) pertaining to the site, both of which support and should be read in
conjunction with this report.

Terms of reference

This report comprises a preliminary ground investigation report in general accordance
with the requirements of:

e BS5930:1999+A2:2010 ‘Code of practice for site investigations’:

¢ Environment Agency CLR 11 2004a ‘Model Procedures for the Management of Land
Contamination’ (Contaminated Land Risk Assessment):

e Highways Agency HD22/08, ‘Managing Geotechnical Risk’ (Ground Investigation):
and

e BS EN 1997-2:2007. Eurocode 7 — Geotechnical design — Part 2: Ground
investigation and testing.

Proposed development

It is understood that the site is being considered for commercial development. The
development area located within the north eastern area of the site includes two large
distribution warehouses with associated loading bays, hard standing and access routes,
as well as a two story office building. Site drainage including five drainage ponds located
at either end of the distribution warehouses, a highway network joining to the A508 and
soft landscaping with a bund around the north, east and west of the proposed
development.

In order to undertake the commercial development a cut and fill exercise will be
undertaken at the site.

Objective

The subject of this report is the development area including the proposed Main
Development Plateau for the construction of distribution warehouses, office block and
associated hardstanding. In accordance with the Client's specific objectives,
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requirements and brief; the objective for the works was developed with the aim of
providing a preliminary ground investigation report which includes:

¢ provide sufficient data to confirm the ground model

e obtain data to provide a chemical and geotechnical characterisation of each strata
e assist with master planning design

e provide data to support planning applications

In line with Eurocode 7, BS5930, BS10175 and CLR 11 further phases of targeted
investigation (post Planning Approval) may be required to provide specific data and
information for detailed design of individual elements of the scheme as the design
evolves.

1.5 Scope

The project has been carried out to an agreed brief as set out in RSK’s proposal (ref. M1
Junction 15 West, Northampton; Geotechnical and Geo-environmental Services; Master
Planning and EIA Support, dated 10" July 2014).

The intrusive investigation elements have been restricted to the proposed development
area of the site.

No investigation was possible within the south western corner and south eastern corners
of the site as these areas were still cropped at the time of the investigation and
permission was denied by the land owner. Access to the gun club area was not
permitted at any point during the investigation, although the gun club does not fall within
the areas of proposed development. In addition, ecological constraints and
considerations had to be taken account of in the planning and locating of intrusive
investigation exploratory holes.

1.6 Limitations

The comments given in this report and the opinions expressed are based on the ground
conditions encountered during the site work and on the results of tests made in the field
and in the laboratory. However, there may be conditions pertaining to the site that have
not been disclosed by the investigation and therefore could not be taken into account. In
particular, it should be noted that there may be areas of made ground not detected due
to the limited nature of the investigation. In addition, groundwater levels and ground gas
concentrations and flows may vary from those reported due to seasonal, or other,
effects.
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SITE DETAILS

2.1

2.2

2.3

Site location

The site covers approximately 172 hectares, the centre of which is defined by the
following National Grid co-ordinates: 474940, 254715. The site is bound by the M1
motorway which runs roughly north west to south east along the north eastern boundary
of the site and the A508 running north east to south west along the south eastern
boundary of the site. A brook with fields beyond denotes the southern boundary of the
site, and hedgerows with fields beyond define the western boundary. Collingtree Lane
marks the northern boundary of the site.

The village of Blisworth is situated approximately 1km to the west of the site. The village
of Milton Malsor is located approximately 0.5km north west of the site and the village of
Collingtree is located some 100m east beyond the M1 Motorway.

Local topography, geography and geomorphology

The site sits within a formerly glaciated area. The land is gently undulating with a
general rise from the southern extent to the north eastern corner

The site generally slopes down from west to east, with the peak of the hill on which the
site sits being located near to the centre of the western boundary of the site. The top of
the hill forms a ridge which extends along the majority of the western boundary of the
site. At its highest, the site elevation is approximately 102m AOD, located near to the
centre of the western boundary, down to its lowest elevation of approximately 80m AOD
along the sites eastern boundary, within a shallow valley associated with the unnamed
brook flowing north east, along the sites south eastern boundary.

The M1 motorway is located in a shallow cutting along the eastern site boundary.

The geological sequence of the area is understood to be one of fossiliferrous mudstone
and siltstone, laminated and bituminous in part, with thin siltstone or silty mudstone beds
and rare fine-grained calcareous sandstone beds deposited within sea conditions and
eroded by periods of glaciations and later deposition of Oadby Member and Glaciofluvial
Deposits.

Site description

The site is predominately utilised for arable farming and comprises fields with hedgerow
field boundaries including a variety of immature to mature sized trees of various species.
Two areas of mixed woodland are also located within the site. The woodlands are
located near to the centre of the site, adjacent to the main access track trough the site.
The majority of fields comprised stubble from recent harvesting, however the fields in the
extreme south of the site comprised bean crops. The general elevation of the
surrounding land undulates up and down, with the site elevations generally sloping down
from northwest to south and south east.
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The main access to the site is via a rough compacted gravel track leading north from the
south western quarter of the site off of the A508, towards the sites centre. In the centre
of the site, just off the track is a spoil head of rubble consisting of brick tarmac and stone
(presumed to be used for improving farm tracks).

There are two buildings located on the site. To the south west of the centre of the site is
a gun club with shooting range and clay pigeon shooting. Derelict farm buildings
including two derelict outhouses are also located in the east of the site. The derelict farm
buildings are either of stone construction, which is in particularly poor condition, or
corrugated sheet metal sheds.

An overhead 1.1kv power supply enters the north west of the site, travelling south east
and south towards the derelict farm buildings on low level wooden poles. The derelict
farm buildings are generally empty but appear to be utilised as a store for stone as well
as containing two former fuel tanks, now appearing to be partially filled with water.

The site also contains two telecom masts , one is located in the south eastern corner of
the site accessed via concrete track running from the A508, while the second mast is
located in the north east close to the boundary and footbridge to Collingtree beyond the
M1.

At the south of the site is a brook which flows north east towards Northampton.

It was also noted from ecological plans supplied to RSK that the site has two badger
sets which are located in the east of the site. One is located on the north east corner in
coniferous woodland and the second is within a boundary hedge. The ecological plans
supplied to RSK also indicate that there is a pond within the grounds of the gun club
which may have contained great crested newts, as well as common lizard habitats and
bat roosts. RSK was prohibited from entering the property associated with the gun club
on health and safety grounds and as such these features were not observed during the
walkover.

Supplied plans also indicated existing underground gas and water district mains in the
east corner of the site though no markers were observed.
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SUMMARY OF AVAILABLE INFORMATION

3.1

Published geology and expected ground conditions

The British geological Survey (BGS) plans and maps obtained have been reviewed to
determine the anticipated geology beneath the site.

It is envisaged that the local geology beneath the site will be in line with the summary
below detailed within Table 1.

Table 1: Expected geology

Geology ‘ Comment

Surfacing and
Buried
Structures:

(source: Envirocheck
History Maps, Site

Hard standing was identified along tracks to existing farm buildings in the east
of the site as well as to a telecoms mast in the east of the site. Hard standing
was also associated with the derelict farm buildings in the east of the site.

(source: BGS Maps,
Available Borehole
Logs, Envirocheck
Geology & History
Maps, memoirs)

Observation)
Made Qround/ The entire Site is anticipated to be underlain by a cultivated plough layer
Topsoil: resulting in a sub soil or growing medium rather than topsoil which meets the

BS for topsoil.

Given its extensive use for arable crops it is anticipated that this layer could
extend between 0.2 and 0.6m depth and is anticipated to be derived from the
underlying Glacial Deposits beneath so would be expected to comprise sandy
gravelly clay.

Drift Deposits:

(source: BGS Maps,
Available Borehole
Logs, Envirocheck
Geology & History
Maps, memoirs)

The majority of the site appears to be underlain by a mantle of Oadby Member
(Diamicton Till / Glacial Till) which is anticipated to be primarily sandy gravelly
clay. It may also contain sandy gravel strings, lenses and pockets which may
bare perched or trapped groundwater.

In the north and east fingers of Glaciofluvial Deposits are anticipated to be
present and are likely to take the form of sands and gravels.

Bedrock

(source: BGS Maps,
Available Borehole
Logs, Envirocheck
Geology & History
Maps, memoirs)

The entirety of the Site is indicated to be underlain by Whitby Mudstone
Formation likely to be weathered beneath the overlying superficial deposits to
firm to stiff brown and blue grey clays tending to mudstones with subordinate
siltstone, limestone bands. Calcareous shell, fossil fragments and naturally
occurring sulphate crystals are common throughout these deposits.

Mining

(source: Coal Authority
web viewer, BGS
Maps, Available
Borehole Logs,
Envirocheck records,
Geology & History
Maps)

None Identified.

Faults

(source: BGS Maps,
Available Borehole
Logs, Envirocheck
Geology Maps,

None Identified.

(source: Coal Authority
web viewer, BGS

memoirs)
Opencast Some sand and gravel quarries noted within 400m of the site, although none
Quarrying expected on site.

A site at Milton Malsor located immediately beyond the northern boundary of
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Geology ‘ Comment

Maps, Envirocheck
History Maps)

the site has allocated permissions for the extraction of up to 1.2M tonnes of
glacial sands and gravels.

Soil Chemistry

(source: Envirocheck /
BGS)

Available soil chemistry data suggests that the natural soils anticipated to be
present across the site are unlikely to contain any significantly elevated
concentrations of contaminants that would be considered to represent a risk to
Human Health for a commercial development.
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4 GROUND INVESTIGATION

The investigation undertaken at the site comprised the following:

Setting out and service Clearance (RSK SafeGround).

Excavation of twenty seven trial pits using an operated tracked excavator to depths
of between 1.80m and 4.80m bgl.

Carry out three soakaway tests in selected trial pits in general accordance with BRE
365.

Sinking of sixteen window sample boreholes to depths of between 3m and 6m bgl
using a windowless sampler drilling rig.

Sinking of sixteen boreholes to depths of between 7.50m and 20.45m bgl using a
standard cable percussive drilling rig.

Installation of twenty four combined groundwater/gas monitoring wells and
piezometers to varying depths including provision of flush lockable covers and 1.5m
high wooden marker stakes (in fields).

Four initial return visits to monitor groundwater levels/ground gas concentrations
One groundwater sampling visit.

Surveying in of as built exploratory hole positions using GPS surveying equipment.
Removal of instrumentation covers and capping of instrumentation.

Associated sampling and insitu testing.

Soil sample geotechnical laboratory testing.

Soil sample chemical and contamination laboratory testing.

Groundwater sample chemical and contamination laboratory testing.

Full records and details covering the methodology of the investigation, the location
rationale for exploratory holes, exploratory hole logs, completed laboratory testing
results and exploratory hole location drawings are presented separately within the
Factual Ground Investigation Report (312598 — 02 (00)).

The ground investigation was developed to supplement the findings of the desk study
research which is presented separately within the Preliminary Sources Study Report
(312598 — 01 (00)). The investigation was designed to confirm the anticipated ground
conditions and to obtain strata geotechnical and chemical properties to allow design
assessments to be refined. Specific issues targeted by the ground investigation are
identified in Table 2 below:
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Table 2: Issues targeted within the ground investigation

Exploratory
Holes

Issue Testing Comments

General

‘_é‘ chemical To confirm

g characterlstu_:s contamination risk

S Whole Sit of the Topsoll | i Chemical potential.

S ol =te QSSrsf,lﬁrsfned analysis To confirm in ground
5 groundwater as aggressivity for

o the site is concrete mix designs
o Greenfield

General To confirm distribution,

Whole Site geotechnical All Soils testing classification, uniformity
characteristics in plan and depth
SPT, PI, To confirm strata
CP1-3/5/12 QUTxI, Hand strength characteristics
Cuttings and Strata qlepths, WS4-11 Shear Vane, and 'unlfo.rmllty. To
properties and | Tp1/2/6/(s) | Consols, confirm distribution,
earthworks . e
roperties groundwater 11/12/13/(s) | Compaction, classification and
prop levels 20/21-23/ MCV/MCC, reusability in
25/26 Recompact earthworks filling
CBR operations

Strata depths WS1—8/

and properties A Classification

To confirm strata
and

Embankment

Foundations S?Sun dwater TP1/2/4/5/6/ | Compaction esltr:gnugr;[i?o?rﬁzsctensucs
levels 11/12/27/28 | testing

Strata depths CP1-16

Buildings and properties | WS9-12 To confirm bearing and

Geotechnical

Plateau and Pl, QUTXI, settlement
Foundations roundwater TP6- Consols characteristics and
Ig | 10/13/14/16 uniformity of strata
evels /17/19
Hard Strata depths Classification,
. and properties Compaction To confirm distribution,
standing and TP4- . e X .
X and testing and classification, uniformity
highways and 9/13/22-26 .
earthworks groundwater recompacted in plan and depth
levels CBR.
Soakaways, To define permeability’s
Flood permeability p Y
. S TP(s)5/15 and effectiveness of
Attenuation Soil Infiltration tests and
120 R soakaways or need for
Ponds classification .
tests lining of ponds

Due to ecological constraints (a barn owl roost) the derelict farm buildings which fall
within the proposed development area, east of the centre of the site, could not be
investigated. These derelict buildings contain tanks which should be investigated once
access is available or during enabling works. Similarly, the gun club area could not be
investigated due to access not being granted, however, this area, while on site, is
outside of the proposed development area.
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GROUND CONDITIONS IDENTIFIED

The results of the Preliminary Ground Investigation and subsequent laboratory analysis
undertaken are detailed below. The descriptions of the strata encountered, notes
regarding visual or olfactory evidence of contamination, list of samples taken, field
observations of soil and groundwater, in-situ testing and details of monitoring well
installations are included on the exploratory hole records presented separately in the
Factual Ground Investigation Report (312598—-02(00)).

5.1 Ground conditions
The exploratory holes revealed that the site is underlain by a variable thickness of
agricultural topsoil and subsoil over drift deposits including, the Oadby Member (Glacial
Till) over Glaciofluvial deposits. Both the drift deposits encountered contained bands of
cohesive and granular strata.
Underlying these drift deposits the strata of the Whitby Mudstone Formation was
primarily clay with weathered siltstone and mudstone bands. This appears to confirm the
stratigraphical succession described within the initial conceptual model and this is
represented pictorially within the sections presented as Figures 8 — 10 within this report.
For the purpose of discussion, the ground conditions are summarised in Table 3 and the
strata discussed in subsequent subsections.
Table 3: General succession of strata encountered
Depth to
Strata Exploratory holes encountered Bottom of s
stratum m (m)
bgl
Agricultural
Topsoil CP1-16, WS1-16, TP1-28 0.10-0.50 0.10-0.50
(Plough Layer)
CP1/2/4/518,
Subsoil WS1/5/8/10/12/13/15/16, 0.40-1.30 0.10-0.90
TP3/4/13/16/17/19/20(s)/22/24-28
Oadby Member | CP1-3/5-15, WS1/3-16, TP1-2/4/6- | | ,0 14 7o | 055~
(locally absent) 22/ 24-25/27-28 ' ' 10.90
Glaciofluvial CP1 -5/15-16, WS2-4/7/8/10/11/16
Deposits B e § J - -
P TP3-10/13/15/20/22/23/26/27 3.20->20.45 1 05->8.75
(locally absent)
Proven to
Whitby Mudstone | -3 16 \ws11/13-16, TP14/22i26 | 9r8aterthan | g oo
Formation (clay) 15.45m in
CP4 &5
Note: Thickness’ are proven thickness in exploratory holes and not full thickness of
strata. Strata are likely to be thicker.
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5.1.1 Agricultural topsoil

The topsoil (ploughed surface materials) across the site generally comprised slightly
brown sandy slightly gravelly clay, or slightly gravely clayey sand. The gravel comprised
angular to rounded fine to coarse sandstone, quartzite, flint, chalk and rare brick. The
Agricultural Topsoil ranged in thickness between 0.10 to 0.50m thick but was generally
0.3 to 0.40m thick across most of the site.

The recorded laboratory test results are detailed within the Factual Ground Investigation
Report presented separately.

Seven soil samples of these deposits were sent for contamination screening testing.

No obvious visual or olfactory evidence of contamination was identified within any of
these deposits encountered during the ground investigation.

5.1.2 Subsoil

The subsoil (ploughed surface materials) across the site generally comprised orange
brown slightly sandy slightly gravelly clay, or clayey sand. The gravel comprised angular
to rounded fine to coarse quartzite, flint and chalk. The Subsoil was encountered below
the Agricultural Topsoil and ranged in thickness between 0.10 to 0.90m thick where
identified to be present. The variations in thickness may in part be attributed to historic
ridge and furrow farming techniques which may have been employed in the area in the
past.

The recorded laboratory test results are detailed within the Factual Ground Investigation
Report presented separately.

Three soil samples of these deposits were sent for contamination screening testing.

No obvious visual or olfactory evidence of contamination was identified within any of
these deposits encountered during the ground investigation.

5.1.3 Oadby Member

This stratum was encountered immediately beneath the topsoil/subsoil across the
majority of the site and mainly comprised of firm to stiff brown or dark grey slightly sandy
slight gravelly silty CLAY. The gravel fraction comprised mixed lithologies including
chalk, quartz, flint, coal and ironstone. Locally these deposits included zones of very
clayey silts, very silty clays and pockets of sands and gravely sands.

Available exploratory holes indicate that these stratums can vary in thickness between
0.55 — 10.90m, with the majority of holes where full thickness was defined suggesting
thickness of around 4 to 5m.

These deposits were recorded to be generally stable during excavation.

A summary of the in-situ and laboratory test results in this stratum is presented in Error!
Reference source not found. below and are included within the Appendix J.

The recorded in-situ test results and laboratory test results are detailed within the
Factual Ground Investigation Report presented separately.
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Table 4: Summary of in-situ and laboratory test results for the cohesive Oadby

Member

Soil parameters Range No Tests

Moisture content (%) 10 — 30 (av 23.5) 38

Liquid limit (%) 28 — 73 (av52) 28

Plasticity limit (%) 13 - 24 (av19.5)

Plasticity index (%) 11 - 51 (av33)

Plasticity term CL-CH

Shrinkage Potential Low to High NHBC

Clay (%) 25— 72 (av 54) 14

Silt (%) 25—-71 (av38)

Sand (%) 0-27 (av5)

Gravel (%) 0—-10 (av2)

Earthworks Class Class 2A Wet HA MCDHW
Cohesive Series 600

Maximum Dry Density — 4.5kg Rammer (Mg/mS) 1.50-1.83 13
(avl1.71)

Optimum Moisture Content - 4.5kg Rammer (%) | 15— 28 (av 20)

Natural Moisture Contents of samples tested (%) | 19 — 29 (av 26)

Lowest Acceptable Moisture Content Range that | 14.5 —26.5 (av

should allow 95% compaction and 5% or less air | 19.4)

voids to be achieved (interpolated from test

graphs)

Highest Acceptable Moisture Content Range that | 20 — 30.5 (av 24.5)

should allow 95% compaction and 5% or less air

voids to be achieved (interpolated from test

graphs)

Re-compacted CBR — 4.5kg Rammer (%) 0.7-13.0 10
(20 - 29% mc)

Moisture Condition Value (MCV) 10.7-12.6 5
(24 - 29% Nat mc)

Moisture Condition Calibration (MCC) 3

MCV 8 = 29.00 — 31.90%mc

MCV 13 = 22.80 — 24.00%mc

SPT ‘N’ values 5->50 97

(depth plots presented separately)

Undrained shear strength inferred from SPT 'N’ 23 ->300

values (kN/mz)

Stiffness term Soft to Very Stiff

Undrained shear strength measured by triaxial 14 — 140 (av 78) 11

testing (kN/mz) — varies with depth

Bulk Density (Mg/m®) 1.87 - 2.28 (av
2.03)

Natural Moisture Content at test 13 - 30 (av 23)

Stiffness term Very Soft to Stiff

Undrained shear strength measured by 50 — 296 (av157) 7
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Soil parameters Range No Tests

Laboratory Hand Shear Vane testing (kN/m©) -
varies with depth

Stiffness term Firm to Very Stiff
Coefficient of Consolidation C, (m?/Yr) 0.83 — 44.00*" 12
Taken from testing at or close to overburden pressures (av 18.85)

Coefficient of compressibility M, (mZ/MN) 0.057 — 0.45*"

Taken from testing at or close to overburden pressures (av0.20)

Settlement Term Low to High
Compressibility

Notes: * dependant on depths and loadings, # samples noted to swell at low pressures,

The SPT data is plotted against depth and level is presented graphically in Appendix J.

Given the topography, individual borehole plan positions and inherent heterogeneity of
the strata in terms of its thickness and material structure there is considerable variation
with depth and level. However, as expected in most instances the data indicates a
progressive increase in SPT and corresponding strength of the strata with depth with
most materials initially being firm closer to surface becoming stiff with depth, locally
however softer materials have been identified particularly in the southern end of the site
and closer to the surface presumably where weathering has occurred.

The compaction tests undertaken indicate an optimum moisture content range of 15 -
28%.

Acceptable Moisture Content Ranges obtained by interpolation of the available test
results graphs on the assumption that a minimum 95% compaction and 5% or less air
voids will be required suggest that it will be possible to achieve compaction if the
moisture contents of the soils fall between 14.5 and 30.5%.

MCV tests are often used to control the suitability of materials for compaction during
earthworks and directly relate to moisture content. In most instances an MCV range of
between 8 and 13 are set as the acceptability criteria to control the earthworks as this
range tends to ensure that only suitable moisture content materials are incorporated
within the works which can therefore be compacted. Moisture content calibration testing
carried out on a limited number of samples does however suggest that moisture
contents would need to fall between 22 and 32% to allow compaction to be achieved.

MCYV single point testing carried out on a small number of samples at natural moisture
content seems to suggest that the 5 samples tested at as dug moisture contents fall
within a suitable envelope for MCV and moisture content and should therefore be
compactable.

Natural moisture contents are shown to vary significantly ranging between 10 and 30%,
however the vast majority of moisture contents recorded for these deposits within the
various laboratory tests and samples detailed above appear to fall within the desired
range of between 20 and 30%. This suggests that these materials could be suitable for
reuse with no treatment. However, suitability for reuse within earthworks is often
governed by the prevailing weather conditions during the works and the methods of
working. It should be appreciated that these Glacial Deposits are formerly over
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consolidated soils and when exposed by removal of overburden are likely to be subject
to stress relief and swell taking in moisture and reducing in strength as several of the
consolidation tests carried out demonstrate. It is anticipated that some form of lime or
and cement modification might be required to allow these materials to be reused within
structural fill, however this would need to be carried out with caution due to the potential
for sulphate heave reactions resulting from the natural presence of high sulphates within
these deposits.

In addition it should be appreciated that in several exploratory holes Silts or very silty
clays were identified and a number of particle size distribution tests indicate extremely
high silt contents in some of these deposits. Plasticity testing however seems to suggest
that the clays are dominant with no results falling beneath the A-Line. It should
however be appreciated that silts and soils with high silt contents can be very difficult to
use within engineered and compacted fills as the vibration of rollers tends to liquefy high
silt content soils, particularly where high moisture contents or precipitation takes place
during the works.

It should however be recognised that the testing carried out to date is indicative only, it is
considered that there is currently a small statistical number of tests and that further
investigation and testing will be required to confirm this for earthworks specification and
designs. Due to the variation in material properties, the size of the site and the volume of
cut materials it is recommended that at the detailed design and specification stage that
an intensive sampling and testing investigation is undertaken to confirm the properties of
the materials from the proposed cut areas.

The effect of moisture content is also further demonstrated in the results of the re-
compacted CBR tests. CBR tests carried out on re-compacted samples with moisture
contents closer to optimum achieved higher CBR values than samples tested with a
higher moisture content. This demonstrates the affect and susceptibility of these strata
to moisture content when reused.

Thirteen samples of this stratum were scheduled for chemical analysis to determine
concrete mix design. The results identified concentrations of water-soluble sulphate of
up to 1,610 mg/l and a minimum pH of 7.8.

Eight soil samples of these deposits were sent for contamination screening testing.

No obvious visual or olfactory evidence of contamination was identified within any of
these deposits encountered during the ground investigation.

5.1.4 Glaciofluvial deposits

This stratum was encountered locally within select exploratory holes beneath the
topsoil/subsoil and Oadby Member and is indicated to be present to depths of between
3.2 and >20.45m below ground level with recorded thickness’ varying between 0.5 and
>8.75m.These deposits appeared to generally comprise orange brown occasionally
slightly clayey gravelly sand or sand and gravel with the sand being predominant and
mostly medium sized. The gravel content was generally sub rounded fine to coarse flint
and quartzite with occasional chalk, coal and other lithologies.
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These deposits were recorded to be unstable during excavation and collapses are noted
on the exploratory logs presented in the Factual Ground Investigation Report presented

separately.

A summary of the in-situ and laboratory test results in this stratum is presented in Table

5 below and are included within the Appendix J.

The recorded in-situ test results and laboratory test results are detailed within the
Factual Ground Investigation Report presented separately.

Table 5: Summary of in-situ and laboratory test results for the cohesive Glaciofluvial

Deposits
Soil parameters Range No Tests
Moisture content (%) 8.7-19 3
Liquid limit (%) NP — 30 2
Plasticity limit (%) NP — 14
Plasticity index (%) NP - 16
Plasticity term NP - Low
Shrinkage Potential Low NHBC
Clay (%) 0-13 (av4) 8
Silt (%) 0-18 (av 6)
Sand (%) 28 — 90 (av70)
Gravel (%) 0-47 (av 19)
Earthworks Class Class 1A-1B HA MCDHW
Series 600
Maximum Dry Density — 4.5kg Rammer (Mg/m?®) 1.82 -2.06 (av1.96) | 3
Optimum Moisture Content - 4.5kg Rammer (%) 9.8 - 13 (av 11)
Natural Moisture Contents of samples tested (%) 7-16 (av10.7)
Lowest Acceptable Moisture Content Range that 10-15
should allow 95% compaction and 5% or less air
voids to be achieved (interpolated from test graphs)
Highest Acceptable Moisture Content Range that 15-19
should allow 95% compaction and 5% or less air
voids to be achieved (interpolated from test graphs)
Re-compacted CBR — 4.5kg Rammer (%) 1.2-23 3
(7.4 -16% mc)
SPT ‘N’ values 5->50 49
(depth plots presented separately)
Density term Loose to Dense
Notes: * dependant on depths and loadings, # samples noted to swell at low pressures,

The SPT data is plotted against depth and level is presented graphically in Appendix J.
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Given the topography, individual borehole plan positions and inherent variation of the
strata in terms of its thickness and material structure there is considerable variation with
depth and level. However, as expected in most instances the data indicates a
progressive increase in SPT and corresponding strength of the strata with depth with
most materials initially being initially loose to medium dense increasing in density with
depth to dense. It should be appreciated that drilling disturbance may have resulted in
the lower test results.

The compaction tests undertaken indicate an optimum moisture content range of 9.8 -
13%.

Acceptable Moisture Content Ranges obtained by interpolation of the available test
results graphs on the assumption that a minimum 95% compaction and 5% or less air
voids will be required suggest that it will be possible to achieve compaction if the
moisture contents of the soils fall between 10 and 19%.

Natural moisture contents are shown to vary significantly ranging between 8.7 and 19%,
thus it is anticipated that these materials if excavated as part of the earthworks would be
suitable for reuse with no treatment. However, suitability for reuse within earthworks is
often governed by the prevailing weather conditions during the works and the methods
of working.

It should however be recognised that the testing carried out to date is indicative only, it is
considered that there is currently a small statistical number of tests and that further
investigation and testing will be required to confirm these findings for earthworks
specification and designs. Due to the variation in material properties, the size of the site
and the volume of cut materials it is recommended that at the detailed design and
specification stage that an intensive sampling and testing investigation is undertaken to
confirm the properties of the materials from the proposed cut areas.

The effect of moisture content is also further demonstrated in the results of the re-
compacted CBR tests. CBR tests carried out on re-compacted samples with moisture
contents closer to optimum achieved higher CBR values than samples tested with a
higher moisture content. This demonstrates the affect and susceptibility of these strata
to moisture content when reused.

Five samples of this stratum were scheduled for chemical analysis to determine
concrete mix design. The results identified concentrations of water-soluble sulphate of
up to 41 mg/l and a minimum pH of 7.78.

No obvious visual or olfactory evidence of contamination was identified within any of
these deposits encountered during the ground investigation.

5.1.5 Whitby Mudstone Formation
The Whitby Mudstone Formation stratum includes:

e Weathered mudstone comprising clay or silt;
e Mudstone bands; and

e Sijltstone bands.
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These deposits have been identified to be present beneath the Oadby Member and
Glaciofluvial deposits and are indicated to be present to depths of greater than 15.45m
bgl below ground levels and are anticipated to extend to significant depths of as deep as
120m bgl. Available investigation confirms thicknesses of greater than 8.85.These
deposits appeared to generally comprise dark grey occasionally slightly sandy
occasionally very silty clay and rarely silt, with bands of mudstone and siltstone.

These deposits were recorded to be stable during excavation where encountered.

A summary of the in-situ and laboratory test results in this stratum is presented in Table
6 below and are included within the Appendix J.

The recorded in-situ test results and laboratory test results are detailed within the
Factual Ground Investigation Report presented separately.

Table 6: Summary of in-situ and laboratory test results for Whitby Mudstone

Formation
Soil parameters Range No tests
Moisture content (%) 19-23 2
Liquid limit (%) 38-50 2
Plasticity limit (%) 18 - 28 2
Plasticity index (%) 20-28 2
Plasticity term Intermediate
Shrinkage Potential Medium NHBC
SPT ‘N’ values 23->50 47
(depth plots presented separately)
Undrained shear strength inferred from SPT 'N’ 100 - >300
values (kN/m?)
Stiffness term Stiff to Very Siiff
Undrained shear strength measured by triaxial 109 - 224 3
testing (KN/m?)
Bulk Density (Mg/m®) 2.10-2.12 3
Natural Moisture Content at test 19
Stiffness term Stiff to Very Stiff
Undrained shear strength measured by shear 158 - 302 4
vane testing (kN/m?)
Natural Moisture Content at test 18-22
Stiffness term Very Stiff
Coefficient of Consolidation C, (m?/Yr) 0.76 — 6.30*" 3

Taken from testing at or close to overburden pressures

Coefficient of compressibility M, (m*MN) 0.081 - 0.13*"
Taken from testing at or close to overburden pressures
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Soil parameters No tests

Settlement Term Low to Medium
Compressibility

Notes: * dependant on depths and loadings, # samples noted to swell at low pressures,

The SPT data is plotted against depth and level and presented graphically in Appendix
J. As expected in most instances this indicates a progressive increase in SPT and
corresponding strength of the strata with depth as the strata graduates from residual
weathered soils to weak rock. Initially the weathered strata are noted to be firm to stiff
where close to the surface and highly weathered.

Natural moisture contents are shown to be fairly consistently around 20% with the
materials being generally stiff in nature. It would appear unlikely that these deposits will
be encountered in earthworks re-profiling excavations however they maybe encountered
if deep foundation or service excavations are undertaken. It should be appreciated that
these deposits are over consolidated and when exposed by removal of overburden are
likely to be subject to stress relief and swell taking in moisture and reducing in strength
as several of the consolidation tests carried out demonstrate. Therefore this may make
them difficult to reuse within structural fill operations. It is anticipated that some form of
lime or and cement modification might be required to allow these materials to be reused
within structural fill, however this would need to be carried out with caution due to the
potential for sulphate heave reactions resulting from the natural presence of high
sulphates within these deposits.

Three samples of these strata were scheduled for chemical analysis to determine
concrete mix design. The results identified concentrations of water-soluble sulphate of
up to 578mg/l and a minimum pH of 7.55.

No obvious visual or olfactory evidence of contamination was identified within any of
these deposits encountered during the ground investigation.

5.1.6 Results of soakaway testing

Three soakaway tests were attempted close to locations where it is thought that storm
water attenuation ponds or drainage swales might be located to check to see if any
infiltration might occur and to confirm if the ground conditions might be suitable for the
adoption of soakaway sustainable urban drainage systems.

The results of soakaway testing are summarised in Table 7.

Table 7: Soakaway test results

Trial pit ‘ Geological unit Test result (m/s)

PS5 Glaciofluvial Deposits Insufficient drop in water level. Unable
(granular over cohesive) to calculate infiltration rate.
Oadby Member Insufficient drop in water level. Unable

TPS15 . PR
(cohesive over granular) to calculate infiltration rate.

TPS20 Oadby Member Insufficient drop in water level. Unable
(cohesive over granular) to calculate infiltration rate.
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Trial pit ‘ Geological unit Test result (m/s)

Notes: Strata predominantly cohesive in nature and therefore not conducive to soakaway.

5.2 Groundwater
Groundwater was encountered during the investigation as detailed in Table 8.

Table 8: Groundwater results during investigation

Strike Level Rise Level
BH/TP Stratum (m bgl) (MAOD) (m bgl) (MAOD)
CP2 OM (cohesive) 2.30 93.59 2.10 93.79
CP2 GFD (granular) 15.00 80.89 13.20 82.69
CP4 GFD (granular) 3.40 81.54 - -
CP6 WMF (clay) 7.90 76.41 7.10 77.21
CP6 WMF (clay) 11.40 72.91 12.10 72.21
CP8 WMF (mudstone) 6.80 74.90 3.90 77.80
CP11 WMF (siltstone) 8.80 74.58 5.10 78.28
CP14 OM (cohesive) 1.20 78.72 - -
CP15 GFD (granular) 3.50 77.39 1.60 79.29
CP16 GFD (granular 5.00 76.34 3.00 78.34
Ws1 OM (cohesive) 4.00 76.70 - -
WS8 GFD (granular) 2.90 91.38 - -
WS12 OM (cohesive) 4.00 83.30 - -
WS14 WMF (clay) 4.00 92.32 - -
WS16 OM / GFD (granular) | 3.70 93.94 - -
TP7 GFD (granular) 3.70 79.31 - -
TP7 GFD (granular) 4.20 78.81 - -
TP8 GFD (granular) 1.80 78.74 - -
TP9 GFD (granular) 2.10 79.21 - -
TP15(s) GFD (granular) 1.70 79.61 - -
TP20(s) GFD (granular) 2.20 85.34 - -
TP22 GFD (granular) 3.70 85.13 - -
TP25 OM (cohesive) 0.70 86.21 - -
TP26 GFD (granular) 1.70 87.81 - -
TP26 GFD (granular) 2.15 87.36 - -
TP27 GFD (granular) 2.10 93.89 - -
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Level
(mAOD)

96.13 - -

Strike
(m bgl)

OM (cohesive) 1.80
Notes: OM — Oadby Member, GFD — Glaciofluvial Deposits, WMF — Whitby Mudstone Formation

Level Rise

BHITP (mAQOD) (m bgl)

Stratum

TP28

Where not listed, exploratory holes did not encounter groundwater strikes during
formation. It should be noted that the speed of drilling and casing of holes can often
mask minor seepages and water strikes. Indeed the addition of water within cable
percussion boreholes to allow drilling to progress through granular deposits may
obscure water strikes, however major water strikes would be evident.

It should be noted that groundwater levels might fluctuate for a number of reasons
including in the short term the prevailing weather conditions immediately before and
during investigation and monitoring works and longer term seasonal variations should be
expected.

The results of the subsequent groundwater monitoring and well surveying exercise are
summarised in Table 9. The data is produced within a groundwater elevation statistics
report included within Appendix J.

Table 9: Groundwater monitoring data (04/09/2014 to 24/09/2014)

Response Strata Ground Monitored Monitored
Monitoring | Zone Level Groundwater Groundwater
well (m bgl) elevation Depth Range  Elevation

(m AOD) (mb GL) (m AOD)
CP1 8.00-15.00 GFD 90.77 11.43-11.46 79.34-79.31
CP2 14.00-20.00 |GFD 95.89 16.52* 79.37
CP3 8.00-12.00 |WMF 84.07 5.33-5.65 78.74-78.42
CP4 1.00-8.00 GFD 84.94 4.47-4.56 80.47-80.48
CP5 4.00-8.00 OMc/ GFD /WMF 88.22 5.11-5.16 83.11-83.06
CP6 6.00-8.00 OMc & WMF 84.31 3.33-3.40 80.98-80.91
CP7 1.00-6.00 OMc/g & WMF 80.72 0.83-0.85 79.89-79.87
CP8 2.00-5.00 OMc/g 81.70 1.47-1.50 80.23-80.20
CP9 6.00-11.00 WMF 82.09 4.70-4.95 77.39-77.14
CP10 2.00-5.00 OMc 83.56 4.31-Dry 79.25-78.56
CP11 7.00-10.00 |WMF 83.38 4.36-4.41 79.02-78.97
CP12 1.00-5.00 OMc/g 85.83 1.48-1.53 84.35-84.30
CP13 8.00-13.00 OMc/g & WMF 83.99 2.34-2.76 81.65-81.23
CP14 1.00-5.00 OMc & WMF 79.92 0.54-0.55 79.38-79.37
CP15 6.00-9.00 WMF 80.89 1.10-1.13" 79.79-79.76"
CP16 2.00-5.00 GFD 81.34 1.19-1.27 80.15-80.07
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Response Strata Ground Monitored Monitored
Monitoring | Zone Level Groundwater  Groundwater
well (m bgl) elevation Depth Range Elevation

(m AOD) (mb GL) (m AOD)

WS2 1.00-3.00 GFD 82.99 Dry n/a
WS3 3.00-6.00 GFD 84.55 4.47-4.52 80.08-80.03
WS4 2.00-5.00 GFD 85.10 Dry n/a
WS6 3.00-6.00 OMc 90.76 0.51-0.58 90.25-90.18
WS8 2.00-4.00 GFD 94.28 1.33-1.42 02.95-92.86
WS9 2.50-5.50 OMc 91.05 4.30- (dry) 86.75-85.55
WS11 2.00-4.00 OMc/GFD/WMF 87.13 2.78-2.85 84.35-84.28
WS15 3.00-6.00 WMF 08.55 1.48-1.50 07.07-97.05

Notes: GFD — Glaciofluvial Deposits, OMc/g — Oadby Member cohesive/granular, WMF — Whitby
Mudstone Formation.

CP2 was found to be blocked at a depth of 5.00m during the first three monitoring visits but was
cleared during the fourth. As such only one water level was obtained.

" Possible leaking seal between GFD and WFD on instrument. As water was encountered in WFD
during boring.

The detailed records and plots of groundwater with time are provided within Appendix J
and are also included within the factual Ground Investigation Report 312598 — 02(00)
presented separately.

The findings appear to confirm the site has localised perched water tables within
discrete pockets of sands and gravels within the Oadby Member (Glacial Till) at varying
levels. In addition localised seepages from the cohesive Oadby Member have also
accumulated within the base of standpipes instrumented within these cohesive deposits.
The variable nature of the granular and cohesive strata present throughout the Oadby
Member deposits results in pockets of water bearing granular strata which are not
thought to be linked or consistent across the site.

Deeper instruments placed within or across the granular Glaciofluvial deposits at depth
seem to suggest a continuous water table is present within these strata at depths of
around 79 to 80m AQOD.

Water strikes and levels have also been recorded at the top or base of some mudstone
and siltstone bands within the Whitby Mudstone Formation, suggesting that despite the
generally unproductive nature of these deposits and its low permeability, groundwater is
present, confined between the bands of very low permeability mudstone and siltstone.

The exploratory holes record multiple granular and cohesive layers within the glacial
deposits as well as siltstone and mudstone bands between low permeability clays within
the solid geology.

Subsequent monitoring of groundwater levels suggests that the general groundwater
flow direction is towards the east/south east.
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It's should also be appreciated that some of the instrumentation installed cover large
response zones including some more permeable strata trapped between less permeable
strata. If the more permeable strata yield water these standpipes fill up to the draining
layer trapped in the less permeable mudstone surrounding them below and therefore
maintain what appears to be a long term water table which may not reflect reality and
possibly only represent perched water confined by cohesive strata above and below.

Ten water samples were obtained from monitoring instrumentation installed using bailer
sampling techniques and were sent for contamination screening testing. No obvious
visual or olfactory contamination was identified when taking these samples.

5.3 Ground gas regime
The results of the ground gas monitoring and testing carried out are given in Appendix
H. The maximum results are recorded in Table 10.
Table 10: Summary of ground gas monitoring results
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CP1 GFD None identified 4 0.1 2.1 17.8 1.1* 11.46
CP2 GFD None identified 4 0.0 2.2 16.0 0.7 16.52
CP3 WMF None identified 4 0.1 0.7 19.8 0.0 5.65
CP4 GFD None identified 4 0.1 1.4 17.7 0.0 4.56
CP5 OMc/ GFD /WMF | None identified 4 0.0 0.9 18.7 0.0 5.16
CP6 OMc & WMF None identified 4 0.0 1.4 14.5 0.2 3.40
CP7 OMc/g & WMF None identified 4 0.0 0.1 20.4 0.0 0.85
CP8 OMcl/g None identified 4 0.0 22 17.4 0.0 15
CP9 WMF None identified 4 0.0 0.5 19.6 0.1 4.95
CP10 | OMc None identified 4 0.0 0.4 14.8 0.0 4.9
CP11 | WMF None identified 4 0.0 0.2 20.2 0.0 414
CP12 | OMclg None identified 3 0.0 0.3 19.1 0.2 1.53
CP13 | OMc/g & WMF None identified 4 0.0 0.8 19.3 0.0 2.76
CP14 | OMc & WMF None identified 4 0.0 0.1 20.4 0.0 0.55
CP15 | WMF None identified 4 0.0 0.1 20.2 0.0 1.13
CP16 | GFD None identified 4 0.0 0.7 19.5 0.1 1.27
WS2 GFD None identified 4 0.0 1.8 18.9 0.1 DRY
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zone/strata
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ground gas
Methane (%)
Carbon dioxide
Oxygen (%)
(minimum)
Flow rate (I/hr)
Water level

(m b TOC)

WS3 GFD None identified 4 0.0 24 18.1 0.3 4.52
WS4 | GFD None identified 4 0.0 14 19.1 0.0 DRY
WS6 | OMc None identified 4 0.0 0.1 20.2 0.0 0.58
WS8 GFD None identified 4 0.1 1.0 19.3 0.0 1.42
WS9 | OMc None identified 4 0.1 2.3 16.8 | 0.0 5.56
WS11 | OMc/GFD/WMF | None identified 4 0.0 2.4 18.1 0.1 2.85
WS15 | WMF None identified 4 0.0 0.8 19.1 0.0 15

Notes | *only recorded on one occasion.

No obvious sources of gas were identified during the investigation and the results
detailed above are believed to represent the natural soil gas conditions. Gas monitoring
visits were undertaken during periods of rising, constant and falling pressures of
between 1003 and 1013mbar.

Visual/olfactory evidence of soil and groundwater
contamination

No visual or olfactory evidence of soil or groundwater contamination was encountered or
identified during the investigations.

Ground model

The ground model for the site has been interpolated using the available intrusive ground
investigation data and this is represented pictorially within Figures 8-10 which provides
the best interpretation of the ground beneath the development area.

In short the ground conditions beneath the site appear to comprise variable thicknesses
of cohesive Oadby Member (Glacial Till) and this appears to be present across the
majority of the site immediately below the surface.

Glaciofluvial deposits appear to be present beneath the Oadby Member (Glacial Till) in
the north to significant depths and come close to surface the in the eastern part of the
site where the Oadby Member is absent.

In the southern most part of the site the Glacial deposits are inter mixed and it appears
that the cohesive Oadby Member (Glacial Till) is interleaved with the granular
Glaciofluvial Deposits. It is important to note that some very silty clays and very clayey
silt deposits were identified within the southern part of the site. This mixed geology
suggests the southern part of the site has been affected by multiple complex glacial
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processes some of which might have included periods where Glaciolacustrine deposits
may have been deposited which may explain the silts laid down within this area.

The rise in topography at the site seems to coincide with the rise in levels of the top of
the deep underlying solid Whitby Mudstone Formation. Available exploratory holes tend
to suggest that the Whitby Mudstone Formation rises to the north and west and dips to
the east and south beneath the overlying drift deposits. The Whitby Mudstone Formation
comprises predominantly stiff clay tending to mudstone with depth and includes
subordinate interbedded siltstone bands.

The findings appear to confirm the site has localised perched water tables trapped within
discrete pockets of sands and gravels within the cohesive Oadby Member (Glacial Till)
at varying levels. A more continuous water table appears to be present at depth within
the granular Glaciofluvial deposits at depths of around 79 to 80m AOD being perched
above the less permeable Whitby Mudstone below.

It is important to note that water strikes have also been recorded in the Whitby Mudstone
below too, appearing to be confined within the siltstone bands.

It should be noted that the ground conditions beneath the derelict farm buildings and
within the area associated with the shooting club have not been proven due to access
constraints. Ground Investigations to date have been primarily focused upon the
development area only.

Roxhill Developments Limited 26
Preliminary Ground Investigation Interpretive Report: M1 Junction 15 West, Northampton
312598/1 -03 (00)



6 QUANTITATIVE RISK ASSESSMENT

In line with CLR11 (EA, 2004a), there are two stages of quantitative risk assessment,
generic and detailed. The GQRA comprises the comparison of soil, groundwater, soil
gas and ground gas results with generic assessment criteria (GAC) that are appropriate
to the linkage being assessed. This comparison can be undertaken directly against the
laboratory results or following statistical analysis depending upon the sampling
procedure that was adopted.

6.1 Linkages for assessment

Section 5.5 outlines the refined conceptual model which identified the linkages that
required assessment after the findings of the site investigation had been considered.
These linkages together with the method of assessment are presented in Table 11.

Table 11: Linkages for generic quantitative risk assessment

Potentially relevant pollutant linkage Assessment method

1. Direct contact with impacted soil by
future end users

Direct comparison of laboratory results of sail
samples compared to human health GAC in
Appendix B for a proposed commercial and
industrial end use.

2. Inhalation exposure of future end users
to contaminants in the vapour phase

Human health GAC outlined in Appendix B for soil
and groundwater based on indoor inhalation
exposure to vapour-phase volatile organic
compounds (VOC).

3. Inhalation exposure of future end users
to asbestos fibres

Qualitative assessment based on the asbestos
minerals present, their form, concentration,
location and the nature of the proposed
development.

3. Uptake of contaminants by vegetation
potentially impacting plant growth

Comparison of soil data to GAC in Appendix C

4. Contaminants permeating potable
water supply pipes

Comparison of soil data to GAC in Appendix E for
plastic water supply pipes using UKWIR (2010)
guidance.

5. Leaching of soil contaminants and
dissolved phase migration to Secondary A
aquifer and unnamed watercourses

Since no leachate data is available the potential
for leaching has been considered qualitatively
using soil and groundwater results. Comparison
of groundwater data to GAC in Table 1 of
Appendix F

6. Concentrations of methane and carbon
dioxide in ground gas entering and
accumulating in:

depressions and excavations that could
affect workers

Gas screening values (GSV) have been
calculated using maximum methane and carbon
dioxide concentrations with maximum flow rates
recorded at the site. The GSV have been
compared with the revised Wilson and Card
classification presented within CIRIA report C665
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6.2

6.2.1

Potentially relevant pollutant linkage Assessment method

enclosed spaces or small rooms in new (Wilson et al., 2007) owing to the development
buildings, which could affect future comprising buildings with a ground floor slab.
residents.

In the case of methane this could create a
potentially explosive atmosphere, while
death by asphynxiation could result from
carbon dioxide.

Notes:

Methodology and results

The methodology and results of the GQRA are presented for each relevant pollutant
linkage in turn.

Direct contact with impacted soil by future end users

End users of the site are defined as those who are exposed to sources of contamination
on a regular and predictable basis. In the case of developments for a commercial end
use, the critical receptor is defined within SR3 as a 16 to 65 year old female.

The chemical test results have been compared directly to the appropriate GAC for each
contaminant, based upon a conservative Soil Organic Matter (SOM) of 1%. The direct
comparison table, which presents the chemical laboratory data set compared against the
appropriate GAC, is included within Appendix C.

All samples are below the GAC and the results of the assessment indicate the strata
encountered are suitable for use.

Based on the above assessment, no potentially significant risks associated with the soil
contamination have been identified and it is considered that the site may be regarded as
suitable for the proposed end use. It should however be noted that no investigation was
undertaken in the within the area of the derelict barns which lies within the footprint of
the development area.

6.2.2 Inhalation exposure of future residents to asbestos fibres

No made ground was encountered during the site investigation and visual inspection of
samples while on site did not identify any materials suspected of potentially containing
asbestos. The only suspected asbestos containing material identified at the site was
sections of roofing on the derelict farm buildings to the east of the centre of the site.

6.2.3 Uptake of contaminants by vegetation potentially inhibiting plant growth

The results have been compared with the GAC presented in Appendix D for this linkage.
The results indicate that a relevant pollutant is unlikely to exist associated with
phytotoxic effects.
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6.2.4 Impact of organic contaminants on potable water supply pipes

For initial assessment purposes, the results of the investigation have been compared
with the GAC presented in Appendix E for this linkage, which are reproduced from
UKWIR Report 10/WM/03/21. Guidance for the Selection of Water Supply Pipes to be
used in Brownfield Sites (UKWIR, 2010).

The results indicate that a relevant linkage is unlikely to exist associated with organic
contaminants and therefore polyethylene (PE) and/or polyvinyl chloride (PVC) water
supply pipes are expected to be suitable for use on the development.

It should be noted that at the time of this investigation the future routes of water supply
pipes had not been established, hence the investigation and sampling strategy may not
be fully compliant with UKWIR recommendations. Consequently, a targeted investigation
and specific sampling/analytical strategy may be required at a later date once the
route(s) of the supply pipe(s) are known. In addition, it is recommended that the relevant
water supply company be contacted at an early stage to confirm its requirements for
assessment, which may not necessarily be the same as those recommended by
UKWIR.

6.2.5 Migration of dissolved phase contaminants to wider secondary aquifer body

Soil samples were not analysed for leachable contaminants as no sources were defined
to be present at the site. However, concentrations at the site are generally typical of
those recorded in natural strata and topsoil.

The results of the comparison of the groundwater results to the freshwater GACs are
provided within Appendix G and summarised below in Table 12.

Table 12: Summary of groundwater exceedances

Determinant ‘GAC (ng/l) ‘Exceedances

Ammonia 0.025 (mg/l) | CP3,5, 6, 7,11, 13, 14 and WS6

(NH3 as N) maximum at CP13 - 0.59mg/I

Copper 28 CP14 - 30ugl/l

Chromium 4.7 CP3, 6,9, 11, 13, 14 and WS6

(- + v maximum at CP13 and CP14 - 12ug/l

Lead 7.2 CP3 - 8ug/l, CP9 - 9ug/l, CP13 - 10ug/l and CP14 - 116ug/l
Selenium 10 CP7 - 23ug/l, CP11 - 16ug/l

Nickel 20 CP7 - 21ugl/l

The identified copper and nickel exceedances are considered to be marginal and as
such are unlikely to represent a risk to freshwater receptors.

Ammonia exceedances have been identified within groundwater across the site and are
likely to be associated with fertiliser application at the site and the surrounding area over
many years as no other source has been identified. When compared to the Surface
Water Ecosystem Classifications the total ammonia identified within groundwater would
be classified as Grade B (good), for which the threshold is 0.60mg/l. In addition, once
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the site has been redeveloped and is no longer used as arable farmland, concentrations
of ammonia are likely to reduce within the groundwater. Therefore it is considered that
surface water receptors are unlikely to be at risk from the ammonia identified in
groundwater beneath the site.

Chromium (lll and VI) concentrations have been identified within groundwater above the
freshwater GAC across the site. An analysis of the soil data (see Appendix C) indicates
that the maximum concentration of chromium identified at the site was 35mg/kg, when
compared against the typical background concentrations within the area (60-90mg/kg)
as noted within the Landmark Envirocheck report contained within the Preliminary
Sources Study Report (reference 312598 - 01 (00) the concentrations encountered are
below typical background concentrations. It is therefore considered that the
concentrations identified in groundwater are either not related to the site or are
attributable to natural soils and as such the risks posed by chromium (lll & VI) are
considered acceptable.

Lead concentrations above the GAC have been identified across the site, and while the
majority of these exceedances are marginal and are unlikely to pose a significant risk to
freshwater receptors, a single elevated concentration of 116ug/l was identified in
groundwater obtained from CP14. CP14 is located in the eastern corner of the site, and
as such it unlikely to be related to potential lead contamination associated with the
shooting club located approximately 800m away. This is supported by groundwater
obtained from between the shooting club and CP14 which show no or marginally
elevated concentrations of lead only. It is possible that the elevated lead concentrations
within groundwater at CP14 may be associated with embankment fill materials placed
adjacent to the development area in the past to form the elevated embankments to for
the grade separated Junction 15 over the ML1. Alternatively the slightly elevated
concentrations of lead maybe related to historic pollution from exhaust particulates that
may have entered the ground water via the M1 drainage or systems. Therefore, it is
considered that the slightly elevated concentrations of lead are localised to the eastern
corner of the site, and, with the most likely potential source located off site, risks to
freshwater receptors posed by the site are considered acceptable.

The identified nickel and selenium exceedances from CP7 and CP11 respectively are
considered to be marginal and as such are unlikely to be a risk to groundwater or
surface water receptors.

In addition the Secondary A Aquifer associated with the Glaciofluvial Deposits appears
to be located hydraulically up-gradient, and there are no abstractions within the vicinity
of the site. In addition, no source of nickel or selenium has been identified at the site.

6.2.6 Ground gas

The results have been assessed in accordance with the guidance provided in CIRIA
Report C665: Assessing risks posed by hazardous ground gases to buildings (Wilson et
al., 2007). In the assessment of risks and selection of appropriate mitigation measures,
the report identifies two types of development, termed Situation A (modified Wilson and
Card method), appropriate to all development excluding traditional low-rise construction,
and Situation B (National House-Building Council, NHBC) only appropriate to traditional
low-rise construction with ventilated sub-floor voids.
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Both methods are based on calculations of the limiting borehole gas volume flow for
methane and carbon dioxide, renamed as the gas screening value (GSV). The GSV
(litres of gas per hour) is calculated by multiplying borehole flow rate (litres per hour) and
gas concentration (percent by volume).

In both situations, it is important to note that the GSV thresholds are guideline values
and not absolute. The GSV thresholds may be exceeded in certain circumstances, if the
site conceptual model indicates it is safe to do so. Similarly, consideration of additional
factors such as very high concentrations of methane, should lead to consideration of the
need to adopt a higher risk classification than the GSV threshold indicates.

Situation A relates to all development types except low-rise housing and, by combining
the qualitative assessment of risk with the gas monitoring results, provides a semi-
gquantitative estimate of risk for a site. The method uses both gas concentrations and
borehole flow rates to define a characteristic situation for a site based on the limiting
borehole gas volume flows for methane and carbon dioxide. Having calculated the worst
case GSVs for methane and carbon dioxide, the Characteristic Situation is then
determined from Table 8.5 of CIRIA C665.

The site is to be redeveloped with high bay distribution warehousing and offices and
therefore falls under Situation A.

The GSV calculations for each borehole are included in Appendix H.

The gas monitoring data has identified a maximum methane concentration of 0.1% and
a maximum concentration of carbon dioxide of 2.4%. A maximum gas flow rate of 1.1l/hr
has been recorded. The calculated worst possible case GSV for methane is 0.00l/hr and
the GSV for carbon dioxide is 0.03l/hr. Based on the GSVs the site has been
characterised as CS1 Very Low Risk.

For a characteristic Situation 1 (CS1 Very Low Risk) site, no special precautions are
required for gas protection.

It is considered that the gas monitoring programme carried out to-date is likely to have
established the ‘worst-case’ scenario and has characterised the ground gas regime
sufficient to enable the confident assessment of risk and subsequent design of an
appropriate gas protection scheme(s) for the proposed development.

6.3 Summary of quantitative risk assessment

The site is currently in use as arable farm land.

Intrusive ground investigations carried out across the site have confirmed that the site is
directly underlain by natural soils the exception being some very shallow areas of
reworked natural soils in areas close to access tracks. No contaminated strata were
identified during the field works.

The comparison of laboratory testing results of the soils collected from the ground
investigation indicate that pollutant linkages are unlikely to exist for risk to human health,
phytotoxic effects, water supply pipes or risks to the underlying secondary aquifer and
nearby water courses. Exceedances of some metals and ammonia were identified within
groundwater, however, due to the generally minor nature of the exceedances and lack of
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on site sources, and the nearest sensitive aquifer being hydraulically up-gradient of the
exceedances, they are not considered to pose a risk.

Ground gas monitoring has indicated that the design of gas protection should be
adopted in line with characteristic situation 1 for which no special precautions are
required.

It should be noted that two areas (the derelict farm buildings and the shooting club) were
inaccessible during the site investigation and therefore could not be assessed. The
derelict farm buildings located east of the centre of the site are located within the
development footprint of proposed commercial development and as such this area
should be investigated once accessible and vigilance should be maintained during
enabling works and demolition works within the area.

While the shooting club and associated area have not been investigated during this site
investigation, there are no proposals for a change of use as the shooting club falls
outside of the development area.
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ASSESSMENT OF POTENTIAL LAND
CONTAMINATION

71

Potential sources of contamination

Likely ground contamination resulting from the current and former land uses has been
determined from the desk study research and reference to; the Environment Agency
Publication CLR 8 ‘Potential Contaminants for the Assessment of Land’ and the relevant
Department of the Environment Industry Profiles.

The initial Assessment of Potential Land Contamination based upon site walkover and
available data collated is included within the Preliminary Sources Study Report for the
site ref: 312598 — 01 (00) presented separately.

This report updates the initial assessment by taking account of:
¢ the ground model proven by recent ground investigations and outlined within Figures
8 - 10 and discussed in section 5 of this report; and

¢ the Quantitative Risk Assessment of the chemical analysis of soil and groundwater
samples taken from the recent ground investigations and assessment of gas
monitoring results also undertaken as part of the recent ground investigations.

In summary there do not appear to be any primary significant contaminative sources,
materials or processes that have historically or are presently taking place on or across
the site or within the immediate surrounding area of any significance.

Furthermore, visual evidence gathered during the site walkover and examination of soil
samples during the ground investigations suggests that no significant contamination is
present, indeed little or no Made Ground is present.

Table 13 below updates the primary issues of concern previously identified:

Table 13: Identified risks of potential contamination sources

Contaminants of concern ‘ Notes

Fuel store within Possibility of hydrocarbon fuel | No groundwater contamination was

derelict barn areas leakage or spillage within the identified at the site however no investigation
vicinity of the derelict barns. was undertaken within the area of the
derelict barns. Potential remains for localised
contamination located below the existing
buildings and further investigation should be
undertaken during enabling works.

Farming related Potential for pesticides, No pesticide/herbicide or hydrocarbon
activities across the | herbicides and ammonia used | contamination identified anywhere at the
site on site as part of general farm | site.

activities, also the potential for | glevated ammonia was encountered in
minor hydrocarbon groundwater across the site which will likely
spillages/leaks. reduce following development.
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‘ Contaminants of concern ‘ Notes

Shooting club Potential for lead No elevated soil or groundwater
located in the centre | contamination as a result of concentrations of lead were identified within
of the site lead shot. the vicinity of the shooting club however, no

investigation was undertaken within the
specific area of the shooting club.

It is noted that the shooting club does not fall
within the development area of the site.

Groundwater Potential for various Exceedances of some metals and ammonia
beneath the site. contaminants were identified within groundwater, however,
due to the generally minor nature of the
exceedances and lack of on-site sources,
and the nearest sensitive aquifer being
hydraulically up-gradient of the
exceedances, they are not considered to

pose a risk.
Landfill to the north | Ground gas. No made ground identified and granular
east of the site bands within glacial deposits are not thought

to be continuous as such pathway for
migration would be limited. In addition, no
significantly elevated ground gas or
groundwater contamination concentrations
identified during monitoring.

Other Issues;

e Asbestos cement | To be investigated by others
board cladding

e Embankment Fill | | ead. Possibly the source of elevated lead within
or drainage groundwater at CP14.
associated with
motorway junction

In summary the ground investigation has not identified any significant areas of Made
Ground or potential contamination confirming as expected that the vast majority of the
site is undisturbed Greenfield land underlain by clean natural geological strata, however,
neither the shooting club nor the area occupied by derelict farm buildings were
investigated during the site works.

Chemical analyses of both soil samples and groundwater samples from across the site
indicate that no contaminants exceed the relevant SGV / SSV’s for the proposed end
use (In this case commercial) and therefore these materials are not considered to be
contaminated with respect to Human Health for the proposed end use. Section 6 of this
report discusses the significance of the chemical testing analyses for soil and
groundwater in more detail and the results are presented in Appendices C and G, in
tabular form. Exceedances of some metals and ammonia were identified within
groundwater, however, due to the generally minor nature of the exceedances and lack of
on-site sources, and the nearest sensitive aquifer being hydraulically up-gradient of the
exceedances, they are not considered to pose a risk.
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7.2

7.21

Gas monitoring of instrumentation installed within exploratory holes indicated a low risk
in line with a Characteristic Situation 1 for which no special gas protection measures
required, as discussed within Section 6.2.7.

The information detailed above has been used to update the Contaminated Land Risk
Assessment (Conceptual Site Model) Matrix included in Appendix I.

The main identified risks are discussed below in more detail however reference should
be made to the risk matrix to understand all of the risks assessed

Preliminary contaminated land risk assessment

Risk to human health during construction

Considering that no significant Made Ground or contamination has been observed or
proven by testing, is shown to have been present upon historical plans, within
environmental data or is shown to be present within available investigations and that the
scheme will be built using clean site won materials or / and suitable imported material
the risk to human health during construction is considered to be Negligible. Residual
risks to human health could remain within the area of derelict farm buildings, which
should be investigated during enabling works, and at the shooting club, however this is
not part of the development area at the site.

7.2.2 Risk to human health post construction

Given the nature of the proposed scheme is for a large scale commercial development
human exposure to soils and groundwater will be extremely low. Also when considering
that no significant Made Ground or contamination has been observed, is shown to have
been present upon historical plans, within environmental data or is shown to be present
within recent ground investigations and that the scheme will be built using clean site won
materials or / and suitable imported material the risk to human health upon completion to
workers and site users is considered to be Negligible. Residual risks to human health
could remain within the area of derelict farm buildings, which should be investigated
during enabling works, and at the shooting club, however this is not part of the
development area at the site.

7.2.3 Risk to local ecology and landscape planting

Given that the crops and flora are thriving upon the site and that no significant Made
Ground or contamination has been observed or proven by testing, is shown to have
been present upon historical plans, within environmental data or is shown to be present
within available investigations and that the scheme will be built using clean site won
materials or / and suitable imported material the risk to the local ecology from
contamination is considered to be Negligible.
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7.2.4 Risk to surface water

Exceedances of some metals and ammonia were identified within groundwater,
however, due to no significant made ground being observed, the generally minor nature
of the exceedances within groundwater and a lack of on-site sources, and that the
scheme will be built using clean site won materials or / and suitable imported material
the risk to surface water from contamination is considered to be Negligible.

The greatest risks to surface waters are from potential uncontrolled release of silt,
created during construction activities and subsequent effects on aquatic flora and fauna.
This will be controlled by a suitable site specific construction environmental
management plan and code of practice.

7.2.5 Risk to groundwater

Exceedances of some metals and ammonia were identified within groundwater,
however, due to no significant made ground being observed, the generally minor nature
of the exceedances, the lack of on-site sources, and the nearest sensitive aquifer being
hydraulically up-gradient of the exceedances, and that the scheme will be built using
clean site won materials or / and suitable imported material the risk to groundwater from
contamination is considered to be Negligible.

7.2.6 Risk due to ground gas

The Envirocheck data suggests that there are no landfills present within the vicinity of
the site. The anticipated geology is not indicative of the widespread presence of strata
likely to naturally degrade and produce harmful soil gases. Therefore it is concluded that
no significant source of ground gas is likely to be present at the site.

Monitoring of ground gas on the site has yielded no concentrations of methane gas, very
low concentrations of carbon dioxide and no to very low flow conditions and as such
indicates that the landfill identified 114m north west of the site is unlikely to pose a risk to
the site.

As the proposed scheme design for the site is an Industrial Development the exposure
to _ground gases posing a risk to_ human health post-construction is considered to be
negligible if basic gas protection measures in line with a Characteristic Situation 1 as
recommended within CIRIA C665 are adopted within the design and construction of the

buildings.

In regards to ground gases posing a risk to workers during the construction there is
considered to be a low risk to personnel from asphyxiation where they have to enter
below ground excavations or in ground inspection chambers. Provided suitable
atmosphere testing is carried out and confined spaces protocols are observed and these
risks to construction and maintenance workers are considered to be low. These risks are
managed through health and safety procedures including CDM regulations therefore the
resultant risks are expected to be Negligible.
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7.2.7 Risk to buried structures and services

The evidence available at the time of this report suggests that no Made Ground or
contamination is likely to be present. However information to date suggests that
naturally occurring elevated sulphates in the form of sulphate crystals (gypsum) are
likely to be present within cohesive soils present beneath the site both in the Oadby
Member (Glacial Till) and the underlying Whitby Mudstone from which it is derived.
Testing has been undertaken and provided in ground concrete mixes are designed in
accordance with the findings of the testing and BRE SD1:2005 the_risk of damage to
concrete exposed to naturally aggressive substances is considered to be Negligible.

This has been confirmed by recent investigations with testing suggesting that DS-5 AC-5
class concrete will be required to be adopted. However due to the design class of
concrete being DS-3 or less based on water soluble sulphate only, the concrete class
required could be limited to DS-4 AC-4, as sulphate classification based on total
potential sulphate is generally highly conservative as not all the pyrite in soil will be
oxidised and only a part will be taken into solution by groundwater. It is recommended
that further testing is undertaking at detailed design stage to confirm this over a broader
selection of sample depths.

7.3 Requirement for further assessment

At enabling works stage it is recommended that a watching brief is undertaken by a geo-
environmental engineer to examine and test the ground in the area of the derelict barns
when demolished with particular attention paid to the areas where possible fuel tanks
are located.
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GEOTECHNICAL SITE ASSESSMENT

8.1

8.1.1

8.1.2

8.1.3

Preliminary geohazard and geotechnical assessment

Using all of the available information and taking into account the ground model for the
site outlined upon Figures 4 to 10 the Preliminary Geotechnical Risk Register presented
within the Preliminary Sources Study Report (312598 — 01(00)) has been revised and
updated and is presented in Appendix K and this highlights several potential risks
associated with the site. The main identified risks are discussed below in more detalil
however reference should be made to the risk matrix to understand all of the risks
assessed.

Mining and natural cavities

The site is not within an area affected by coal mining or brine extraction. The geology is
not conducive to the formation of large natural cavities. This has been confirmed by the
ground investigation which has confirmed the ground model.

Man made voids or obstructions

There is the possibility that a small void is present within the derelict farm buildings, east
of the centre of the site. Examination of this area should be undertaken when access is
available to confirm the extent to which the tanks are below ground.

No voids have been identified during the ground investigation.

Earthworks

Significant cut to fill earthworks are required to be undertaken to achieve the proposed
redevelopment of the site and to form the main development plateau for the distribution
warehouses. It is understood that at this time the development plateau finished floor
level is set at 85.5m AOD.

In order to reduce the risk of excessive cost for offsite disposal and on site importation it
is assumed that;

e site won materials will be utilised

e acutto fill volume balance will be achieved.

The ground investigation has determined that clean natural soils are present within the
areas of cut and that these materials should be suitable for reuse provided they are
carefully selected and managed in accordance with a suitable earthworks specification.

In particular careful control of moisture content is required as the majority of the sites
won soils are likely to be cohesive clays. The prevailing weather conditions will have a
substantial effect on suitability; however the methodology of works will also have a
significant impact upon suitability. These over consolidated cohesive soils will also be
subject to stress relief upon unloading and as a result tend to take in moisture and
soften. Therefore double handling and stockpiling should be avoided if at all possible.
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8.14

8.1.5

8.1.6

In order for these cohesive soils to be acceptable for successful reuse within structural
fill earthworks the moisture content will be critical. Therefore it is anticipated that subject
to testing lime modification or stabilisation techniques maybe required to allow marginal
materials to be reused successfully within structural fill, however all materials are likely
to be acceptable for use within landscape features.

Further ground investigation aimed specifically at the reuse of cut material is
recommended to confirm strata classification and suitability at detailed design stage.

It should be appreciated that these materials do have high naturally occurring sulphates
distributed within them. Such sulphates can react with lime used in stabilisation and
cause heave. Therefore any use of lime stabilisation must be considered very carefully
and the mix designed to reduce this risk. Further investigation and stabilisation
laboratory trials should be undertaken if this is proposed to further assess this risk.

Existing cut slopes

There are no existing cut slopes located within the site.

Existing embankment slopes

There are no existing embankment slopes on the site. The M1 Junction 15 is on a low
embankment close to the eastern boundary of the development site; however this is
maintained by the Highways Agency and does not appear to be showing any signs of
instability.

Proposed cut slope design

Significant cut slopes are required in the north of the site in order to form the main
development plateau for the distribution warehouses. In some areas embankments may
be created above the cut slopes to further screen the distribution warehouses.

It is anticipated that significant cost will be incurred in the formation of the cut slopes
required to achieve the scheme plateau. Deep cuttings will be necessary and are
anticipated to encounter mainly the cohesive Oadby Member deposits although lesser
volumes of granular Glaciofluvial deposits may also be encountered in west.

Therefore, cut slope stability will need to be carefully assessed and a suitably robust
engineering design provided which includes drainage of the strata anticipated to be
encountered, particularly as localised water bearing granular pockets maybe
encountered.  Slope assessments should also take account of the fact that upon
unloading these over consolidated clays tend to take in water, reduce in strength and
even swell over time with strengths tending to residual strength levels. This will of course
affect the stability of cut slopes. The addition of any embankment loading upon the cut
slopes will also need to be taken account of within any assessments. Therefore it is
recommended that conservative slack slope angles are used within master planning
designs.

It is recommended that at detail design stage further investigation and detailed slope
stability analysis should be undertaken to value engineer and refine the cut slope design
angles.
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8.1.7

Proposed embankment design

Large embankments are proposed for the site, although these are believed to be non
structural landscape embankments around the periphery of the site along the east, north
and western boundaries.

It is anticipated that significant cost will be incurred in the formation of the embankments
due to the volumes of materials required to be placed. It is assumed that clean site won
materials will be suitable for reuse within the embankment construction as part of a cut
fill balance design to avoid excessive costs for importation of materials to form the
embankment.

The design of the embankment will need to take account of the classification of the
materials being utilised for its construction. Options for increasing side slopes and
reducing footprint and volume may be explored and these may include reinforced
embankments (geogrids) or soil stabilisation (lime and cement) or even retaining walls if
required.

Investigations have confirmed that no unstable geology considered susceptible to
significant settlement or instability is likely to be present along the footprint of the
Embankment. Therefore there is considered that there is a negligible risk that failure and
settlement of any proposed embankment and embankment side slopes will occur as a
result of the foundation soils beneath.

The risk of failure of embankments is increased where fine grained soils are used to
construct them particularly if insufficient compaction and drainage is designed and the
works proceed too quickly. Therefore it is recommended that staged construction is
undertaken and that granular basal and interim granular layers are installed and linked
to the wider drainage network to avoid the build-up of pore water pressures in fine soils
beneath and within the embankment as works progress. This will aid and speed up
consolidation and increase stability. Alternatively or additionally the use of soil
stabilisation or reinforced earth might be considered partially in transition zones and
around abutments or for the entire embankment.

Embankment slopes must be designed appropriate to the stability of the soils being used
to construct the embankment and take account of the strength of the underlying
foundation soils and any predicted loads (resulting from maintenance vehicles) along the
crest.

Drainage will need to be carefully designed to cope with surface water runoff and to
avoid runneling and softening of the slope faces and softening in the foundation soails, in
particular at the toe of the slopes.

Embankment settlement and slope stability analysis may be required at detailed design
stage. Further investigation may also be required to be undertaken in areas of the
embankment formation and into cut material to assess the classification and suitability of
cut materials for reuse to allow the embankment designs to be refined.

It is recommended that a detailed Earthworks Specification and set of Works Design
drawings are prepared at detailed design stage and embankment stability checks are
undertaken.
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8.1.8

8.1.9

Cut to fill transition zones

It is anticipated that there will be a cut to fill transition line running broadly north east to
south west across the centre of the proposed location of the main distribution warehouse
in the north of the site.

This change from cut to filled areas can cause differential settlement to building
foundations and floor slabs. It is understood that the current scheme layout places the
main proposed building across the cut to fill transition and as such design of foundations
and floor slabs will require careful consideration within this area particularly as softer
clay soils appear to be present within the southern area of the site, beneath the
proposed fill and heave is possible within the unloaded clay soils within the areas of
cutting at the northern part of the site.

Earthworks — Materials Reuse

At this time it is expected that the southern part of the development plateau will be
formed by placement of around 4m of structural fill to achieve the finished floor levels of
85.5m AOD. In addition fill will be required to form the landscape screening bunds
around the eastern, northern and western boundaries to the site.

It is presumed that from the fill will be site-won arisings from the major cutting works to
be undertaken at the northern and western parts of the development area to achieve the
finished floor levels of 85.5m AOD.

It is expected that the majority of the cut materials will be cohesive Oadby Member
(Glacial Till) with some granular Glaciofluvial Deposits.

The cohesive Oadby Member (Glacial Till) would be a Class 2A wet cohesive material.
Whilst the granular Glaciofluvial deposits would be Class 1A and in some instances 1B
general granular fill.

Available testing of samples obtained during the ground investigation tends to suggest
that these materials could be suitable for reuse with no treatment. However, suitability
for reuse within earthworks is often governed by the prevailing weather conditions during
the works and the methods of working. It should be appreciated that these cohesive
Glacial Deposits are formerly over consolidated soils and when exposed by removal of
overburden are likely to be subject to stress relief and swell taking in moisture and
reducing in strength as several of the consolidation tests carried out demonstrate. It is
anticipated that some form of lime or and cement modification might be required to allow
these materials to be reused within structural fill, however this would need to be carried
out with caution due to the potential for sulphate heave reactions resulting from the
natural presence of high sulphates within these deposits.

In addition it should be appreciated that in several exploratory holes silts or very silty
clays were identified and a number of particle size distribution tests indicate extremely
high silt contents in some of these deposits. Plasticity testing however seems to suggest
that the clays are dominant with no results falling beneath the A-Line. It should
however be appreciated that silts and soils with high silt contents can be very difficult to
use within engineered and compacted fills as the vibration of rollers tends to liquefy high
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silt content soils, particularly where high moisture contents or precipitation takes place
during the works.

It should be recognised that the testing carried out to date is indicative only; it is
considered that there is currently a small statistical number of tests and that further
investigation and testing will be required to confirm this for earthworks specification and
designs. Due to the variation in material properties, the size of the site and the volume of
cut materials it is recommended that at the detailed design and specification stage that
an intensive sampling and testing investigation is undertaken to confirm the properties of
the materials from the proposed cut areas.

According to the CL: AIRE guidance “The Definition of Waste: Development Industry
Code of Practice” (version 2, March 2011), any material that may be otherwise
considered by the Environment Agency as waste (such as made ground), if dealt with in
accordance with the Code of Practice under a Materials Management Plan (MMP) will
not be considered as waste if used for the purposes of land development. Any Clean
and Naturally occurring material may be reused on the site of origin without the need to
be included within an MMP which appear to be the case at this site and therefore it is not
anticipated that a Materials Management Plan will need to be developed to allow the cut
to fill earthworks to be undertaken.

It is recommended that at detail design stage further investigation should be undertaken
to more comprehensively classify and test the compacted properties of the cut strata
such that a suitable earthworks specification maybe formulated.

8.1.10 Earthworks Classification

An initial classification, based on the Highways Agency Specification for Highway’s
Works (SHW 2004), of the materials likely to be encountered on the site is presented in
Table below:

Table 14: Earthworks classification

Material SHW Recommended Notes on use
Classification | use below

Agricultural Landscaped areas Careful control on storage and

. and cover to : .
Topsoil and 5 avoidance of using saturated

. embankment and - :
Subsail X . materials, particularly on slopes.

cutting side slopes
Cohesive Oadby Should be possible to reuse in
Member (Glacial | 2A General Fill structural fill. Moisture content will
Till) need to be carefully controlled.
Granular )
Glaciofluvial Present in the north and west of the
D : 1A & 1B General Fill site at depth, in areas of deepest
eposits .
proposed cutting.

In summary it is expected that the majority of the site won deposits will be suitable for
reuse with the majority of the near surface weathered cohesive materials being within
the suitable moisture content range to allow the materials to be compacted to 95%
maximum dry density or greater and less than 5% air voids, although some materials
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were noted to be slightly wetter than optimal. Therefore, wetter materials may require
drying or modification/ stabilisation to make them acceptable for reuse within structural
fill. Much will depend upon the prevailing weather conditions at the time the earthworks
are undertaken and the care with which the selection of materials and works are
undertaken.

If significant volumes of material are deemed unsuitable for reuse by means of moisture
contents alone it is recommended that soil modification or stabilisation is considered to
render these materials suitable for use within engineering fill. Stabilisation works will
need to be mindful of the risks of sulphates being present within the soils which could
react with lime to cause heave. Investigation and test results undertaken at this
preliminary stage at the site do indicate that significant sulphates concentrations are
present. If stabilisation techniques are considered further it is suggested that it will be
necessary to undertake further more comprehensive investigation and testing to confirm
the suitability of these techniques, a suitable economic design mix and achievable
properties of the modified or stabilised materials.

It is recommended that at detailed design stage a suitably robust Earthworks
Specification is developed and that all materials are placed and compacted in
accordance with this specification.

8.1.11 Foundations and Floor Slabs
Cut areas

It is anticipated that the main distribution warehouses will cross the cut fill transition line,
as such, areas located north of the cutffill transition line with up to around 8m of cut
necessary at the very northern end. Formation soils are therefore anticipated to expose
firm to stiff Oadby Member (Glacial Till) or perhaps in places medium dense to dense
Glaciofluvial sands. Therefore it is anticipated that traditional shallow spread foundations
and ground bearing floor slabs will be possible, founded directly upon competent solid
strata. However some considerations of the potential risk of heave in the unloaded strata
across the large building footprints maybe necessary if the structures have tight
tolerances as swelling of unloaded soils was noted during consolidation testing and
stress relief softening could occur.

Filled areas

The majority of proposed development at the site is located in the south east of the site
south of the cut/fill transition line where up to 4m of fill will need to be placed.

It should be noted that investigations in some of the southern area at current ground
levels indicated softer ground conditions at shallow depths.

Therefore foundations within filled areas will need to be designed according to the
prevailing conditions and in accordance with the standards of engineering fill provided.

Where fill is relatively shallow and the depth to competent bearing strata in the natural
undisturbed soils below is relatively shallow then foundations could be formed as over
deepened pad or trench fill foundations extended through the full depths of fill and softer
natural strata into the competent underlying natural strata. Where deeper fill is placed
piled foundations may need to be considered.
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8.1.12

Holistic Design

However, in order to achieve an economic design solution which allows the use
traditional shallow spread foundations and ground bearing floor slabs but which takes
account of the loading and differential settlement tolerances required and variable
ground conditions, it is suggested that a holistic approach is required. It is therefore
considered that some form of ground improvement treatment might be necessary. Given
the volumes and nature of the earthworks reprofilling it is suggested that the most likely
economic solution would be to adopt a performance based soil stabilisation earthworks
technique. This could be applied to ensure the placed fill was engineered to deliver a
suitably stiff and homogenous fill to allow both floor slabs and foundations to be formed
within it. It could also be carried out across the full footprint of the building and loading
bay yards and even extended to the highways in cut areas too as this would improve the
exposed cohesive soils and reduce the risks of potential heave and softening from
weather degradation and unloading sealing these strata. However this would need to be
carried out with caution due to the potential for sulphate heave reactions resulting from
the natural presence of high sulphates within these deposits.

It should also be recognised that the testing carried out to date is indicative only; it is
considered that there is currently a small statistical number of tests and that further
investigation and testing is anticipated to be required to confirm soil properties for
earthworks specification and designs. Due to the variation in material properties, the size
of the site and the volume of cut materials it is recommended that at the detailed design
and specification stage that an intensive sampling and testing investigation is
undertaken to confirm the properties of the materials from the proposed cut areas.

The cut and fill earthworks, ground improvement treatment and drainage specifications
and designs will need to be checked to ensure that foundation bearing, settlement,
differential settlement and slope stability criteria required for the development are met.

Highway & Service Yard construction

As the site requires significant cut to fill earthworks to achieve the required development
levels, it is anticipated that engineering earthworks design specification will be provided
to cover these elements.

This is considered likely to include a performance specification for the formation levels
beneath highways in both cut and filled embankment areas.

Based upon available re-compacted CBR testing and available Plasticity Index testing it
is recommended that a preliminary design CBR of <2% should be adopted for design
purposes for re-compacted cohesive soils.. This could of course be increased if
modification or stabilisation techniques were used or more granular materials were
placed and compacted at final formation levels.
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8.1.13

8.1.14

Groundwater levels & Drainage

Groundwater levels suggest a very slight hydraulic gradient toward the east/south east
however flows are likely to be slow due to the confining low permeability clays of the
Oadby Member.

The site is generally underlain by unproductive strata however it does appear to contain
a continuous water table within the deep Glaciofluvial deposits beneath the mantle of
Oadby Member (Glacial Till). Monitoring done during the investigation (limited to late
summer) suggests that this continuous water table is below the proposed earthworks
platform levels and should therefore not affect the scheme design. However, long term
monitoring would be beneficial in confirming this hypothesis particularly as groundwater
levels are susceptible to variation with prevailing weather conditions and seasonal
variation.

Localised perched groundwater is likely to be encountered within granular pockets
throughout the Oadby Member Till. It is anticipated that these granular pockets are not
continuous across the site and groundwater is likely to be confined within these localised
pockets. Excavations and cuttings into these deposits to achieve the required
development platform levels are anticipated to encounter these. Therefore locally
instability may occur and drainage and dewatering might be required, particularly within
final cut slopes. Designs should accommodate suitable drainage systems to cut off and
intersect such strata and to filter them away from the development. Temporary works
drainage will also need to be carefully considered and will need to be designed to avoid
causing localised fines migration and subsequent inundation collapse settlement as
these soils are mixed granular and cohesive soils containing high silt contents.

It is also anticipated that the majority of the shallow strata present across the site will not
be conducive to infiltration drainage technigues. However areas of sand maybe exposed
beneath the cut areas in the north of the site (at depth) and may be more suitable for
such techniques, however testing to date proved unsuccessful at the site in shallow
strata in the southern area of the site where the proposed surface water attenuation
ponds are planned.

Excavations Stability

Conventional plant should be suitable for general excavations at the Site.

Excavations with vertical sides in granular strata are likely to be unstable and will
therefore require battering back or appropriate trench support to be provided.
Excavations with vertical sides into cohesive deposits are likely to retain some limited
stability in the short term but if man entry is required then slopes should be battered to a
suitable safe and stable angle or appropriate trench supports will need to be provided.

Groundwater may be expected to be present where granular horizons are intersected
and are likely to induce instability, boiling and running sand conditions when penetrated.
Dewatering will need careful consideration, design and implementation to avoid causing
loss of fines and later inundation collapse settlement in local ground.

Man entry into any excavations should not be undertaken without provision of suitable
shoring and support and dewatering or suitable regrading and battering of side slopes to
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safe angles. Confined spaces protocols for the Health and Safety of personnel should
always be used where man entry into excavations is to be undertaken as low oxygen
conditions may be present.

8.1.15 Foundation works risk assessment

It is anticipated that a foundation works risk assessment report will not be required for
the development because concentrations of chemicals of potential concern (COPC)
within natural soils and groundwater were not identified.

8.1.16 Chemical attack on buried concrete

The soils beneath the site are known to include naturally occurring sulphates and as
such in ground concrete will need to be designed to accommodate the risks represented
by contact with such sulphates.

As such careful consideration should be given to the design chemical and sulphate class
of concrete used within the development particularly when in contact with the ground.

In addition consideration will need to be given to the potential for sulphate induced
heave especially where the materials noted above are used within a cut and fill program
where soils would be significantly disturbed allowing a greater oxidation potential.

This assessment of the potential for chemical attack on buried concrete is based on
current BRE guidance. The desk study and site walkover indicate that, for the purposes
of this assessment of the aggressive chemical environment, the site should be
considered as a Greenfield that has not been subject to previous industrial development
and the geology (Whitby Mudstone Formation) is referenced within BRE;SD1 as
potentially containing between 3% and 5% pyrite. A suite of chemical analyses
appropriate to this site classification was carried out on soil samples from the near
surface strata determined to be likely to be in contact with in ground concrete either
insitu or as part of the proposed earthworks reprofilling.

For the Oadby Member, following guidelines within BRE; SD1, a characteristic water-
soluble sulphate content of 843mg/l has been taken, a total potential sulphate of 2.48%.
As this value is below the limiting value of 3.0g/lI consideration magnesium analysis is
not required. Design Sulphate Class of DS-5, may be adopted for the site.

Based on the findings of the groundwater monitoring it has been assumed that
groundwater conditions are mobile. From consideration of the characteristic pH value of
7.8, an aggressive chemical environment for concrete classification of AC-5 may be
assumed for design purposes.

For the Whitby Mudstone Formation, following guidelines within BRE; SD1, a
characteristic water-soluble sulphate content of 628mg/l has been taken, a total potential
sulphate of 3.12%. As this value is below the limiting value of 3.0g/l consideration
magnesium analysis is not required. Design Sulphate Class of DS-5, may be adopted for
the site.

Based on the findings of the groundwater monitoring it has been assumed that
groundwater conditions are mobile. From consideration of the characteristic pH value of
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7.6, an aggressive chemical environment for concrete classification of AC-5 may be
assumed for design purposes.

This suggests that DS-5 AC-5 class concrete will be required to be adopted. However
due to the design class of concrete being DS-3 or less based on water soluble sulphate
only, the concrete class required could be limited to DS-4 AC-4, as sulphate
classification based on total potential sulphate is generally highly conservative as not all
the pyrite in soil will be oxidised and only a part will be taken into solution by
groundwater. It is recommended that further testing is undertaking at detailed design
stage to confirm this over a broader selection of sample depths.
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REUSE OF MATERIALS

9.1 Reuse of suitable materials
It is understood that no soil wastes are anticipated to be generated from the site with a
complete cut to fill balance being achieved in modelling.
As the site has not been previously developed all excavation works are expected to
generate only clean and naturally occurring soils.
Under the Waste Framework Directive naturally occurring soils are not considered waste
if re-used on the site of origin. Therefore it should not be necessary to either obtain a
licence or prepare a Materials Management Plan in accordance with the CL; AIRE Code
of Practice.

9.2 Wastes for landfill disposal
Whilst it is not anticipated that any soils will be removed to landfill an initial assessment
of waste classification has been undertaken using the soil contamination data. This is
presented within Appendix L. The results suggest that the soils tested would be
classified as Non Hazardous for disposal. Given that arisings are anticipated to be
natural strata it is possible that they could be classified as inert waste, however full
Waste Acceptance Criteria analysis would be required to confirm this.

9.3 Landfill tax
Waste producers disposing of material to landfill are required to pay landfill tax by HM
Revenue and Customs.
Currently (since October 2014), landfill tax is £80 per tonne. Further, the Treasury has
confirmed that for five years thereafter the tax will not fall below £80.
Material disposed of at a soil treatment centre will not be subject to landfill tax.
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10

CONCLUSIONS

10.1

Conclusions

The site is primarily considered to be Greenfield in nature and there is little evidence to
suggest there are any significant potential sources of contamination likely to be present
that would detrimentally impact upon the proposed scheme design within areas of the
site that were investigated. Potentially unknown localised risks may remain within the
area of the derelict farm buildings, beneath the building footprints, particularly those
which contain tanks, however given the nature of the geology and the site use it is not
anticipated that any significant contamination risk exists in this small part of the
development area.

Minor exceedances of the GAC’s for some metals and ammonia were identified within
groundwater, however, due to the generally negligible nature of the exceedances and
lack of on-site sources, and the nearest sensitive aquifer being hydraulically up-gradient
of the exceedances, they are not considered to pose a risk.

Ground gas monitoring has indicated that the design of gas protection should be
adopted in line with characteristic situation 1 for which no special protection measures
are required.

The geology of the site comprises mixed cohesive and granular glacial deposits
overlying Whitby Mudstone Formation and this could impact upon the geotechnical
elements of the detailed design, however these conditions are not anticipated to
represent significant risks and would be anticipated to be resolved by normal
engineering design and construction methods.

There are also no identified particular natural geohazards that would significantly impact
the scheme.

At enabling works stage it is recommended that a watching brief is put in place during
the demolition and removal of hard standings relating to the derelict farm buildings
where tanks are located, although again the risk of contamination is considered low.
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11 RECOMMENDATIONS

11.1 General recommendations

Some of the key recommendations are summarised below. Many of the technical or
advice recommendations have not been included below. The whole of the report should
be read to identify all recommendations and advice.

It is recommended that the findings of the Contaminated Land Risk Assessment are
discussed and confirmed with the local regulatory authorities.

It is recommended that at detailed design stage a site wide Earthworks Specification is
prepared which should include testing frequency requirements and performance
criteria for the various elements of the scheme design.

At detailed design stage it is recommended that cutting slope designs should be
refined, value engineered and checked for stability and should also include design of
drainage.

At detailed design stage it is recommended that embankment design geometries
should be checked for slope stability and settlement. However it should be understood
that the stability of an embankment will be a function of its geometry, the materials
with which it is built, the degree of compaction applied, speed of construction and the
foundation strata and underlying groundwater table on to which it is formed. This
information will be required to feed into the earthworks specification.

Drainage will need to be designed with care due to the poor drainage infiltration of the
underlying shallow soils.

In ground concrete should be designed to resist elevated sulphates with a minimum
mix design of DS-4 AC-4 to allow for the potential for naturally occurring sulphates
within the Oadby Member and Whitby Mudstone Formation.

At enabling works stage it is also recommended that a watching brief is put in place
during the demolition and removal of hard standings relating to the derelict farm
buildings where tanks were identified, although again the risk of contamination is
considered low.
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APPENDIX A
SERVICE CONSTRAINTS

1.  This report and the site investigation carried out in connection with the report (together the "Services") were compiled and carried
out by RSK Environment Limited (RSK) for Roxhill Developments Limited in accordance with the terms of a contract between RSK
and the "client", dated July 2014. The Services were performed by RSK with the skill and care ordinarily exercised by a reasonable
environmental consultant at the time the Services were performed. Further, and in particular, the Services were performed by RSK
taking into account the limits of the scope of works required by the client, the time scale involved and the resources, including
financial and manpower resources, agreed between RSK and the client.

2. Other than that expressly contained in paragraph 1 above, RSK provides no other representation or warranty whether express or
implied, in relation to the Services.

3. Unless otherwise agreed the Services were performed by RSK exclusively for the purposes of the client. RSK is not aware of any
interest of or reliance by any party other than the client in or on the Services. Unless expressly provided in writing, RSK does not
authorise, consent or condone any party other than the client relying upon the Services. Should this report or any part of this report,
or otherwise details of the Services or any part of the Services be made known to any such party, and such party relies thereon that
party does so wholly at its own and sole risk and RSK disclaims any liability to such parties. Any such party would be well
advised to seek independent advice from a competent environmental consultant and/or lawyer.

4. Itis RSK's understanding that this report is to be used for the purpose described in the introduction to the report. That purpose was
a significant factor in determining the scope and level of the Services. Should the purpose for which the report is used, or the
proposed use of the site change, this report may no longer be valid and any further use of or reliance upon the report in those
circumstances by the client without RSK 's review and advice shall be at the client's sole and own risk. Should RSK be requested to
review the report after the date hereof, RSK shall be entitled to additional payment at the then existing rates or such other terms as
agreed between RSK and the client.

5. The passage of time may result in changes in site conditions, regulatory or other legal provisions, technology or economic
conditions which could render the report inaccurate or unreliable. The information and conclusions contained in this report should
not be relied upon in the future without the written advice of RSK. In the absence of such written advice of RSK, reliance on the
report in the future shall be at the client's own and sole risk. Should RSK be requested to review the report in the future, RSK shall
be entitled to additional payment at the then existing rate or such other terms as may be agreed between RSK and the client.

6. The observations and conclusions described in this report are based solely upon the Services which were provided pursuant to the
agreement between the client and RSK. RSK has not performed any observations, investigations, studies or testing not specifically
set out or required by the contract between the client and RSK. RSK is not liable for the existence of any condition, the discovery of
which would require performance of services not otherwise contained in the Services. For the avoidance of doubt, unless otherwise
expressly referred to in the introduction to this report, RSK did not seek to evaluate the presence on or off the site of asbestos,
electromagnetic fields, lead paint, heavy metals, radon gas or other radioactive or hazardous materials.

7. The Services are based upon RSK's observations of existing physical conditions at the Site gained from a walk-over survey of the
site together with RSK's interpretation of information including documentation, obtained from third parties and from the client on the
history and usage of the site. The Services are also based on information and/or analysis provided by independent testing and
information services or laboratories upon which RSK was reasonably entitled to rely. The Services clearly are limited by the
accuracy of the information, including documentation, reviewed by RSK and the observations possible at the time of the walk-over
survey. Further RSK was not authorised and did not attempt to independently verify the accuracy or completeness of information,
documentation or materials received from the client or third parties, including laboratories and information services, during the
performance of the Services. RSK is not liable for any inaccurate information or conclusions, the discovery of which inaccuracies
required the doing of any act including the gathering of any information which was not reasonably available to RSK and including
the doing of any independent investigation of the information provided to RSK save as otherwise provided in the terms of the
contract between the client and RSK.

8. The phase Il or intrusive environmental site investigation aspects of the Services is a limited sampling of the site at pre-determined
borehole and soil vapour locations based on the operational configuration of the site. The conclusions given in this report are based
on information gathered at the specific test locations and can only be extrapolated to an undefined limited area around those
locations. The extent of the limited area depends on the soil and groundwater conditions, together with the position of any current
structures and underground facilities and natural and other activities on site. In addition chemical analysis was carried out for a
limited number of parameters [as stipulated in the contract between the client and RSK] [based on an understanding of the
available operational and historical information,] and it should not be inferred that other chemical species are not present.

9.  Any site drawing(s) provided in this report is (are) not meant to be an accurate base plan, but is (are) used to present the general
relative locations of features on, and surrounding, the site.
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APPENDIX B
HUMAN HEALTH GENERIC ASSESSMENT
CRITERIA

Roxhill Developments Limited
Preliminary Ground Investigation Interpretive Report: M1 Junction 15 West, Northampton
312598/1 -03 (00)



APPENDIX C
COMPARISON OF SOIL LABORATORY DATA
TO HUMAN HEALTH GAC
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APPENDIX D
GENERIC ASSESSMENT CRITERIA FOR
PHYTOTOXIC EFFECTS

Several compounds can inhibit plant growth; hence it is important to have generic assessment
criteria (GAC) to promote healthy plant growth. In the absence of other published GAC, the GAC
have been obtained from legislation (UK and European) and guidance related to the use of
sewage sludge on agricultural fields.

The Council of European Communities Sewage Sludge Directive (86/278/EEC) dated 1986, has
been transposed into UK law by Statutory Instrument No. 1263, The Sludge (use in Agriculture)
Regulations 1989 (Public Health England, Wales and Scotland), as amended in 1990 and The
Sludge (use in Agriculture) Regulations (Northern Ireland) SR No, 245, 1990. In addition the
Department of Environment (DoE) produced a Code of Practice (CoP) (Updated 2" Edition) in
2006 which provided guidance on the application of sewage sludge on agricultural land (however
the status of this document is unclear as it is on the archive section of the Defra website).

The directive seeks to encourage the use of sewage sludge in agriculture and to regulate its use
in such a way as to “prevent harmful effects on soil, vegetation, animals and man”. To this
end, it prohibits the use of untreated sludge on agricultural land unless it is injected or
incorporated into the soil. Treated sludge is defined as having undergone "biological, chemical or
heat treatment, long-term storage or any other appropriate process so as significantly to reduce
its fermentability and the health hazards resulting from its use". To provide protection against
potential health risks from residual pathogens, sludge must not be applied to soil in which fruit
and vegetable crops are growing, or less than ten months before fruit and vegetable crops are to
be harvested. Grazing animals must not be allowed access to grassland or forage land less than
three weeks after the application of sludge.

The specified limits of concentrations of selected elements in soil are presented in Table 4 of the
updated 2" Edition of the DoE Code of Practice and are designed to protect plant growth. It is
noted that these values are more stringent than the values set in current UK regulations. However
since they were amended following recommendations from the Independent Scientific Committee
in 1993. (MAFF/DOE 1993). The GAC are presented in Table 1.
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Table 1: Generic assessment criteria

Determinant

Generic assessment criteria (mg/kg)

Note: Only compounds with assessment criteria documented within the Directive 86/278/EEC have been

pH5.0<55 pH 5.5<6.0 pH6.0<7.0
Zinc 200 200 200 300
Copper 80 100 135 200
Nickel 50 60 75 110
Lead 300 300 300 300
Cadmium 3 3 3 3
Mercury 1 1 1 1

included, although criteria for 5 additional compounds have been presented within the 2006 CoP.

Roxhill Developments Limited

Preliminary Ground Investigation Interpretive Report: M1 Junction 15 West, Northampton

312598/1 -03 (00)




APPENDIX E
GENERIC ASSESSMENT CRITERIA FOR
POTABLE WATER SUPPLY PIPES

A range of pipe materials is available and careful selection, design and installation is required to
ensure that water supply pipes are satisfactorily installed and meet the requirements of the Water
Supply (Water Fittings) Regulations 1999 in England and Wales, the Byelaws 2000 in Scotland
and the Northern Ireland Water Regulations. The regulations include a requirement to use only
suitable materials when laying water pipes and laying water pipes without protection is not
permitted at contaminated sites. The water supply company has a statutory duty to enforce the
regulations.

Contaminants in the ground can pose a risk to human health by permeating potable water supply
pipes. To fulfil their statutory obligation, UK water supply companies require robust evidence from
developers to demonstrate either that the ground in which new plastic supply pipes will be laid is
free from specific contaminants, or that the proposed remedial strategy will mitigate any existing
risk. If these requirements cannot be demonstrated to the satisfaction of the relevant water
company, it becomes necessary to specify an alternative pipe material on the whole development
or in specific zones.

In 2010, UK Water Industry Research (UKWIR) published Guidance for the Selection of Water
Supply Pipes to be used in Brownfield Sites (Report Ref. No. 10/WM/03/21). This report reviewed
previously published industry guidelines and threshold concentrations adopted by individual water
supply companies.

The focus of the UKWIR research project was to develop clear and concise procedures, which
provide consistency in the pipe selection decision process. It was intended to provide guidance
that can be used to ensure compliance with current regulations and to prevent water supply pipe
failing prematurely due to the presence of contamination.

The report concluded that in most circumstances only organic contaminants pose a potential risk
to plastic pipe materials and Table 3.1 of the report provides threshold concentrations for
polyethylene (PE) and polyvinyl chloride (PVC) pipes for the organic contaminants of concern.
The report also makes recommendations for the procedures to be adopted in the design of site
investigations and sampling strategies, and the assessment of data, to ensure that the ground
through which water supply pipes will be laid is adequately characterised.

Risks to water supply pipes have therefore been assessed against the threshold concentrations
for PE and PVC pipe specified in Table 3.1 of Report 10/WM/03/21, which have been adopted as
the GAC for this linkage and are reproduced in Table A3 below.

Since water supply pipes are typically laid at a minimum depth of 0.75m below finished ground
levels, sample results from depths between 0.5m and 1.5m below finished level are generally
considered suitable for assessing risks to water supply. Samples outside these depths can be
used, providing the stratum is the same as that in which water supply pipes are likely to be
located. The report specifies that sampling should characterise the ground conditions to a
minimum of 0.5m below the proposed depth of the pipe.
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It should be noted that the assessment provided in this report is a guide and the method of

assessment and recommendations should be checked with the relevant water supply company.

Table A3: Generic assessment criteria for water supply pipes

Pipe material

GAC (mg/kg)

Parameter group PE PVC
1 Extended VOC suite by purge and trap or head space and GC-MS with
TIC 0.5 0.125
(Not including compounds within group 1a)
la e BTEX + MTBE 0.1 0.03
2 SVOCs TIC by purge and trap or head space and GC-MS with TIC
(aliphatic and aromatic Cs—C) 2 1.4
(Not including compounds within group 2e and 2f)
2e e Phenols 2 0.4
2f e Cresols and chlorinated phenols 2 0.04
3 Mineral oil C1,—Cyq 10 Suitable
4 Mineral oil C,;—Cy4q 500 Suitable
5 Corrosive (conductivity, redox and pH) Suitable Suitable
2a | Ethers 0.5 1
2b | Nitrobenzene 0.5 0.4
2c | Ketones 0.5 0.02
2d | Aldehydes 0.5 0.02
6 | Amines Not suitable | Suitable

Roxhill Developments Limited
Preliminary Ground Investigation Interpretive Report: M1 Junction 15 West, Northampton
312598/1 -03 (00)




APPENDIX F
GENERIC ASSESSMENT CRITERIA FOR
CONTROLLED WATERS
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APPENDIX G

COMPARISON OF GROUNDWATER

LABORATORY DATA TO CONTROLLED
WATERS GAC
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APPENDIX H
GROUND GAS RISK ASSESSMENT
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APPENDIX |
CONTAMINATED LAND RISK ASSESSMENT
MATRIX

Roxhill Developments Limited
Preliminary Ground Investigation Interpretive Report: M1 Junction 15 West, Northampton
312598/1 -03 (00)



APPENDIX J
GEOTECHNICAL DATA PLOTS
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APPENDIX K
GEOTECHNICAL RISK REGISTER
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APPENDIX L
HAZARDOUS WASTE ASSESSMENT
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